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PREFACE

Recogmamy the extent and ymportnce of cutrent wiestigations on
the rale of hormones 1n athesoscluross nd the need for cntical and
formed commuamicition betw een the wnastigaters m tlus generd field
the Endocrmology Study Section of the Nabional Institutes of Health
appomied 2 subcommittes 10 orginize a confesence that would brng
tagethier the vanous disciphnes imohed This commuttee consisted of
Co! “Marshalt T Groover Dr Samuel Guom Dr Robert T M Dr
Txo T Samucls Dr Jeremnnh Stamler Dr Alfred & Wilbelms, and Dr
Gregory Pincws charmin Arded by 4 grant made to the Endocrinalogy
Study Section by the National Heart Institute the commuttee organszed
1 meebng which lasted from Masch 1lth to Mairch I4th 1958 The
mecting was held at the Alpme Rose Lodge m Brghton Utah wath
the Jand cooperation of Dr Leo Samuels and hus colleagues at the Um
versity of Utah Medical School

The program of the meeting heresn published s ohed the presenty
tian of a senses of papers wd the recording of the discussions of these
pwpers This program Was denigned to cover five myjor aspects of re
search ¢ ta the prablem of h and ath ! Furst
of all the problem of cholestesol metabolism 15 discussed 1n vanous as
peets ncluding the satuse of cholesteral biosynthesss the hormonal wm
fluences thereon and certan ! of chol bol
Second the yole of hormones w hipogenests and hpd trwsport par
treularly m relation to atheromatous lesions ss discussed  Thied avagd
able datr on the wfluence of various hormones on expenmental athero-
sclerosis are seviewed Fourth the much discussed problem of the mter
selationship between blood hpids and the endocmine state i ammals
and man 15 presented i detad Finally we have a sertes of papers on
clhineal biological intertelationships unportant to the consideration of
endocnine infl s on humin ath )] Wrth thus coverage of o
wide Tange of mvestizations 3t 1s hoped that a thorough wnng has been
given to fendamental duta and the concepts which have arsen from
these data

Stated 1 the simplest possible terms these 15 abundant evidence

I | lerrad,

1ol y
that 'y T and excrebion my
come under h ! anfluence  Furth il

! sy
tems may have different effects upon these processes Not all of t};le
endocrine wfluences are clear cut and yinidly definable Ale the
fundamentn) concept that the nature of cholesterol metabolism in the
mammals affects in one way or another the phenomenon of atheroscloro-
sis m7y be questioned esther i detas} or 1 evienso  Nonetheless hor

A



xu PHELACE

monal mfluences on the basic processes are defimtively mdcated and 2
discussion of these influences » Wewly worth while  Agam, 1t » elemen
tary that one may establish atherosclerotic Jesions along with accom
panymg blood phenomena 1n expersmental ammals In these conditions
hormones may act both prophylactically and therapeutseally How rele
vant the results with expertmental wnimals are to human atherosclerosts
15 certunly a matter for discussion

Expenimental data presented here as well as a host of obsenvatians
m the hterature demonstrate conclusively that the sex hormones
thyroid hormone and adrenocortical hormanes may defimtnvely affect
the level of crrculating blood hprds in man  Although a correlation ap
peats to eust betwcen these blood lipsd levels and the degree of de

1 t of att 1! a major problem 1s vvhether the hormonal

effccts on hpd levels are akso effects on tissue atheroscleresss  The
possibility of a diseng \gement of the factors concerned with blood levels
from those concerned with tissue lesion develop certamly
exploration

The cardinal guestion for therapy i atherosclerotic disease 15 the
utihity of hormones as therapeutic agents This 15 certanly discussed 1
detai] m the latter part of thus book However equally important 15 the
problem of the role of hormones 1n the etiology of human disease At
tempts at rational therapy thus far have perhaps ignored the pro athero
sclerotic effect of certam endocrne states

It 15 the hope of the commuttee that tis presentation of the discus
sion of the foregowg problems and selated matters will be welcomed for
purposes of onientation 1n this complex Seld In addition we feel that
a stmulation to further erticd mquiry may be one of the fruits of the
efforts here incorporated  We beheve that you will find in these pages
clear evidence of the devoted purswit of my estigation on the part of the
particspants 1 the symp To these partieiy thy
15 extremely grateful

4

Grecory Prveus
Shrewsbury Massachusett
November 1958
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Cuarrin 1

Biosynthesis of Cholesterol
Kovrap Brocit
De; artment of Chemistry Harcard University Cambridge Massachusctts

If the problem of atherosclerosis were merely a matter of under
standing the mechimsm of cholesterol biogenesis one would today
indeed be entitled to optimism  Lately there has been considerable
progress i the understanding of this biosynthetic process and judging
from the rate of advance a knowledge of 4ll the essential facts 1bout
cholesterol brogenesis now seems imminent It will be useful to begin
by pomting out the four major phases of cholesterol biogenests which ¢an
be expenmentally separtted

The first of these 1s the branchmg which involves the coupling
of three molecules of cetyl CoA (acetyl coenzyme A) to fi hydroxy fi
methylIglutaryl CoA and 1ts reduction to mesvalomic acid (MVA) Over
all these reactions mvolve the ehimination of two molecules of water
(or CoA) and the reduction of a earboxyl function In the second stage
MVA molecules are pol 1 to the hyd bon squal which 15
the immedaate acyche precursor of the steroids  This over all transforma
tion 1 also reductive and entails the uptake of two hydrogen atoms and
the ehmmation of twehe molecules of water and of six molecules of
carbon diouide Stages 1 and 2 which cover the reactions from acetic
acid to squalene are thus anaerobic 1n nature and 1t has indeed been
shown by Bucher (3) that 1n 1solated liver kept under strctly anaerobic
conditions the transformations of acetic acid stop at the squalene stage
All subsequent reactions are intimately associited with the oudative
metabolism of the tissues because the vanous oxygen atoms which enter
m the course of cholesterol synthesis have ther ongin 1 molecular
ovygen This 1s true for the cyclization of squalene which 15 oudative
(24) and for the oxidative removal of the three branched methyl groups
of lanosterol (15) One may estunate that the biogenesis of cholesterol
compnses altogether 20-30 separate enzymatic steps (2) only a few of
which can now be studied at the enzymatic level It 1s perhaps not sur
prsing that the early steps which are concerned with transformations
of soluble intermediates have yielded more readily to enzymatic analysis
than the conversions beyond squalene

The transformation of acetyl CoA to acetoacetyl CoA mmtites the
synthesis of both the sterols and of the hugher fatty ac1ds but thereafter
the two pathways diverge Reduction to p hydroxybutyric actd directs

i




2 ROVRAD BIOCH

the 4 carbon precussors towards the higher fatty 1cids while the coupling
with a third molecule of acety! CoA aHords the branched cham building
stones for terpene nd sterosd biogenests (18) This separabion of path
ways apphes not onlv to the moleculir changes but also to the mntra
cellular distribution of the enzymes Bet1 hydrovy butyne actd formation
takes place 1n the soluble purt of the cytoplasm (11) whereas the con
densation to hydrovymethylglutary} CoA 1s catalyzed by mucrosomal
enzymes (18) Recently Rudney and s collaborators (7) hwe suc
ceeded 1 closing the gap between hydroxymethylglutaryl CoA and
MVA by demonstrating the enzvmatic reduction of the thioester porhion
of the dicarboxyhic acd  The reductive steps of stage 1 which I men
tioned earher thus refur to the comersion of a CoA ester first to the
aldehyde stage 1nd then to the stage of the prumary alcohol

Mevalomic 1wud which was first 1soltted as the acetate replacing
growth factor for Lactobacillus caser (27) 1s now firmly established as
n effectne and presumably obligatory terpene and sterol precursor (22)
Companng the structure of mevalontc vcid with the structural subumts
of squalene one 1s tempted to look upon lonic acid as an werprent
ssoprene  Elmunition of two molecules of water and removal of the
carboxy} group will afford the substituted butadiene without change m
oudation state and this1s 1 fact what appears to happen enzymatically
Working with soluble extracts of autolyzed veast we have shown a

req for ATP (ad phosphate) s the easly stages of the
MVA squalene conversion (1) Subsequently Tchen (23) was able to
d ate that ATP with MVA to form a moncphosphate

ester which 1 relatwvely stable to acid and alkah and therefore m all
Iikelthood 1s the ester of a primary alcohol (MVA-5 phosphate) The
further transformation of MVA hosphate as d d esther by
the loss of the carboxyl group (C 1) or by squalene formation requures
another reaction with ATP affording what appeus to be a diphos
phate of MVA (16) The two phosphorylation steps may be viewed as a
means of facilitating the two dehydration steps by elmnation of phos
phate amon rather than of OH~  Qur indications are that the immed:
ately ensumg step 1s the removal of the carboxyl group possibly with
the concurrent elimmnation of a phosphate residue  While we lack dwect

d as to the of add: 1 intermed; between MVA
and squalenc the outcome of various experiments with heavy hydrogen
as a tracer has ged us to f late the mech or k
synthesss 1n considerable detml (17)

I have pomted to the fact that the termmal carbon atom of MVA
(C5) 1s reduced and 1t scemed umportant to vs to ascertain whether
¢hs state of reduction persists throughout the synthesis of the poly




BIOSYNTHLSIS OF CHOLLSTFRO! 3

ssoprenord ehun - By prepanng 2 CH-5-i T MV we were 1n a position
to determne whether any hydrogen bound to C-5 15 lost 1 the course of
squalenc formation  Had the hydroxymetln1 group been oudized either
to ldehyde or to carboxylic aed half or all of the carbon bound tntium
should have been Tost  Analysis of the squalene derned from the doubly
Inbeled MV A showed however that nesther was the case (1) but that
m fact all of the labeled hydrogen was retamned  This result was un
expeeted beeawse m all known carbon carbon mteractions at least one
reactant carnes a carbonyl function In squalene synthesis on the other
hand we seem to be dealing with the novel case of carbon-chain forma
tion by condensation of two active methylene groups  Our results with
doubly labeled MVA and independent expenments with D O have Jed
us to conclude that 1soprene presumably enzyme bound 1s formed by
decarboxyhtion and phosphate elummation of MVA diphosphate  Ac
cording to our current views three molecules of 1soprene or 1soprene
enzyme complex condense concertedly 1n a cation imtiated process to
form a sesquiterpencid intermedinte (C-15) This can stabilize ether
by proton chmination to farnesene by the uptake of OH~ to nerolidol
or thirdly by 1somerization and OH~ uptake to farnesol In this manner
the structures of the naturally occurrng acyclic sesquiterpenes can be
veadily ratonahized

The hydrocarbon farnesene 1n turn provides an attractne structure
for the reductive dimerization of two sesquiterpenoid umts to squalene
Thes d ton also 15 f lated as a concerted process 1 proton
attacking one C-15 umt and a hydnde ion the other (17} The mech
amsm which I have presented while speculative 1s the only one which
accounts for two 1n our opimion significant results one of which 1s the
retention of hydrogen at C-5 of MVA and the other the imited uptake
of deutenum (3-4 atoms) by squal synth dmaDO d
We g the sk of hing derable werght to a few 1sotopic
data yet we feel that our scheme even if proven wrong i detail 15
correct 1n prnciple and therefore useful as a working hypothesis  If
squalene synthests should occur largely by concerted mechamsms many
of the postulated intermediates are likely to elude 1solation because of
their transient nature  The same dil eusts for the tetracycl
reaction by which squalene 1s ted to 1 ! In therr brlhant
theoretical paper Ruzicha and s collaborators (19) formulate the
transformation of squalene to lanosterol as a “non stop” reaction that 15
nitiated by activated oxygen and leads to the steroid structure i a series
of « d electron dhspl Our studtes on the enzymatic
<y of squalene to I 1 have given firm expenmental sup
port to these postulates and we concur with the view that the tetracyche
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nng system 15 established without the stabihizahon of partally cychized
mtecmediates (25) The transformation of squalene to lanosterol entasls
a rearrangement of the carbon skeleton requiring an intramolecular shift
g of either the methy] group at C 8 to the €13 position or 1 shifting
of two methy] groups to theur adjacent position (from C 8 to C 14 and
from C 14 to C 13) This ymportant detal in the cyclization mechanism
has now been settled m favor of the 1,2 methvl shift alternatne (13)
confirming the prediction by Eschenmoser et el (6) that only a 1.2
methy ] shift 15 consonant with a fully concerted cyclizabon mechamsm
Enzymatic studies on this nteresting reaction, the system which we
have referred to as the squalene oudocyclase system hive continued but
bave on the whole been disappomting We appear to be facing here a
problem famihar to students of sterord biogeness and sterod trans
formations namely the fact that these enzvmes 1re mhmately assocy
ated wth the microsoma} particles In our laboratory efforts to solu
bilize either the cyclizing system or the enzymes concerned wath the
demethy lation of 1 1 to cholesterol have so far remamned without
success For the case aof squalene cvehzation by hver micro omes we
have established a requirement for malecular oxygen—this bemg the
source, of the 3 hydroxy group—for a soluble enzyme wiich has been
fractionated to some extent wd may be a triphosphopyndine nucleotide
(TPNH) oudase and finally for a heat stable but so far elusne co
factor (4) Here as i other cases of enzymatic oxygenation the mecha
msm of oxygen activation remuns obscure It 15 worth noting that
ammal tissues the squalene molecule cvihizes exclusively to lanosterol
1L m an asymmetne manner In plants the same acyche precursor
undergoes cychzations in much greater vanetv vz, to pentacyche triter
penes symmetnical tetracyche products and to sterols as well
Lanosterol 1s a short ived mtermediate and rapidly undergoes oo
datne demethvlation to cholestane demmvatives at least mn Iver That
the remaval of the methy} groups at carbon atoms 4 and 14 3 oudatue
follows from the fict that these substituents are attached to guaternary
carbon atoms Therefore structural conuderatons slone require an
wmtial attach by ovygen In hoc with ths contention we find that
lanosterol 1s metabohcally inert under anterobic conthtions and further
more that there 1s stepwise methy] group oudation by way of hydroy
methyl compounds aldebydes and carbogylic acd with eventual Joss
of CO- ta the corresponding nor pounds {15) Last year we 150
lated and described an mtermediate 1n the ¥ 1 chol ! conver
sion to which the partial stuctwre of a 14 norlanostadieno} was as
signed (8) By synthesizing the appropriate reference compounds we
have now been able to dentify this C 20 sterol as A% *-4 4 dimethy}
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cholestudinol (8} Thus the double bonds remun i the 89 position
durmg the first demetination step The ehiminttion of the two metlyl
groups remuning at C-} also v ohves successne oudations je first an
attach upon onc methyl group Jeading upon #ts removd to 4 mono-
methy! cholestane dernatives obsenvations o hme wath recent zeports
on the occurrence of 4o metln] sterols m v anous patural sources {5 14
26) Studying the demethy lation of Imosterel we. noted that some of the
d had the prop of Letones We therefore prepared
vanous sterols hbeled with T (tntum) i the 3a position 1 order to
localize the stige 1t which the S-ydroxy group 15 oudized On en
zymatie comersion of 3a’T Linosterol or of 3a T 14 norlanosterol to
cholestero} the tntism was quantitatnely lost On the other hand
labelcd hydrogen was fully retuned dunng the comersion of 3¢ T
! to chol 1 and it therefore follows that the 3 hydrogy
—-r 3 heto transformation takes phice after the first of the three metlyl
groups Ins been removed from Tnosterol A confirmatery rcsult 1 dmt
4 4 dumethyl A® *-cholestad Jove 18 2 of
while lanostadienone 15 not (12) If d-carboxy sterols are ntermeds
ates a5 we suspect then the presence of a heto group at the 3 posiion
§ 10 the carbovy grosp cn be locked upon 25 2 means of fachitabing
decarboxylation 1t can be argued on the other hand that the methy]
group at C-14 15 foo distant from the 3-oxygen function and hence
that m this case the necessany actnation s provded by the 8 9-double
nd
Zymosterol has the same reatnely rare &% *-double bond system as
lanostero} and 1t has therefore been ¥ 1 ded as the first fully
d i lated chal H Zymosteml ean be readdy isolated
from yeast and thaugh the evidence that 1t 15 @ normal canstituent of
ammal ussees s not yet very strong tius sterol shows the metabohe
actvity espected from a normal cho!esteml precursor {10 20) The final
structurtl al beyond 1 { g this to be an ebhiga
tory intermediate) cammot be formulated \uth any assurance eveept
that the eccurrence and metabolic actity of desmosterol A% .choles
tadiencl (21) strongly point to the reduction of the side cham double
bond as the last step 1n chalesterot bxogenesn It 15 worth noting that
the over alf change from to chol ! though 1t furnish
a more teduced product nevertheless 1 dependent on moleculr oy
gen {10) As a mechomsm for relocating the nuclear double bond
from the 89 to the 56 postion a simple wsomertzation s therefore
ruled out The req for ovvgen bly reflects the mtro
duction of an addbanal hydroty group m nag B most Ikely m ~llyhe
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posthion 1w which ¢ise the 5 6 double bond would be newly mtroduced
and established by ehrmnation of water

D0 01
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Some Aspects of the Biosynthesis of Cholesterol
from Mevalonic Acid

G Porjix

Medical Research Council Fxp erimental Radiopathology Rescarch Unit
Hammersmith Hospital London Fngland

Ths report 1s the result of the joint effort of our team consisting of
J W Cornforth Rita H Cornforth Irene Youhotshy Gore L Gossehn
G Popjak and A de Waard Detailed accounts of most of the expers
ments are contamed mn two papers to be published shortly i the Bio
chemscal Journal (3 9) Summares of the results have already ap
peared (2 8 8)

When two yeus 1go we completed our studies on the distnbution
of acetate cirbons 1n the ring structure of cholesterol biosynthesized
from C'* acetate (4) we could assign every cirbon atom m the sterol
to erther the methyl or the cwboxl carbon of acetate {formulr (1))
The pattern shown in formulr (I) was 1 complete accord with the
Woodward Bloch hypothesis of cyclization of squnlene to sterol

m, m. m
e N e

~,
7
c/ \m/ ~,
Xy
NN
| | |

m

m, m,
- ,
HO™ S N

3o

(1)

In spite of a great deal of expenimental work trywg to implicate
branched chain C 6 and C 5 acids such as 3 hydroxy-3 methylglutarate
(HMG) 3 methylglutaconate 150 valerate 3 hydroxywso valerate 3
methylerotonate (dimethylacrylate) as the source of 1soprenoid umts
used 1 the biosynthesis of squalene and sterol no defimte pmof to this
effect could be ot d The was how d very
dramatically with the discovery of mevalome acid (10) and rdentifica
tion of ats structure as 3 hydroxy 3 methylpentano-5 lactone (13 14)
As you are all aware the similanty of the structure of mevalomc acid
(MVA) to that of HMG prompted Tavormna ef al (I1) to test this

ki
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new substance as a precursor of cholesterol Therr discovery that
pL 2 C¥ MVA was vthized for the biosynthesis of cholesteral m hver
homogenates with an efficiency of about 40% made it very probable that
at last the durect source of rsoprenoid units had been found  We thought
that a proof of this could be obtained m the surest way by ascertanmg
frst whether lene was also synth d from MVA and if so by
determmning the wrangement of the MVA ctrbons 1n squalene

The news of the discoverv of Twvormma et al (11) veached us
m England eulv m November of 1856 but smee the methods far the
synthesss of MVA were not published at that ime we had to develop
these for ourselves Dr and Mss Comnforth worhed out the synthess

(wwe) 1 <0, CHy  (w)
i (0} OO (s)
Seugss 1 Degradation of squalene into acetone and levulime acd and mto

further fragments Only the first two ssoprenoid uits from one half of the squalene
wolecule are shov n

not only of MVA but of all the anhydro compounds dervable from 1t
they were all labeled with C m postion 2 and MVA i position 1
also ‘The anhydro compounds were made m order to test some of our
1deas on the possible transformations of MVA during the biosynthetic
reactions I will discuss briefly the expermments wath these substances
at the end of my communication We have been able to confirm the
results of Tavormuna and assecrates (11) without any difficulty and to
show that Iver b under bic condittons synthesized
only squilene from 2.C¥ MVA  Moreover, the efficiency of squalene
synthesis from MVA anaerobrcally was as great as the synthesis of
cholesterol acrobically This result ws vesy satisfying because it sup

ported fullv the view that squalene was an termednite m steral bio
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synthesis and 3t also entbhd us to prepare a hage batch of C squalene
for chemueal degradation

We degraded the sumple of squtlene biosynthesized from 2 CH AIVA
by ozonolysis as deseribed pressonsly (8) Acetone levulmic acid and
sucome ek are the prnopal products of fysis of squilene of

fhese only acetone 10 Jevulnic acd can be relied upon as sig
from carbon atoms predicted by theory  The levulinie acd contaws all
five types of carbon atoms of the ssoprenoid units of squalene and con
sequently wts earbon by carbon degradation gres an answer as to the
artangement of 1sotopic eirbon in squilene (Scheme 1}

TABLY |
Dhistmnuriov or O3 1y Squarene Brosynrueszen rrove 203t M avpnic Acto

Speeific activty

of total carbon Molar
counts/min at specific
Compounds and fagments ifimte thickness actinty®
analyzed (A} {4 X n)
Squalene "8 39 MBK 6
Acctooe (w4 % + w)?
Methy? catbons (w w'} 1967+ 98 1967 -
Acetic acid {80 4 5 @ + %) 10102 52 2030 404
Levubinie aad (4P b 2 4 10 4 2 4 )
4 Aminopentanowe acid 77T+ 39 3890
Acetic acidth) {z + y) ] 14
Propiome acd {w -+ x 3 w) 1323x €8 3975
COQH of propsonic anid {w) 3880 194 3830
Acetiec anrd! ! {0 4 x) o o

@ This was obtained by multiplying the values i Column A by the number {n)
of corbon atoms contamed In the compound analyzed The malar specific activity
of squatenc 1s given as & muluple of § since squalene contaies 8 isoprencid vaits

¥ The letters an prrentheses tmdicate the catbon atoms of fsoprenoyd snts {of
Scheme 1}

The results of such degradition are shown in Table I ¥t ¢ seen
that the molar speaific activity of the acctone was equil to one sixth
of the molar speafic actnity of the squalene Since the specifie actiity
of the acetic acid obtamed from the acetone fter the wodoform reaction
and which contained equally carbons (w -+ x) and (w 4+ x) was one
half of that of the methy! carbons of acetope (w w) cathon atom x
contamed evidently no C The radiwactvsty of acetone 15 therefore
either distributed between w wnd w or 15 contaned m only one of these
carbons

The levahae acd which was ssaved both 35 the 24 dimropheny)
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hydrazone and the 4 ammopentanoic 1cid had a molar speaiic activity
also one sisth of that of squalene Al the C** in the levuhnic acid was
confined to one carbon atom w which 1s G=3 of this aeid and appeared
as the carbosyl carbon of propronie acid dunng degridation

These results can mean anly that squalene bwosvathesized from
2C*MVA contamns six labeled postions one i each of the two
tesmmal methyl groups and four within the carbon chamn of the hydro
carbon corresponding to carbon atom w of the isoprenoid units Al
though by the degradation of 1cctone we cannot distimguish between
carbons w and w the 1nalysis of levulinic acid showed that only carbon
atom w contamed C** hence we infer tirat even 1n the termmnal methyl
groups only one atom 1s labeled The mevalome acid therefore must
huve given nise to an ssoprenotd ungt + hich 15 symmetnically labeled
and which without further degradation underwent polymerization to
squalene  That the two ternmnal methyl groups of the soprenoid units
undergoing condensation to squilene have remamned asymmetrically
labeled 15 open to two mterpretations  Durst st 1s possible that MVA
atself or 1nother 8 carbon compound derned from 1t 1s the condensing
unit C5 ot one umt bemng Inked to C 2 of another such mechamsm
leads to a hypothetical product contuming not only branched methyl
but also briched cirboxyl groups (formula IT) the latter beng re

i i i
Cou O, Lol OH _Es  oH
o, ST 2 Se T B, e 2~
N [* {e
o o, o
m

moved afterward  The second possibility 1s that the earbovyl carbon
of MVA 15 lost before the condensation to lease a C 5 branched chamn

pound  Such a pound mught even have two apparently n
distinguishable methyl groups and yet be treated by enzymes m an
asymmelric manner

The cvclization of squalene to steral (lanosterol) procecds un
doubtedly according to the general scheme put forward by Woodward
and Block (15) Thus the [abeled positions in Inosterol and in cho
lesterol biosynthesized from 2 C* MVA may be predicted to be as shown
on Scheme 2 1nd have already been confirmed by Isler and hus colleagues
(7) by partial degrad: of CY chol !k h 1 from
2 CY MVA
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Covronexts of Liven Hoviocrsates asp Cownzines Rrouinep ron
SQUALENE AND STenoL SyNTHLSIS rroM Mesvaronic Acp

We huwve devoted some attention to the lner enzyme system syn
thesizing squalene and sterol from MVA in the belief that an mtimate
knowledge of the enzymic reactions will provide the nswers to the
still unsolved problems As a first step we examned the components
of homogentes needed for sterol synthesis We learned very soon
that the mitochondna can be removed from the homogenates s ithout
impamng the synthetic activity of the preparations 1nd therefore we
concentrited our attention on frictionation of preparations from which

HO'

Scueme 2 Labelioy of squalene and sterols biosynthesized from 2 CM
mevalonic acid  Labeled positsons are marhed with black circles

the mitochondra have been removed by centrifugation at 6000g or
10000 g for 25 mmutes (Ss or Sio preparations see Scheme 3) When
etther an Sg or Sy preparation 1s centnfuged at a mean force of 104000 g
for 1 hour the following layers are obtamed (I} a thin pad of fat at
the top (2) the supernatant of soluble protems (Sy.) and (3) a sed:
ment 1 two layers the lighter one 15 the microsomal layer and the
heavier one 15 almost pure glycogen

Supernatants of homogenates centrifuged at 6000 10000 or 30000 g
contan all the components required for the synthesis of squalene or
sterol The enzymes of this system are contained 1 the soluble protein
(S104) and the 1 fraction the glycogen nich sed 15 not
required

Although the Sy, fraction by 1tself could not form sterol 1t could
synthesize some squalene from MVA but very poorly in companson
with the full system contaning microsomes
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Homopenate
centrluged &t 10000 g
for 25 min.
{
!
S dunent Supematant (S 4)
sostochandela centnf ged at 104000 ¢
discarded Jor 0 min
Sedunent in o layers § pemat nt (5,,,)
+

wpper 1 yer_ microsomes

fowee Lagee glycogen

(NH,).50, to 507
saturation

Resuspended in buff 1 Preclp tate Filimate
and centnfug d at dissol ed in a carded
104000 g for 80 min 002 b KHCO,
2 d dislyzed
= soluble enzym
$ed ment Supernatant
washed mircgsames discard &

Scueme 3 Frachionation of hver enzyme preparations

It ws our general expertence that the fresh Syoq preparations com
bied vith microsomes possessed masmal acttvaty for sterol synthesss
and that addition of known y such a5 diphosphopynidine na
cleotide (DPN} 1ts reduced form (DPNH) and adenosinetrsphosphate
(ATP) caused no stimulation on the contrary they often proved
shghtly mbuhitory There were 1 few excephons to this rule s 15 shown
by the expenment of Table II m which the enzvme preparation showed

TABLE 11
SyNTHESS OF STEROL Fion MVA py Fractions or Livern Hoviocesare  Exrem
ENT 8 sawine Neep For PYamive NUCLEOTIDE
Speaifiec achvaty of
sterol digitondes
couats/min gt

Addinons mfinte thikness
Nome 188
DPNEE (05 umole) 920
DPNH? -+ TPNHe (05 umole) 780

o Cach flask contamed 20 ml of §,,, (341 mg proten/ml) suspension of
wasted mcrosomes 02 ml and 2 CH MVA 05 pmole (03 pe C1)  Additons
were s shown Funal volume 40 m! made up wath standard buffer Incubation
at 37 € for 1 hour

* hept reduced with aleohol dehvdragenase {06.mg ) + ethanol (5 pmoles)

¢ Reduced with glucose 6 phosphate (4 wmoles) 594 containg glucose 6
phosphate debydrogrnase i nonrate hmiting amounts
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very poor synthetic actity without added DPNH nd TPNH (reduced
form of triphosphopyndine nucleotide) The need for pyndine nucleo
tides could be shown in a more convincing way by using the dialyzed
soluble enzyme (S} reconstituted after sulfate p

(cf Scheme 3) 1n combimation with microsomes Such an enzyme
system did not synthesize sterol wathout 1ddition of coenzymes some of
which had to be provided 1n the form of a borled proten free extract
of fresh Sip  Occasionally we made such boiled extracts that seemed
to contun all the necessary coenzymes but generally pyndine nucleo-
tides had to be 1dded as well as the boiled extract to reactvate the

TABLE III
NFED FoR PYRIDINE NUCLEOTIDES 1N STEROL SYNTITESIS FROV MVAS

MVA comverted Into

Additions sterol (pmole)
Nope 0000
BE?® (20 ml) 0005
BE 4 DPN (05 nmole) 0035
BE 4 DPN\H {05 pmole) 9119
BE + ATP (5 pmoles) 0005
BE + TP\ (0.5 pmole) 0077

o Each flask containcd soluble dialyzed enzyme (S) 1m! (215 mg protem/m! )
suspension of washed microsomes (02 ml} and 2 CH MVA 05 pmole Additions
were 28 shown Final volume 35 ml made up with standard buffer Incubation at
37 C for 1 hour

t BE = boiled protein free extract of Syqy

TABLE IV
NEeED For PYRIDINE NUCLEOTIDES 1N STEROL SYNTHESIS FROVE MVAS

MVA converted into

Additions sterol (pmole}
1 Control 0219
2 BE® 0000
3 BE + DPNH 0097
4 BE + TPNH 0025
5 BE + DPNH +4 TPNH 0153
6 DPNH + TPNH + ATP 0005

@ The control flask (No 1) contained fresh §,,, (25 m! 24 mg protein/ml ) +
02 ml microsomes - DPNH (05 pmole} The expenmental flasks (Nos 2-8)
contamed dialyzed soluble enzyme (S} 10 ml (405 mg protem/ml) + 02 ml
washed microsomes  Additions to expenmental flasks were boiled extract® (2 m! )
DPNH (05 pmole) reduced with alcohol dehydrogenase and ethanol TPNH (05
umole) reduced with glucose-8-phosphate (2 pmoles) and the speafic dehydro-
genase ATP 25 pmoles All flasks contmned 05 pmole of 2 C14 MVA  The final
volume was 35 ml made up with standard buffer Incubation for 1 hour at 37 C

b BE = bailed protein free extract of S;p,
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enzyme System We found that DPNH rther than DPN was required
but triphosphopyridine nucleotide (TPN) could replace DPN  How
ever for muamal netnaty both DPNH mnd TPN were needed ( Tables
Wl and IV) In expenments mn which we had to use the boiled extract
of Sipe a5 a source of some of the cofactors we could not at first decde
whether ATP was an essential compenent or not if ATP was needed
it must have been present in our preparations m sufficient Amounts to
promote the synthesis

That the boiled extracts contamed some factor other than ATP was
shown by the fact that it could not be rep]aced by pyridine nucleoudes
plus ATP  After trying several sul &s fad
(AMP) 1denosme diphosphate (ADP) g hosph (GTP)
cyhdine triphosphate (CTP) undyhe aad (UMP) lxpmc aerd, d
phosphothiamme CoA SH MnCl ] without success to replace the
boled extract of S0, we found that reducing agents such as cys
teme glutathione cysteamme or wscorbate could substitute for the
boiled extract (Table V) These boied extracts vaned in potency

TABLE V
CoENzy e REQUIEMENTS IN STEROL SYNTHESIS FROM MVA¢

Speatfic activity of
sterol igitonides
coupts/mm at

Addirens whmte thickness
BE? 85
BE»® + DINH + TPNH 1200
DPNH + TPNH + ATP 173
DPNH + TPNH + ATP + CoA 123
DPNH 4 TPNH + ATP + CSH 2620
DPNH o TPNH + ATP + CSH + CoA 3060~
DPNH 4 TPNH 4 CSH 4 CoA 8

s Each fash contaned soluble dialyzad enzyme (S} 10 mi (401 mg pro-
tein/ml ) washed mucrosomes 62 m! 2 C14 MVA 05 pmole Additions as shown
were boled extract (BE) 20 ml DPNH and TPNH 05 pmole (both reduced
with specific dehydrogenase and substrate) CoA 05 wmole ATP 5 umales
cystetne 30 umoles  Final volume 4 m! made up with standard buffer Incubations
for 1 tour at 37 C

» BE = bailed protein free estract of S04

¢ Equivalent to a conversion of 0 09 pmole of \{V A mto sterol

a great deal—apart from bemg d d leotrd d
thus vanability could be correlated mth theu content of frec SH groups
extracts with high free SH content (3-5 pmoles/ml ) were always the
most potent mn activating sterol synthesis Out of the four reducing
agents, glutathione and ascorbate seemed to be the most effective The
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addition of CoA to these reducing agents normally produced no more
than 15-25% stumulation In the absence of a boiled extract the absolute
dependence of sterol synthesis on ATP came to light also (cf Table V)

In the enzyme system actnated with glutathione (GSH) in the
presence of ur both squalene and sterol are formed from 2 C1 MVA
most of the C** appeinng 1n sterol under N however only squalene
1s synthesized and the addition of GSH 1s not necessary  Acrobically
neither squalene nor sterol 1s formed 1f the reducing 2gent 1s omtted
from the ncubation {Table VI)

TABLL VI
ErrecTs oF GLUTATIIONE AND Gas Frtase on SYNTIESIS OF SQUALFNE AND STEROL
rrOM 2 CH VA

Total C1¢ counts found in

Addibon Gas phase Squalene  Sterol digitomides
None A ] 0
GSH Air 5130 15771
None N, 44000 0
GSI N 48 690* 1,288

& Standard mcubabion mixtures with 05 pmole of 2 C1M MVA (01 uc CH)
Each flask contamed 20 mg of squalene from start Addition of glutathione (GSH)
30 wmoles as shown In the anacrobic experiments the flasks were being flushed
through continuously with N

® Corresponds t0 a utthzation of 0 19 ymole of MVA

In ordur to dearde whether the enzyme or coenzyme protected by
the reducing agents 1s mvolved 1n the reactions precedmg the formation
of squalene or m the cyclization of the latter to sterol a set of experiments
was carried out 1n which the enzyme system was mcubated with all the
cofactors but without a reducing agent for 1 hour under N (Table
VII) Durng this time synthesis of squalene alone was expected to
occur Then the N was replaced by air and the mcubation continued
for another hour When pyndine nucleotides were not added at the be
ginmng of the aerobic peniod (2nd hour) only a small amount of
racioactive sterol appeared even if GSH had been added at that time
When the additton of DPNH and TPN was repeated on admission of
ar an appreciable amount of squalene formed durmg the anaerobic
period was converted into sterol during the 2nd hour even m the
absence of GSH or ascorbic acid The conclusion to be drawn from
the last two expeniments 15 that GSH or ascorbate protect from oxidation
an enzyme of coenzyme nvolved n the reactions leading to the syn

thesis of squalene from MVA and not mn the cyclization of squalene to
sterol
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TABLE i1
SYNTHESIS OF SQUALENE AND OF STEROL FROV MVA 1N TrE ApsincE ofF Proicmne
Acent?
Gas phase and additons Total C3¢ {counts/ma )
dunng found m
st hour 2nd haur Squalene Sterol digstomides
Expenment A
N None A None 209200 231
N None - 23550 1]
N;  None N None 22 310 0
N,  None Ar GSH 15920 847
Ar GSH Ar None 1810 14126
Expeniment B
N None Ar None 9870 337
N None Ax DPNH + TPMN 9240 3870
N None Ar  DPNH + TPN 6820 4958

- ascorbate

@ Fach flask contamed the standard mcubation puxture with 0.5 pmole of 2 C14
MVA {01 pe CM) Additions of GSH and of ascorbate (30 pmoles each) DPNH
{1 pmole) and of TPV (05 pmole) were made 25 shown Duning the angerabie
period of mcubations the flasks were bemg flushed contnuously with N, Evpent
rents A and B were done separately with cifferent enzyme preparations neither of
which was partrcularly active

2 Corresponds to conversion of 0 08 pmole of MY A

¢ Incubation for 1 hour only

Errecr or SH INHIBITORS OV SQUALENE AND ON STEBOL SYNTHESI FROM
MVA

As 1t seemed probable that the ovygen sensitive substance in the
enzyme system was an SH compound we nvestigated the effects of
HgCl and of p chloromercunbenzoate (PCMB) on the anaerobic syn
thes:s of squalene Both mercurials 1 a concentration of 102 3{ almost
completely bolished the formation of squalene  As might be expected
GSH but not ascorbate partly countericted the smhibition caused by
PCMB

We have been able to show that the components of the enzyme sys
tem sensttive to POMB were present mainly in the microsomes  For this
purpose the standard amount of mucrosomes (02 ml) was added to
2 ml of buffer contmnmng 4 pmoles of PCMB the mixture was left
standing 1n ice for 3 punutes thereafter 30 pmoles of GSH were
added, followed after 1 mmute by DPVH TPN ATP and 1 ml of
soluble enzyme and MVA The muxture was then menbated aerobically
for 1 hour The formation of sterol 1 this system was compared to that
10 another system m which the soluble enzyme {1ml) was treated with



BIOSYNTILSIS OF CHOLLSTLROL FRONL MEYALONIC ACID 17

PCMB (4 ymoles) for 3 minutes at 0°C the addition of GSH DPNH
TPN ATP and untreated microsomes and MVA (in that order) com
pleted the system  As 1s shown in Table VIII there was nearly complete
fulure of sterol synthesis in the system contuning the pretreated miero
somes 1n the incubation contuming the pretreated soluble enzyme only
50¢0 mhibition w1s obsenved

TABLE ‘VIIT
Tue Errrct or SH INRIDITORS ON STEROL SYNTHESIS AND LocALizaTiON OF
INIIDITED SUDSTANCE IN THE MIcnosoviess

Speaific activity of
sterol digitonides
counts/min at

Experimental conditions infinite thickness
la  Control 3430
16 Control 4 CoA 4611
2 Soluble enzyme pretreated with PCMB 1859
2b  Same as 22 + CoA 2286
3a  \icrosomes pretreated with PCMB 217
3h_ Same as 3a + CoA 49

The control flisks (1g and 1b) contamed standard incubation mistuse with
035 gmale of 2 CH \VA (01 pe C'4) and 30 pmoales of GSH  In flasks 22 and 2
the soluble enzyme and in flasks 3a and 3b the microsomes were pretreated with
4 pmoles of PCMB otherwise all the components were the stme as in the control
CoA (05 pmole) was added as shown Final volume 4 ml in all flasks For details
of expenment see text Incubations at 37 C for 1 hour gas phase air

1t 15 worth constdening for 1 moment the mmphcations of the Intter
results clearly showing the partcipation of an SH compound n the
synthesis of squalene from MVA The requirement for a reducing agent
or act; 15 of all dependent on y
From all the accumulated evidence 1t 1s difficult to see at present what
role we could assign to CoA i these reactions as it does not seem
probable that the decarboxylation of MVA should require carboxyl
activation Iikewase m the condensation of C 5 of one MVA umit to the
€2 of another a Clusen tvpe of condensation—involving the previous
oudation of the C 5 group to carbovyl—has been excluded by the results
of Amdur et al (1) obtmned with 5 tntio 2 C1 MVA Perhaps the
requirement for the reducing agent under aerobic conditions miy be
attnibuted to the participation of a highly sensitive SH enzyme but we
would like to keep an open mind on this question at present Certamly
our enzyme syst after dnl, some A as
Judged by activation of acetate

It 15 worth mentioning here that we obtamed no evidence as to the
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possible breakdown of mevalonie acid to acetate as judged by the com
plete absence of rachoactvaty from acethydroxamate which we nolated
after incubation of Sy prepirations with 2 C1¥ MVA

Orrrvuss Conprrion For STEROL Sywrmests Front MVA

We evammmned the optmum pH and optimum concentration of the
vanous coenzymes for sterol synthesss by our hver enzyme preparations
on the basis of these experiments a stindard mcubation mixture was
worked out This consisted of ditlyzed soluble enzymes 1 ml (30-50
mg protem) washed microsomes 02 ml DPNH 1 gmole TEN, 1
pmole ATP 10 pymoles K phosphate buffer pH 74 400 pmoles nicotn
wide 120 pmoles MgCl 16 ymoles MVA 05-2 umoles GSH or as
corbate 30 umoles m a final volume of 4 ml

PresERVATION OF ENZiMES AND MICROSOMES

As far as we can tell the soluble enzymes may be preserved for
1t least several months at —15 C m the form of 2 sludge precipitated
with unmomum sulfate These enzymes can be reconstituted by dis
solving 1w 002 A KHCO; (3 g sludge wn 12 mI KHCO,) followed by
dialysts Also they can be partially punfied by fractionation with am
momum sulfate all the enzvmic activity 1s found 1n the fraction pre
cipstating betw een 30-60% saturation the removal of soluble nbonucleic
acid (ENA) with protunmne from this friction does not mpwr i any
way the enzvmic ctviby

The preservation of the microsomes presented some problems and
until recently we had to prepire microsomes freshly on the day of each
experiment We had a verv curtous expertence with mucrosomes stored
at exther —15 or at —79 C When these were tested 1 combmation
with freshly prepared undialyzed Sy, microsomes stored for 1 month
seemed to have lost only 1bout one half of their actvity but when we
tried themn with our reconstituted system of the standard incubation
muxture g the dialyzed soluble enzy there was virtually no
synthetie actrvaty detectable Fresh microsomes on the other hand were
nays active with the reconstituted system  After many tmals and
failures to keep the microsomes aive we found that even the most
anaent of our mucrosome preparations (the oldest so far tested was 4
months old) can be sejuvenated by the addition of Mn*+ 1n a final con
centration of 103Af hen the amount of ATP m the incubations 1
ncreased from 10 to 30 wmoles o the presence of 108 A Mn++ pne
can no longer tell the difference betw een systems contamnmng fresh muere
somes or those containmg microsomes hept for several months at —15°C
We hope that this observation will be of some help to us and to others
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alio working n tlus field Certamly Mn++ must be considered as an
other cofictor of the Iiner cnzyme system

FomvtaTion ot INTERMEDIATES FRON MVA

The formation of new substinces denved from MVA i engyme n
cubations wAs first observed nearly 1 year 1go on paper chromatograms
of the deproteinized incubitions of Sy prepiration with 2 CH MVA or
with 1 €1 MVA At least two substances more pohr than MVA stll
contaming, C 1 of MVA have so far been obsenved  OF these one has
been 1solated after chromtography on Donex 2 (formate) 1on exchange
resin and was found to be utihized at lent s efficiently as MVA for
sterol synthesis

When  standird incubation mixture containing no enzymes but all
the cofactors and erther 1 C* MVA or 2 C!¥ MVA 1s treated with per
chlonie acid (05 V) and then neutrilized with KOH to remove per
chlorate the perchlorate free filtrate gives a chromatogram on Whatman
No 1 paper (1sobutynic’ammonia/H O solvent system) as shown n
Fig la There are two large spots and a smll one 1bsorbing ultravielet
Lght and two partnlly separated radioactive spots (R, 075-060 and
063-069) which do not comnecrde with the ultraviolet 1bsorbing spots
These two radicactive areas represent an equibbrnium mixture of meva
lome lactone and acid after soltion they are readily convertible mto
one another After incubation with the enzyme system for 5 mmutes
additional ultraviolet absorbing spots appear (Fig 1b and ¢) at lewst
one of which also contains radioactivity  The hrge ultraviolet absorbing
and radroactine spot has always 2 delicate pmnk color

When the deprotemized meubation mixture 1s put on Dowex 2 (for
mate) resm and gradient elution 1s carried out with increasing con
centrations of formic acid and ammomum formute three radioactive
substances emerge (Fig 2) Peaks I and II we mevalome terd and
lactone 1dentical with the fast moving substances found on paper

h g after 20 tes mcubation these re biologically com
pletely mactive and presumably are erther the p or 1 forms of MVA
Peak 1T which emerges only after ammomum formate has been mtro
duced 1nto the column 1s 1dentical with the large polar ultraviolet
absorbmg radioactive spot found on the paper chromatograms It 15
used by the liver enzyme system for sterol synthesis at least as efficiently
as MVA but 1t still requires the addition of ATP to the enzyme system
When rechromatographed on paper with isobutyric/ammonra/w tter
butanol/acetic acid/water or butanol/formic acid/water solvent sys
tems the rachoactivity and ultraviclet absorbing materals still remun
together (Fig 1d) However with saturated ammonmum sulfite/Na
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Fic 1 Paper chromitograms showing f of new de tive of 1
aad The black stnps with white spots are photographic pnnts made with ultra
violet ight of the chromatograms the curves above these are records of radioactive
scanming of the chromatograms For description see text
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acetate/isopropanol or with methanol/ammonta/w ster solyent systems
the radioactivity 1s separited from the ultraviolet absorbing material
the Itter appears to be identical wath ADP The radionctive substance
freed from ADP 1s not mevalonic acd or lactone but 2 more polar
dernvative of 1t 1t contuns all six carbon atoms of MVA  We do not
know yet 1f this substance 1s identical with the phosphorylated denvatve
of MVA the formation of which has been reported by Tchen (12)

Reservoir

44 HCOOH 4N-HCOOH  4N~HCOOH
70m 406 M- + LH~HCOONH,

- Mixing tlask HCOONH,

£ 200700 v ¥

H 2

E

£ L
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- Utihzoton LA | gg

5 I MVA

o

2 L

£ oo}

H

E S

H

]

3

3 1 g m
o 10 zo 30 40 €0 70 80

Fraction number each froction 2 3 mi

Fic 2 Chromatography on Dowex 2 (formate} of substances demved from
mevalome lactone Pesh 11 15 a new demative formed by luer cnzymes in the
presence of ATP

The new denvative of MVA 15 formed by the soluble Iver enzyme frac
tion alone i the presence of ATP (cf Fig 1b) The formation of
ADP but of very httle AMP suggests that morganic orthophosphate 1s
split off from ATP dunng the ncubations with MVA

As T have ind d at the beg g we have prepared all the
anhydro compounds (labeled with C** on C 2) dervible from MVA
(I) 3 methylpent 2 eno 5 lactone and the cis 5 hydroxy-3 methylpent 2
enote acid (2) 153 methylpenta 24 dienoie geid  (3) 3 hydroxy-3
methylpent 4 enoic acsd (4) a mixture of c1s and trans-3 methylpenta
24 dienotc acid (5) a muxture of c1s and frans 5 hydroxy-3 methylpent
3 enoic acid and (6) most recently we have also obtamed a spectmen
coptaimng the mixture of four acids the s and trans 1somers of 5
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hydroxy-3 methylpent 2 enoic and of 5 hydroxy-3 methylpent-3 enoic
acds from this muture the two frans acds (¢rans 5 hydroxy -3 methy)
pent 2 enoic and pent 3 enoic acids) have been separated Ve went
to all this trouble because like Dr Bloch we envisaged that by dehydra
tion and decarbotylanion mevalome acid could yreld 1soprene whose
polymenization can be visuahized readily as proceeding by electron shfts
mnduced by the attack of 1 cation requinng the net reduction of onh
two double bonds to form squalene

However all the unsaturated compounds labeled with C** i position
2 and related to MVA gave negligible Inbeling of sterol when imcubated
with our Sy preparation Netther could we obtam evidence as to the
formation of 1soprene from 2 C'* MVA although 1soprene suppressed the
mcorporition of MVA mnto cholesterol to one half of the control value

The negatwe results with the unsaturated analogs of mevalonie acd
may menn that none of these acids 1s an mtermediate formed from MVA
or that an enzyme required for actrvation 1s laching Taking the first
assumption to be correct one 1s led almost inevatably to the conclusion
that the condensation of mevalonic units the elmnation of OH groups
and of C1 of MVA proceeds by the type of concerted reaction just
discussed by Dr Bloch
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hydrovy-3 methylpent 2 enore and of 5 hydroxy 3 methylpent-3 enoic
acids from this mixture the two trans acuds (trans 5 hydroxy-3 methy]
pent 2 enoic and pent 3 enosc acids) have been separated We went
to all this trouble becanse Like Dr Bloch we envisaged that by dehydra
tion and decarboxvlation, mevalonic 1cid could yreld isoprene whose
polymenzation ¢n be visualized readily as proceeding by electron shifts
induced by the attack of a cation requinng the net reduction of only
two double bonds to form squalene

Howeuver all the unsaturated compounds labeled with C* m position
2 and related to MVA gave neghgble labeling of sterol when imcubated
with our Sy preparation Neather could we obtan evidence as to the
formation of 1soprene from 2 C!* MVA although 1soprene suppressed the
incorporation of MVA 1nto cholesterol to one half of the control value

The negatre results with the unsaturated analogs of mevalonic acd
may mean that none of these 2cids 1s an mtermedrate formed from MVA
or that an enzyme required for activation 1s Inching Talung the first
assumption to be correct one 15 led almost nevitably to the conclusion
that the condensation of mevalonic umts the elmnation of OH groups
and of C 1 of MVA proceeds by the type of concerted reactton just
discussed by Dr Bloch
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Dhscrssion oF PArERs sy Dt Brocs axo Porps

Wanre  Dr Bloch was of the opwon § think that there ss 3 hydrolyns of the
postulated mesalonate diphosphate to iscprene prioe to condensation  Dr Poppk
stated that he was unable to £ad fsoprene 1n thew incubation mutore ¥ wonder why
Dr Block has repcted the idea of a possible diphosphate dicster as the actual unst

Jergotg cond withs el of pyrophosphat

Broct ¥ belicve I talied in termy of phosphate elimuation rather than
hiydsolyns of the phosphate ester If you ehmunate 2 ghosphate anton you Introduce
2 double bond duectly As far as ssopréne is concerned we have in fact prepared
Laheled 1soprene and found it to be totally inactse as 2 precursar We do not think
that this result 15 necessanly tn confisct with our postulated scheme  provided
we do net tasist on free opens a3 sn wtermediste  What 1 have presented fs—
or 30 1t appears to us—the simplest mechansm to fit the Isotopic datz - For example
the T3 O data force 41 ta conclude that one of the tao phosphates 1s split off sumul
tancously with the decarbotylation and before condensation occurs 3t 55 also con-
cetesble that the 1 phosphate ¢ the actual cond: wat Thes posst
biity remams open

Coviy I tonnechon with Dr Blochs supgesvon that w the finad stages of
cholesterof hvsynthesis the double bond may be semoved and then 2 pew one formed
n the 5-6 posiion, 1 wonld he to ask of he has any soggestions about why it 18

t dihydrochol 1 cannot be d wto chol 1 Are there specsfic
stroctural vequiremerts for the formation of the 56 double bond?

Broen ¥ thusk I was not very clear on this pomnt I rused the possibility that
it may not be the 88 double bond which becomes the 5-8 double bond on the
grounds that, for evample T-dehydrocholesterol i od ta cholesterol. This sug
gests the falowing sequence 3 shilt af the 8.9 double bond to the 7B posinen an
oudatien at C-8 to yield 2 8-hydrory demvative elimmanion of watet to T-dehydro-
cholesteral, or more Llely the A * Sunsaturated sterol »hich noudd be 2 triened),
and finally the reduction of the 7-8 double bond to desmosterol.

Porpix  The problem n what sequence the movement of the donble bond occurs
iz chol 1] 1 a0 ly Qfficult one  The 1solation and identefication
oF 4a methylcholest T-eno} rased the question shy 23 the double band 1 Zymostexal
sblf 1a the 8-4 positon? You were refernag, no doubt, to the substance Dyerass: 10~
Tated from the cactus®

Brocse  Yes and also to the 4o methy! sterols ssalated by Wells from xat feces
and by Sondheimer from citrus

Porsse X have seen Dperassis note and I think 1t 15 quite clear that his
compound {lophenol) s not identical with the substance wsolited by Wells from
the feces of rats The phyncal proportes of the two are sa different that they
cannot be identical, The compound 1solated from the cactus 15 defintely da methyl
chalest Tenal. Bow 1f that 1 seally one of the demethylatio products of the 14

l, then how does t stdl retain the double bond 1 the 8-9 poss
ton® It 12 sery difficult seally to decide the sequence of these events “ow about
vour propesed of the of § to squalene of the
proton attack and hydnde el 13 the meckh of the cond: of the

o molecules and two atoms of hydroges ase introduced thew m the squalene so
formed you should get a substantial amount of deutestom or tntwm wiveh should
appear In Yevsloie a0d ohtamed by ozonofysis of squalene The two methst rasbons
m question walk be the methyls of It binwe aod  Did vou chserve this®
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Brocn  As you my reell we have small amounts of heavy hydropen 1 the
succmse aexd from the central carbon stoms of squalene and we have also very small
amounts of deuterum atoms in the levuhme acid  These 15 an ambiguous sitnation
here because the proton and the hydnde 1on can attack at dufferent posstions depend
g on the structure which you assign 1o farnescne  As I pomnted out the positon of
the diene system 1o farmesene 1s not established  { would hike to wk Dr Schwedks
opimon about zymaosterol as an abligatory mtermediate

Scawenk  We have not made more espenuments with zymostero] than those
which we have published so I cannot 2dd anytineg  As to expeniments with meva
lonfc acd 1 would Ike to pont out that n all of the published experiments with
this substance the stexols were ssolated with digitonm and counted as dugtomades
It was not mvestigated whether the cholesterol was pure  We hwe gnen mevalone
acid 2 C1% obtawed through the courtesy of Merck & Co mtrapentoneally to zats
and wolated the sterols a5 usual from the Iver the gastromtestinal tract and from

1000 Lver
500
o
L S
£ 20 40 80 minutes
£
&
t
3 Gastraintestinal troct
S 100
e
e
o
r/‘:/:
° 20 40 80 minutes
404 X Carcass
20
—_ a
o o
° 20 ab 3D m nutes
REY e Dsmtomde chalesterol
Dibrome chalesterol
Tatty aexds

Fic A Male Sprague Dawley rats wesghing 180 & were fnjected intrapentone
ally with 02 pe of mevalonie zaid 2 C1# as the sodum salt  They were killed at
the indicated tune ntervals nd the tissues hydrolyzed with 307 ROH  Jsolation
and punficaben of sterols see Arch Biochem Blophys 42 91 1953
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the carcass .0 40 and 80 mnutes alter the injection Figure A shows the results
obtamed  Incorporation into the sterols 1s rapid and reaches a comparatively hugh
degree after 40 minutes A contral cxpenment with the same 2mount of C! i the
form of acetate gave only traces of radiactiity m the cholesterol The most im
portant observation 35 however the large amount of high counting companions
(HCC) m the sterols from the digitorides  Bromination of these sterals proves that
they contamn 40-507 of the counts in substances other than cholusterol and the
course of the two cunves shows that only parts of these HCC are precursors of
cholesterol It is therefore important that any ch-m in expenments on the high
yield of the son of i! acid to chok 1 should be based on the radio-
actiity counts of the cholesterol after punfication through the dibromo compound
and not on the counts of the digitomades It will be interesting to find out ahout the
nature of the radioactive HCC in these exp As one should expect the fatty
acids did not show any appreciable count i our experment

Micit T note the presence of higher counting companions demonstrated in
your espenments when samples of cholesterol are 1solated wathin 2 hours after the
admunistration of acetate G4 You wouldnt expect Dr Schwenk f you had isolated
the cholesterol through dibrormde 24 hours after acetate admimstration that its
count would differ from that of the total digstonsde precipitable material

Sciwenk  We have not continued our experiment for more than 80 mmutes
mamly becanse of the small amount of mevalonic acid 2 C14 available But from
other evpenments made with acetate 1 C14 we know that in evperiments Jast
wg much longer the HCC tends to decrease and after 1 week we find that all tissues
weluding blood have practically the same low count mn digitonde and dibromo
cholesterol

Eper In assoctation with Drs L 1 Gidez and W WV Shreeve (Federation Proc
17 228 1958) 56 pe of b mevalome acid 2-C13 was adminustered to a patient
Five per cent of this adminstered dose was found i the expired CO  which as Dr
Popjak has pomted oot corresponds very well to the labeled catbon removed i the
conversion of lanosterol to cholesterol About 357 of the admunistered C1% was
found in the urme

In Fag B s shown a curve for the mcorporation of mevalonte acid into the plasma

PLASMA FREE CHOLESTEROL

dpr mg CHOLESTEROL

5127133150 93l 11301 51471
9 2 33745 57 69 Bl 93 105 117 129 i4t I535?65n‘|7583
DAYS
Fic B Curve for the incorporation of mevalonic acid into plasma free cholesterol
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free cholesterol Apprecitble meorporation oceurred within 1 hour and mavmal m
corporation occurred at 4 hours The curve of incotporation was not a smooth
cunve perhaps this 15 due to the presence of hugh counting compamions as suggested
by Dr Schwenk  After 12 hours 1 smooth diswppearance curve was obtamed At
approumately 44 days the curie became Imear and the slope remamed constant
throughout the penod of observation The curve could be broken down nto 4 straight
Lnes these had half times of 042 27 95 and 99 days The curve with the very long

half ime suggests the presence of a very large cholesterol pool
Porjix 1 would bke to mahe a few comments about the use of MVA 1 wieo

£ 1 ol

for the possible study of d of chok ¥ think that it is
not an sdeal precursor for this purpose bectuse 1t seems that the physiologrcal con
trol of the of chol 1k 1 15 here between acctate and

MVA formation Beyond MVA the synthesis goes with extraordmary spced Dr
Gould when he wistted us carmied out some experiments along these Iines  Whereas
the d of chol ) thohsm can be readily demonstrated if we use
CM acetate as a precursor of cholesterol 1t 15 almost smpossible to show a change
when MVA is used as a precursor

GouvLo I nught add a comment to that there 1s one other difference between
MVA and acetate mncorporation into cholesterol in tico For example m the rat
acetate produces a higher specific activity of cholesterol in intestine than tn lner
on the other hand mevalomic acd 1s wsed hardly at all for synthesis 1 intestne
and to a much less extent than acetate in other extrahepatic tissues suggesting that
differences 1n perme ibihty betwewn Iner and extrabepatic bissues to mevalonie aaid
may be nfluencm,, the results We have been unable to show any synthesis of
cholesterol from MVA by intestine in witro although acetate ncorporation 1s readily
demonstrable under the same conditions After MVA admimstration  the labeled
cholesterol will become distnibuted through the blood and will eventually reach
more or less the same distnbution m extrahepatic tissues as after acetate but the
distribution 15 at first quite different

Wiute I was going to ash a general question 1 the aret of hypercholesterolcna
diabetes and atherosclerosis 1f the synthesis of cholesterol 1s dependent upon re
duced TPN then onc would expect 1n the dizbetic an smpawed synthesis of cheles
tero] simce the major source of reduced TPN i metabolism 1s the oudation of
glucose 6-phosphate to 6 phosphoglucome acid T am thinking of the work and
postulates of Siperstein

Epen  Siperstem showed that TPNH was requred both for fatty acd and
for chol 1 synthesis  App ly the req for TPNH 15 more exphost for
fatty acid synthests and so with the 1 £ acetoacetic acd  cholestero}
synthesis may occur even with a relative deficiency of TPNH

Broc I would appewr that much Jess TPNH 15 required for cholesteso]
synthests than for 2 molecule of a €18 or C18 fatty 2c1d Jargely becouse the rate
of fatty acid synthesss 15 s0 much faster at least vormally Secondly the glucose 6
plosphatedehydrogenase which pradsces TPNH for fatty aaid synthesis 15 a com
ponent of the soluble ytoplasm whereas the source of TPNH for steroid synthests
sueght be microsomal at least i part T think st could be explamed on that basis

Pmeus  Dr Popjsh maybe you would clanfy this point

Porpsk  Furst of all I would Iike to support D Bloch 1n that there 1s much
less TPNH required for sterol synthests than for fatty acid synthesis and further
more we do not know for certan in which of the reactions TPNH patticipates  1f
1t 18 right what you have smd Dr Bloch that the reduction of the monocoenzyme
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A ester of hydrogymethylelutane aeid to \MVA requires TPV thess this 1s the only
reaction In stesol synthesis In which it 1s known wath any degree of certamty that
TFN\H 15 needed  However TP\ ar TPN\H seoms to be required in squalene
synthesss In our byer enzyme system it was very difficult to demonstrate whether
TENH or TP\ was needed e fiad the impression from our evpenments that
the enzyme systens ssorhed more efficiently when both TP and TPNH were pres-
ent the yields of sterol were luss of we esther dept the TP\ contmuously seduced
with exeess glucose-G-phosphate or if we kept it continuosly oadized by the use of
platathione reductase and GSSG  In the case of DPN the reduced form of the co-
enzyme Is preferred by the system  There 12 no absoluts requirement by the Iner
enzyme system far efther & or tnphosphopynid Jeatde bu actiity
was obsesved oply when both were added to the weubotions 1 think that reduced
pyndine pucleotdes whether DPNH or TPNH  generated in either mitochondmal
ar mcrosomal systems could beand probably are—readily translerred via the
soluble parts of the cytoplasm from one to the other After all the DP\H asd the
TPNEE (ar thew ovidized forms) that we are using in onr enzyme system are intro-
duced fnto the soluble component of the system and are presumably taken up by
the microsomes  In the duabetie TPM could be generated by the isoutne de
hydrogenase system

Surt Galy ta mutachondnia and not i microsomes

Poepix  TPNH rould be transferred into the microsomes

Surm You cannat explam the fatlure of Lipogenesss in the dabepe though

Poejix  How about the transhydrogenase to form TPAH from DP\H?

Surmi Agawm that appears to be auly o outochandria

Porpse 1 gue up although I bebese pyndine nucleotades can be transferred
fram pne cellular compartment to another

Sant § think that is why Dr White rased the queston  The whole dizbetic
story seems sa sabisfyng at the moment 1 terms of fulure of phesphorylation of gha
cose whatever the reasons You have the fadure of the onditive patbway of glucese
breause thus is the mam suppler of TPNH and 3t s Dr Popph whe demonstrated
that the reductive step of hpogenesss mvolves a TPNH specific reductase localzed
n ouevosomes  Now on that bass ane can explam the faduze of bpogeeens 1 the
diabettc whereas fatty acnid degrad roceeds und: shed wath the f
of ketome bodies  Now af this 15 the case as I understand Dr White s question why
33 3t that wn the dwwbetic chalesteral synthesss occurs wmmpared even though this
alse vequires TENH or does the defect mvale & fatlure to temave cholesterol rather
than 2 faslure 1n cholesteral biosynthesss?

Micn  Dr Poppb would you sav that as wndicated by the total degrada
hon of chol t h 3 from Ct4 i acrd Jocal of Cit stoms
at Bve speesfic powts 1 always demanstrated?

Porsie  This follows {rom owr results on squalene but the work on cholesters!
atself 13 not ours  That was done by Isler and bis group at Hoffmann LaRocke in
Basle and thexr results fndicated that these arc only five pontions labeled They
have wsolated specifically postion 7 postion 22 and pasitan 26 or AT—whch
cannat be distmguished " These three positions were labeled Mo other position i the
side el was Iabelod and the specific actiwity of these 1olated carbon atoms com
pared to the specfic activaty of the molecule as @ whale mdacated that there conld
be ouly five labeled positions i chalesterol fornted from 2 CI4 AMVA

Mutcxt In contrast then m the biosynthesss of cholestera! from G acetate alf
the positions on the cholesterol molecule are avarlable for label®
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Porgax  Yes Certamn positions are esclustvely derned from the carboxy! carbon
and other positins From the methyl carbon of acetate If you start with carbosy!
labeled acetate as the precursor of cholesterol then you obtain twa groups of earbon
atoms 1 the sterol onc group labeled and the other not habeled 1f you start with
methyl labeled acetate then you get one group highly labeled and the other labeled
shghtly and those which e labeled shghtly are the positions which come from
the carbovy! cubon of acetate Thus shight mixng of labebag from methy! habeled
acetate can be well esplamed by the formation of carbovyl Jabeled acetate from
methyl Bibeled acetate via the aitnic acid cyele

Mnen It would scem then that these 15 an rconsistency in the reasoning that

bhish y? acid as a p of chol 1 in piwo m spite of the fact
that the mevalome acid was singly labeled in the & position

Porpax  No there is no inconsistency whatever

Amen Of course the direct dermonstration of such inconsistuncy would be
accomphished by the biosynthesss of chol sterol from randemly labeled mevalontc
atid  Has such synthesss bren done and has the resulting cholesterol been analyzed
after total degradabon?®

Porgix  Well at the moment we are workmp with MVA 2 CH¢ with MVA
fabeled 1n carbon atom 4 and with MVA labeled both in the 3-methyl and in carbon
atom 4 The degrad: of chol ). h d from these samples should
ghve you the enswer to your question but I dont think we have any doubt whatever
that the labeling will be as can be predicted by our present data

Gouwp  Is MVA an d in chok 1b i i hver? In other
words has anyone vet shown the tormation of MVA from libeled ncctate by lner
homogenate or shees?®

Broce  According, to substmhated ramors the sccumulation of MVA has now
been demonstrated m yeast

Porjax  Of course we mught have expected that after all it seems that MVA
is a by product of alcoholic fermentaton Ve have seen repeatedly on paper
chromatograms of hydraxamites made from Incr enzyme svstems a spot which 18
identical with the spot of hydrowamate of MVA but so far we have obtaned only
an ambiguous mcorportion of acetate mto that spot

Sasruers ¥ was anterested i Dr Blochs intraduction of 8-hydrotylation in the
transfer of the double bond  The 6 hydravylases are very prevalent in many tissues
and affect sterords of shorter chuns yet no explanation for ther presence has been
mven [ am \ ondenng if you bave observed whether the presence of these other
compounds with shorter side chams would interfere with the convession of
Tanosterol to cholesterol or whether you have ever dane anv trapping evperiments
with regard to this particular step

Brocr  The answer 13 no

Winre 1 wornler if Dr Popyik would like to claboratt 2 hittle on the statement
1 heheve he made that if there are regulators of cholesterol biogenesis these \ ould
be between acetate and mevalonate rather thin beyond the Latter

Porpix  Yes that 1y quite correct The evidence seems to pomt very defimitely
to the physiological control of sterol synthests to be at the pre MVA stage 3t 15 poss:
ble to demonstrate some changes 1n cholestercl biosynthesis m different thyraid dis
orders 1f we use MVA as a precursor but these are rather slight in companson with
the chinges that can be demanstrated with acetate as a precursor X wradiation
causes a tremendous increase i the uthization of acetate for cholesteral synthesis
yet very little merease 10 sterol synthests can be demontrated af MVA 15 used as pre
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cursor  Also in cholesterol fed amimals the utshzation of acctate for cholesterol syn
thesis 15 suppressed almost to ml yet MVA is converted into cholesterol m these
ammals almost as efficrently as 1n the controls

Sarrr Doesnt this almost it the step to the condensation step between
acetylacetyl CoA and acetyl CoA? There 1snt really anything else  VWe might as well
pwpomt it

Prvcs  The charman would ke to ask Dr Popjak a question In descnbing
the anterobic production of squalene you mn one of your slides showed a count of
about 44000 whereas when you demonstrated that steroid was abo produced the
total count was roughly half or about 22000 Does this smply that squalenc escapes
1to some other mechamsm or 15 there something 1 the mature of the expenment
which we missed as you described 1t?

Porjix No I think that there 15 something m the nrature of the expenment
that I mussed too It was one of thase anomalous things for which I cannot offer a
sound explanation T think it 15 one of those experimental results that we mect from
tme to tme  The same enzyme preparation was used 1n both sets of experuments
Generally I would say that 1 9055 of the expenments we had as good a synthesss of
sterol as that of squalene In this parti~ular experiment 1 dont exactly know why
the sterol synthess did not go so well

Drcxian 1 would like to ask a queshon concerming the role of phasphate here
Have erther of you shown an absolute for norgame phosp

Porjlx  The hugh for phosphate 15 a pecultanty of the Incr enzyme
systemand 1ts role 15 nothing else but the mhibiion of phosphatases and thus the
protection of the ATP  For the 1solation of intermediates formed from MVA 1n our
earher experments ve uscd banum precipitation and the presence of phosphate
mterfered in this process Ve tned to prepare therefore homogenates without a
phosphate buffer We used KC1 buffered with Tris for thus purpose but the enzyme
system was completely mactne we tracked down the troubl and showed that m
the absence of phosphate the ATP was rapidly destrayed 1n the enzyme preparations
The destruction of the ATP can be prevented by the use of either high concentrations
of morgame phosphate or by fluonde
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The Formation and Metabolism of Ble Acids
under Different Conditions

Suve Bercstront
Department of FPhystological Chemistry University of Lund Lund Suedent

To determmne the over all metabolism of cholesterol one has to
take mto account (a) the cholesterol synthesis m the liver and 1n other
organs (D) the cholesterol of the food and the extent of its absorption
(c) the excretion of cholesterol and other neutral steroid demvatives
(coprosterol etc) (d) steroid hormone production and excretion
{e) bile acid formation and excretion with the feces

‘The analytical basis for making up the balance sheet 15 the fact that
the sterord ning system 1s metabohcally mert.

The rate of the diff by which chol 1 15 formed
absorbed excreted and degraded are obviously of importance for the
actual concentration of cholesterol 1n the blood

The synthesis (a) absorption (b) and excretion (¢) will be dealt
with by others at this symposium  The amount of hormones formed
(d) 1s of mnor importance from a quantitatnve pomt of view

I will therefore first review some aspects of bile aad metabolism
staring with the mechantsm of formation and then turning to some
quantitative aspects of these processes and the methods by winch they
can be determined

The marn bile acid of the rat 1s cholic 2aid (80%) and most of the
remamder 1s chenodeoxycholic acid with minor amounts of other
metaboltes all conjugated with taurme Some metabolic reactrons are
shown in Fig 1 The thick solid or mterrupted lines show the metabolic
reactions that have been d rated by ad g labeled com
pounds to rats The crossed thin lines show reactions that do not occur
It 15 clear that chenodeoxycholic acid 1s not a precursor of chohe actd
Two other tnhydroxy acids are formed (11 and 12) as illustrated m
Fig 2

‘The hydroxylations on the ring system have to tthe place before the
side cham 1s onidized otherwise no cholic acid 1s formed 1e the 12
hydroxylase” does not work when the side cham 1s oudized 3a 7a
dihydroxycoprostane (3) yielded both chenodeoxycholic acid and cholic

1 Present address Dep of Chenustry Karolinska Institutet kholm 60
Sweden

All pertiment references are avalable m a review (1) more recent papers are
Listed

.
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acd but chenodeoxycholic reid or the corresponding C 28 acid did not
yield any cholic acid The rite determining step might very well be
the first hydroxylation at C 7 as =il the hydroxylated compounds i the
left column are transformed nto bile acids much more rapidly than
cholesterol atself The 7a hydroxylation of deotycholic acid to cholie
acid seems to be a peculianty of the rat—it does not occur i rabbit or in

00H
HO

Fic 1 5ome metabolic reactions
Rey  Thick sohd or interrupted hnes metabolic reactions that have been demon
strated by admumstenng labeled compounds Crossed thin hnes reactions that do

not occur

CO0H
.
HO l OH HO l
HO ﬁﬁ HO
X :1?
HO

o
OH
C&H
OH
Fic 2 Formation of two tnhydroxy acds i metibolism [Doisy et al (11 and
12) Bergstrom and Jeson (unpublshed)]
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This reaction has been studied with cholesterol stereospecifically
labeled with trtium 1 posttion 7a or 78 (4) and it has been found
that the 7a hydrovyl specifically replices the 7a hydrogen leaving the
7p hydrogen intact

Normally holate and t henodeoxycholate make up 90 to
93% of bile acds n rat bile and a chromatogram gives the simple cunve
shown m Fig 3 When the acids present n the feces of similar rats

Al
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Fic 3 Chromatogram Rat 121 1 mg cholestersl4 C14 IP Bile fistula
made eighth day unhydrolyzed acids from mnth day MeOH 50 octanol 50 H,0
50 chloroform 50 45 g hydrophic Supercel

h 1

are graphed a very P d picture appears (Fig 4)
Practically all conjugates have been spht and a large number of
metabolites appear Norman and Sjovall have recently concluded a
study of the products formed (17) and the mam results as to the chohe
acid metabolites are summanzed 1 Fig 5 One of the mam reactions
1s the ebimmation of the hydroxyl group at 7 yielding deoxycholic acd
subsequently oadized to 12 ketolithochohe acid Another reaction 1s
the dehydrogenation of the 7 hydroxyl to the 7 ketone that 1s then par

tially reduced agam to the 78 1somer The two columns at the nght
in Fig 5 show a rough estimate of the proportions of the different acids
m 2 rats of the same colony mdicatng the great vanability to be ex

pected of reactions caused by the intestinal flora The deoxycholic acid
formed by the action of the intestinal flora 15 then rehydroglated to
cholie acid 1n the liver of the rat In recent experiments with doubly
labeled chohc acd (78 T 24 C'*) (5) we have found that half of the
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tritiam of the cholic acid of the bile was lost after 24 hours When study

g the turnover of the cholic acid pool 1n the rat this factor has to be
taken nto account
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Fic 4 Chromatography of bile acids 1n feces of rat that has recerved cholesterol
4CM (A) Rat 121 1 mg cholesterol-4 C1¢ IP unhydrolyzed fecal acids from
seventh day MeOH 50 octanol 50 chloroform 50 9 g hydroplac Supercel (B)
Rat 121 1 mg cholesterol4 C1¢ IP less hydrophihic acid from unhvdrolvzed fecal
extract from seventh day McOH 60 H O 40 chloroform 90 heptane 10 45 g
hydrophic Supercel

Another stling example of the mfluence of the intestmal flora 15
found i the rabbit Rabbit bile from the gall bladder contuns prac
tically pure deoxycholic acid conjugated with glycine Lindstedt and
Sjovall (15) found however that when you make a bile fistula m thus
ammal the deoxycholic acid rapidly disappears and 1s replaced by cholic
acid m the fistula bile  Likewsse xf you give labeled cholic 1ad to an
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mtact rablut labeled deoxycholic ncid 15 formed in the gut—but 1t 15
not rehydroxylated to cholic acid 1n contrad to what happ

m the rat  Thus there seems to be an ntestmal florn universally present
m rabbits 21l around the world that causes what could have been
thought to be the results of a special property of the rabbit lnver cells
Norman {unpublshed results) has been able to reproduce these re
actions n titro with mtestinal microrganisms
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Fic 5 Mam results as to the chohe a2cid metabolites summarized from a study
recently concluded by Norman and Sjovall (17) The two columns at the night show
a rough estunate of the proportions of the different acids in two rats of the same
colony

A simmlar reaction occurs in man Deoxycholic 2ad present mn the
body seems to be entirely of microbiological ongin m the gut and 1s not
rehydroxylated m the Iiver (13) It 1s absent from bile of total fistulas
that have functioned for a day or two (6) and also from the bile of new
born babies (7) 1 which cases only cholic and chenodeoxychole acids
are present The mtestinal flora 1 man 1s thus less efficient in transform
g cholic acd nto deoxycholic acid than that n the rabbit but both
spectes are unable to rehydroyylate 1t to cholic acid n the liver

All these dufferent reactions have to be taken nto account, when the
turnover rates and pool sizes are studred
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In the rat you find gencrally a half hfe of about 2 ta 3 days for
any carbon Iabeled bile aeid that 15 studied with a pool size of 20 to
25 mg 1 1 200 g rat st corresponds to a darly prod of 5 to mg
bile actds per diy However that 1s the production 1n the intact rat If
« bile fistnla 15 made the prcture 1s entirely different An example from
Erthssons work (8) 15 shown m Fig 6 Most of the bile salts present

mg mg
2000 800}
Cholesterol 430
Joso mg/6 420 Chotesterot
hﬂ Jaegs nous 10 mg/day
{a Ho
150p

100,

Bue wis

30r]

12 o4 Hours

© 2z 3 4 5 6 7 B Days
4 164]

3 .2

2 ze

]

8ile hstula rat 15 {230g)

Fic 6 Excretion of bile acids (upper dragrams) and bile (lower diagrams) w
bide Bstula rat [Erthsson (8} Values for the excretim of taurocholate (TC) and
taurochenodeovycholat (TCD) are expressed as mg /8 hr durng the fest day (left
wpper diagram} and as mg /24 hr dunng 8 days (xight upper diagram}

1n the rat have been excreted through the fistula after 2 hours (left part),
but an mereased synthesis results in the datly formatron aund excretion
of 40 to 50 mg of bile acids per day or 10 times the normal daly
synthesis In spite of the fact that about 3 times the amount of cho
lesterol present 1 the hver 1s transformed mto bile acids duly and that
these 15 2 corresponding i the cholesterol synthesss in the
Iver no change wn the blood cholesterol was found

Under these conditions the normal enterohepatic crculation s
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broken and no bile acids reach the hver vin the portal blood  In recent
simple cxpermments (2) we have shown thit the continuous intestmal
mfuston of sodim taurochenodeovycholate brought the cholic acid
synthesis down into the normal region when 5 to 10 mg was mjected

=

S

~sumg/mv

s 19mg/Hou
TAURO ™= i
CHENO=
DEOXY=

CHOLATE

~4mg /DAY
CHOLIC' ACID

Fic 7 h Tesults ¢xemplf; the testnal infusion of
sodnim taurochenodeovycholate when wnjected nto lower part of the bile duct of a
f.tola rat

mto the lower part of the ile duct of a fistulr rat These experiments
are exemplified schematicallv 1n Fig 7

The actual concentration probably reaches only 2 to 3 mg % mn the
portal blood durmng these expeniments but the bile acids are very
efficiently absorbed so that the 1 the general airculation
15 probably at most 01 mg 5 (Sjovall unpublished)
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These results are also of mterest m connection with the atherogeme
diets contuning free cholic acid that have been used in several studies

Generally the addition of cholic 1cid used has been 1 or 2%, 1e if
the rat eats 19 g of food per day this corresponds to an ayverage hourly
mtake of 5 to 10 mg This wddition can thus have a direct influence on
the rate of bile acad formation The free cholic acid n the diet 15 also
conjugated and that results m a lwrge demand on the organic sulfur
compounds resulting m a more or less severe sulfur deficiency—another
factor of importance for producing atherosclerosis m expermental
ammals In order to study the mfluence of bile acids per se they should
be dded to the diet as trunne conjugates
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Fic 8 Bile and excretion n hypo- eu and hyperthyrod bie fistula rats—
average of 4 ammals 1n each group (Enksson)}

There are quite pronounced changes in the bile acid picture 1 the
hyper and hypothyroid state Some data published by Enksson (9) are
shown m Fig 8 In the normal rats there 15 the usual mxture of about
80% cholic acid and 20% chenodeoxycholic acid In the hypothyrmd
rats there 15 almost only cholic acid present whereas in the hyper
thyroid state there 15 more chenodeoxy than cholic acid A possible ex
planation 1s obviously that the side chan degradation 1s speeded up
relative to the 12 hydroxylation 1 the latter case whereas the reverse
15 true m the former case The results lustrate anyhow the necessity
of analyzing the different bile acids present 1n order to get a quantitative
picture—if only the cholic acid had been followed 1n this eximple
the results would have been quite misleading

Another difference between these groups 1s that the normal and
hypothyroid rats excrete 1 to 2 mg of cholesterol in the bile fistula per
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day whereas the hyperthyroid rats exerete about 6 mg 15 has earler
been observed by Rosenman ¢t ol (18)

If we now agamn turn to the quantitative aspects of bile acid metabo
Lsm 1n normal rats 1t has been found by Lindstedt and Norman that
the half Iife of the different common bile acids was about 2 days The
techmque 15 sunply to give a tracer dose of carbon labeled bile acd
per os and follow the rate of excretion of the isotope with the feces

CUMULATIVE EXCRETION

EXCRETED
DAY

\ 2 34 5 6 7 B 9 I[ODAYS

Fic 9 Excretion of labeled matenal m feces after intrapentoneal myection of
cholie acd 24 G4 anto a normal rat (A) and one treated with chemotherapeatics (B)

They also found that the rate was very marhedly decreased with half
hfe times of 10 days if the rats were treated with antibiotics at the same
time (Fig 9)

To study this question further we are collaborating with Dr Bengt
Gustafsson at Lund 1n studying varous aspects of the steroid and bile
acid metabolism 1n the germ free rats of the colony that he has reared
at Lund These anunals appear normal 1o all respects except that there
15 a marked distention of the cecum

The four expenuments shown m Figs 10 and 11 (10) have been per
formed on the same germ free rat and the data are recorded 1n the usual
sem loganthmice plot (Fig 10) In the germ free conditton as well as
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aftter infection with Aspergillus mger wnd Clostridwm perfringens there
1s no sigmficant change 1 the rate of excretion  After total ifection
there was however an mmmediate return to the normal half Ife

The chromatograms of the labeled compounds present in the feces
of that rat during these different perods are shown in Fig 11 Under
germ free conditions and nfter mfection with Aspergillus the chromato
grams are 1dentical with the picture 1n the bile 1e no chinges take

T B S T WA | [T
1234586789 1010 120AS
APPROX T%
*-—& GERM-FREE 7

®—a ASPERGILLUS NIGER 5
A—A CLOSTRIDIUM PERFRINGENS 8
o—0 TOTALLY INFECTED 18
%16 10 Scmiloganthmic plot of the excretion of labeled matenal 1n a rat dunng
penods with different conditions in the intestine [Gustafsson et al 1957 (10)1

place dunng the passage through the intestinal tract When Clostridium
was present the taurmne conjugates had been spiit to a large extent and
the man labeled compound present was free cholic acad  After total
mfection most of the conjugate hid been spht but furthermore the
cholic acid had been transferred into 1 number of other metabohtes

The intestinal flora has thus « pronounced mfluence and possible
changes of the testal foer must lso be considered when dietary
changes are made

In these connections I would Iike to remmd you of the mteresting
work of Dam and his colleagues on the dietary production of cholesterol
gallstones 1n hamsters another demonstration of the profound influence
of the diet on the cholesterol metabolism
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Inman the mun bile acids are cholic chenodeovychohe and deovy
cholic acid that undergo secondary changes to varying degrees m the
mtestme In order to determme the total amount present and 1its turn
over Lindstedt (14) has used the following approach

A tracer dosc of carbon 14 labeled cholic acid was administered
by mouth Subsequently every second or third day small samples of

cPm cPM
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1000,
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Fic I Chromatography of fecal acds excreted during penods with different
conditions 1n the intestine { Gustafsson Bergstrom Lindstedt and Norman 1956)

pure bile are collected via 2 thin plastic duodenal tube  When the tube
has reached the duodenum 1 mg of cholecystohmm (obtamed from
Professor E Jorpes Stockholm) 1s given intravenously resultng mn an
mmediate contraction of the gall bladder The small sample of bile
that was taken up 1s hydrolyzed and pure chohe acid isolated, and ats
speaific activity determmed The relative amounts of the other bile
acuds are determined at the same tume with the aid of Sjovalls quantita
tive methods

By following the decrease in the specific actwity of the chole acd
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with time and cstrapoliting back to zero time an estimate of the cholie
1c1d pool and its turnover 1s obtuned (Fig 12)

123 455 7 8 5101 12DAYS
Ty \

10

8

P
20-

8
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Fic 12 Semdoganthmuc plot of the fall of spectfic actiity of chohe 2cid W
human bile {Lindstedt 1957 (14)]

The data from 6 male students e shown i Table I The daily syn
thests 1s faurly constant about 1 g It is wpparent that the smaller the
pool the more ripid the tumover

TABLE §
Bire Aco Proprerior iy Man
Curealating poal Daily formation

Half Wfe  Clohcand Tota} bile  Cholicacsd Total bile

Subject {days) (g) aeds {g ) {g) acids (g)
$ 3 123 35 030 08
P 25 692 38 025 10
B 12 058 18 033 1
w 23 115 33 033 10
E 27 229 48 059 12
A 3 118 32 027 08

@ Lindstedt [1057 (14)]

These studies are now being extended to different pathological cases

If the cholesterol present i the hver and the blood 1s estimated
to 12to 15 g these results check reasonably well wath the half hfe of
8 days found by London and Rittenberg (16)

However there are still no exact data available of the amount of
endogenous steroids excreted on 1 norml inglycende-contunmg dset

entucely free of sterowds
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In Fig 13 there 15 finnlly a summary of the turnover of cholesterol
mmwn The cholesterol coming n with the food 1s generally not more
than 1 g and usunlly much less However with the bile atleast 1 g and
apparently often about 2 g of chol 1 s d 1nto the
apart from the steroids following other mtestinal puces and shed cells
Most of the former cholesterol 15 however reabsorbed 1t 1s thus ap
parent that the cholestero! of the diet 15 less than the endogenous cho
lesterol introduced into the intestne Furthermore about 1 g of
cholesterol 1s degraded to bile acids per dvy

~<FO0D
Y '
LvER
£
BILE ACDS
9/d
T cHoLESTEROL
/ VIA LYMPH
ORTAL V
BILE ACID STEROIDS
METABOLITES 03 059/
~1g/d

Fic 13 Summary of the turnover of cholesterol in man

Clearly the process of mtestmal absorption 15 of prime mmportance
for cholesterol metabohsm—an imparment of the absorption can rapid
ly lead to loss of derabl of chol 1 The g 15
then to what extent and how rapidly this loss stimulates mcreased en

dogenous synthesis
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with time and extrapoliting back to zero time an estimate of the chobc
ctd pool and 1ts turnover 15 obtuned (Fig 12)
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Fic 12 Semloganthmuc plot of the fall of specific activity of cholic acid 1
human bile [Lindstedt 1957 (14)]

The data from 6 male students are shown in Table I The daily syn
thesss 15 fairly constant about 1 g It 1s apparent that the smaller the
pool the more rapid the turnover

TABLE 1
BiLe Acip ProbucTion IN MAN
Circulating pool Daily formation
Half ife  Chohc acid Total bile  Cholwe acid Total bile
Subject (days) (g) 2ads (g} (g) acds (g)
s 3 128 35 030 08
P 25 092 36 025 10
B 12 058 18 033 11
w 23 115 33 035 10
E 27 229 48 459 1z
A 3 118 32 027 08
@ Lindstedt [1957 (14))
ded to dufe hol I cases

These studies are now being p ~
If the cholesterol present i the hver and the blood 1s estmated

to 12 to 15 g these results check reasonibly well with the half Iife of
8 days found by London and Rittenberg (16)

However there are stll no exact datr available of the amount of
endogenous steroids excreted on a norml tnglycende containing diet

entirely free of steroids



FORMATION AND METABOLISM OF BILE ACIDS 45

body gong via the blood to the Iver and the bile and then you have another source
of fecal steroids directly from the wall of the intestinal tract

Womre  You feel then that wlile there may be cholesterol turnover in other
Ussues there probably is very hittle cholesterol degradation®

Benesmont Well nobody knows because 1t might be that the first step the
hydrosylation takes plice in other tissues We know that hydroxy cholesterol has
been 1solated from blood but nobody hnows if 1t was an autooudation product or
if it was present onginally in the blood

Rewpat  There are two questions that have been suggested to me  One the
possibility of the synthesis of bile acids by tissucs other than Iiver Chakoff has
shown that tissues other than liver wll yield labeled CO, when incubated with C-26-
labeled cholesterol This suggests that bile acids wwe beng formed in these tissues
as well as 1o the Jner Is the liver the only organ that 15 actively synthesizag bile
aads or do all hissues slowly break down cholesterol to give bile acids which would
be concentrated 1n the liver and excreted in the bile® The sccond possibilty I
wanted to raise was whether all of the bile acids are formed by the oudation of
cholesteral or whether some of the bile acids might possibly be synthesized durectly
from acetate One obsenvation that we made has perhaps beanng on both pomts
Rats in which bile fstulas had been established 3 days previously were given a single
mtrapenitaneal injection of labeled acctate and the cholesterol and bile acids m the
Bstula bile were 1solated and their radioactmvity determined each day for the ensuing
2 weeks Now 1n the first samples of bile collected after the injection of the acetate
the bile acids had an activity considerably greater than the actinity of the cholesterol
being excreted in the bile but after the first 12 hours and for the remaining 14 days
of the expenment the specific activity of the bile acids was consistently 75% of the
activity of the cholesterol bemng excreted at the same time The specific activity of
the bile acids and the cholesterol decreased at a parallel rate with a half Ife time
of about 5 days for each The amount of labeled bile acid recovered amounted to
about 50 mg per day At the end of the period the actwity of the cholesteral
the liver and the blood was the same as the activity of the cholesterol m the fistula
bile In these 14 days the rat was evcreting labeled bile acid at the rate of 50 mg
per day with a turnover tme of about 7 days That would require about 300 to
350 mg of a Jabeled pool of cholesterol which approumates pretty closely the total
amount of cholesterol m the carcass of a rat exclusive of perhaps the bran and
spnal cord It looked as though the total carcass cholesterol in the bile fistula rats
was bemg mvolved i the synthesis of bile acids And the lower specific activity
of the bile acids might indicate that bile acid was continuously synthesized from un
labeled precursors as well as from labeled cholesterol

B at Fust to the on oudation of cholesterol m other tissues
L think that 1s a matter of degree really I think most tissues have a small capacity
to oudize methy! groups and to beta oxidize—it is a general property Any hydro
carbon er a sterod of any configuration which you myect behind the wall of the gut
15 oudized to some kind of acid so I thmk it quite possible that other tissues mught
form some Jand of acid but I doubt very much that they are the regular ones of
the amal because as soon as any step 15 not in the nght order everything goes
astray 1f you gve cholanic acid you get a muxture of many cifferent compounds
formed by hydrotylation 1n many different ways The evact amount nobody knows
but I don't think 1t 15 of any great quantitative importance

Kewpare  In view of the greater mass of penipheral tissues as compared to the
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Discussion

Waseissr  May I start by aslang Dr Bergstrom how he concluded that the
charactenstic bile acids of the rat the rabbit and the pig are troly mternational®

Beacstrost  We have not mmch experience with the pig In the rabbut every
body has seported deoxychohe acd as the mam bile amd-—there has been only
one report by a Japanese author some 20 years ago that hus rabbits had deorycholie
acid dunag winter and cholic acid during summer or vice versa  This might possibly
be due to a changed sntestinal flora due to a drastically changed diet

Warss  M; question concerns the problem of total cholestero] balance and
possible pathways of metabolum cther than bile sntestne feces I thmh that the
data that are avaslable suggest that cestasnly the major metabolic pathway of choles
terol 15 transformation to bile acids and excretion via the bile  Are there other
tissues i the body which can degrade cholesterol and what 1s known about the pro-
portion of cholesterol that 35 metabohzed by other tissues® Is there chalesterol deg
radation for evample by some of the fwrger blood vessels? In addiron we know
that there 13 some cholesterol degradation. although perhaps relatnely small in some
endocrme glands  What 15 krown bont the capacty of other tissues to metabolze
cholesterol w terms of cholesterol balee smee I think what 35 accounted tor n
your balance sheet as I calculate it represents & very small fraction of the total
cholesterol 1n the cireulating bleod for evample?

Benostrost  Say you have 15 g i the hver blood pool m man

Wimre  Well 1 cams out with 175 Let us assume 15 § an the blood  You
have allowed for approamately 15 g via inle acds What is haown about the fate
of cholesterol i the blood Which 18 not exaieted by the enterohepatic mechanism via
bile mto feces?

BeresTront  Furst of all 5f you gne ang Tabeled cholesterol it seems that the
specifie activaty of the different cholesterol pools m 24 hours 1s rather evenly hbeled
but nobody bas really looked carefully You get about 80 to 907" of the cholesterol
as bile deids m the feces during the next 2 to 3 weeks and 10 to 207 as sterouds
but then 1n the feces you have more stesosds thin that corresponding to the 10§
and that chalesterof 15 1 thick from the gut Yon hove one cholesterol pool 1 the
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We feel as Dr Bergstrom has pomted out that this occurs becuse the newly
formed brosynthetic cholesterol m the liver 1s mitially diluted only with the hver
cholesterol pool which is smaller than the circulitory cholesterol pool which subse
quently acts as a diluent

I would Lke to make a comment concerning, pool sizes and turmnanver rates A
turnover rate s a function of the length of time over which it 15 obsernved If a
process 1s followed for 10 days one observes a different turnover tine from that
observed 1f the same process 1s followed for 30 duws As the disappearance cunve
of cholesterol 1s followed the rate of disappearance continuously slows down It 15
extremely difficult by any means of analysis avathble at present to assin a umique
half lfe time or turnover time to cholesterol If a standardized length of observn
tion 15 adopted perhaps 1t may be possible to assign reproducible values to the
turnover time  With respect to pool size the values quoted by Dr Wlite and Dr
Bergstrom make use of the Liver and circulating cholesterol which tagether account
for perhaps 15 g This pool represents a mimmum size and the actual pool may be
larger 1f you consider that as Dr Bergstrom says 500 mg of sterol are excreted
w the feees along with a gram of bile acids this 1mounts to a daily excretion of 15
g of steroid At the minimum pool size of 15 g tlus yields a turnover time of 10
days 1 the pool size were closcr to 30 g this would yield a turnover time of 20 davs
a value commonly reported for cholestcrol Therefore 1 do not think there 1s any
necessity for mvoking other mechmsms to account for the disposition of cholesterol
1 thunk that the data are internally consistent as they have been prescnted

Broan 1 want to ask Dr Bergstrom whether when he talks about cholesterol
excretion he means cholesterol only or would this include coprosterol® It seems
to me that cop 1 15 rarely d m with sterol balances and
1t must occur i very sub tantial amounts 1n the excreta of at least some anmal
species

Bencsmom I started out tallang about cholesterol and s congeners We
have not cleared that up yet but in the germ free ammals there seem to be small
amounts of other steroids besides cholesterol
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fver - slow process these mught result m the production of an apprectable put o
the bile acid formed by the itart ammat

B Has anybody examined tus 1n hepatectomized anmals?

Kenpart,  Jn thit esse you would be dealing with o showt term experment,
and 1t 15 daubiful that the slow production of bile acud could be Semonsteated in the
pertod an whieh the ammal would remas alve

Benostrost Well we cw get some indiethion when Dr Spovall has cleared up
the quantiative determination of the bile aeids feom blood There 15 no method as
yet to deternmine that I think your dita on the half hfe corroborates our wosk op
ale fistula rats Y you gine o dose of tracer cholesterol to nommal rats it 35 evereted
with & half Life of mavbe 25 days In the fistuls rat we find a half Wfe of 6 days
That checks very meely with yours Dont you thish your data might just as well be
explamed by some of the nenly furmed cholesteso] bemng directly oudized to bile
geid? Hoas all mictosomnl reactions

Rexoas, Wouldnt you expect the cholesterol bemyg excreted by the Iner to
be difted wath the freshly syathesized cholesterol as much ss the bile 1oids bewag
drfuted by the oudation of the freshly synthesized cholesterol?

Berestrost  In he Dver cell you Bave a contmuous chofesterof synthesis from
acetate  There 1s further 4 contmuous ¢xereton snd uptake from the blood of
cholesterol  In 2 bile fistula there 55 10 tmus faster chalesteral synthesss than
normal~3 times the actual aroount of chalesterol present s the huer 1 transformed
mto bile acwds daly  After a dose of labeled acetate 1t scems lkely that some of the
newly svnthesized cholesters) might be shunted 1oto the bile acsd formation before
vomplete maxing wath the Jiver blood peol Later on when the newly synthesized
cholesteral 15 unlabeled and the labeled chalesterol 15 crculating the reverse ni bt
oceur se the bile auds are fess actie than the cholesterol pool

Kenoace.  Of course both hypotheses would explam the high actisities of the
first ble acid to be excreted after the myection of acetate

Berestrodt  How much stronger was 1t?

Renoare,  About 50% stronger

Bzrostrosr  Then 3t went down to about 75¢ ?

Renoarz  Yes

Brroymnose Vel that checks fauly well In the Brst place the newly syn
thenzed cholestesol parnally goes dwectly ater the newly synthesued wnlabeled
chalesterol 15 dsiating the labeled cholestesol conuay batk from the blood

Revoarz,  Caa yau see any wiy of evpermentally diffesentiabng betwoen these
two possibilities?

Berogmom  We had to determuae the rate by which chalestarel Is comung 1
from the blood at the same time I we could B< that we conld secount for it I
guess  You peed to determine the speafe actwvaty and the amount of cholesterol
contag m from the blood versus the chalesterol and the bite acsd in the bile

Reapart  If this was studwed in cholesterol fod ansmals where the hepatic
synthesis of cholesterol 1 reduced would that be a valid approach? Do you see

what 1 mean®
Beaostront Yes quite  But I doubt that you can depress 1t totally i 2 hile

Renpur  Yes

Hetraaw  We have some dota beanng on this pomt In patents with bile
Fstulze the matah sample of bshary cholesterol aftes feeding labeled acetate 15 wm
fosmly of hugher specrfic activity than subsequent samples of chalesteral 1 the bile
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We feel as Dr Bergstrom has pomted out that this occurs because the newly
formed bosynthetic cholesterol in the liner §s mitally diluted only with the luer
cholesterol pool which 1s smaller thin the cwrculatory cholesterol pool which subse
quently acts as a diluent

I would bike to make a comment concerning pool sizes and tumover rates A
tumover rate 15 a function of the length of time over which it is obsened 1If a
process s followed for 10 days one observes a different turnover time from that
observed if the same process 1s followed for 30 davs  As the disappearance curve
of cholesterol 1s followed the rate of disappearance contmuously slows down It 15
extremely dificult by any means of analysis available at present to assign a umque
half hfe tune or tummoter time to chalesterol 1€ 2 standardized length of obsena
tion 15 adopted perhaps 1t may be possible to assign reproducible values to the
tummover time  WWith respect to pool size the values quoted by Dr \White and Dr
Bergstrom make use of the Iiver and airculating cholesterol which together account
for perhaps 15 g This pool represents a mimmum size and the actual pool may be
larger If you consider that as Dr Bergstrom says 500 mg of sterol ate excreted
m the feces along with a gram of bile acids this amounts to a daily excretion of 15
g of sterod At the mimmum poo! size of 15 g this yrelds a tumover tme of 10
days I the pool size were closer to 30 g this would yrckd a turnoser ime of 20 davs
a value commonly reported for chalcsterol  Therefore 1 do not think there 15 any
necessity for imvoling othcr mechanisms to account for the disposition of chalesterol
1 thiok that the data are internally consistent as they have been presented

Brocrt I want to ask Dr Bergstrom whether when he talks about cholesterol
excretion he means chalesterol only or would this include coprosterol® It seems
to me that 1 1s rarely d m with sterol balaoces and
it must ocour in very substantial amounts m the excreta of at least some animal
species

Berostront 1 started out talking about cholesterol and its congeners YWe
have not cleared that up yet but in the germ free ammals there seem to be small
amounts of other steroids besides cholestero!
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Thyroid Function Thyroxine Analogs, and Cholesterol
Metabolism in Rats and Rabbits

G S Boyp
Dcpartment of Blochemistry Uniersity of Edinburgh Ldinburgh Scotland

InTrRODUCTION

If 2 substance could be found which would lower the serum cho
lesterol level and yet be free from undesirable side effects then the way
would be open to test the validity of the concept that it 15 desirable to
lower the serum cholesterol levels of countless humans

It 15 well known that the activity of the thyroid can nfluence the
crculating cholesterol level in the human (7) The admmstration of
thyroid extract however elevates the basal metabolic rate as well as
depressing the plasma cholesterol level The principal compounds
secreted by the thyroid are thyroune and truodothyromine and these
sodmated amino acids appear to be modified by various tissues through
such reactions as partial deodimation cadatne d de
carboxylation etc Consequently from the parent tetrmodinated sub
stance—thyroune—a vast number of metabolites are theoretically pos
sible and many have already been isolated from tissues or synthe
sized (4)

The question then anses as to whether 1t 1s possible to dissociate the
plasma hpid depressant and the metabohic stnulant effects of these
thyroane analogs and this mvolves a search for a denvative active 1n
the former and mactive 1n the latter respect Some of the laboratory
data which we have collected on the thyroid and a small group of
substances related to thyroxine are presented 1n this paper

MATERIAL AND METHODS

The ammals used 1n this study were mbred Wistar stram albmo rats
reared on stock rat cake sumlar to diet 41 (3) The rabluts employed
ssere 1n inbred Chinchilla stramn also reared on a stock rabbit det

Oxygen consumption rate measurements were performed by the tech
nique and apparatus described by D Amour and Blood (6) or that of
Tomich and Woollett (11) and the results are expressed in lters of
oxygen per kg bedy weight per hour

Blood samples (about 03 ml ) were obtamed by cutting the tip of
the rats tail and the blood was allowed to clot at room temperature

49
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Serum cholesterol determinations were performed by a micromodifica
tion of the Sperry and Webb (10) procedure to allow duphcate esima
tions of this sterol from 010 m! serum

Relntive rates of hepatic cholesterol synthesis were obtamed by 1n
cubating 1 g hver shces i 10 ml hrebs Henseleit Ringer contaming
CH, COO-Na+ (acetate C14) The meubations were performed under
100% oxygen for 3 hours 2t 37 C shiking at 110 oscillations per mmute
After meubation the tissues were siponified by aleoholie potssium by
drowide and the sterol was then cxtricted with petroleum ether This
extract was washed with witer 19 sodim acetite solution water
washed agam and dned over anhydrous sodium sulfate and taken
to dryness  The cholesterol was precipitated as cholesterol digitomde
and 1 weighed quantity combusted to CO  which was tripped by
Ba(OH) and the radwictvity of the preaipitated BaCO was then
counted at nfimite thickness

Tissue oxygen consumptions were determmed by the conventional
Warburg techmique The tissues were sheed by hind the incubating
medium was hrebs Ringer glucose the gas phase 1009% O and measure
ments were made over 30 to 40 mnutes at 37 C

HyroTnyrowisv v THE Rat

There are three well recognized methods of suppressing thyrod
function m mammals namely surgical excision of the gland destruction
by radroactive 10dide 1nd the oral admimstration of antithyroid drugs
such as thiouracil It seems of interest to contrast the effect on
cholesterol metabolism of hypothyroid states induced by these differ
ent methods

1 Thyrodectomy

Young adult male rats (150 g ) were thyroidectomized under ether
by the usual method control” ammals were “sham operated  Post
operatively the amimals were allowed 1 caleum Inctate solution to
drink and the normal stock rat cubes to eat ad i The serum cholesterol
of these ammals was studied before operation and for 10 weehks post
operatwvely It was found that the mean preoperative serum cholesterol
level was 75 = 8 mg % whereas postoperatively the level rose to
87 = 7mg 5% This shight nse 1 serum chol 1 after th o!
contrasts sharply with the Inghly sigmificant drop 1n otygen consumption
rate exhibited by these ammals This fell from a preoperitive level of
21 liters/hg /hour to 144 liters/kg /hour at the sixth week after opera
tion The rate of hepatic cholesterol biosynthesis of the thyroidectomized
rats was only 69% of the corresponding brosynthesis rate for the sham
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opcrnted control mmals and the tissue otygen consumption of the
thyrordectomized rats was markedly depressed (see Table 1)

TABLE 1
‘Tue ErFect oF Tuvromrctoumy RADIOACTRE JopNE AND THIOURACIL O\ TiE
Sertag CrioLesTerot. HEpATIC ClroLESTEROL BIOSYNTIESIS AND OXYGEN
CoNstveTioN oF ADULT MaLE Rats

Ovygen con
Serum sumption Relatne e Percentage

cholesteral rite of cholesterl  change m
Method (mg <) (1 Ag/br) synthesis lver QO
Control 758 21 100 100
Thyroidectomy 87 7 144 69 79
113t Jodine 897 135 57 68
Thiouracil 109 +9 145 67 77

2 Thyroid Destruction by 1'%

Male rats weighing about 150 g were mjected mtrapentoneally with
900 pe radicactive 10dme The oxygen consumption rate ind the serum
cholesterol were determined before and after treatment with radicactive
1odme It was found that while the oxygen consumption rte of the
113 treated ammals was significantly depressed the serum cholesterol
level was not sigmficantly elevated The tissue oxvgen consumption
and the hepatic cholesterol biosynthesis were determmed on lalling the
ammals and 1t was found that both the QO and the cholesterol bio
synthesis were markedly depressed (see Table I) The tracheas of these
animals were senally sectioned and there was no evidence of functionl
thyroid tissue

3 Thyroud Suppression by Thiouracil

Young adult male rats were fed the stock diet to which 03% thioura
il had been added The oxygen consumption rate nd serum cholesterol
levels were recorded on these \mmals over a penod of about 12 weeks
It was found that the serum cholesterol levels rose quite quickly to a
value about 25% higher than the control level while the basal metabolic
rate dropped within about 3 weeks to a value of approximately 30
below the control level (see Fig 1) On killing these anmals the tissue
oxygen ption and Iver chol ol biosynthesis were measured as
before and 1t was found that the values obtamed were sigmficantly
lower than the correspondmg control values for ammals mamtamed on
a diet free of thiouracil (see Table I) Thus in our stram of rats total
thyrordectomy and I'*! ablation of the gland produced comparable ef
fects on the serum cholesterol level These results were distinct from the
effects of dietary 03% th 1 mduced hyp
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Fic 1 The effect of thiouraci] on the otygen consumption and serum choles
terol of adult male rats

Tue Errect oF RapioacTive IODINE AND THIOURACIL ON THE OXYGEN
CoNsumrTion RATE AND SERUN CHOLESTEROL OF YOUNG Mare Rats

In this study 1t was decrded to mnvestigate whether thiouracil exerted
an mfl on the chol 1 holism of the athyreotie rat Sixteen
young male rats were divided mnto two groups of 8 rats per group One
group was injected ntrapentoneally with 600 uc I131/100 g body
weight and the oxygen consumption and serum cholesterol levels of
all the ammals were recorded at regular mtenvals for about 6 weeks
Each group was then subdivided into two equal groups one of which
drank 5% glucose and the other 5% glucose contaimng 01% thiouracil
This regimen was continued for a further 6 week period during which
the oxygen consumption and serum cholesterol were recorded (see Fig
2) The anmmals were lalled and the QO measured as descibed above
The thyroids or thyroid " were 1 b logreally
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The results of this expenment are shown 1n Figs 2 and 3 from which
1t can be seen that the melusion of 015 thiouracil in the dnnking water
of these rats while exerting a pronounced effect on the oxygen consump-
tion of the rats with ntact thyroids fmled to mfluence the already de
pressed oxygen consumption of the ammals which had been subjected
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to thyroid ablition by ridwactive todine  Furthermore the serum
cholesterol levels of these groups were not significantly different Thus
the level of thiouracil 1n the dhet appears to be of mportance m dis
sociating the gottrogeme dose from the hypercholesterolerme dose

Tre EfFecT oF Dwrany Tsiouracw on THE SEruM CHOLESTEROL OF
Arniyreoric CrovesteroL Fep Rars

Youny, male rits were thyroidectomized and treated 1y descnbed
previously  Their o¥ygen ption rate was postop
tively and any animal fahing to show at lewst a 2055 drop m ovygen
consumphion was discarded S weeks after operation they were d
vided mto two groups One was fed the stock diet contmmmng 10%
cholesterol plus 0352 thiouracil while the other was fed the stock dret
contammng 1 0% cholesterol  After 4 weehs, the serum cholesterol levels
of the groups were studied and 1t was found that the athyreotic
throuractl treated group had serum cholestero} levels of 131 = 14 1 hule
the athyreotic (controls) had serum cholesterol levels of 98 = 9 (see
Table II) Furthermore the concentration of cholesterol i the Iivers
of the thiourueil trented 1mmmals was 505 higher than i the “control
group Thus thuouracil had not mparred cholesterol absorption

TABLE 1§
Tue EfFEct oF DIiETARY THIOURACIL O THE SEAUM CHOLESTEROL OF ATHYREOTIC
CuroLesteros Fep Rats

Oxygen con Serum
Number of sumption cholesterol
Group animals Diet (1 kg /br ) (mg %)
Thyrodectommzed 8 1<% Cholesterol 138 pRIEN T
+ 037 thouracl
Thyrawdectomized 8 195 Cholesterol 155 9%8x 9
The uidence lated by these exp appers to suggest

that m our rat colony thiouracil mfluences cholesterol metabolism not
only through its ant: thyrod action which depresses cholesterol syn
thesss but also by some other mechamsm This could be on cholesterol
oudation exeretion or modification of the antestnal flora Despite
tensnve study the mode of action of thiouracil as an antt thyrord com
pound has not been settled unequivocally Oue theory 15 that thiouracil
everts its anti thyroid effect through its mt ondwnt properties  The
possibulity must therefore be Jered that the i of choles
terol in ammals fed thiouracs plus cholesterol 15 due to nhthition of
cestan sterordal catabohie oudatwe reactions
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Tie EFrect or THYROXINE AND THYROXINE ANALOGS OV CHOLFSTEROL
Merasoriswt avp TissuE RespmaTion 1v Tz Rar

In this study 1t was decided to mvestigate the effects of thyrovine
tritodothyromine tetrac and triac on the serum cholesterol the basal
metabolic rite the hepatic cholesterol biosynthesrs and the oxygen
consumption of varous tissues obtamed from rats treated with these
substances The ammals used m this study were male adult rats which
were llowed access to food ad b The thvroactive compounds were
administered subcutaneously daily m 0005 A sodium hydrovude solution
The oxygen consumption rates of the ammals were recorded daily and
the doses of substances employed were such that the anmmals in different
groups exhibited somewhat comparable nises in oxygen consumption

After 5 dnys treatment with these substances the ammals were
lalled and the observations shown in Fig 4 were made The results
of this study showed that the admimstration of thyroxme and thyroune
analogs to euthvroid rats while producing an elevation m the basal
metabolic rate resulted m no concomitant decrease i the serum cho
lesterol ns 15 observed m the euthyroid humin under these circum
stances The serum cholesterol levels of the treated amimals were shghth
Iigher than those prevailing 1n the control ammals  The rates of hepatic
cholesterol biosynthesis roughly paralleled the nse in basal metabolic
rate so that 1n all the hyperthyraid ammals the rate of cholesterol
synthests was el d The oxygen of exaised tissues from
these animals showed a very marked differential effect on the respective
QO It was found that heart tissue responded more rapidly and quan
titatively to a greater degree than any other tissue exammed while
ludney exhibited a less marked elevation 1n ovygen consumption and
Iner showed the lowest response of the 3 tissues examined

These results confirm our earlier observations with tnac (2) and
are 1n agreement with the mn titro tissue respiation observations of
Barker (1) Thus i the normocholesterolemic euthyraid rat the sub
cutaneous admimistration of these thyrovne analogs raised the oxygen
consumption but falled to influence the serum cholesterol level By
contrast Cuthbertson et al (5) have sho“n that m hypercholesterolemic
rats d extubits a chol effect The thy
roxine analogs produce a marked dlﬂerentml effect on tissue oxygen
requirements and of all the tissues examined cardiac tissue was found
to be the most sensitve This effect of thyroune analogs on cardiac

15 further ipl d by the marked hypertrophy of the

heart which p bl the d cardiac output so
that after some tme although the total oxy gen requtrement of the heart
15 elevated the caleulated QO 15 d
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Tue EfFect oF TRIAC 0N EXPERIMENTAL ATHEROMA I THE RABBIT

Aortic ath Iesions are induced 1n rabhits fed chol 1, and
it has been shown that the plaques appear to retrogress when cholesterol
1s withdrawn from the diet Varous attempts have been made to m
Tibit the deposition of cholesterol in the aorta of cholesterol fed chicks
and rabbuts and Tumer (12) showed that the wncorporation of thvrowd
1mto the diet of cholesterol fed rabbuts resulted n a certain degree of
prophyl agamnst ath Before attempting to pmduce 1n
hibition or retrogression of the lesions 1 the rabbits of our laboratorv
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Fic 5 The effect of cholesterol intake on the serum cholesterol m the rabbit.

stram, we deaded to investigate the suscepubihity of our colony to
cholesterol feeding In the first expennment, 6 male and 6 female rabbits
were put on a diet which d fixed of chol 110 ohve
ol m the standard rabbit diet. Over a penod of about 6 months the
cholesterol content of the diet was gradually mncreased, and 1t was found
that below the level of 200 mg /rabbit/day there was Lttle mnfluence
on the serum cholesterol of the anmnals Above this value the serum
cholesterol of the rabbits rose quite sharply and as a result of this
expenment 3t was decided to adopt 2 feeding regimen of 300 mg cho-
lesterol m olive oif per day It can be seen from the results of this
expeniment (Fig 5) that the serum cholesterol of rabbits on this diet
“plateaus” at about 600 mg /100 ml. of serum In this expeniment 1t was
found that the female rabbits were more suspectible to cholesterol feed
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wyg than the males msofar as the females on the same diet usually hid
serum cholesterol fevels about 30% greater than those prevaing m
the males In ordur to test whether trae admmstration could result in
protection of rabbats from chal i induced atheroscl the fol
fowang expeniment was set ap

Temale Chinchilla rabbits were frd 00 mg cholesterol 1 ohve ol
per day o the standard rabbit diet These rmmals were bled at fre
quent intervals ind xfter 120 days on thus diet were sepwated into two
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Fig 8 The «ffcet of tniw on the serum chalesterol of cholestera} fud ribbuts

groups each of 12 wmals The grouping was wranged so that anmab
wiath parable serum chol i fevels were pliced i opposte
groups  The control group contmued to tonsume the diet contaoing
cholesterol while the test group consumed the cholesteral diet together
with 1 mg trae/amumal,dw The test ammals lost weight throughout
the experiment and the serum cholesterol levels of the control and the
test groups werc measured as before It was found that the sntroduction
of triae to the diet of these chalesterol fed rabbits resulted in a rapid
drop m the serum cholesterol level and this drop was fairly well mam
tuned throughout the experiment as 1s shown m Fig &

it was found necessary to adpust the dose of trae wdmimstered to
certamn ammals 1 the test group  As t rule this was accomplished by
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ging the ammal half the usual dose of tnnc for about 2 week before
returning the wmumal to the same dose as the rest of the group

On four occasions durmg the triac admunstration peniod certain
ammals exhibited severe tovic side effects which disappeared when the
drug was withheld for about 3 days Onc ammal died dunng the test
peniod

After 120 d1ys on this diet the ammaly were killed and the choles

terol contents of the serum Iver and aortr measured in the usual way
In additton samples of various organs and the 1ortic arch and the heart
were sent for istological examination and the findings wall be reported
elsewhere It was found that the hver cholesterol of the triac treated
ammals was reduced to 30% of that prevailing 1n the control group and
the aortie cholesterol of the triac treated ammals was only 60% of that
prevailing n the control group We conclude therefore that triac can
partrally mhibit the deposition of cholesterol in the aorta of cholestero!
fed ribbits of this particular stram  This result 15 not contriry to the
pubbshed observation of Patt Rivers and Trotter (9) who attempted to
assess the efficiency of triac on the regression of atheroma in rabbits
previously fed cholesterol In their study triac was shown to be mactive
i mcreasing the rate of retrogression of atheroma i control against
tnac treated ammals It would seem therefore that m the cholesterol
fed rabbit this thyroune analog 1s able to prevent arternal ipid depos:
tion presumably by modifymng the arculating cholesterol level The
problem of whether this substance 1s active i removing evisting athero
sclerotic lestons remains 1 doubt

SunnaRY

1 In this stram of rats the induction of hypothyroidism by It#
ablation of the gland or by surgical excision depresses the rate of hepatic
cholesterol synthesis without producing a marked plasma hvper
cholesterolemia

2 By contrast chemical mduction of hypothvrodism by 03%
dretary th 1 prod a dep of hepatic chol 1 synthesis
and an elevated plasma cholesterol level which suggests an extrathy
rotdal effect of thiouracil

3 The thiouracil effect can be obtaned mn the absence of the
thyrod and appears to be ntensified i the presence of a dietary cho
lesterol supplement suggesting that the drug imterferes with cholesterol
degradation and exeretion

4 Studies on thyroune trnodothyrommne tetrac and triac on
cholesterol metabolism and tissue oxygen consumption 1n the rat have
been presented The thyroactive substances studied elevated the oxygen
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consumption 1ate of the rats elevated the rate of hepatic cholesterol
synthesis but had bttle effcet on the plasma cholesterol Jevel 1 this
species In these hyperthyroid ammals the ventricular ovygen consump
ton rate rose more ripdly than any other tisue exammed

5 The «dmumstration of one thyroactne compound {trac) te cho
lesterol fed xabbits resulted m depresston of the plasma cholesterol level
wid partrr] ininbthon of aortic cholesterol deposttion
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DiscussioN

\fArstorston [ would ke ta corroborate the work of Dr Boyd  Ths work
will be reported tomorrow Ve also nsed thouracil alone and thiouracs! and choles
terol as a standard method for prod hyperchol my and ath 1 m
dogs and the admimstration of these two materfals rases the serum cholesterol ta
high levels st as it does s the rat The admunstration of cholesterol wn thyrod
ectomuzed dogs rasses the serum cholesterol to stll hugher levels and also produces
widespread atheroscl rotic lesions 1 would Iike fo ask Dr Boyd whether he has
tned the effect of estragens in rats on serum cholesterol Fypercholesteremia or
atherotic lestons i the vessel

Bovp We have vesy little expenence of renderng rats atherosclerotic but we
have looked at the effects of on the serum chol Y of hol
rts Among adult male rats recewving 50 g hesestrof per 100 g body weight per
day within 5 days the serum cholesterol level is depressed to 5065 of the smshal
value Ve have usid this type of expeniment 28 an assay procedure In which the
gmals recenved the drug subcutancously per day and after 8 days the serum choles
terol 15 determined and then the drop m serum cholesterol 1s etpressed 2s 2 per
se With stilbestrol o hevestro] withm the dose range 5 to 50 ug pes 100 g

t:
bty eight, the scrum eholesterol sespouse 15 related to the log of the dose
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Stmsowrr  Studies done on euthyrod ndniduals with 1 thyroune and tn
10dothyronine at the Donner Laboratory have shown a strong correlition between
wnitial serum Lipop and serum cholesterol and the decrease 1n these
levels brought vbout by thyroid hormones In other words the higher the mtial
serum lipoprotemn concentration partieubirly of the S, 0-20 class the greater is the
decrease 1 these Jerels produced by a given dose of 1 thyroune and 1 truodothyro-
nme I wonder if yon have made an analysis by separating the 1ndividual rats with
respect to their pretreatment cholesterol levels and have been able ta show whether
ot pot those rats that have high mmtual levels m1y show some even though shght
effect compared to those thit have low imtial fevels and if not I mught suggest
that perhaps the lack of effcet mght be due to the very low mitial seram
cholesterol levels found in the rat 1 should ke to ask two questions I motwce
that 1 your expeniments with rabbuts you have studied female rabbits only and
1 wonder if the effect of triac 1s the same m male ribbits? We did find an interest
ing sev diference in humans when studyimg 1 todothyromne which I shall show
Jater 1n detail I just wonder whether such a sex difference evists m rabbits  Looking
at your serum cholesterol curves 1n rabbits I noticed that the cholesterol level m
creased for a period of 50 days which seems a rather long period of time and that
n the control group following the admmnistration of trac there was a further i
crease VWould you care to comment on the significance of these findings®

Boro At matunty the serum cholesterol levels of cur rats show hitle deviation
from the control level so that we rarely see rats which spontaneously show serum
cholesterol levels say double the control value Thus I cannot really tell you
whether drugs are more effective 1n ammals spontanecusly showmng an elevated
serum cholesterol level The second pomnt, 1 used females 1n this series because the
female 1s more susceptible m this Chinchilla stramn to Lypercholesterolemia than 1s
the male We start with 24 female rabbits fed cholesterol and parr off the ammals
so that the total serum cholesteral of the groups are identical

Strsowen  What was the size of mdividual groups n terms of numbers of
ammals®

Boyo Twelve in each

Strisowen  Has it been your expenience that feeding cholesterol will cause an
inerease in cholesterol levels for a period of 50 days and then some maybe for 100
days such as the curve shows? Is that found 1n other strams® It seems a very long
penod especaally for 2 small ammal

Bowo Ve have used this Chinchilla stram as a test ammal and I have not
bad a great deal of expenence wath other strams We merely set out to establish 1f
a drug which could depress the serum cholesterol level would also decrease the
amount of cholesterol deposited In the vessels

BRare 1 think it 15 very mteresting that Dr Boyd has shown this extrathyroidal
effect of thiouracil which was perhaps first hinted some years ago when Barher
found that the thiouracil treated rat requwred 2 much larger amount of thyroune
to brng the ovygen consumption back to normal than did the thyrowdectomized
rat 1 think this perpheral effect may well explam some of the studies that were
not clear a few years ago on the effect of thyrowdectomy versus thiouracil on enzyme
concentrations m hver and other bissues It 15 often dufficult to mterpret 1 the whole
animal changes 1n serum cholesterol because the tumng and the dosage and the
dose response_curve of the particular thyroune analog bens stadied are of great
smportance So frequently we have scen i the human that wath almost any thyrowne
analog one chooses one can get a relatwvely rapid fall i serum cholosterol m normal
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myvedematous or famihal hypercholesterolemrc persons but nearly always there 15
m spite of d d of the thy Tk pound a gradual m
crease 1 the serum cholesterol  Depending upon when one analyzes the group one
can get all sorts of different findings

BercstrRonr  Your data have bronght to mind some results that we have obtaned
1 collaboration with Dr Bengt Gustafsson on his germ free rats In one evperiment
the normal controls had 1 serum cholesterol of 77 mg ¢ whereas the germ free
ammals on the same dict hd an average of 110 mg % 1e as large a difference
as between your normals and your thiouracil treated rats This 1s another example
of the pronounced influence of the stestnal flora What happens to the serum
cholesterol 1n man duning p d with b It mght perhaps
be profitable to modify the ntestinal flora under certain conditions

Drotr  With regard to Dr A s question on est Dr Cook 1
our Inboratonies 1s also studying the effect of estrogens on serum cholesterol 1 the
1t and obtains effects quite comparable to those of Dr Boyd Would you discuss
further the toxic effects obtamed 1 the rabbit?

Boyp The mam touc effect 35 that the ammals stop eating and they exhibit
4 tremor nervousness restlessness and this disappears when the drug 1s withheld
These trac treated ammals had a body weight of about 25 kilos and they lost 500
to 700 g during the expennment

ApLerspErc  In connection with the effect of bactera on cholestero! metabolism
one should perhaps consider the bulk content of the diet as an important nutnitional
factor affecting lipid metabolism  There are some old observations that 2 high bulk
chet s a decholesterolizing agent whereas a bland low bulk diet has the opposite
effect One could even think that some of the smportant differences i the diet be
tween the Bantus and the Europeans are based on different fat and protemn mtake
and perhaps different mtake of dietary bulk as well Now I wonder whether in
creased shedding of cells and loss of cholesterol m the colon an area where the
cholesterol cannot be reabsorbed couldnt be the effective factor of a hugh bulk
dict Tt 15 otherwise difficult to understand the effect of the high bulk diet T would
itke to ask Dr Boyd whether he studied any other hpids than cholesterol m his
sats In rabbuts fed 1 g of cholesterol per day we have seen a leveling off of serum
cholesterol and phospholipid levels and of total hpids after approumately 2 to 3
months

Berostrovt  Certamly the bulk of the diet hns 2 very pronounced mfluence
also in humans 1f you use the emulsions of Ahrens you have a very small amount of
feces If you add bulk in rats there 1s also a very marked effect These germ frec
rats and their controls of course had sterilized food

ApLEnsBeRG  Was there any difference 1n the duets of the stenle rats and those
sfected? I am referning to carbobydrates protemns fats munerals and bulk

BercstroM  The whole diet bemng used 1s stenhzed inside the germ free cage
and then the food for the control ammals 1s transferred to the outside

Bovn As a rule the only observation we make with regard to the serum 15 the

holesterol level and lly phospholipids The electroph pop

method whech T use on human plasma 1s not very sustable for use with rat plasma
because the preet son with which we ¢in measure the @ B ratio falls off at very low
plisma cholesterol Tevels
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The Conversion of C" Acetate to Cholesterol i the
Euthyraid and Hypothyroid Dog

Lawrence | Micn Bennarp § Scarrssiveer Wiitiam C Fusmeer
Anp Harry M HucHES

School of Aviation Medicine United States Atr Force
Randolph Air Force Base Tesas

In 1915 kendall (3) descnbed a crystall d
1odine which occurs n the thyroid 1ts chemical nature “and physiological
activity The next year m summanzing extensive studtes of cholesterol
i human physiologic and pathologic states Luden (5) observed that
three patients with myxedem showed extremely high serum cholesterol
levels Furthermore this hypercholesterolemia could be reversed by
the administration of either Rendalls “alpha rodine compound” or thy
roune Such were the early bases for the hypothesis that serum cho
lesterol levels are regulated by the secretion of a specific endocrinologic
chemical compound

The fact that the “regulatory” property of the thyroid 1s undoubtedly
mdirect and nvolves a comphcated metabolic process 1s rather mm
material to those of us who are utilizing thyroid mhibition as a tool 1n
the study of atherosclerosis It remarns a fact that the hypothyroid dog
exhibits much of the pathology and biochemistry of the human athero
sclerotic In a senies of articles beginning n 1946 Stemer kendall and

Bevans (1 7 8) d ated that the cholesterol fed th 1 treated
dog was atherosclerotic in a manner dxstnbuhona]ly and mlcroscuplcally
similar to the human disease that d serum cf

tions paralleled and were well correlated with the development of
arterial and cerebral lesions that the feeding of thiouracil alone will
induce early lesions 1 puppies and that serum hpoprotem changes 1n
such an ammal are consistent with simler observations mn the human
Our own interest concerns that portion of the atherosclerotic process
which wmvolves deposition of cholesterol at the wall of the artery We
have expended considerable laboratory time in an effort to devise a
system which would defimtnely demonstrate the relative tendencies of
the various serum hipoproten classes to either (1) deposit i tofo at the
artertal wall or (2) transfer thewr cholesterol to such contiguous txssue
(With respect to this d the mecha we h
There 15 substantial indirect evidence to mdicate that provnded that
cholesterol deposition from the blood has any bewng at all on the

83
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pathogenesis of atherosclerosis such a difference tendeney does m
fact eust In reporting his studies of three South Afncan population
segments heys (4) noted rhar the el pl scally d serum
B hpoprotem concentration was well correlated with the madence of
coronary disexse Gofman (2) has made extensise simnltaneous measure
ments of tugh (alpha) and low (beta} density hpoprotems s humans
who had suffered myoeardial infarction and has been unable 10 deatifs
any relationship between the serum concentration of the hugh density
classes wnd d sharp contrast to bus findings with the § or low
denssty bipoprotemn classes Our own experience with a more hmited
sertes of ceronwry diseased humans has been adentical (6) Tt would
seem profitable therefore provided that the proper expenmental sitn
tion ¢ be established to demonstrate such differences of serum hipo
protew behavior tn tito and to evaluate them quanutatwely
Obviously the greatest obstacle to establishwig a quintitative sela
tionship hetween the change of a blood hpoprotem concentration and
ny correspond hol 1 dep 3t the artemal wall s the
practical ympossibihity of satisfactory artery biopsy However along
with other mvestigators an this fleld we had considered the possibibity
of utidizing C acetate as a means of estabhshing and measunng choles
terol accumulation w tissue It would scem @ preors that of an ammal
were given the wsotope Inbeled acetate de novo the specific actvity of
cholesterol 1solated after 24 hours from the coromary artery for
stance would be m tself 1 rate measurement of cholesteral depasttion
m that tssue Such 15 the case of course but only with significant
reservations  Primandy the spearfic activity of cholesterol wsolated from
any tissue 15 o function of the size of the acetate pool from whuch the
cholesterol as synthesized  If that pool 1s small and a given quantdty of
C ncetate 1s admstered to the ammal the spectfic actiity of that
acetate poot will be refatnely hugh and subsequently regardless of the
number of dt steps ) acid  squal etc) the
cholesterol synihiesized from that pool will have a relatively hugh specific
activity The converse 15 true of course if the acetate pool ss large
Furthermore there 1s no reason to beheve that there 15 any con
stancy of pool size among ammals nor that any treatment (such as I
admmistration) wall or will not alter the pool size o any degree subject
fo clibration Measurement of the pool swze (by sumultaneous ad
tration of sulfanid fe for ) 15 rmopractical because gt
would be necessary to prose that sulfamirmde 15 acetylated and choles
terol 15 synthesized from the same pool Even if the “pool” obstacle
could be overcome or avorded the problem of dilutien would exst
Assunuag ncrewsed deposition 1 the hyperchalesterolerme state there
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would be the same 1ncrease of mactive ct 1 and actne
deposited thus httle 1f any change in specific activity could be ob
served Furthermore assurmng the possibility of calibrating and vahdat
g a change of small magnitude the important matter of timing would
require thorough prior mvestigation It 1s obvious that the spearfic actv

1ty of cholesterol 1solated from the artery could be a measure of dep
osition only during that period whereimn such speaific activity 1s increas
g or precisely at its peth i situ At any subsequent time the speaific
activity of the 1solated cholesterol would become an important function
of the cholesterol catabolic activity mn the ammal and the investigator
would be faced with another pool problem in reverse Fmally the mm

portant techmeal problems described by Schwenk (9) and others

volving high counting compamons of cholesterol 1solated from tissue
by digitomide precipitation would require extensive preltmmary study

One could not expect to recover enough matenal from a 300 mg (wet
weight) coronary artery for punfication through the dibromide and
other req; h 1 pulittons  With these dificulties in mind

the following assumptions were made

1 Mechamsm of acetate C'* incorporation — cholesterol 15 1n
dependent of thyroid actiity thus

Number C!4 atoms
Total {C! - CIt) atoms

Number tagged cholesterol molecules

Observed cholesterol speaific actiity =

Total cholestero! molecules

2 The largest portion of arteral cholesterol results from acte

or passne transfer from contiguous blood

3 The mechamsm of blood tissue transfer 1s independent of thy
rord actvity

4 1g artery tissue = 1 cc

Apparently each item 1s erther precisely true within the errors of the
measurements that are involved or 15 a statement that fails to contradict
current theory or any eusting data In addiion our hypothests requires
a fundamental basis 1n fact of two experimental observatons

1 All chalesterol 1 vwo eusts and 1s transported as lipoprotein

2 “High g comp of cholesterol precapitable by dig:
tomn are absent 24 hours after acetate 2 C* admmustration to dogs
Both are reasonable and are nccepted as fact by most 1vestigators
Thereafter the general eq for the ph h I model that re
lates the specific actrvities of cholesterol isolated from serum and arterial
tissue could be derved (Eq 1)




66 AMLCH SCHLESSINGER LIULSISCFR AND HUGHES

= serum cholestero] concentration mg /g
== artery cholesterol concentration mg /g
= obsened specific actnty serum cholestero} counts/min /mg
= observed specific activity artery cholesterol counts/mm /mg
= comersion factor atoms to malecules
== proportion of low density lipoprotem cholesterol

ke wd Ay = ffimty constants for lagh wnd low density hpoprotem
cholesterols

e WML IO

In the serum

(a) Totak hpopratew cholesturol c
concentrition

Tugh dunssts Tow density

(5 Lipoproten feaction cloles T o
twrol concentration i
{¢) Tapged cholesterat concen 5 (1wt 5 ¢
S —a
tration by density fractions > P
In the artery wall L l
(d) Tugged cholesterol cancen s s
tration by dglmty fractions & B‘u —a)C ke ) «c

T s
{e) Cholestero} speafic sctrats  — — —Clk (1 —a} + Lia}
T R
T c
rearranguag — =R (ke h)o] ]
5 w
1 "

Thss rather simple anth it five quantities that
could be readidy measured (§ T € W and o) and two uvknowns
(kg and ky) It was hoped that by utbizing two etpenmental ammals
the measured quantites could be respectively subshtuted and these

3\ solved 1 ly 1t was decided to use 1 modified dog
preparation of the Stemer Kendall Bevans type as the expenmental
ammal Chalesterol feeding was ehonated bectuse of the fatty Iver
which results Since the hver 1s a prme site of cholesterol synthests
such obvious hver pothology might negate sssumptions 1 and 3 aboce
In our hnds thionracal adminstration to adult dogs tock 4 considerable

penod to mduce high serum hpop and
$131 was substituted :n most recent studies Prehminary expernments ha
ted that the ad wn of Pt Ited 1 2 gt ty

sanble serum lipoprotein response n dogs but wm exch wstance there
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was 1 prompt nd

protein classes

taIn: ‘(},)l,,“‘. r

2 avolving all hpo

Certain twahary studtes were undertahen m order to evaluate the
validity of the dernvation expressed in Eq (1) The data m Figs 1 md
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Fic 2 Serum cholesterol Imvels i {6} the same human subjects 25 n Fag 1o
and (b) the same dogs as 1 Fig 15

2 mdicate that serum Lpoprotem and cholesterol concentration 1n dogs
beforc and after I admimistrabion are altered m a manner sumilar to
the differences observed between presumably disease free and athero
sclerotic humans The common ordinate 1n these scattergrams 1s the
sum of standard S; 0-400 serum hpoprotems as determmned ultra
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centnfugally The open crcles m Fig la tepresent values obtamed on
10 coronary disease pahents the open tnangles 10 randomly selected
West Pomt cadets (not only free from maniest disease but alwo
screened for healthy cardiovasculr systems from the general popula
tion) from a group of some 600 The closed tnangles and arcles 1n Fig
1b are corresponding hipoprotein measurements on 1 group of 10 dogs
before and 24 wechs after the admimstration of 1! The horizontal
line 15 drawn at the 440 mg % level

The pomt 15 strkingly obvious These data are not meant to hold
any specnnl brief for sereeming power of Iipoprotein measurements nor
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ssdfpen & 20 an
& ) Addp
s g [
& 4
3 110
£
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3
¢

BEFORE 1'3) aa arTERIIS!

Fic 3 Scattergrams of dog aortae and coronary astertes before and after 113!
admintstration

their relationslip to coronary disease but merely one of the many rela
tionships that support studv of atherosclerosis m the hypothvroid dog
Stmple serum cholesterol determinations on the same indwiduals and
dogs as seen m Figs 2a and 2b indicate sumilar aspect with the hon
zontal delineation at 235 mg %-~—perhaps not quite as obvious The
scattergram recorded as Fig 3 demonstrates that after I'' admmistra
tion the wall of dog aortae and coronary arteries will 1n fact accumu
late cholesterol The decay curves for speafic activities of high and
low density hpoprotemn cholesterols are shown 1n Fig 4 It 1s noted that
as required 1n the derivation of Eq (1) the specific activinies of the
two Lipoprotem classes come to equlibrium after 12 hours

The data contamed m Table I reveal some teresting facts  Stand
ard doses of acetate 2 Gt were admmistered to 2 dogs Plasma cho
lesterol levels and the specific actnaties of the total cholesterol the
B lipoprotemn cholesterol and the « hipoproten cholesterol were re
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corded 1t therr maxtmum pomts 1 hour after admimstration of the
labeled acetite Note that the spectfic actvaties of the isolated cho
lesterol frictions are not greatly n vanance i spite of the fact that
the cholesterol concentration i Dog #1 was roughly 60% of that re
corded for Dog #2 Subsequently I'3! was ad d to both amimals
and after 30 diys cholesterol concentration 1nd specific activity values

8

#——— LOW DENSITY LIPOPROTEIN CHOLESTEROL
o~—— HIGH DENSITY LIPOPROTEIN CHOLESTEROL
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HOURS AFTER ACETATE 2 C'4 ADMINISTRATION

FiG 4 Decay curves for speasfic actiities of high and low density hpoprotein
cholesterols

were again recorded It has been our prelmmary observation that the
bpoprotem resp to 1131 55 hat more pr d 1n ammals
that mitally have hugher serum cholesterol levels

These data are examples of such response m that the serum choles
terol concentration of Dog #1 showed vartually no sigmficant mncrease
whereas after I' admimstration the serum cholesterol concentration
m Dog #2 more than doubled The dilution effect of thus increased
serum cholesterol concentration on the specific actiity of the total
serum cholesterol as well as the hugh and low density Lipoprotem
cholesterol fractions 1s stukmgly obvious As a matter of fact, m
Dog #2 with roughly a 20095 ncrease m cholesterol concentration the
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spectfic activaty of the 1solated serum cholesterol decreased from 4200
counts/mmn /mg to 1450 counts/mun /mz In that ammal therefore
there was not only a dilution effect but also an ebvious expansion 1
1cetate pool size In Dog #1 on the other hand, speaific actvits data
revealed a contraction 1 acetate pool size as a result of 1'% adnunstra
tan s mdwated by the sigmificant increase of cholesterol specific activ
ity It should be noted that after 30 days cholesterol tsalated from the
serum of each dog still revealed sigmficant 1etnaty
TABLE I
CroresteroL. CONCENTRATION aND SPECIFIC ACTIVITY 1v 2 Doss 1 Hour Arsem
Stanoany Doses oF AceTaTe 2 Cl4 (“before”) anp 30 Daxs AFren
13 ApvunisTRazion { after }

Dog #1 Dog #2

Before After Before After

Plasma cholestern! 113 121 179 37
\avumum speaific activity

serum 1 hour 4790 6120 4200 1480

B Fraction 1 hour 10 700 11200 8350 1450

a Fraction 1 hour 4920 6200 4380 1520

Background 0 332 [} 586

Table II detals our early attempts at collecting the data necessary
to salve for the affimuty constants set forth 1 Eq (1) Of the two dogs
mvolved #1 was sacnficed after 10 wecks of thiouracit feeding The
data were collected on Dog #2 30 duys after the oral admmstration of
10 me of I m a sngle dose  All we e s1y tbout these results and
sunilar values obtamed the same wav 1s that they are all positive num
bers between 0 and 1 and they reverl & values for the low denstty hipo
protein cholesterol that are lugher than the correspondmg k v tlues for
high density cholesterol

There 15 no theoreticil reison why fintty constnts for coronary
artery aort: and femoral artery for high and low density lipoprotem
chalesteral should be 1dentical As t matter of fact we have repeatedly
observed a higher coronary astery cholesterol concentration than aartal
cholesterol concentration 1 the same dog Such would mdicate different
affinity constants for the two tissues  On the other hand based on our
theoretical model the cholesterol derved from a swgle ipoprotewn class
should have the same affimty constant for corresponding tissues betsveen
dags Such has not been observed thus fir Yve hne speculated that
our fatlure 1 this regrd 1s due to the fact that we hve divided all the
lipaproteins ko two large classes and assumed sdentieal distrtbution
of subclasses wathm the high and low density fractions Such assump
tron 3s obviously not warranted However we feel that the approach 1s
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sound wnd that by further refinement of our analytical techmque and
mesurements accomplished on narrower density fraction of serum hpo-
protems we will be able to establish some valid estimate of the selatve
tendencies of the varymg hipoprotemn moreties to depostt at the wall of
the artery
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Discussion

strasoner 1 wonder if you could define for me the terms kj, ard k,?

Muct  Let us consider an area of artery mtumal surface equal to 1 gram of
tissue  If then of every ten high density Lipoprotem molecules that pass that area
three erther adhere to the mtimal surface or pass thewr cholesterol content to the
ntinal surface Xy would equal 03

Howman  Fust I would Iike to congratulate Dr VMilch on hus efforts to get some
contact with the blood vessel wall I am still old fashioned enough to beleve that
atherosclerosts has something to do with the blood vessel wall and I want to com
phment him on making this deliberate atterpt to do so  The smanner m which
hprds accumulate m the blood sessel wall 1s of paramount importance to all of vs
We should be able ta devise methods properly to assess the relatne importance of
Bltration local formation or other mechamsms by which Ipids accumulate 1 the
arteral wall Dr Mich distussed tus  The question which I would like to ask
Dr Mikehoas has he found any differences in different segments of diferent coronary
artenes or what segment does be routinely use for thr purpose®

Mmow  For chemical analyses we are unable to talk about segments—there 15
ttle enough of the dog coromary artery already Actuallv the coronary 1s divided
near the ostium and that portion cirching the top of the dog heart 15 analyzed for

hol )] nd chol ] specific activity  The portion that descends
and branches along the wall of the heart 1s reserved for histological esamination

Howsyan  The one at the top which runs around the heart, 1s the nght coronary
artery  You apparcntly seat the anterior descending branch of the left coronary artery
to the pathology laboratory Did they find any natomic changes or did they make
radwantographs that might give any lead as to the site of deposiion?

Micst  In coronanes tahen from ammals mafntained for 1 year after 1333 o4
mumstration there seemed to be some mcreased ol red O deposition

Fresoserc The night coropary artery w the dog 1 very small Dr Holman
so that he was probably gethng the left circumflex

Hotaaan  Possibly

katz Dr Milch you have made at Jeast four assumptions as the basis of your
mathematics  Have. you any smdependent evidence that the assumptions are true
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because if any one of them turns out to be false your calculations would not be
vald

Mmen  You wall recall that I stated that each item was rather precisely true
within the errors of measurements that are involved or was 2 statement that failed
to contradict current theory or eusting data  Suppose we copsider the assumptions
n order

1 That “the mechamsm of acetate C14 incorporation mto chalesterol 15 inde
pendent of thyrold activity such that the equation

Number of C" atoms
Total (C* + C'*) atoms
Number of tagged cholesterol molecules

Cholesterol specific actnvity =

Total cholesterol molecules

remnams true” Obviously the equation 15 precise without regard to thyrod actmty
The only question 15 whether or not the term “D 15 altered as a funchion of thyrad
actmty I hnow of no data to idicate such alteration will occur

2 That “the largest portion of artenal cholesterol results from active or passive
transfer from contiguous blood  Agun I know of no data to contradict such an
assumption In support however we have the expenments carmed out by Dr Gould
some years ago which indicate that n uitro at least the uptake of C1t acetate and
synthesis of cholesterol by astenal issue 15 very slow mndeed

3 That the mechanism of blood tissue transfer 1s mdependent of thyrod activ
aty” Here agun I know of no data to contradict such an assumption ¥ wall
concede of course that the rate of such transfer may very well be thyroid dependent

4 That “1 gram of artery tissue = 1 cc  No comment necessary

Rtz Another assumption 15 that blood tissue transfer 15 independent of the
thyrond

Mmicrt  As I pomnted out 1t 1s difficult to see why the mechamism should change
The rate of transfer of course 15 undoubtedly a comphcated function of the many
metabolic alterations that are associated with change of thyroid function

Kkarz  The last P 15 that chol 1510 | and 1s distnbuted
amng the faruly of Ipoprotems n the samo manser 1a the presence as in the
absence of thyraxd m k perth states

Mmcu  Such was mot an “e d d that the distnt
of lipoproteins among the density classes 15 altered m a quabtatively predictable
manner as a result of 13! administration

Katz  But the cholesterol 1 the several types of Iipoprotems 15 not redistrib-
uted Does the thyroid have any effect on the cholesterol content of each tvpe of
Lpoproten®

Moca I hadot considered that pomt However I dont believe that a re
distribution of the cholesterol portion of the kpoprotein molecule 15 necessary for
the vakdity of our theoretical model

WeRTHESSEN T cant quarrel wnh Dr \Illchs assumpuons even though he feels
that the transfer of chol n the animal may be passive I
think 3t doesnt really make very much difference for the study whether it 15 an
active or a passive transfer The thing that has fascinated me m your data 15 the
apparent repetition of a finding 1 the perfused aorta  You apparently approach a
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sound nd that by further refinement of our analytieal techmque and
measurements 1ccomplished on narrower density fraction of serum lpo
protems we will be able to establish some vahid estimate of the relatne
tendenctes of the varying Lipoproten moiettes to deposit at the wall of
the artery
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Discusston

Strisower I wonder if you could define for me the terms ky; and kP

Mieri  Let us consider an area of artery mbmal surface equal to 1 gram of
tissue  If then of every ten huigh density Lipoprotemn molecules that pass that area
three either adhere to the mbimal surface or pass thewr cholesterol content to the
intimal surface X, would equal 03

Horaan  Furst I would like to congratulate Dr Milch on lus efforts to get some
contact with the blood vessel wall I am still old fashioned enough to beheve that
atherosclerosis has something to do with the blood vessel wall and I want to com
pliment hum on making this deliberate attempt to do so The manner fn whch
bpids accumulate 1 the blood vessel wall 1s of patamount mportance to all of us
We should be able to dewise methods properly to assess the relatiwe mportance of
filtration local formation or other mechanisms by which hpids accumulate i the
arterial wall Dr Milch discussed this The question which I would Iike to ask
Dr Milch 1s has he found any differences mn dufferent segments of different coronaty
arteries or what segment does he routmely use for this purpose®

\Mmwcn  For chemical analyses we are unable to talk about segments—there s
httle enough of the dog coronary artery aleady Actually the coronary 1s dided
near the oshum and that portion circling the top of the dog heart s analyzed for
holesterol and cholesterol spectfic actisity ‘The portion that descends
and branches along the wall of the heart 1s reserved for histological exammation

Horaan  The one at the top which runs around the heart 1s the right coronary
artery You apparently sent the anterjor descending branch of the left coronary artery
to the pathology laboratory Did they find any anatomi¢ changes or did they make
radioautographs that might give any lead as to the site of deposition®

MiLcr In coronanes taken from ammals maintained for 1 year after 1131 ad
murustration there seemed to be some increased ol sed O deposition

Freeonerc  The nght coropary artery i the dog 15 very small Dr Holman
so that he was probably getting the left circumflex

Hountan  Possibly

katz Dr Milch you have made at least four assumptions as the basis of your
mathematics Have you any independent evidence that the assumptions are true
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The Relationship between Thyroid Hormones and Cholesterc!
Biosynthesis and Turnover'

R Goroon GouLn
Los Alamos Scientefic Laboratory Unicersity of California Los Alamas N ew Mexico

At the present time perhaps the most promising approach to the
prevention of atherosclerosis would be to lower the plasma cholesterol
level n preatherosclerotic humans for prolonged periods of time The
effects of diet, hormones and other measures on the plasma cholesterol
lesel are most frequently studied n postcoronary patients where there
can be little hope of accomplshing more than the slowmg down or
arresting of the atherogenic process simply by decreasing the plasma

hol 1 level after ad d and p bly wuresersible lesions are
already present Such drastic measures as estrogen therapy or sub-
sistence on homogenized diets of punified components requure great i
terest and cooperation on the part of the patient and 1t 1s too much to
expect that large groups of young normal men would cheerfully submt
to them for years to see if any of these measures will prevent the develop-
ment of ath 1 and 1ts sequelae  Consequently 1t 15 of mterest
to 1 estigate the mechanisms regulating the plasma cholesterol level 1n
normal as well as 1n hypercholesterolemic states with the hope of finding
a practicable method of lowering the plasma level m “normal” pre
herosclerotic people for indefinite penods

There 15 a vast literature on the effects of everything imagmable on
the plasma cholesterol level but very little 1n the way of an evplanation
of how the effects are brought about In recent years there has been
a good deal of work done on methods of wnhibiting cholesterol synthesis
mn liver with the hope of thereby lowermg the plasma level This hope
1s hased on the imphait assumption that the plasma level s regulated
by the rate of synthesis m Iver an assumphion that 1s hardly warranted
by the evidence While 1t 1s undoubtedly true that a plete inhibition
of cholesterol synthesis without mhibition of its catabolism must even
tually result 1n a drop mn plasma level, 1t does not follow that a controlled
decrease m rate will result 1n a corresponding decrease i level In
fact a decreased rate of cholesterol biosynthesis 1s frequently associated
with an mereased plasma level as appears to be the case m hypo
thyroidism

1 The portion of the work carrted out at Los Alamos was under the auspices of
the United States Atomic Energy Commusion

5
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mauml Jevel of cholesterol m the thyroidectomized dogs You show a large range of
concentration 1n your control ammnls In the c‘(penmenml animals you show a clump
g on the high side of the normal values Now may not that indicate that you have to
put 1n another assumption here or add another factor that would express a tendency
to limt the amount of cholesterol that could 1ecumulate 1n the tissue  If some such
factor 15 not operating you should have secn the same range n your treated ammals
as you did m your controls rather than 1 grouping at a high level of the control
values I think that af you developed your equation a Lttle bt further and brought
this factor into conswderation you mt ht get nd of some of the varmtion you are
seelng in your results

Mien I agree  Aortal and coronary artery cholesterol concentrations hsted
wn Fig 3 were recorded at 1 year after 111 adl and were undoubted]
the mavimum level of accumulation m the arteries of the 1121 treated dogs In oﬂm
words a new equltbrium had been reached under the hermonal and blaod hpo-
proteta levels that had been attuned However for purposes of determing the
affimity constants ky and k; we measure utesy cholesterol concentration and specific
actvity 30 days after 1131 admimstration where the actual additional mass accumula
ton of cholesterol 15 almost ml and could not 1n fact have reached the equilbnum
Ie\els dictated by the hormonal and blood Iipaprotein levels extant at that time

The b of the of laton 35 2 function of

the nngmnl level You dant hnow the original level unfortunately because you have
not done biopsies

AMizen  Such is true of course for any mdividual dog  On the basis of contiod
and I3t dog groups however no sigmficwnt difference between arternal cholesterol
concentration cn be demonstrated
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vioush reported (8) speefic activity vilues for the plasma free cho
lesterol 4 hours after ndministration of 100 pe of acetate 1 CH were
0024 pc per g of cholesterol for the sp ous myvedema group
0016 for the secondwry group and 0198 for the control euthyrod
group The plisma levels were approumately twice 1s high i the
mycedemn pitients as mn controls

Table I shows the effect of replicement therapy on the mcorpora
tion of acetate Gt into plasma free cholesterol of 8 myvedema patients
Each patient was given two 100 pe doses of 1cctate C** one before

PLASMA FREE FRACTION

/
/ mepcas

os.

Jd
!
|

SPECIFIC ACTIVITY OF CHOLESTERGL AC/G

PLASMA ESTER FRACTION

T T -
L 2 24 36 £l

HOURS AFTER CRAL DOSE 100 ui¢ ACEVATE
Fic 1 Rates of equilibration of cholesterol C11 derved from hepatic bio-

synthests in blood fractions The mean values for 7 normal human subjects are
shown

treatment and a second ane after a period of several weeks or months
of treatment The specific activity values 4 hours nfter acetate admims
trabion were on the average about 5 times as ligh when the patients
were euthyroid as when they were myxedemc

It 15 customary to correct the specific activity values for changes
m the “pool” size and to evpress the synthetic rate m terms of free
cholesterol C* contained m a gnen volume of plasma We do mnot
consider this a valid procedure because the whole pool of cholesterol
equilibium with plasma free cholesterol must be taken mto account
as discussed below However since the specific activity values were 5
to 6 times as hugh 1n the euthyrod state and the plasma levels about
half as high correction for the mncreased plasma level 1 this manner
would suggest that the rate of synthesis m myxedema 1s decreased to
about one half to one third of the normal rate Lapsky et al {13) found
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The hypercholesterolema resulting from hypothyroidism or myx
edema 15 at present without explanation but 1t 1s, at any rate not due
to an ncreased rate of biosynthesis of cholesterol m hver In fact as
Rarp and Stetten first showed (11) there 15 a decreased rate of m
corporation of deutenum from body water mto cholesterol 1n hypo-
thyroid and an mcreased rate i hyperthyroid rats This dependence on
thyroxd hormone activity was found to be not specific for cholesterol
biosynthesis m Iiver but 1pphed to biosynthetie processes generally in
all body tissues The magmtude of the effect on Lver cholesterol bo
synthesis was about 20% for both hypo and hyperthyroid states Most
subseq mvest have confirmed both of these effects m expen
mental ammals (2 3 14) and 1n man (8 13) although the amount of
change observed has vaned considerably and some workers have not
found sigmificant decreises in hypothyrord amumals (5) or human sub
jects (10)

Dr George LeRoy and his assoctates at the University of Chicago
and our group at the Los Alamos Scientific Laboratory have been carry
mg on collaborative studies on varous aspects of cholesterol metabolsm
1 humans by means of radicactive tracers since 1952 1 would hke to
present some of our results on the effect of myvedema on cholesterol
synthesis n hver

The methods used were based on previous ammal studies tn which
we found that the rate of synthesis m Iner could under certan speafic
conditions be estimated by determming the specific actiity of plasma
free cholesterol The rate of mixing or equilibration of free (1¢ un
estennfied) cholesterol C1* between hver and plasma in a dog followng
mtravenous injection of acetate 1 C¥ 15 so rapid that at any tume after
the first hour the speaific 1ctivity of plasma free cholesterol 1s approxi
mately equal to that of Liver free cholesterol and 1s a rehable measure
of 1t (4) We have a few data from human hver hiopsies that show
the same type of relationship and indicate that free cholesterol 1 Liver
and plasma reach equilibrium mn less than 4 hours The rates of ap
pearance of newly synthesized cholesterol 1n plasma free erythrocyte
free and plasma estenfied cholestersl fractions m 9 normal humans
followmng a standard 100 ge oral dose are shown m Fig 1 Intravenous
mjection gave essentially 1dentical results It 15 evident why 1t 15 1m
portant to measure the specific actvity erther of plasma free or whole
blood free cholesterol rather than total—estersfication 15 a slow process

VWhen untreated myxedema patients are compared by this technique
with euthyroid subjects or with the same patient followmnsg replacement
therapy the effect of myxedema on the rate of cholesteral biosynthesis
n hiver may be estimated In a sertes of 10 myxedema patients pre
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the total plisma volume by 23% and the plismz volume per hlogram of
body weight by 2855% Blumgut et al (1) found a decreased plasmn
volume m myxedema and Gibson and Harns (6) found 1 plisma volume

TABLE 11
Estnuamion of THE Frer Cuorsstrnon CoNTeNT oF e Lner Brooop Poou
Eutinnoid anp \ymevic PATIENTS

Chalesterol Cholesterol content
concentration m 70-hg man
Free Total Free Total
Type patent (mg/ml) (mg/ml) (g) (g)
Enthyroud
Plasma 061 202 17 56
Erythrocytes 150 150 34 34
Luner 255 300 46 54
97 144
Myxedema
Plasma 142 474 31 104
Erythrocytes 150 150 27 27
Laver 2.93 420 53 76
111 207

Increase 1 myxedema = 14 Tius estimation 15 based on the following
assumptions
(1) Blood volume 15 719 of body weight when euthyraid and 207 lower than
this weight when hypothyroid (see text)
{2) Hematocnt 1s 045 and not appreciably changed i myxedema For a 70-kg
standard man  this results 10

Euthyroid Myxedema
Plasma volume (ml ) 2750 2900
Erythrocyte mass (g ) 2350 1800

(3) Plasma cholesterol 15 307 free m both euthyrard and m myxedematous
states

(4) Liver weight is 267 of bodv weight or 1800 g for a 70-kg subject when
euthyroid and does not change 1 myed The cholesterol 15 30
mg per g of which 85% 1s free mn the euthyroud state

{5} Luver free cholesterol concentration 1s assumed to increase by 15% m
myxedema and total by 407

n myvedema patients 15% smaller than predicted For the purpose of
this estimate we have taken a 2055 reduction as probable

The red cell volume has also been reported to be lower 1 myzedema
(17) and by about the same amount as plasma volume e have as
sumed a reduction of 20% mn ervthrocyte cholesterol content It may
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a 5 fold decrease m untreated myvedema after correcting for changes
the plasma cholesteral pool size 1 this way

The pool of cholesterol in equilibrium with plasma free cholesterol
4 hours after acetate C* admimistration cousists pnmanly of 3 com
ponents hver free erythrocyte free and plasma free cholesterol frac

TABLE I
ErFecT OF REPLACEMENT THERAPY ON INCORPORATION OF ACETATE Cl4 1\o PLasua
Free CHOLESTEROL 1¥ Myxenevia PATIENTS?

Plasma free Plasma total
cholesterol cholesterol
Case speaific acttvity level
number  Chmenl status {nc/g) (mg /ml)
1 Before therapy 0030 680
© thytoune for 22 days Q127 283
2 Before therapy 0038 400
L thyroune for 20 days 0161 130
3 Before therapy 0037 335
Desicented thyroid for 8 months 0187 225
5% Before therapy 0020 160
« thyroune for 80 days 0132 245
7 Before therapy 0015 620
t thyroune for 57 days 0055 166
9 Before therapy 0035 350
0160 160

L thyroune for 54 days

Mean before therapy 0029 474
Mean after therapy 0157 202
Ratio  1fter/before 47 043

= One hundred pe of acetate C14 was smjected mtravenously and blood samples
were taken 4 and 24 hours later Values above are for 4 hour samples the 24 hour
samples had lower specific actvity values n all cases but the changes due to replace

ment therapy were sumilar
b Acetate 2 Ct4 was used tn both studies on these patients and acetate 1 G

all others

tions The effect of myxed on the ts of chol ol mn these
three compartments 15 difficult to estumate satisfactonly primanly be
cause of the lack of knowledge of the amount of free cholesterol m
hver Table II gives esttmates for a standard 70-kg human based on
the average values for the plasma cholesterol levels of the group of 6
myxedema patients before and after treatment and on a2 number of
assumptions

Although the plasma cholesterol level mcreases m myxedema  the
plasma volume decreases appreciably Thompson (17) m a thorough
study of 9 myxedema patients found that replacement therapy increased
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The change 10 cholesteral syathctie rate duning rephicement theraps
m myedema patients wis assactited with 2 concomutant mercase
BAIR (basal metabolie rite) nd 1 decrese i pham cholesterol Jevel
Figure 2 sllustrates an attempt to sce if eather of these vanables could
be shown to be responsible for the change i sinthetie rte \o stnkmg
rhattonshup betw ecn synthetic rite and either BMR or plasm choleste rol
lovel » appirent n this cwe Stadus w rats ind rabbits huve fed us
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Fie 2 Fffcct of wtermittent replacement therapy on acetate €84 incorporahon
1ato plasma free cholesterol on BMR and on phsma totat cholesteso] Jevel in a
patient with myxedema

The rst parr of vales was obtuncd before any therapy was gnen the sceond
alter p-thyrotine had been admimnt tered datly for 3 weeks the third after a 4 weeh
period ¢f no therapy  and the fourth after @ thyroune admsmstration for 3 weeks

The changes n sncosporation da not wppear to Hllov closcly the chanecs w either
BVR or plasma chofesterol fevel

to the concluston that a decrease m the rate of synthesis 1w bver 1s almost
alw 15 assocrated wath a shght mcrease in hver cholesterol concentration
but enfortunately we were not able to obtun hwer biopsies from these
prtients and have no mformation on possible cholestero} concentration
changes

Rates of disippearance of labeled cholesteral from plasm have been
determmined on a numbcr of these patients and on some normal humans
by anjecting or feeding cholesterol H>  Examples are shown m Fig 3
In a euthyrard humn mjected tntravenoush with 338 e of cholesterol
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be presumed for Inck of evidence to the contrary, that the absolute Iner
weight 1s not affected by myvedemr The marked decrease m bods
weight after replacement therapy 1s instituted 1s Jargely due to excretion
of water rather than to tissue loss The effect of myxedema on the luer
cholesterol concentration would be of considerable interest to know
but 1t docs not seem to be established whether or not there 1s any
change 1n humans In ctpermental ammals reported data suggest no
sigmficant changes at least not in rats For example Karp and Stetten
(11) found no changes in the lver cholesterol level mn rats about 3
weeks after bemng given thiouracit My et al (15) found no changes
after thiourea (or thyroxine) admimstration for 14 to 60 days and
Frantz et ¢l (5) no change after 1'3! admimstration  Handler (9) re
ported an mcrease i rat hver cholesterol resultng from thyroidectomy
but since the Is were d on a Ingh cholesterol diet the
conclusion does not apply to normal diets However, Milch ef al (16)
have recently reported an increase of about 40% 1n total liver cholesterol
m dogs kept for a year or longer fter treatment with I3t \Vhether
this discrepancy 15 due to spectes dufferences or to the longer penod
of observation 15 not certamm  Only total cholesterol concentrations were
determned so the mncrease mn free cholesterol 1s not known Ordmanly
increases 1n hver cholesterol are very largely due to increases 1n the
estertfied fraction as this frachion like the esterified fraction m plasma
does not come to equibbrium to an appreciable extent with plasma or
hver free cholesterol 1n 4 hours 1t 1s not a part of the cholesterol pool
under consideration In cholesterol fed rats and rabbits the hver estert
fied cholesterol level rises but the specific actvity resulting from acetate
CH ad 1on falls to neghgible values mn this fraction

In Table I the merease 1n the free cholesterol pool 15 estmated on
the assumption that 2 40% mcrease occurs m total cholesterol i liver
from30to42mg per g but that the increase m free cholesterol 1s only
about 15¢ from 255 to 293 The rest of the excess cholesterol 15 as
sumed to be present in estenfied form  Although this assumption cannot
be justified by human data it 15 consistent with the distnbubon of
cholesterol m liver of various species of 1mmals under conditions which
result m elevated hiver cholesterol levels

If the above estimate 1s correct the correction for change m “pool”
size to be apphed to the specific actvity value amounts to only 145
Consequently we consider the specific activity value of plasma free
cholesterol to be a better indicator of the change 1n the rate of hepatic
cholesterol synthesis 1n myxedema than the corrected” value obtained
by multzplying the specific actiity by the plasma concentration of free
(or total) cholesterol
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H?*OH The cnticism s often made that the incorporation of acetate
C! added as 1 very smrll anount of acetite with high specific activity
does not measure the rite of synthesis but only incorporation  To con
trol the possibality that 4 duersion of acetate to or from other channels
of metabolism or that chinges 1n the endogenous acetate “pool” m1y be
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plasma free wnd plasma estenfied cholesterol fractions
n 2 mysedema patient (B)

n a euthyrord human (A) and
responsible for changes 1n mcorporation we have stucied the effect of
varying the amount of acetate G added to liver shees In the range
from 15 pmoles of acetate C** per g of hver slices to 150 pmoles the
specific actvity of the cholesterol 1solated varied only from 40 X 104
to 49 X 10* DP\M/mg (disintegrations per minute per milhgram)
with the mavimum value at 70 pmoles and minimum values at both ends
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H? the plasma cholesterol specific actnity decreased for about 2 weeks
with a2 half time of about 65 dys In 2 myvedema patient mjected
with 392 pe of cholesterol H® the half ime was 187 duys during the
period of observation (which was only 8 diys) or almost 3 times as
long This effect of hypothyroidism which 1s 10 agreement with reports
of others (12 18) emphasizes the often neglected fact that catabolic
and excretory processes are slowed down mn hypothvroidism as much
if not more than biosynthetic ones

It 15 becoming apparent to many m estigators that 1t 15 mncorrect to
speak of o turnover ime or “a pool size” for cholesterol The specific
actiaty of plisma cholesterol changes with time due to equilibration
with cholesterol present i most body tissues as well as by excretion and
catibolism of cholesterol in the Iner There are many “pools” of cho
lesterol winch mterchange with plisma cholesterol at vanng rates and
to varying degrees of completeness Consequently the observed tum
over half time as shown n Fiy, 3 1s an arbitrary concept representing
the sum total of 2 number of turnover and mixing processes It apphes
only during the particular pertod shown and ats principal usefulness 15
for detecting marked changes n vanious discase states

The size of the cholesterol “pool 1s equally arbitrary  Injected
Iibeled cholesterol will decrease 1n specific actruiy due to dilution with
free cholesterol present 1n plisma hver erythrocytes spleen and all vis
ceral organs at a farhy ripid rate and with the Iuge pools i shin
muscle and blood vessel walls more slowly The size of the “pool at
7 dvs has been estimated to be 26 to 55 g It 15 considerably smaller
at 4 and 24 hours after injection but the size has not been estimted
m humans at these time ntervals after the mjection of normal plasma
hpoproteins g Inbeled chol ol In dogs the 1ppliation of
this techmque ndicates 1 “pool of about 3 to 4 times as much cho
lesterol as 1s present 1n blood at 24 hours after mjection (7)

So many studies have been reported on factors affecting the rate of
cholesterol synthesis as determmed by the mcorporation of acetate €'
mto hver shee cholesterol that 1t 1s of mterest to see af the impheit as
sumption that rates 1 vitro are an accurate index of rates in the mtact
wnmal under all aircumstances 1s really vahd

One evception 1s fasting which wppears to decrease the rate of
synthesis i Iver shce cubations with or without 1dded glucose more
than m ntact rits  We hwe found a decrease to less than 205% of the
control value 1 Iner shices from rats fasted for 48 hours and to bout
50% 1n mitact rits  For this reason we beheve 1t mmportant to use
both methods and to compare under the s1me conditions the mncorpors
tion of acetate C1 with that of other Inbeled precursors for example
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H3OH The cnticism 15 often mide that the mcorporation of acetate
C* added s a very smll amount of acetate with lugh specific activity
does not measure the rate of synthesis but only ncorporition  To con
trol the possibility that a diversion of acetate to or from other chinnels
of metabolism or that changes n the endogenous ncetate “pool may be
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plasma free and plasma estenfied cholesterol fractions m a enttyroid human (A) and
m a myxedema patient {B)

responsible for changes n mcorporation we have studied the effect of
varymg the amount of acetate C'* added to lver slices In the range
from 15 pmoles of acetate C1 per g of Iver shees to 150 pmoles the
speaific actiaty of the cholesterol 1solated varied only from 40 X 10t
to 49 X 10* DPM/mg (dimntegrations per mnute per mmlligram)
with the maamum yalve at 70 pmoles and mmmum values 1t both ends
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of the range Defimutely lower values were found m the range from
35 to 9 pmoles The relative constaney above 15 pmoles per g supports
the assumption that n ths ringe we are dealing with an essentually
mfimte reservorr of labeled precursor and that the actual rate of syn
thesis 15 bung measured

In the intact wmmal n tnfimte resenorr of acetite can obvioush
not be used without pharmacological effects However we have studied
the effect of fasting and \ irradiation on cholesteral synthesis ustng both
acetate 1 C% and H3OH 1n the sime anumals and for the same length
of tme  The cholesterol 1solated from Iiver gve specific ctivity rattos
of C'* to H? varying from 0503 to 0548 1 four groups of 3 rats each
with € specific ictmaty values varyng from 785 DP\/mg to 5020
The fisted control group showed shightly lower ritios with a mean of
037

Some yewrs ago Trantz wnd his assocntes (5) suggested that the
wmhubitory effect of ingested cholesterol on cholesterol biosynthests in
Iner could be expressed as n mnverse relationship between total cho
lesterol concentritton i Iner and the log of the synthehe rate m lver
slices  As dietarv cholesterol 1ccumulttes 1 Iiver its distribution
Letween free and estenfied forms changes remirkibly with almost all
the merease occurning m the estenified fraction Tt seems more probable
that aather the frec or the ester form rither than the sum of the two
1s minbrtory

1f all the data we have collected m i tivo studies are put on one
plot one obtains rewsonably good agreement with 1 hnear relitionship
for free cholesterol concentration but not for total (Fig 4) or for
estertfied cholesterol The most rapid rates of synthests have been noted
m Invers from uradiated rats m which a decrewsed level of lver
cholesterol was wvariably found Ths effect has been established by
both 1 vwo and mn vitro methods, using both acetate C** and H*OH
1t 15 also \ppirent w homagenates QOnly total cholesterol analyses have
been done routinely m these experiments but the rato of free to estert
fied 15 relatively constant 1n the ringe below 1bout 3 mg per g of hver
thus 1n this range 2 hneir relztionship is found for both free wd
total cholesterol Above this value the synthetie rate 15 decreased In
cholesteral fed rits free and total cholesterol were studied separately
and 1 linear reltionshep between free cholesterol concentration and the
log of the synthetic rate was found but the tota] followed 1 cunve ap
proumatmg that shown for adremlectomized and for hypophysecto
mzed anmmals  We have not yet studicd the effect of these two pro
ccdures on the distrbution of chelesterol between free and estersfied
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forms m Iner but the total concentration was found to meretse con
siderably as the rate of svathesis decreased to ery low levels

A little progress hs been made tow ard locating the rate determiming
step n cholesterol biosynthesis In collhboration with Dr George Pop
jak a companson of the rite of cholesterol brosynthesis as measured by
acetate C* and by mevalome aerd 2 C'* (35 dihydroxy 3 methyv] valenc
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Fic 4 Relationship between loganthm of the relative synthetic rate of choles
teral synthesis 1n rat biver in 11vo and the concentrations of free and total cholesterol
m bver

Ench pomt 15 the mean for a group of 3 to 8 ammals Experiments were carned
out on rats treated as follows control fasted wradiated fasted (300-2400 r) choles
terol fed  adrenall d ad d fasted d dated
fasted hypoph: d hypoph d fasted h h
fasted

d irridiated

acd 2 C*) was made under various condttions \ rrachation does not
merease the rate of synthests of chol 1 i hver homog from
mevalonic acd 2 C nearly as much as from acetate 1 G even when
a large excess of substrate 1s present as shown i Table II1

It 15 of interest that homogenates prepared from hvers of fasted con
trol rats gave no evidence of cholesterol hosynthesis from exther sub
strite Thus irraciation does counteract the mhibitory effect of fasting
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but does not give the extremely high rates of synthesis from mevalome
acrd (MVA) as from acetate

TABLE NI
CHOLESTEROL B1oSYNTHESIS Frove ACETATE 1 CH4 axp rrovt \mvavovic Acwm 2 CH
As INFLUENCED BY A InRanIATION

Rat Iner homo,enates?

Amount of Irraduated and
substrate fasted for
(umoles per ¢ Fed controls 48 hours
Substrite of Liver) (DP\/mg ) (DP\/mg )
Acetate 1 CH 31 200 340
93 190 2530
Mesalomc 2cxd 2 CH1 1 3350 5070
3 5830 8850
10 4940 4390

@ Each value represents the mean of 6 rat lners Homogenates prepared essen
tially as described by Bucher and incubited 2 hours

Cholesterol feeding decrewes synthests from acetate many tmes
more than from mevlonic aerd (Table IV) In this i 1o expeniment
the results expressed as C'* m the chalesterol present i 2 gram of lver
tissue (to correct for the hrge mcreise m concentrition m the cho
lesterol fed rats) show = decreise to less than 3% of the control rate
2s measured by 1cetite incorporation and 4 decrease to 25% of the
control rite 1s measured by mevalone 2ad meorporation

TABLE IV
CHOLESTEROL BIOSYNTHESIS FRove ACETATE 1 C1¥ AND Front MEvaronic Acm-2 CH
As [NFLUENCED BY CHOLESTEROL FEEDING 1 InTACT RaTs

Relatree syntheti, rate mpe of C14
m cholesterol per g tissue

Cholesterol ~ Ratio of control to

Tussue Control fed> cholesterol fed
Lier Acetite 160 3044 36
VA 296 072 4
Intestme  Acctate 103 143 07
MY A 012 002 57
Cartcass  Acetate 0033 0040 21
MVA 0026 0014 18

@ Control dvt commercial rat chow -+ 109" corn oil

» Cholesterol dct control diet -+ 1% cholesterol

Diets were fed for 7 davs and rats were injected TP wath 10 e of acetate
1 G4 or 018 pe of mevalonic acd 2 C'4 per 100 g of body weioht and sacrificed
£ houss later Each value represents 8 rats
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Table 1V also shows the meager incorporation of MVA mto cho
lesterol by imtestine wnd also by the rest of the circass 1t 1s apparent
from these figures that the apparent relatne rates of cholesterol syn
thesss 1n vartous tissues wall depend on what substrate 15 used This
effect may be duc to 1 lower permcability of extrabepatic tissues than
Iner to MVA However the possibility 1s still open that there may
be significint differences m cholesterol biosynthesis m various tissues
It 1s evdent that the rite of cholesterol biosynthesis 1 Iner vanes
over a thousandfold range (as the result of cholesterol feeding or whole
body \ rradiation) with hittle 1f any change 1n rate in mtestine and many
other tissues

In conclusion I would like to venture the suggestion that the rate
of cholesterol metabolism n Inver mav be controlled m part by two

3 1

dt as d m Fig 5 When the concentration

ACETATE==2 x->[ v]—> CHOLESTEROL —1—> BILE ACIDS
Mva) ¢

Fic 5 A d mect of control of cholesterol metabolism 1 Iner
Ove feed bach mechmsm highly sensitive to the concentration of unesterified
cholesterol 1n Iiver appears to control the rate of cholesterol biosynthesis primanly
by acting on some reaction between acetaacetyl CoA and meslome acd (MVA)
o possibly an untdentified compound closely related to MV A
A second feed back mechamsm sensitne to bile acid concentration 1n lner may
control the rate of conyersion of cholesterol to bile acids

of cholesterol m Iver nses shghtly the rate of synthesis falls markedly
and conversely Further Bergstrom and his assouates have recently
suggested that the mam bolic pathway of chol 11n the rat the
comersion to bile acids may be controlled by a sumlar feedback
mr;*chamsm Removal of bile acxds as mn bile fistula ammals greatly ac

the on of chol 1 to bile acrds and bile actd ad
ion nhibits thas
A rate lling step 1n choll 1 b t appears to he be

tween acetoacetyl CoA and either MVA 1tseif or an activated form of
MVA The rate determnng step in bile acid formation as Dr Berg
strom has suggested 1s probably the first hydroxlation resulting in the
mtroduction of the 7a hydroxy] group
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Methyltestosterone and the Thyroid
] E Rawy, jacos Rossrns anp DavieL D Fepervian

Clinal Endocrinology Branch National Institute of Arthritis and Metabolic Diseases
National Institutes of Health Bethesda Maryland

We shall not present 1y data on cholesterol synthesis or rates of
cholesterol synthesis 1 various situattons having arnved here more or
less through the backdoor because of our interest in the thvroid and
m particular 1 the thvroid hormone protem complex that ewsts n
plasma and the rather mteresting relitionship between sex sterods and
the specific protemn 1 plasma which binds thyrovne and truodothyro
nme I would like to review bnefly how we cin estimate the level of
this specific protemn (TBP thyrovine binding protem) and what hap
pens to the level of this protemn during treatment with estrogens and
methyltestosterone and how the total thyroid actnity changes
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Fic 1 Paper electrophoretic patterns of normal human serum to which varymg
quantities of 1131 labeled 1. thyroxine have been added The stamed paper strip 15
at top and the record of radioactivity below it 1n each case (From J Chin Intest
84 1325 1955)

Figure 1 shows the distribution of varying amounts of labeled thy
rovne added to human serum and subjected to paper el pt
The paper electrophoretic patterns are shown above the radiwactvity
which 1s thyroxme I'3! 1s shown below and you can see that at low and

89
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physologic concentrations of thyroune about 80% of 1t 15 located just
between nlpha 1 and alpha 2 globubn and perhaps 20% travels with
albumin At mcreasing concentritions of thyrovne more and more
1s found to be ssociited with albumm

0058

056

& |

Fic 2 The effect of addition of varymg quantities of truodothyromme on the
distrsbution of labeled thyroune 1n normal serum (L truodothyronine - 1 thyroume
1131 11 pormal serum) (From J Clin Incest 3¢ 1333 1955)

Formerly the imiting amount of thyroxme which could be assocuted
with TBP in any given serum was impossible to quantitate  Recently
however one of us by use of a sunple modification of paper electro
phorests his been able to arnve Faurly accurately at the saturaton value
of TBP for thyroxme Figure 2 demonstrates that truodothyromine wilt
also combine with TBP As shown in Fig 2 the thyrovune was labeled
and varying quantities of unlabeled truodothyrommne were added It
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¢ be seen that wath increising quantities of truodothyronme  there 1s
displacement of thyroune from TBP to albummn  Stmlr data have been
presented hy Albright ¢f al using Ibeled truodothyronme tself  We
have estimated as A first approumation that truodothyromne 1s bound
about one third s firmly to TBP ns 15 thyrovme

Table I reviews bricfly some physical data on TBP Its electro
phoretic mobility 1n barbatal buffer 1t pH 86 places it just between
alpha 1 nd alpha 2 globulin  The mobihity 1s very similar m phosphate
buffer at pH 7 In acetate chlonde buffer pH 45 TBP 1s stll nega
tively charged and migrates with the M 2 group of alpha globaling
Chracteristically some of these glycoprotemns are soluble 1n perchlone
acid but TBP or at least the thyroune associated with 1t 1s precipitated

TABLE I
PROPERTIES oF THE THynoXINE Brvoe Avpia GrosuniN orF Servn (TBP)

Electrophoresis pH 86 B —47 X 10 cm volt! sec t
Electrophoresis pH 45 W= —17 X 105 em volt ! see 1
Sedimentation S,y =233
Solubility m potassium 887 = 46at 140 M buffer

phosphate buffer pH 65 62% *64at2.10 M buffer

82¢" 4 28 at 280 M buffer

Plasma protein fractions Fraction IV 4

{Cohn Method No 8) ? Frachon V13

by this reagent The sedimentation of thyroune in the ultracentnfuge
gives a value of 33 S o a value somewhat lower than that of albumin
Unfortunately diffusion data are not available for the accurate de
termimation of 1ts moleculr weight but 1f TBP has a shape simlar to
that of albumin 1its molecular weight would be about 50000 The
solubility m phosphate buffer which 15 not particularly charctenstic 1s
meluded because thyroglobulin which has a very simular electrophoretic
mobility shows a very sharp range of mnsolubility in thrs buffer When
serum 1s fractionated by the Cohn method most of TBP seems to be
fraction IV-4 A few data which are not shown but which can be eal

culated are as follows The level of total thyroxine n normal human
serum 1s approumately 10 7 the level of sites for thyroxne on TBP 1s
about 26 X 107Af the association constant of thyroune for TBP we
have estimated to be about 8 X 10° This last value depends on figures
m the literature for the association constant of thyroxine and bovme
serum albumm and 1s subject to consrderable uncertanty The level of
free thyroune 1n serum subject to similar uncertamties can be cal
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culated to be 6 X 101t Af assummg equilbrium conditions It may
be however that metabolism and/or excretion of serum free thyroune
15 more raprd than 1ts dissociation from the protemn so that the calculated
equibbrium value does not reflect actunl serum levels In this instance
the rate limiting step could be dissociation of thyrovine from TBP

I shall not present any of the data we have adduced on the relation
ship between the concentration of free thyroune m blood and the
metbolic effect ind degradation of the thyroid hormone Suffice 1t to
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say at this pomnt that data on subjects with hyperthyroadism hypothy
roudism and nephrosis are compatible with the notion that 1t 15 the level
of free thyroune as distinet from the bound thyroxme which 1s important
Figure 3 shows thit pregnancy elevates the level of TBP and this
occurs very early 1n pregnancy and reverts to normal 5 or 8 weeks after
the termmation of pregnancy There 15 a concomitant increase i the
PBI (proten bound 10dine) of serum As a result of these changes the
level of free thyroune i blood remamns within the normal range These
conclusions have also been reached by Ingbar et al and have been
extended by them to show that estrogen admumstration reproduces this
effect Indeed when estrogens are admmistered to an athyreotic subject
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recen g desiccated thyroid the expected nise in TBP oceurs but there
appears to be no change m PBI and the subjects show evidence of
hvpothyroidism - We might xplun this on the basis of 1 decreased level
of free thyroune Unfortunately there are no good data asailble to
indicate the precisc activity of the thyvroid ghind and rate of metabohsm
of thyroxine 1n these conditions

We becime mterested an the effect of testosterone on thyroidal
actinity when heitel and Sherer reported list year that methyltestoster
one admnistered to dwarfs lowered the serum PBI It occurred to us
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that this might be mediated through effects on thyroune binding pro
ten Table II shows the data on 4 essentially normal mdiiduals who
recewved 100 mg of methvltestosterone datly for 7 weeks It can be seen
that as far as the thyroid atself 15 concerned there were mconsistent
changes in 10dme clearance There were sumlarly no consistent changes
mn the renal clearance of 1odide Table 1II shows the effect of methyl
testosterone on the serum protem bound 1odine There 1s a consistent
albeit munor fall i all four cases  Accompanying ths are strihing de
creases i the level of TBP in serum  There 1s consequently 1 general
an merease 1n the calculated level of free thyroune 1n serum  Figure 4
shows the results of seral d of these p: mn two
of the individuals and gives some 1dea of the consistency that one may
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culated to be 6 X 101131 g equilibrium ] It may
be however that metabolism and/or excretion of serum free thyreune
1s more rapid than ats dissociation from the protemn so that the calculated
equilibrium value does not reflect actuil serum levels In this instance
the rite limiting step could be disseciation of thyroxine from TBP

1 shall not present any of the datx we have adduced on the relation
ship between the concentration of free thyrowme in blood and the
metbolic effect and degradation of the thyrord hormone Suffice it to
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say at this pomt that data on suby with hyperth hypotin
roidism and nephrosis are compatible with the notion that 1t 1s the lev el
of free thyroune as distinet from the bound thyroune which 15 important
Figure 3 shows that pregnancy elevates the level of TBP and this
accurs very ewly mn pregnancy nd reverts to normal 5 or 6 weehs after
the termunation of preg) There 15 & ncrease m the
PBI (protein bound 10dine) of serum As 2 result of these chinges the
Jevel of free thyroxne 1 blood remans within the normal range  These
conclusions have also been reached by Ingbir et al and have been
extended by them to show that estrogen admmistration reproduces this
effect Indeed when estrogens are admimstered to an athyreotic subject
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which rose shghtly duning treatment with testosterone  This was cor
related reisonably well with a shight mcrease i bodv werght which
oceurred simultaneously

We have then the following data to correlate A fall in the serum
level of thyroune 1 normal or increised rate of degradition of thy
roune and a normal thyrowd clearance of wdide The most Jogical hy
pothesis to explam these findings appears to us to be that the prmary
effect of methy ltestosterone 1s to cause 1 reduction n the Jevel of TBP

350 O controt 1
1 Methyitestosterone
300 Post Testosterone

Cantrol

mg 250
per
100 mt

200

150

100

e cH LW ow
Fic 5 Effect of hyl on serum chol 1 (From J Clhn Incest

37 1024 195%)

m serum  Initially this would be expected to cause an increase m the
level of free thvroune in serum This could be expected to merease the
rate of degradation of thyroune which would eventully cause a fall
m the serum PBI 'The elevated level of free thyroxme might also cause
a decreased secretion of TSH (thyroid stmulating hormone) which
would temporarily mhibit thyredal actnaty  Esentually one would ex
pect a new steady state to be reached at which time there would be
a lower than normal TBP a depressed serum thvroune normal thyroid
activity an essentially normal rate of degradation of orgamic 10dine and
a normal level of free thvrovine Sice we were unable to examme all
these parameters at very frequent ntervals 1t 15 impossible to be sure
that this was the exact sequence of events but 1t appears to us at this
wnting to represent the most reasonable theory In all events these
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expect from data of this sort It can also be seen that even 40 day:
after cessation of methyltestosterone administration the level of TBE
has not returned to normal Table IV shows the effect of methy!
testosterone on thyroune metabolism Thyroxine Ibeled with I3t wa
gven ntravenously and its rate of disappearance from the plasms
measured for 2 to 3 wecks It can be seen that 1n all four subjects there

TABLE 1V
THE INFLUENCE OF METHYLTESTOSTERONE ON JODINE \[ETAEOLISM RADIOTHYROXI\:
DisarPEARANCE RATE Orcanic IopINE PooL AND ORGANIC
JopiNe DecraDATION RATE

Extra
Thyroxine thyroidal Orgame
disappear organic 10dine
Patient Status PBI? ance ratec  1odme pool? degradation?
BB Control 72 11 590 6o
\Methyltestos
terone[26) 7 46 16 450 70
CH Control 38 14 390 55
Methyltestos
terone[27) 22 22 390 8>
Control[159)/ 40 13 490 64
Lw Control 45 15 340 50
Methyltestos
terone[23)/ 36 18 300 54
Control[30)/ 46 12 380 45
Dw Control 40 13 330 43
Methyltestos
terone[23)/ 36 19 330 61
Control[30]1 56 99 500 50

FromJ Clin Invest 87 1024 1938
b Micrograms 100 ml serum
¢ Per cent per da
4 Aficrograms 1odime/1 73\
Micrograms 1odime degraded/day/1 73\
7 Number of days on testosterone or off testosterone at time of study

was an unequinvocal mcrease n the fractional rate of loss of thyroune

from the plasma during adi ration of methyl In the
three subjects 1 which thyrouine disappearance was measured after
the cessation of tr with the fi 1 rate returned

toward notmal Since there was an accompanyng fall in the PBI only
relatively minor changes in the rate of organic 1odine degradation el
culated on the basis of micrograms per dav per umit surface area oc
curred Not listed 1n Table 1V 1s the volume of distribution of thyroxine
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venous imfusion of C14 labeled cholesterol {4 €14} in a patient who unfortunately
died 13 days after we gue him the matesal intravenously  The speafic activity
the skin was 50" of that of the plasma and liver shich were i equilibnum at that
tme The a0rta fneidentally also had a Jower specific actnity than the plasma

Drii Dr Rall mentioned that the caleulated amount of free thyroune m
creased after methyltestosterone adminsstration Dud the amount of free thyrovne
wmcrease or decrense after the administration of estrogen during pregrancy?

ALt There 1s a shght decrease 1 pregnancy There 1s a great deal of overlap
in the values but the mean free thyroun m a group of 20 or 30 pregnant women
is si_mficantly below the mean normal frce thyroun lael  This securs because
the TBP nses shghtly more thin the serum thyratia

Dr. Would vou have expected the reverse effect in that the calculited free
thyroune might hase gone up dunng estrogen adminsstration and decreased duning
methyltestosterone adnumistration® 1f this occutred one might be able to correlate
the effects of estrogen cholesterol and methyltestosterone

AL Yes To correlate cholosterol effects one would guess pust the reverse
would happen but 1t seems to me quite likely that estrogen and methyltestosterone
affect chol 1 directly and mdependent}; of the thyrad

Ratz  Dr Rl have you any daty on the effect of sex hormones on hyper
thyroid or hypothyrmd patients®

RarL  There are some data that I think Kinsell had some years ago on the
effect of treatment of hyperthyrad indmiduals T think he had two cases treated
with testosterone propionate There was a mild increase 1w mitrogen retention and
perhaps mild amelioration of symptoms It 15 difficult to say In one or two cases
10 which he treated hyperthyroid individuals with methyltestosterone he noted some
evacerbation of the dusease This would make good sense to us if there were a
decrease 10 TBP 1n thus situation

AbiersBenc I would hike to ask two questions I am mterested mn 1 concept
that factors of distnibution of cholesterol and other hpids between bloed and tissues
the liver especially and perhaps the skin are more important than we usually think
n studying liting Ipid levels O lly ome doesnt know where this
cholesterol comes from There 15 for example the observation by Friedman and
Byers m San Franaisco that after mjection of large doses of tnglveendes i rats
a rapid elevation of serum cholesterol occurs It cannot be synthesized so rapidly
1t represents probably a shift from some tissues to the blood Interestingly enough
this happens also 1n hep d amumls Apparently the source of this rapid
shift of cholesterol must be m some other tissues perhaps the skin 1 do not know
how important the depot of skin cholesterol 15 The second brief question 15 Did
I understand you correctly Dr Gould that the equilibration between plasma and
liver oceurs more capidly 1n the rat than m the dog? Is this correct and have you
any studies 1 other species eg the rabbit? How would you explam these species
Sfierencest

Goutp 1 make no clam to be able to explamn species differences but there
certanly are some that are quite stnking  The rabbit 15 slower than the dog and
generally mare variable than other ammal 1 have studied The specific actmty of
plasma frec cholesterol takes about 3 hours o reach a peak vilue 1n humans and only
about 1 hour 1 dogs but the shape of the curve 1s 1dentical The few values for the
speaific activity of free hiver cholesterol that we have obtamned for humans at very
short time intervals after the adm mistration of acetate confirm the general 1dea that
the Iver free cholesterol reaches its peah spectfic actiity first and the plasma free
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data show that sex steroids can mfluence thyroid hormone actity by
extr1 thyroidal means

Figure 5 shows the effect of methyltestosterone on the serum cho
lesterol It can be seen that i all subjects this drug caused a significant
mcrease mn the level of serum cholesterol which returned towards
normal when the drug was discontinued  Oliver and Boyd have noted
sumilr results 1 hypercholesteremic patients treated with methy!
testosterone It 15 of interest that at first glance the effects of sex hor
mones on cholesterol might ppear to be medrated vi1 the thyroid {as
suming that mncreased thyroid actnity 1s mdicated by a nse n PBL and
will cruse 1 depression of serum cholesterol) Estrogens elevate the PBI
of serum and lower the cholesterol—methy] depresses the
PBI and ruses serum cholesterol The data presented however seem to
indicate that other changes 1n the thyrouine binding protemn of serum
we such as to mamtun a relitnely normal level of free thyroane m
blood which may be the critical factor i thyroidal effects Therefore
the effects of sex steroids on serum cholesterol are most probably direct
effects

Discussion oF Papers py DRs Gourp anp RatL

Micn  Relative to Dr Ralls findings we have some indication that the blood hpid
nd lipoprotem response to methyltestosterone 15 vanable among Fumans In collab
oration with Colonel Groover our laboratory has made extensie blood hpid measure
ments withm a large group of human males over a 3-year period In many mstances
we recorded marked dimunutions of blood cholesteral concentrition after methy]
testosterone admrmistration

RatL I would have been much happier to see a fall in the serum cholesterol
since thts would fit our theores better—all 1 can say 1s we didnt In view of the
thyroid studhes I thinh we must conclude that the effect of methyltestosterone on
cholesterol was direct

Wentiessen 1 think that 1 this human work you ought to take mto con
sideration that the human 1s a pecuhar ammal in that 1t has an enormous amount
of fat under the skin ‘There 15 a possibility therefore that 1f you corrected for the
amount of subcutaneous fat change i your patients and the cholesterol in that fat
vou mught not show a change i the total amount of labile cholesterol before and
after thyroid admimstration  This s suggested because one of the first effects of
thyroud ad 1s to alter d lly the skins app as well as the fact
that the effects of hypercholesterolemia 1n ammals are very evident in the skin
follicles The skin 1 short as well as the subcutaneous fat 15 a manelous resenvoir
for cholesteral I think there nught be enough cholestcrol and cholesterol mobility
there to upset the balance to the pomt that your data could be interpreted as showing
that the thyroid really does not stimulate synthests

Gourp'  In these etpenments in which blood samples are taken 4 hours after
admimstration of acetate the skin cholesterol could not have very much effect be
cause of the fact that skin chol does not h with plasma chal 1
very rapdly

FREEDBERG

1 have some data on the specific actity of the skin after the ntry
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venous mfusion of C1¢ libeled cholesterol (1 CH) in a patient who unfortunately
died 13 days after we gue him the matenal intravenously  The specific actmaty in
the shin sas 507 of that of the plasma and liver which were fn equilibrium at that
tme The sorta incidentally also had a lower specific activity than the plasma

Drir Dr Rall mentioned that the caleulated amount of free thvrovine in
creased after methyltestosterone admumistration  Did the amount of frce thyroxine
increase or decrease after the admnistration of estrogen duning pregnancy?®

Rarr  There 1s a shght decrease in pregnaney  Thur is a great deal of overlap
m the values but the mean free thyrosin fn a group of 20 er 30 pregnant women
15 swmficintly below the mean normal frec thyrovin lael This ocenrs because
the TBP nses shightly more than the serum thyroun

Dt Vould vou have expected the reserse effect in that the caleulted free
thitoune might have gone up duning estrogen admimstration and decreased during
meths ltestosterone administration® If this occurred one mught be able to correlate
the effects of estrozen cholesterol and methy ltestosterone

Ratt  Yes To correlate cholesterol effects one would guess just the reverse
would happen but 1t scems to me quite hikels that estragen and mcthyltestosterone
affect cholesterol drectly and independently of the thyroid

M1z Dr Rall have you any data on the effect of sex hormones on hvper
thyrod or hypothyrond patients?

Bart  There are some data that I think Ransell had some vears ago on the
effect of treatment of hyperthyroid indmiduals 1 think he had two cases treated
with testosterone propionate There was a mild increase in mitrogen retention and
pethaps mild amelioration of symptoms It is difficult to say In ane or two cases
m which he treated hyperthyrod indiiduals with methyl he noted some
eucerbation of the disease This would make good scnse to us if there were a
decrease in TBP in this st uation

Aviersserc [ would Lile to ask two questions I am nterested in a concept
that factors of distnbution of cholesterol and other Lipids between blood and tissues
the lier espectally and perhaps the skin are more important than we usually think
m studying cwculating Tipid levels  Occastonally one doesnt know where this
cholesterol comes from There 15 for evample the observation by Fredmn and
Byers m San Francisco that after wnjection of large doses of tnglycendes w rats
@ 1apid elevation of serum cholesterol occurs It cannot be synthesized so rapidly
It represents probably a stuft from some tissues to the blood Interestingly enough
tus happens akio in d ammals Apparently the source of this rapid
;‘1::: of cholesterol must be m some other tissues perhaps the skin 1 do not know
1oy important the depot of skin cholestero is The second bnief question 1 Did
Bopderstand you comreclly Dr Goud that the equilibration between plasma and
T occurs more rapidly 1n the rat than in the dog? Is this correct and have you
iy studies 1n other specres g the rabbit® How would you explain these specres
ferences®
w Gottn T make no clam to be able to explain species differences but there

Tanly are some that are quite stnking The rabhit is slower than the dog and
g;neraﬂy more vanable than other amimals I have studied The speaific actmty of
Ebi:::xx l;ee cholesterol takes about 3 hours to reach a peak value n Fumans and onlv
speciic aori™ 4928 but the shape of the curve 15 identical The few values for the
short m:: "“‘)' of free bver cholesterol trat we have obtamed for Fumans at very
the ] fm ervals after the admmustration of acetate confirm the general wea that

wer free cholesterol reaches its peak speeific actinty first and the plasma free
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shortly thereafter as tn dogs lwer free and plasma free cholesterol come to equilibn
um 1n a matter of 2 hours or sa and then remun equal within expertmental error

F With ref to thy holism 1 hyp dism and hypo-
metabolism Dr hurland 2nd I have studied three such patients The thyroune
degradation rate was slow i these patients In one of the patients we admmstered
testosterone a farly Jarge dose and the curve of disappearance suddenly increased
withun the first 24 hours as if there were a washiag out of the thyrovne from the
blood stream but m the subsequent 48 to 72 hours the cune of disappearance 2p-
prouimated that scen before we gave the testosterone We interpreted this as repre-
senting a change mn the volume of distnid but not m bohsm follown,
testosterone

Winre T wonder if I mught ddress three pomts or questions to Dr Could
In refernng to species differences I beheve you made the statement that m general
we know that the human 1s mare sensitrve to the loss of thyrod function than are
other animals V$hat did vou mean m terms of quantitative data® Secondly perhaps
I am reding more nto your statements than you actuslly meant I dont thiok you
were inttmating that the dferences tn the 1 tieo versus the m titro rates of
corporation of acetate nto cholesterol under various expennmentai conditons neces
sanly wnvalidated the n titro approrch particularly because the m titro system
bectme much slower Obviously fn treo you still have access to other energy
sources which are necessary for the synthetic process whereas 1 the tsolated shee
you are nmnmg downhill pretty rapidly with respect to encrgy reserves Thrdh
1t would seem to me that while one cin establish a correlation between byver choles
terol concentration i the liver and the rate of cholesterol synthesis s this organ
this mayv be so only under circumstances 1n which a third vanable 1s not entenng
the picture eg abscnce of a hormonal function as mn the hypophysectomized of
adsenlectomized amimal 1 1 well known that cholesterol synthesis 15 more sapid
1 the presence of an adequate supply of carbohydrate and 1t would seem to me lha:
mterpretation of data 15 diffieult for the hypoph d or adrenal
rats simce there evist marhed vanations t the supply of availible energy factors undes
those circumstances

Goutp In answer to your first question my remwk was mtended to Fe a gues-
tion not a strtement of fact It s my wmp that rats made hypothyroid by 11%
are less sich than patients with full blown myxedema but I would hke to hewr from
the endocrinologists present whether that 15 valid or not  In answer to your secon
question 1 agree entirely with your statement about energy avmlabihty ‘v pomt
1s that 4 titeo and i tieo methods may give different results so that both types
of methods should be used to avoid beng musled 1 dont think ether approach 15
necessanily 1mvalid or necessarily completely rebable It is puzzling that the addion
of glncose to Iner shices from tasted rats had no effect on the rate of cholesterol
svnthesis The effect of fasting 15 apparently more comple< than merely the absence
of ner glycogen

Now as to your third question the hypophysectomuzed ammals shown at the
bottom of the curte (Fig 4 H) were not onlv hypophyseetornized but were fasted
to make them as nearly comparable as possible with sradiated rats The mncrease i
tatal Iner cholesterol found under these conditions in adrenalectomized and m
hvpoph)scctomxzed rats suggests the posstbibty that there may be an increase
yer free cholusteral If this 1s so the decrease an the rate of synthesis might be due
to thus effect of hormone deficiency alone
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1would ke to ask Dr Loppk if he his any comments on the encrgy sopply
necessary for cholesterol synthesis in homogenntes

Porjsx I dont think I have anything substantial to add because we have not
stuied homogenates dernved from ammals of different nutntional states  Certainly
n the course of our fractionating the homogenates we do remove the glycogen al
though 1 suppase with the microsomes a small amouat of glycogen 15 added te the
prepuations but we do supply the encrgy in the form of AT (adenosinetriphos
phate) and any glycopen present there does nothing else but in the presence of
gheolvtic enzymes and ATI generates some glucose 6-phosphate and TPNH (re
duced form of trphosphopyndine. nucleotide )

BerosTRovt  hnowledge as to the cholesterol concentratton in the human liser
and 1ts relation to the rite of synthesis 15 certainly lachmg ta the human It does not
seem to be generally appreciated how simply and sifely 15 mg lier iopsies can be
obtamed by puncture from the back Dr Eidahl will publish tus thesss thes spring
m which he has made an extensnve study of the hile acsd conjugation i normals
and i different cases of hner disease I believe this technique could be used more
estensively 1 studying the cholesterol metabolism 1 man
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A Companison of the Participations of Fibroblasts and Reticulo
endothelial Cells in the Synthesis and Metabolism
of Corhsol and Cholesterol

Tuoxztas F Dovcnerty anp Davio L BERLINER
Department of Anatomy University of Utah Salt Lake City Utah

For some years a major effort in our laboratory has been directed
to studying the mterrelationship of stermd hormone met1bolism and
the anti inflammatory and lymphocytolytic effects of these hormones
These investigations have led us to believe that the prnimary sites of
physiological effect and i addition the metabolism of steroid hor
mones are related to the fi of loendothelial and fibrobl
cells (9)

Briefly 1t has been found that cortisol tends to localize within or at
the surface of fibroblasts (11 13) In studies of radicautographs of
many tissues and cells 1t appears that the fibroblast 15 the main cellular
site for localization of hydrocortisone On the other hand 1t has been
shown that cortisol tends to destroy reticuloendothehal cells Other
effects of cortisol on fibroblasts are that 1t tends to round them up
increase their basophilia and ncrease mtracellul ducing sub
m the cytoplasm (11) It has also been shown that these rounded up
Ebroblasts are tougher 1e they resist cellular destrucion durmg the
alteratine stage of nfl (13) We have postulated that n
deed this 1s 2 mechamsm by which cortisol inhibits inflammation 1€
that by increasing the resistance of these cells the chain reaction of
cellular destruction which potentiates mflammation 1s interrupted (9
13 14) Others have amply demonstrated that cortisol interferes with
other fibroblastic functions such as the formation of collagen fibers and
the svnthesis of ground substance (see review 9) It seems clear then
that cortisol acting upon fibroblasts brings about certain changes mn the
function and appearance of these cells at a tme when they are absorb
g and metabolizing this hormone Cells of the macrophage system
on the other hand do not appear to take up cortisol and retamn 1t for
any great period of time

Recently we have also found that the length of time that cortisol 1s
present within the fibroblast 1s much shorter than the penod during
which mflammation 1s reduced (12) It appears therefore that cortisol
tnggers some mechamsm which m turn continues even after this
hormone 15 catabolized and excreted Extensive studies concerming this
pomt have been performed 1n order to eluaidate the mechanisms by
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which cortisol brings about alterations 1 fibroblasts which are related
to the function of this hormone It 1s now hnown how long cortisol 15
localized by the fibroblst (12) and m addition we have shown that
fibroblists of loose connective tissue bring about transformations 1n the
molecule of cortisol dunng the period of time that this hormone exerts
its ant1 mflammatory potency (3) These transformations are gnen m
detail clsewhere Brefly they might be characterized mn general as
oudattons and reductions of substituted positions on the gonane nucleus
which ultimately end with removal of the side cham At the time that
these transformations are occurring conjugates form i the hver (4) and
result m removal of thesc hormones from the orgamsm Thus the
products of fibroblastic metabolism of cortisol are removed from the
cellulwr site of therr trinsformanons and are ehmmated This whole
process 1s very rapid so that even 1n the human being transformations
are found 0 the urme within 5 minutes after admnistration of radio
active cortisol (2) Elsewhere we will discuss the meanmg of the
transformations of the eortisol molecule with respect to the mechansm
of its anti inflammntory effectiveness

The fact that 1t 15 munly the fbroblast which performs cortisol
catabolism has been demonstrated also 1n our laboratory by incubating
radio wetive cortisal with fibroblasts m tissue culture (20) The trans
formations produced by pure cultures of fibroblasts are exactly the same
1s those found for fibrablasts of mcub ited loose connective tissue There
1s no doubt then that 1 myjor performer of cortisol metabolism 1t the
cellultr level 15 the fibroblist We have also demonstrated that cells
of the microphage and normal lymphocytie varieties cannot perform
these transforminons but 1n the process of cortisol action re destroyed
(10) There 1s then A very distinct difference between the cipraties
of these cells to respond to the action of cortisol

Other steroid hormones have also been studied and the results of
these investigations will be presented at another time One 7spect 0
artertosclerosts research 15 that many indwiduals interested 1 the
etiology of such diseases concern themsehes with cholesterol deposition
1s though 1t occuried without the participation of cells  Attention should
be called to the fact that 1t has long been known that the formation of
atheroma most likely begins wntracellululy (reviewed by Altschul 1)
and 1t has frequently been a subject of speculation that cholesterol de
posits because the cells which tike 1t up retan 1t are later destroyed
and ntracellular cholesterol 1s X ft m place Gradually deposits of this
sterol are ¢mbedded n ground substance and reticular fibers which
are produced by connective tissue cells Since we had a considerable
amount of experience m our laboratory with the participation of fibro
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blasts and macrophages 1 the metibolism of steroids at seemed worth
while to compre the roles of these cells in cholesterol metabolism A
compwison of the w1y fibroblists and macrophiges metabolize cho
lesterol 15 particularly worthwhile simee these are precisely the cells
which are concerned to the greitest extent with sterowd and cholesterol
metibolism  Consequently methods which hid been appled to 2
study of cortisol metibohsm were applied to that of cholesterol

Syvruesis o CHOLESTEROL FROM ActTATE By TissuE CULTURES OF
Hunma~ FIBrOBLAST

Fibroblsts derned from human myometrium nd cultured for about
3 years 1 medinm #79 (59 chick embryo estract 207% normal horse
serum and 75% solution #79) as described by Swim ind Parker (21)
were supplemented with 2 pe of acctate 2 C** per 12 ml of flud
Twele ml of flud were used m eich mecubtion flask  The speafic
actiuty of the acetate wis 1 me,mmole The procedure of the n
cubation will be gwven m detul elsewhere In general 1t was the usual
methodology employed for such studies T60 flasks were set up with
approuimately 6 X 10 cells m #79 solution contuming acetate 2 C1*
medium along with the appropriate number of small flasks to be used
m determimng the degree of cellular prohferaton The tubes were n
chned at an angle of 5 and mcubated overmght 1t 37 C 1n a stationarv
position and then were placed 1 a roller apparatus at 37 C  The
medium was changed on the 4th day and pooled On the 8th day the
medium from the flasks was pooled 1gun and the cells were harvested
and washed twice with Euls saline The Earls siline wis added
to the 8th day sample At the time of mnoculum there were 54 X 10
cclls at the 4 day nterval the number of cells was 21 X 10 At the
8th day there were 58 X 10° cells

Extraction and identification of cholesterol were done as follows
the cells and the medium were extracted separately but the same ex
traction procedure was used for both The simples were sapomfied
and the resulting micture extracted 3 times with chloroform The
combmed chloroform extract was evaporated and the residue was
durectly chromatographed on paper using a modification of the hevane
system of Zaffarom (22) m wihich formamide 15 not apphed to the
paper but the sample 1s placed directly on the paper and run 1n the
hexane mobile phase Under these conditions cholesterol has an R, of
065 The ch phic zone corresponding to chol 1 was eluted
Nonradioactive carmer chol ol was added to the eluate and the
cholesterol was precipitated with digtomn  The digitonm complex
was hvdrolvzed and three separate crystallizations were performed on




104 THO\AS F DOUGHERTY AND DAVID L. BERLINER

which cortisol brings about alterations i fibroblasts which are related
to the function of this hormone It 1s now known how long cortisol 15
localized by the fibroblast (12) and 1n addittion we have shown that
fibroblsts of loose connective tissue bring about transformations 1n the
molecule of cortisol during the penod of time that this hormone everts
its ntr inflimmatory potency (3) These transformations are guen i
detail elsewhere Briefly they mught be charactenzed m general as
oudations and reductions of substituted positions on the gonane pucleus
which ultimately end with removal of the side cham At the tme that
these transformations are occurring conjugates form n the lner (4) and
result 1n removal of these hormones from the orgamsm Thus the
oroducts of fibroblastic metabolism of cortisol are removed from the
ellular site of therr transformations and are elmmated This whole
process 1s very rapid so that even n the human bemg transformations
e found m the unne within 5 minutes after adminmstration of radio
actne cortisol (2) Elsewhere we will discuss the meamng of the
trinsformations of the cortisol molecule with respect to the mechanism
of 1ts antr nflammatory effectrveness

The fact that it 1s munly the fbroblast which performs cortisol
catabolism has been demonstrated also 1 our laboratory by mcubating
rdioactive cortisol with fbroblasts in tissue culture (20) The trass
formations produced by pure cultures of fbroblasts are exactly the same
s those found for fibroblasts of incubated loose connectnve tissue There
1s no doubt then that 1 major performer of corttsol metabolism at the
cellulir level 1s the fbroblast We have also demonstrated that cells
of the macrophage and normal lymphocytic vaneties cannot perform
these transformations but 1n the process of cortisol action are destroved
(10) There 1s then a very distmet difference betwen the capacities
of these cells to respond to the action of cortisol

Other sterord hormones have also been studied and the results of
these mvestigations wall be presented at another time One aspect 0
arteriosclerosis research s that many ndniduals interested 1 the
etiology of such diseases concern themselves with cholesterol depostion
as though 1t occurred without the participation of cells Attention sh y
be called to the fact that 1t has long been known that the formation ©!
atherom1 most likely begms intracellularly (reviewed by Altschul, dl)
and 1t has frequently been 1 subject of speculation that cholesterol ;‘
posits because the cells which take 1t up retan it are Iter desh‘ﬂ\;‘I
and ntracellular cholesterol 1s left in plice Gradually deposits of this
sterol are embedded i ground substance and reticulir fibers “}"CI
are produced by connective tissue cells Smce we had a considerable
amount of experience 1 our laboritory with the participition of fibro

hould
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blsts ind macrophages i the metibolism of steroids at seer
while to compare the rolos of these cells i cholesterol met:
companson of the way fibroblsts and macraphages metl
lesterol 1 particaharly worthuhde since these are preersel
which are concerned to the greatest extent wath sturond and
metabolsm  Consequently  methods which hd bren ap;
study of cortisol metabolism were applied to that of cholest

Syvmuests o Cnorestenot Fnont ACrTATE By Tissur Cu
Huvtan DIBROBLAST

Fibroblists dernved from human myometrium nd culture:
3 vears in medm =79 (54 cluck embinyo extract 207 ne
serum and 5% solution #79) as desenbed by Swim wd P
were supplemented with 2 pe of acetite 2C per 12 m
Tuelve ml of flud were wsed sn each mcubition flsh T
activity of the ncetate was 3 me /mmole  The procedure
cubstion will be gren i detul elsenhere In general at wa
methodology employed for such studies T60 flwsks were s
approumtely 6 X 10° cells i #78 solution contuning ac
meditm ~long with the appropriate number of small flashs
m determmung the degree of celiular prohferiion The tub
clined at an angle of § and mcubated overmght 4 37 C in -
positon and then were pliced m a rolfer apparatus at !
medium was changed on the 4th dav nd puoled On the §
medium from the flasks was pooled 1gan and the cells wen
and washed twice with Earls sthnc  The Earls salme -
to the 8th day sample At the tme of mnoculum there were
cells at the 4 day mtenval the number of cclls was 21 X .
8th day there were 58 % 100 clls
Extrachion and 1dentificstion of cholesterol were done
the cells and the medium were extracted separately  but th
traction praccdure was used for hoth The samples were
and the resulting mixture extracted 3 times wath chloro
combed chloroform extract was evaporated and the r
directly chromatographed on paper using a modification of
System of Zaffaron, (22) 1 which formamnde 15 not app
l;paper but the sample 1s placed directly on the paper and
exane mobile phase Under these conditions cholesterol b
2'35 The ch ding to chol 1

phic zone it g
carner chol 1 was added to the eluat
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cholesteral  Constant spectfic activity was mamtamed at 1100 counts
per min /mg  The last crystallization sample was divided mto two ah
quots  The first one was oidized to cholestene 3 one and agam erystal
hized to constant specific actrvaty

The speaific actnity was 1120 counts per mmn /mg  The second
aliquot was acetylated forming cholesterol ncetate which on erystal
hzation gave a specific actvity of 1128 counts per mm /mg These
two figures for SA include the correction for the molecular weight
change of the dernatives Figure 1 summarizes the procedure which

PROCEDURE FOR THE IDENTIFICATION OF G *CHOLESTEROL
urz 79

ol o s o £ o 2 e2d o o 8

Fic 1 Scheme of the procedure used n the ad of C1# chofesterol

olated from incubations of a etate 2 C14 with tissue cultures of Abroblasts

was used A simtlar result was obtuned for the extraction of the cells
Both the flud medium nd the cells vielded radioactive cholesterol
The total per cent comversion from acetate to cholesterol was m the
range of 05-08% This percentage of conversion 1s that portion of
the acetate ongmally added which became mcorporated nto cholesterol
molecules It 1s not the portion of total carbons of cholesterol formed

THE STORAGE OF CHOLESTEROL 4 C'f 1N THE RETICULOENDOTHELIAL
SysTENT

Forty intact anmmals were mjected mtravenously with 1 pc of cho
lesterol 4 C** dissolved in erther 01 ml propylene ghycol and alcohol or
m 03 ml horse serum These rats were divided mto three groups
(1) control (2) thvroune treated (25 pg) and (3) ACTH treated
(1 mternational umt of ACTH having 20 ternatiopal units/mg ) The
rats were sacrificed at various intervals from 1 hour to 12 days as s
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shown in Fig 2 Another senics of rits were eviscerated as deseribed by
Ingle {15) and njected ntruenously with cholesterol 4 € Thus the
expunments included intict ammals mtact given ACTH noneviscerited
adrcnalectomized gnen ACTH and eviscerated nonadrenalectomized
with ACTH (Table 1) A vinety of tissues and organs were studied
which 2re given m Table I The relitine actisaty evpressed m CPM/mg
of dry tissue was studied (5) The tissues were homogemzed and i
rectly phited on alummum plates  Correction for self absorption of beta
s was applied m exch cise

Orunss N
Cuver CHOLESTEROL=4 G 1V IN RATS

W ewoon
CONTROL THYROXIN ACTH

- i r
| I

P P 1 I

iﬂn‘ 1 o iyl

mon . oLl
1 1 | [ ,]\ I 1 l ‘M

. DUl L,

Fic 2 Companson of the relatne specific activities based on dry weight of

! 1
L0k Gadldbe
Uissue of control thyroune treated and ACTH treated rats gnen cholesterol-4 C1t
Intravenously The anumals were sacrificed at vanous 1ntersals over a 12 day penod

In order to compare the metabolism of cholesterol to cortisol 20 mice
were mjected 1n the same way as the rats with cortisol 4 C** and as
above the organs and tissues were removed 1t vanous mtervals as
shown 1n Fig 3 and the rlative actny 1ty of these tissues was determined
InFigs 2 and 3 we have portrayed the CPM/mg of blood lungs and
Iners In Fig 2 1t may be seen that m every cse studied the lungs
had a Ingher relative activity than any other organ The lner was second
and finally the blood There was a rapid increase 1 radwactivity mn
the lungs of all groups which decreased slowly with time In the thy
roune treated group there seemed to be a shghtly higher but not

gmficantly different 10n of chol ol in the lung than in
the control However the ACTH treated noneviscerated rats had a
markedly lgh actvity m their lungs as compared to any other of treated
or nontrcated ammals Later at 6 hours there was a decrease but
still later the lungs of these ammnls were higher 1 actmty and re
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muned so s fong 45 12 dws  [n compnson the cortisol treated m ce
hd the highest radioactivity mn the liver then the lung and Snally the
blood Thit 15 to sav there was a specsfieity 1m the trapping of one
sterord 1n relation to nother by different organs The gonane nucleus
of both cortisol and cholesterol 15 not metnbohzed or destroyed by the
orgamism (12 19) Only the side chamn of chaolesterol or the sub
stituted groups or side chain ot cortisol are changed (8 12} Cortisol
his novery short half hfe compared to cholesterol  Cholesterol 15 re

TABLE I
DistriouTioN OF Raposctiviry (CPMine Day Tissur) 45 MiNuTEs AFTIR
InrFuston or CrioLEsTERoL 4 CH

Intact Noneviscerated Enscerated
Treatment Intact ACTH  adrenex + ACTH grven ACTH
Lung 1867 5010 6650 5600
Luver 45 109 94 -
Spleen 74 53 84 -
Blood 11 2 10 35
Adrenal 19 3a ~ 80
Aorta o 14 15 34
Pitwitary 25 18 168 44
Kidney 0 0 0 13
Heart 0 [ 10 14
Muscle 0 0 0 0
Small Intestne 21 13 26 [
Tests 9 0 0 1o
Thymus 0 0 0 17
Fat 0 ] 16 0
Bram (4 0 0 0

& Insignificant count

tuned mn the rt for ahout 15 days (19, However cortisol hne 2 half hfe
in rats humans or mice of about 50 to 60 minutes (2 12) We know
from previous studies that the Iier 1s the mun or only orgmn which
1s caprble of conjugating cortisol (4) so that this hormone mav be ev
creted mamly sn the urme However cholesterol 1s 1 non or very
poorly metabolized sterol and 1s retuned for 2 long tume It 1s nterest
g to notice from Tnble I that in the mtict drenalectomized mmal
treated with ACTH there was 2 higher concentration of cholesterol n
the lung thin i the mtact nontreated ammal Thus ACTH apprently
has wn effect on the concentration of cholesterol m the absence of the
adrensl In Table I 1t may also be noted that the relatne actnaty from
the mtact mtact and ACTH treated and eviscerated ind ACTH treated
ammal showed that there was n mcrease of cholesterol in the adrenal
which was higher 1n the eviscerated ACTH treated animnals
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The cdlulr site of cholesterol deposition sn the tung 15 1n the rehenlo
endothelial eclls of this organ This 1s shown by ridiowtogriply of the
4 C** cholesterol trcated lungs (Ligs 4 wd 5) The epithehal cells of
the broncht do not contun C'* The macrophages which contun most
of the Libeled chalesterol arc 1n the seolir connective tissuc 1nd septal
cell, The groatest ridioictinaty s found in the regron of the respirn
tory bronclitoles

GORTISOL-4 ¢*1v INMICE

D Lunes
P iver
. 8L00D

Fic 3 Companson of the r latine speaafi actmities (dry weight) of ussues of
rats gven cortt old Cl antravenously and sacnficed at intervals up to 100 minutes

Discussion

Roger and Brnet 1 1925 (17) suggested that the lung was the major
site of cholesterol storage i the body  In 1931 Seeman (18) performed
a senes of studies on cholesturol metabolism and came to a simlar
conclusion  In addstion this imvestigitor 1dministered cholesterol into
a penipheral artery and mto the portal vern and found that even when
1t was admumstered by this route and thercfore had to pass through
the Iver before the Jung 1its prmary site of deposit was still mn the lung
Ciom (7) stated that the cholesterol mn the lung 15 1n the reticulo
endothehal cells of the aleolwr wall Quensel (16) came to similar
conclusions and suggested that the lung plaved a major role m the
removal of cholesterol from the body by way of the phagocites i the
lung which he thought would then movc out 1 the sputum \ore
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recently 1t has been shown by Bragdon and Gordon (6) that unestenfied
fatty aerds are concentrated n the lung to a greater extent than any
other organ 200 mmutes after they were admmistered It would seem
that fluctuations 1n cholesterol content of the lung reflect generalized
hanges mn loendothehal uptake of this substance It also seems
possible but to us less hikely that fibroblasts which form cholesterol
could retam 1t and upon their disintegration release 1t Since both
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Fic 4 Rad h of )l dothelial cell The bhch dots comng

from this alveolar macrophige re beta ray tracks from the radiosctie cholesterol
\agmfication 720X

Fic 5 Radioautogriph of lung epithelial cells which do not contam any radio
actne materal Note the beta tracks from the macrophage adjacent to the epithehal
cclls Magmification 720X

fibroblasts and macrophages are ubiquitous 1t does not seem necessary
to postulate that the same cell which synthesizes chalesterol must
necessly store it and thus subsequentlv imbiite extracellular de
position
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Discussion

Hetiaan 1 would Iike to ask Dr Dougherty i which form he mjected the
€1 cholesterol used in these experments and whether he has any comparable data
on cholesterol fed to ammals after which he examined their tissues?

Dovenerry  The cholesterol was given mn propylenc glycol One feeding ex
penment was performed which gave essentially simler results although the differ
ence between lun,, and hiver was not so great This work s being continued
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Heviatan  The reason T asked the question 15 that admmistening cholesterol 1
this form 15 not gning 1t 1a true solution and actually you have a suspension of
diffcrent particle sizes of radioactive cholesterol and the ability of vanous tissues
to trap the cholesterol would unquestionably be a function of the particle size of
the cholesterol 1njected These mjection solutions age rapidly—they start out as
very small particles and as they stand around just for a few hours th parhicls
conglomerate wnd become much larger and I would suspect that one mght wish
to look nto the effect of the particle size in the myection solution as 1t ffects the
distributton of the mjected cholesterol

Douvgnenry  Dr Berliner I thmk should answer that question

Beruven You will notice from one of the shdes that we mjected cottisol and
cholesterol through the same route However cortisol was trapped mamly by the
Iner but with cholesterol the lungs retared mamly this racioactive sterol There
fore I dont thimh that crystalhization of cholesterol m blood would be the cause
of the tripping  If this were the case then cortisol should have been also trapped
by the lung

Dotcrerry  We did not find any radicactity mn the capillanies as shown by
the ridioratographs therefore there 1s no sign of embolism

Ratz I would Dhe to ask the pathologists present what the Jung lesions are
m xanthomatosis  When there 1¢ a Iigh level of blood cholesterol which hnd
of lung cell has the cholesterol in the xanthoma® I think that Dr Dougherty dealt
with the mjections perhaps of particular matter as wts pointed out by Dr Hell
min Surch 1 the diseases thit we arc nterested 1n we do not hae the same
conditton—the mitenial enters the blood m a different fishion

Winewst  Would ny pathologist Ike to comment?

Hotaan  As to the question 1bout the wsual findings 1n the lung there are
various types of storage diseases including vanthomatos:s It 1s not common {0
find foum cells wathi the pulmonary cipillanies or i any of the reticuloendothelial
cclls of the lung n these conditions I am aware that such foam cell collechions
have been deseribed and I have seen them on occasion but they are not the usual
finding  You were dealing with the rabbit 1n your expeniments Dr Dougherty?

Dotcuerry  This was rat and I beg to differ with you on this ground that
if you look at Jaffe's chapter on xanthomatosts cholesterolosis—and he was probably
1n his duy onc of the deans of pathology—you will see the lung lesions described
and 1 fict Jaffe made quite a pomnt of them Now this sbll does not mean that
the lung must be involved 1n every type of cholesterolosis but as far as the nature
of the cclls 1s d they re toendothelial cells I dont tlunk cholesterol
really goes to any other place that 15 admmnstered cholesterol except to these
cells It looks like a phagocyte process

Fromes  There 15 possibly ; Feant 1 this done by
French and Morns in my department The work 15 not on cholesterol atself but
1t 15 connected with the disposal of particles If you take physwological fat particles
that 1s to s1y chylomier: collected from rat lymph and mject them intravenously
or into a perfused Iner they are taken out dmost exclusnely by the Iner They
are tiken out by the parenchymal cells and not by the reticuloendothelum If
hoy ever an artifical emulsion of fatty partcles is used the particles are taken
out 1 the lung m the spleen and mn the hupfler cells of the hver and very lml;
goes immediately 1nto the Iner cclls These observations refer to chylomicra an

feally to chol ! This m distnb depends on whether

not
2 parhcle 15 of phystological origun or whether 1t Js an artfact
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Bvers  We accumulated evidence concermng the location of fed cholesterol
and of mjected chylomicron cholesterol as being in the hepatic reticuloendothehial
cells We believe the participation of phagocytic cells to be required for the normal

d disposal of fed chol 1 It s not generally realized that C! cholesteral
in lymph chylomicra has been found to lewe the blood stream within § munutes
of its entry only to reappear in the blood as soluble lipoprotem cholesterol after
another 10 minutes (see Max Biges n “Advances in Buology and Medical Physics ”

Volume V 1957) So rapid a removal rate 15 entirely consistent with the known
rates of semoval of partices by the seticuloendothelial system Indeed the curve
of pp of phisma chyl 1 flattens out immeduately
upon mtravenous injection of forengn collowd and resumes its former slope m
meduately after the disappearance of the foresgn colloid (see Neveu ef al 1n the
Am J Physiol November 1956) After oral cholesterol we have demonstrated
evcess fat and cholesterol n both isolated RE cells and RE cells in situ  After
intravenous imjection of soluble Lipoprotein cholesterol however excess cholesterol
was found largely m hepatic parenchymal cells and very little in RE cells (see
Friedman and Byers Circulation 10 491 1934)
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Influence of Hormones on Lipid Biosynthesis in Liver!
Berry L Rusiv AND Apratiant Wirme

Department of Biachemistry Albert Einsten College of Medicine Yeshiva University
Netw York New York

This prper 1s 1 brief report of a portion of studies currently m
progress on two problems the mfluence of the endocrme glands on
hpid brosynthesis by the hver and humoral relationships between the
Iver and the peripheral tissues  The data to be presented are concerned
only with the extent of wn vitro incorporation of radiactivity from
acetate 1 CM mto the total digitonm precipitable sterols of rat hver
shees  Liver tissue has been obtamed from normal fed and fasted
ammals of both seves from castrated male and female rats and from
castrated male and femnle rats treated with either testosterone propion
ate or estradiol respectively

EXPERINMENTAL

Rats of the Sprague Dawley strain weighing 250-350 g were killed
by decapitation the livers excised and placed m cold krebs Henseleit
brearbonate buffer pH 74 One gram of Iner shces was analyzed for
total cholesterol without meubation Other aliquots (250 mg each) of
the hver shices were incubated m 45 ml of the krebs Henseleit buffer
to which was added 05 ml of 0001 M sodum acetite 1 C'* Incuba
tions were conducted with shaking for 3 hours at 37 C i small beakers
placed 1n 2 Dubnoff incubator the gas phase was 95% 0,5% CO At
the end of the incubation the contents of 4 beakers xeprcsenung 1g of
lver shices were bined and fied by ad of 2 ml 15%
KOH 1 95% ethyl aleohol and bmlmg under reflux for 6 hours After
cooling 20 ml of 70% ethy! alcohol were 1dded and the nonsapomfiable
Lipids extracted four times with 20 ml portions of hexane The combined
hexane extracts were dried over anhydrous Na SO, filtered the hexane
removed tn tacto on a steam bath and the residue dissolved 1 10 ml
of acetone absolute ethyl alcohol mixture (1 1) One ahquot was used
for the colonmetne determination of cholesterol by the method of
Sperry and Webb (1) Two aliquots were each used for the prepara

1 This study was supported by a grant from the Life Insurance Medieal Research
Fund {G-5658) and by a grant (H 2832) from the Natonal Institutes of Health
United States Public Health Service
The paper was presented at the conference by Abraham White
Obtuned from the Holtzman Co Maduon Wisconsin
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tion of total digitomin precipitable sterols The precipitated digrtonides
were filtered onto a weighed planchet and counted 1n a gas flow counter
with a thin end window Counts re corrected to mfimte thnness

Testosterone propionate and estradiol benzoate were kindly supphed
by the Schering Corporition Bloomfield New Jersey

REesurts

The daty which have been obtamed are presented m Tables I and IT
In Table I are data for ammals studied duning the pentod Apnl to Octo
ber 1957 while the dath m Table II have been obtuned dunng the
period October 1957 to February 1958 The daty are duided i ths
manner because of the differences between the results obtamed 1n the
two penods mentioned In the mmtial experiments the extent of m
corporition of ridioactvity from acetate 1 C** into digttonin preaipitable
sterols by rat hiver shices was sigmficantly greater (approumately 2-3
times Table I) than that seen i the subsequent studies (Table II)
The lower values i Table IT have been consistently observed m data
obtamed since thit time and there 1s s yet no explanation for the
euher higher mcorporation values The lower values observed as 2
consequence of fasting the ammals prior to sacrifice are a well
established phenomenon (2)

It will be seen that m either group of data ler shices from normal
fed female rats incorporate approumately twice as much total radio
actvity from acetate 1 CM 1nto the digitomn precipitable sterols as do
Iver shees from normal fed male rits  Laver shees obtamed from female
rats 4 weeks fter castration show a sigmficant reduction m ther extent
of mcorporation (Table I) In contrast castratron of the male rat or
treatment of the castrated animal with testosterone proptonate does not
alter the capacity of hver shices to meorporate ridioactuity of acetate
1 CM into the digitonm precipitable sterol fraction On the other hand
the data 1 Table II suggest that castration of the female or treatment
of the latter with estradiol has not m the later senes of experments
altered sigmificantly the extent of mncorporation from that seen with hver
shces from normal female rats These data are m contrast to those of
Table I

Thus the data are at present difficult of mterpretation The amumals
represented by the data n Tables I and II were housed fed and
handled 1n 1dentical manners

It may be mentioned 1 closing that ad ation of hyd tison
to normal male or female rats appears to depress mcorporation n vitro
of radioactwity from sodum acetate 1 C!* into the digitonn precipitable
sterols of hver shices from these ammals This 1s stkingly the case if
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the amimals lose weight during hormonal treatment although 1t has also
been scen in expeniments 1n which the amount of hydrocortisone njected
did not cause weight loss

ReFERENCES

1 Sperry W M and Webb M ] Biol Chem 187 97 (1950)
2 Tomlins G M and Chakoff I L J Biol Chem 136 569 (1952)

Drscussion

Bovp IfI could show two shdes to illustrate the pomnt that the rate of cholesterol
synthesis in the hver the serum cholesterol level and the hver cholesterol levels
scem to be related 1 a complex manner We have performed experuments 1 which
we studied the serum cholesterol of castrated male and female rats “ow m Dr
Whites expenence the rate of Iiver cholesterol synthesis of the male castrated
ammals 15 only slightly above that of the intact ammals and we find that castration
m the male rat has hittle influence on the serum cholesterol level (+107) In the
female Dr Vwhite has shown that there 1s marked depression of hepatic cholesterol
synthesis after castration while we have found that m castrated females the serum
cholesterol level 1s markedly mereased (43077 )

RosenFErp Dr White m the second part of your expenment when the per
cent counts mcorporated were decreased mn your ammals was the measurement of
the total cholesterol the same as you have previously measured®

Write It was

RosexFerp 1 wonder if you could comment about the stabibty of the acetate
which you used Do you have any mformation on that®

VWaire Ve have checked this Dr Rosenfeld I would like to think that we
have considered every one of the more obvious vanables Something occurred
rather abruptly in our studtes to the actmity of the incorporating system The sex
difference still obtams but the incorporating activity of the system has declined
very markedly We have been totally at a loss to understand this and we have
cheched many things except the season of the year

Kexparr It seems to me that you have controll d everything except for the
length of daylight It has been shown that n vanous speces of anmals particularly
buds a great many physiological functions can be related to changes 1n length of
day Maybe you are demonstrating 1t in rats

WmneLsr  May I nterject at thus point® Dr Pickford who keeps mmnows in
a wine cellar 1 an old house m New Haven for the purpose of stodyng these
creatures has noticed that the normal fish who are now outside of the apparent
influence of the seasons sull come mto season at the proper tune of year although
they are i stable 1 d ble to those of your rats So
1 think 1t doesnt necessanly follow that the artificial maintenance of the steady
emvironment elimmates these effects

Wame  As the sprng season wall soon be upon us we should know

Prcx 1 may not have heard st but  as the age and sevual matuntv comparable
m the two series?

Wrmire  The age was comparable whetl er the sevual matunty was comparable
T am not certan  This was not studied

Fumaan 1 was just wondenng if Dr White hus cheched the rat chow for
possible contamination with estrogen
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Wuire No

Dree I was goung to commient on the same thing that different batches of
diet can throw off our estrogen assays and I thisk perhaps you Dr Pmcus have
11s¢:] noticed the same thing So we have shifted over to a synthetic dret for such
studies

Werrnessen  On this sex difference Dr Whate 15 thas seally more bogenesss
or 15 1t more turmover 1 those livers® Do you measure the amount of cholestero!
before and after wcubation® M not and if it eannot be I would ke to suggest
that you wse the sorta of these amumals There 15 work published by Essley and
Prtham which indicates that yon ean measore real changes in cholesterol concentra
ton m comparable preparations of the aorta in citro

Witrre I think perhaps the word biogenesis is correct since new cholesterol
molecules are bemng formed We nre not snfernng net synthess We are measurmg
mecorporation of asotope mto cholesterol this 15 probably more closely related to
turnover of cholestero]l The term digitonin precipitable sterols” 15 preferred to
cholesteral or to quote Dr Schwenk “cholesterol and its companons ™

Stavien  Dr White d that the yd: treated 1at
an merease 1 lnver chol 1 and a dey of cho-
lesterol synthesis Are there any observations relating to Lpemia i these rats and
to the time course of these events? 1 pose this question because 1n the chuck hydeo-
cortisone induced a marked hyperbp T g with d adh
for several weeks Particularly during the easly phases of this phenomenon tracer
studies camed out in cooperation with Gordon Gould indicated a considerable
1ncrease 1 synthetic rate of cholesteral from labeled acetate

Winmre We did not measure the level of serum Iprds The inhibiwwon of m
corporation can be scen with a dose of hydrocorhisone which does not cause a loss
m body werght It 15 very easy to depress incorporation of acetate mto cholesterol
1 lner slices of anumals by merely producing a depression m body weight If you
gve enough hyd or another suk which restets food fntake and
produces a Joss of body weight you can show this phenomenon  But these anmals
&id not lose weight

Porjdk I thunk that some of mv observations made on the Iner of pregnwnt
rabbuts during the second part of pregnancy may be televant to some of Dr Whites
tesults  Dunng the second half of preg there 13 an d dep:
of cholesterol synthesis 1 have never scen anything lke 1t Jt 1s about 1/100 of
the normal and at the same time these animals develop very very marked hypo-

hol ) Thewr serum chole ! valoes declne to 5-10 mg % I dont hnow

the hormonal pattern 1 sabbits but I bebeve that dunng the second half of the
term thewr progesterone predommates and 1 wonder if anyone has studied the
effects of progesterone on cholesterol synthesis .

\fmey Dr White pomnted out that the terms cholesterol brogenests™ or “syn
thesis were not stnetly correct Would you say Dr White that the term in
corporation” 15 strctly correct®

Wrrre I said “incorporation” was a more correct term although new cholesterol

lecules are bemg b h d

Mizcxe  Your data then fail to d a of chol 1 synthesis
between male and female but do demonstrate a difference of acetate C!4 incorpora

tion It may very well be tht the femnle has o larger acetate pool
wWinre It 1s possible
Gourn  Tn liver shee stu

Casted

dies the size of the acctate pool can be both deter
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mmed and mamntamed essentiilly constant by adding enough acetate so that the
dilubion due to the endogenous acetate present n the liver or produced dunng in
cubition 15 relatively ummportant We use 5-10 mg of acetate per gram of hver
slices routinely and have not encountered inhibitory or tovic effects at this level
The acctate concentration 1s about 0003-001 Vf If the results are expressed in
tenns of per cent of the C1 wcorporated they may of course depend on how
much C14 was wsed as well 1s on how rapid the cholesterol biosynthetic rate was
We believe it 15 preferable to express the synthetic rite 1 terms of micromoles of
acetate converted 1ato cholesterol per gram of Iner shees Enough acetate must be
present m the medium 10 all expenments so that it constitutes an infinite reservoir
and 1t must have a constant specific actmty Then one can really measure the
cipcity of the Iner tissue to synthesize cholestero! i other words the rate of
synthes:is not merely the amount of mcorporation This 15 not strictly speaking
“turnover” because the rate at which chalesterol 1s being broken down 1s not known
If one uses only trace amounts of acctate C4 the size of the endogenous acetate
pool will be a factor and the results will be dificult to interpret

Warre  Yes Dr Gould there 15 a relationship of acctate concentration to degree
of imcorporation mto cholesterol One of the problems that one runs into 15 that
Tugher concentrations of acetate actually seem to mhibit mncorporation and the only
way practically to get around this 15 to use acetate with 2 ucher speaific activtty
We have started with approumately 150000 to 300000 counts n the form of
0001 \f acetate

Micn  Wiath respect to Dr Gould s pcun! dm the addihon of summent acetate
would obwate the necessity for rdentify between
thesis and acetate incorporation we must cunsxder Just how the expeniment 1s per
formed In most mstances weightless counts of acetate are actually added and
thus one fails to mfluence the size of the acetate pool Even of such low specific
actvity of acetate were included so as to equalize acetate pool size we would still
be faced with the problem of acetate mhibiton that Dr White pomted out
addition to the fact that we are not sure as to Just what the acetate pool con
figuration 1s 1mmedsately pror to wmcorporation It seems that this entire matter of
synthesis” and incorporation  has been too long loosely considered synonymous
and when one attempts to be precise he finds that results obtamed by the in witre
approach are almost umversally mdicted
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The Arterial Wall as an Organ'
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Much of the current research work and literature on atherosclerosis
1s formulated on the proposition that too much of something 1n the diet
leads to too much of something in the blood and this in tumn leads to
too much of something 1n the blood vessel wall These postulates imply
that filtration 15 the method whereby the novious eccess accumulates
the blood vessel wall The purpose of this presentation 1s to review some
of the existing data which are difficult to reconcile with this filtration
hypothesis and to emphasize other data which mdicate that the artenal
wall 15 something more than 2 passive filter and that 1t 15 mdeed an
organ 1 every sense of the word

Dara DirFicurt 10 RECONCILE wiTH FrLrmaTion

On the theoretical side the sumlanty 1n the chemical composition
of the liprds on the two sides of the endothehal barner n the earhest
stages of atherosclerosis would seem to support filration My physicist
friends tell me however that this very similanty constitutes strong evi
dence agamst filtratton and that molecules of such drversified size shape
electrical charge chcmeal position  and fi such as

hol 1 chol 1 esters phospholipids and tnglycendes could

not be expected to “flter at a uniform rate which would be necessary
to account for the similanty mn relative proportions of these hpds m
the early lesions (fatty streaks) and n the blood On the other hand
easily hltrable building umts such as acetyl CoA could be fabrcated
by the cells of vartous organs mcluding the artenial wall into common
end products on both sides of the endothehal membrane under the
wfluence of various hormonal and enzymic systems

On the more ) side the app of the lesions their
size shape and dsstribution 1in both man and experimental anmmals does
not suggest filtration as the method of thewr formation The spotty
unpredictable size and shape of the lesion mcluding at times very sharp
outhnes of mdividual lesions are dificult to explam by any mechamsm
but to the author forces that imply dynamic movement under hormonal

1 Supported by grants fram the National Heart Institute
123
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wmd enzymic 1s well as physical 1nd chemical control render some of
these difficulties less mcongruous than those that unply passive m
filtration

Further chemrcal analyses of normal and sudanophilic areas i the
arternal wall have shown a consistent increase in cholesterol and other
Iipids 1n the sudanophilic areas in any given aortr but have faled to
reveal 1 cntical Jevel of ipid concentration above which sudanoplula
15 constantly present and below which sudanophilia 1s constantly absent
Furthermore the average concentration of one of these Iipds (cho
lesterol) m the normal (nonsudanophilic) aorta 1n the Negro race n
the age group from 11-15 years was 23 times as great as mn the aorta of
the white rice m the same age group 'Thus analyses of umnvolved
normal areas m some 2ortas have yielded a higher concentration of
cholesterol thin mvolved (sudanophihic) areas in other aartas (2)
Hence local factors other than cholesterol concentr thon (and probably
that of other liprds) must determine the presence or absence of lesions
and some metabolic gradient must be mvolved in this determmation

On the experimental side there are two masses of data that have ac
cumulited over the decades that just do not fit n with the concepts of
filtration  The Srst of these has to do with the prolonged period of cho
lesterol feeding mnecessary to mduce atherosclerotic lesions m rabbits
chickens hypothyroid dogs or m whatever species and under whatever
conditions one elects Despite the fact that the blood cholesterol level
begms to nise 1 the first week or two of cholesterol feedmg pid m
filtrations m the artenial wall are rarely demonstrable before the thud
month of such feeding and with some species of ammals many more
months of cholesterol mgestion and sustained hypercholesteroleyma are
required before predictable lesions make thew appearance Further
more there 15 no strict correlation between the degree of rise i blood
cholesterol level and the degree of lesions While 1t can be stated that
some elevation m blood cholesterol level 1s usually prerequsite for
lesions everyone who has worked with ammals 15 famibar with the
occastonal finding of ammals with marked hypercholesterolemsa that
just do not have lestons

The second mass of data that has accumulated 15 even more dam
nable to the filtration hypothe 15 namely those data showng that certamn
hypercl 1 olem1as can be d; d from atherosclerotic lestons
Duff and McMillan (1) McGall and Holman (7) and others have fuled
to find atherosclerotic lesions in rabbits made drabetic with alloxan
despite prolonged elevations of blood cholesterol levels Kellner ( 6) and
others have produced simular or even more marked hypercholesterolemia
1w rabbits with mtravenous mjections of detergents such 1s Tween 80
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and Triton A 20 without any resulting artersal lesions  The same 15 true
of the “hpid mobilizing factor” of Seifter (8) about which you will
her more Inter 1 this program

Thus there are theoretical experimental and human data that are
difficult to reconcile with the filtration hypothesis imphed m the se
quence (1) “too much of something 1n the diet” (2) “too much of
something 1 the blood ™ and (3) “too much of semething 1n the arterzal
wall” This does not mean that diet and filtration are not involved mn
atherogenesis but 1t does mean that the direct appheation of this se
quence 15 an plifi of the probl In the der of the
time allocated to me I would hke to call attention to eusting data
which indicate that the artenal wall 15 something more than a passive
filter that it 15 mndeed an organ m every sense of the word and that 1t
plays an active role in atherogenesis

Dorland defines m organ as a part of the body htving a specialized
function The basic questions 1bout the artenal wall are (1) How big
15 1t? and (2) What does 1t do®

If for the moment we estimate very roughly the total weight of
the vanous segments of the artenal wall as follows

1 Elastic arteries (aorta carotids and subelavians) 100 g

2 Muscular arteries 300 g
3 Artenoles 1000 g
4 Capillanies and b \ 3000 g

we can assign the percentages for the various components shown m
Table I and end up with the total weight m grams shown in Table 11

Even if the estimated proportions of the vanous tissues vary by as
much as 50% and the total figures are as much as 2-10 times greater
than reality 1t 15 obvious that we are dealing wath a sizable organ
possibly as large as the liver and bone marrow combmed and approach
g the order of magmtude of the blood itself This system of tubular
umits must be m a constant state of activity—both physteal and chemical
—for Ife itself depends upon it Furthermore the vanious component
tissues of this tubular system must be m dynamic equlibnium with
all the other tissues and organs of the body for 1t 15 this grve and take
between the vanous fimd and formed elements of the body that con
stitutes hfe

So much for the i tissues and d size of the organ
‘What are 1ts speciahized functions® The transport of blood 1s an obvious
function but he who considers the artertal wall as a cast won pipe or an
wert filter will make no lasting contnbution to our knowledge of biology
An mereasing body of evidence pomts to great metabolic actvity by the
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arterzal wall It burns sugar consumes ovygen and hberates carbon
dioade  Furthermore 1t synthesizes cholesterol, phospholipsds tn
glycersdes mucopolysaccharrdes proteins and many other substances
It 15 capable of various degrees of regeneration and 1t responds promptly
to varous types of stimuli In short 1t his many specialized functions
and All the attnibutes of an organ

TABLE 1
Estisiate oF PERCENTAGE CovposiTiov oF Tisste ¥ Vamous Types oF VESSELS
Elastic Muscular
artertes artenes Arterroles Capillanies
o (%) (%) (7} (%)
Endothehum 2 5 5 40
Reticulum 3 5 5 40
Collagen 5 10 10 10
Elastin 20 5 35 —
Smooth muscle 20 40 40 -_—
Areolar tissue 20 5 5 —
Ground & cement
substances 30 30 30 10
TABLE 1I
Estisate. TotarL Size BY Covironent Tissves 1v Gravs
Cement
ground Areo

Endo Reticu Col sub  Elas Smooth lar
thelum  lum  Jagen stances tn  muscle tissue  Total
fagen stances b muscle Gwe o

Elastic

artenies 2 3 5 30 2 2 2 100
Musculir
artenes 15 3 g0 15 120 15 300
Arteroles 50 100 300 50 400 50 1000
Crpillartes 1200 300 830 — — — 3000
1200 300 30 @ — = — 30
Total 1267 435 20 85 50 85 4400

I will not go mto 7l the histologic and ult details of
this organ but suffice 1t to state that they yield confirmation for meta
bolic activity mn the form of mitochondria ‘Golgt apparitus nd endo
plasmic reticulum

The artenial wall 1s the only pulsatile organ in the bodv and the
full sigmficance of this umque property has not been apprectated If
we lgok at 1 cross section of a portion of this organ we cin imagme
a pnmary pulse from the lumen but a counterpulse from the

not onl
. rum nd I camot help but believe that this turbulent environ

vasa vasol
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ment affords opportumties for physico chemical activity that are Iching
or limited 1n other parts of the body

Time does not perrmt other considerations about this mteresting
organ  In the remaning time allotted to me I would like to pomt out
how some of the perplesities of atherosclerosis begmn to resohe them
selves when the artenial wall 1s looked upon as an organ i its own nght

Local accumulation of lip:d and other substances in other words
the lesions of atherosclerosis can result from (1) Increased filtration
(2) Increased local formation (3) Decreased local removal (4) Any
dispanty between these 3 factors that favors local accumulation

I have already presented data showng that passive filtration cannot
be the total answer to the problems of atherogenesis This morming
Milch Gould and others showed that simple building stones can be
com erted to cholesterol and other lipids under a vanety of conditions
I am sure that Drs Werthessen and Zilversmut who follow me will
present evidence for biosynthesis of vanous lipids by the artenal wall
The enzymic data of Gordon and others indicate metibolic work by the
artenial wall and the electron h reveals the p of meta
bolic mactunery m the form of hondrin Golg: app and
endoplasmic reticulum

The natural history of atherosclerosis as we see 1t at postmortem
exammations in man further emphasizes that atherosclerosis 1s an active
metabolic process under hormonal and other controls To date we have
examined over 2000 aortas and several hundred coronary artenes from
mdividuals ages 1-40 performed m 8 widely scattered geographuc areas
(New Orleans Spain England South Africa Guatemala Colombra
Costa Rica and Puerto Rico) Our studies to date (4 5) have mn
dicated that atherosclerosis develops by defimte sequential stages
(1) fatty streak {2) fibrous plagues (3) comphcation (eg thrombosss
or hemorrhage) and (4) clinical disease and that each stage 15 a neces
sary precursor to the followmg one The factors responsible for suc
ceeding stages may be and probably are different from those that

mtiated the first stage (atherog ) Thus Ihigent therapy must
take cognizance of these different stages because that which may be
effective agamnst one stage may be meffectine or even d d

against another stage

Most of our studies to date have been directed toward the first stage
fatty streak as we are convinced that prevention or retardation of this
stage will prevent or retard all subsequent stages No fatty streak no
fibrous plague no fibrous plaque no plications  no p
no chucal disease 1f each Ik m this chain of pathogeness 15 sound
no fatty streah no clmcal disease
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Several findings of mterest have emerged from these studies {3}
this age group up to 41 years

(8) Every child beyond the age of 3 years m all parts of the world
thus far sampled despite the widely varytag genehe and environmental
bachgrounds sepresented by the § geographic areas studied has shown
some degree of sudanophilic fatty streakmng of the aorta and ths has
been confirmed by istologic and histochemical studies This has raised
seripus fundvmental g abaut the defi of normal” and
the relationslup of diet to wtherogenesis

(b) The degree of falty strealung of the 1orta i cases of sudden

dental death (automobile accidents gunshot wounds ete ) has been
as great or greater than it has been mn cases of death due fo natural
causes Thus the termunal sllness 1s not the determming factor

(¢} In all parts of the world that have been studied thus far a rapd
merease 1n fatty streaks {expressed as percentage of the mner surface
of the aorta that stans red with Sudan IV) has cccurred between the
ages of 8 and 18 years Thus has suggested a relationship of athero
genesis to the hormonal changes of puberty

Other studies related to race age sex pnnespal cause of death and
associated findings such as hypertension hypercholesterolema diabetes
werght gam or weight loss are 1 progress and will be reported as suf
ficent data for statistical analyses become avalable The fndmgs fo
date however are sufficient to warrant certam tentauve conclusions

The tempo of the natural Justory of atherosclerosss 15 m terms of
months years and decrdes—not that of 3 meals per day Our anatonue
studies are more casily mterpreted mn the hght of mereased local forma
ton of hpids (by mesenchymal cells i the mner layer of the arteral
wall) and/or decreased local removal of Iynds than they are m the
Iight of Bltrwon of hypads from the blood  The evidence from our studies
substantiates that from other sources m wmdicating that the artena!
wall normally forms and turns over to the body economy {metabohic
pool and fat depots) certan bipids not unlike those that are normally
found 1n the blood mnd the local accumulation of these Ipids i the
arterial wall results from some breakdown mm this normal turnoser
mechamism

If chet plays a role m ~therogenesss and there 15 ample evidence
that 1t does st does 50 not by flooding the fltermg capaaity of the ar
tersal wall wath cholesterol ehylomicrons or hpoprotesn compleses but
by upsetting scme of the safety valves (hormones? enzymes?) that
wormally protect the artenal wall

In summary I would ke to emphasize the rale of the artesnl wiall
as an organ and express the belief that progress i the conguest of
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atherosclerosis will vary directly with our knowledge of the factors
(hormonal and enzymic) that govern the metaboltsm of the mesenchy
mal cells 1n the inner layers of this pulsatile organ

€t =
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To facilitate matters for the discussion that may ensue at the end
of this presentation and to lead mto the presentation of the work 1n our
laboratonies that 15 germane to the subject matter of this conference
two pomts of background mformation must be presented

The first item 15 the techmque employed e perfuse aortis How
ever we do not perfuse them as a perfusion 1s commonly understood
Vie approximate cultunng the organ to the extent that growth and
reparr of structure are seen grossh Dr Holmans group 1s pnmanly
interested 1 organ and cellular architecture Consequently for our
effectve collaboration 1t was a matter of some moment to them
whether or not the aorta we maintained i vitro bore any resemblance
to the aorta as they knew 1t n sifu

When a calf's aorta 15 mounted on the pump the vasa vasorum
are seen as fine red lines on the surface of the vessel The arteries are
hgated at a sufficient distance from thewr root i the aorta to avord
mjury to the ongm of the vasa That the vasa are patent 1s checked
by first flushing them with Tyrode solution and then observing their
fillmg wath blood when the perfusion begins

Studies by Dr Holmans group of perfused calf aortas have shown
that there are as would be expected areas of damage 1n the cells It
15 also clear from these same studies that there 15 a great deal of healthy
living tissue (2) Electron microscope studies now in progress are con
firming the earlier work

This brings us to the second pomt to be made That 1s that the
procedure of taling an organ out of the body stripping 1t of all
connective tissue pushing and pulling on 1t m the fashion requisite to
get 1t clean tie up the efferent vessels and finally to get 1t mto position
m 1ts glass contamer 15 mevitably a procedure that will traumatize the
organ However the trauma 1s not so great as that which would occur
if microorgamsms were growing n the preparation m addition Then
one does not need electron microscopy to show damage Finally the
frauma m no way even approumates the trauma imposed on cells when
they have been sheed into “tissue shees ” kept 1ce cold for a while and

finally suspended in krebs buffer to do what the observer wishes to
study
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Ths factor of trauma 15 emphasized here because we fecl that a
neglect to recogmze 1t has had a tendency to place emphasis on certam
organs and their contnbution to the bodys economy as regards hpds
that might not otherwise hawe occurred Also we wish to have 1t
recogmzed that 1n our own work 1t 15 an injured organ which 15 re
spandmg to the agents ind conditions to be described Consequently
we may be emphasizing certain facets of nortal function which tn situ
are not as promnent

The studies to be discussed were mitiated at the Worcester Founda
tion when Dr Schwenk and the nuthor (1) were able to show that
in this system of perfusion the hewly traumatized hver rather than
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Fic ! Glucose consumption Relation between consumpbon of ghicos by
the aorta and ratio of the final concentration of cholesterol found within the gorta
to mmnial concentration

the more gently treated made racdioactive cholesterol from C* Tabeled
acetate most efficiently This finding suggested remvestigating the
capacity of a number of other organs mcluding blood and the aorta
to convert labeled acetate mto labeled cholesterol We found the
capacity present m all those exammed
Later studses 1n collaboration with Dr Milch (4) demonstrited that
not only did the aorta synthesize cholesterol from acetate but 1t abo
accumulated cholesterol while bemg perfused Figure 1 shows the
relationship found between glucose consumption by the aort1 and :he
lation of choll 1 1 72 hour exp ts The rel )s
suggests that cholesterol accumulation under these conditions s a dy

namie process )
At this pomt we decided to revise our approach We placed our
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prime emphasts on the question “Can the ipid metabolism 1 the aorta
be regulited 1 1y way?”

Blood pressure 1s a possible control was frst studied The average
of the systolic and diastolic levels of the lower range of pressures was
approumately 100 mm of Hg that of the hugher was about 200 mm
Ench expeniment w1s run for precisely 24 hours At zero time carboxyl
labeled acetate was added to the system

The results are shown m Figs 2 and 3 and Table I From these 1t
15 appent that (a) under hypertension the accumulation of cholesterol
(AC) 1n the 1orta 15 predictable ind that this nccumulation 1s 2 func

TABLE I
Accuvuratian oF Cl¢ pront ACETATE INTO AoRfAL CHOLESTEROL Dm\mc 24 Havr
ExpERIMENTS UNDER HYPERTENSIVE AND N C BY

Derervemning Toran Raproactvity Count Per MiNuTE oF THE CroresTeRoL
™ THE ORGAN

Total Total Total
count per count per count per
Glucose munute of minute of munute of
consumption aortal perfusate chalesterol
mg /gm cliolesterol cholesterol m system
Perfusion wet weight/ (TCa) (TCp) (TCs)
no 24 hours X 10 X 10 X 10
High pressure
128 186 25 211
221 131 190 181 371
224 202 70 15 85
226 166 108 38 146
298 259 71 15 86
229 383 168 74 240
210 236 84 1 95
245 222 151 89 240
248 233 105 3e) 216
250 341 311 43 354
251 194 143 27 170
Average igh pressure 227 144 57
Low pressure
215 206 589 22 611
219 338 229 101 330
251 163 330 51 381
266 214 499 118 617
330 218 365 18 383
336 319 152 265 417
332 209 285

Average low pressure 238 350
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tion of the mitnl concentration (C;) (b) at 100 mm of Hg there 1
no such predictability (¢) from the significant difference m C* tter
of the cholesterol obtaned from these aortas there 1s addittenal proof

q

-

4G

| } | | N
r._c,3 £} 5

Fic 2 Relationslup at huh perfusion pressure (200 mm Hg) of the change
m concentration AC to the ongnal concentration C; of cholesterol i the aottic
wall expressed in mg /gm dry weight Each pomt represents one perfusion whih
Jasted precisely 24 hours

c’__

AC

i z 3 0 3

|
Fic 3 Relationship at low perfusion pressure (100 mm Hg) of the change
1n concentration AC to the onginal concentration C, of cholesterol i the aortic
wall expressed 1 mg /gm dry weight Each pomt represents one perfuston which
Jasted precisely 24 hours
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from an cntirely different parameter that pressure alone 1s able to
mfuence markedly the metabolism of cholesterol in the aorta
From other experiments we had found that estrone could over a
72 hour period of admumstration to a perfusion alter the aortas n
7 of C™* 1nto chol 1 These data plus the results of other
workers suggested extending the observations to cover more hpids than
cholesterol alone (5) Dr Nyman of our group thereupon devised 1

10000:

1000

cpn

100

10 Ll +

1 L} 3

do 700 300
FRACTION NUMBER

Fic 4 Dupheate chromatograms of the samte sample of aorta bpids Each
curve represents the chromatographic analysis of the hpids from 1 g of aorta tissue
It will he noted that the ordmate (cpm) 1s plotted on a 4 cycle loganthmic scale
which minmmizes the dramatic change w count from fraction to fraction

Tn addihon to showmg the reproducibihty—the dotted curve has been shifted
upwards shightly to facilitate compansons—the two graphs allustrate tre effect of
the rate of solvent flow on the separation attamed The first half of the chromato-
gram represented by the sold e was run mote slowly the last half more quickly
than the chromatogram shown as a succession of dots It will be seen that the
sharpress of the peaks 1s increased as the solvent flow 15 decreased

chromatographic procedure using a sthea gel column and various eluates
to separate out a number of lipid fractions He rehed on a Tni Carb
semtillator to measure the C4 1n the eluates taken from the column
These totaled about 300 and produced what we can call a lipid profile of
radwactivity (3) This profile 15 shown mn Fig 4

The profile ndicates that the number of hpids as chemical entities
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that are synthesized by the aorta 15 very lirge Yet later expermments
showed that this profile contams only 1bout one half of the total radio-
activity that can be found i the total hipid fraction of an aorta when
that fraction 15 defined ns maternal soluble m Delsals solution This
profile 15 of nterest from the pomt of view of the number of hpids
synthesized However 1t was too complex and laborious to emplay
mn " routine assay procedure

Accordingly the chr graphic technique was modified to permit
sumplfication 1nd ngid standardization A system that produced 4
peaks of radioactvity was selected To set up a bicassay for chemeal
agents we mvestigated on both a quahtitne and quantitative basis
the relationship between the upper nd lower halves of a calfs aorta
as to therr manner and ability to incorporate C** from labeled acetate
mto lipids  Qualitatwvely they do the same thing Quantitatively they
do not as will be shown later But we were able to design an assay
technique

Both portions are now d 1 ly in 2 separate per
fusions Both portions are nurtured by 500 cc aliquots of a perfusate
that has been made up as a smgle batch Consequently from the bio
assay pomnt of view we can state that we are using the same blood and
the same aorta as both control and expenimental subject The synthesis
that goes on m the blood should obviously be the same in the 2 per
fusions However the top 1nd the bottom of the aorta do not contan
the same amounts of connective tissue per gram Consequently 1t was
necessary to obtam a description of therr interrelationship

This description has been constructed on the simplest of terms  The
aortal halves as removed from the pump are weighed Each s then
extracted for 1ts lyds and the extract treated to remove unused labeled
acetate  An aliquot of this total extract 1s taken and reserved for count
ing ‘The extract 15 called TLy, indicating that it 1s the totality of lipids
obtamed from the aorta and defined as those obtamed by the Delsals
techmque of extraction

A second aliquot of the TLp 1s placed on the chromutogrﬂphw
column and treated according to the prescribed techmque The eluates
are counted and the amount of count n each of the 4 peaks deter
mined The sum of the count 1n the 4 peaks or the total count that
comes off the column 1s called TLc mdicating that 1t 1s the total lipid
as defined by chromatography TL¢ as stated above may contam one
half the C!* titer of TLp

The two values TLp and TL¢ tre then divided by the weight of the
portions from which they were obtuned nd we then have the values
TLy/gram and TL¢/gram for the top and bottom halves of the norta
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Figures 5 and 6 show the onginl 10 experiments that estabhshed
the relationship and the lines for 2 and 3 times the standard deviation
of the computed Iine  Repeat expersments 18 months later fitted even
better than the ongmal pomts

Guven these curves 1t was possible to determine by adding an agent
to one half of an aorta whether its ipid metabolism on a per gram basis
defined as ether TLp or TLg was affected by the agent In addition
it was possible to determme the normal distribution of the 4 peaks
TLc 'These were found to be decently stable as indicated i Table I

TABLE IT
Tue Ramio oF THE C14 Count Founp in THE 4 PEAKS oF A CHROMATOGRAM OF
THe AORTAL Lipms 10 THE ToraL GOUNT IN Tie 4 Praxs or TLy
(The Values and Thewr Standard Dewviztions Were Obtamned by
Analyses of 19 Control Portions of Aortae)

Peak Ratio and standard deviation
T 047+ 0070
it 040 + 0061
ur 004 40013
v 0090027

To present the data obtamed 1n this study we have made use of
the fact that the control m thus particular assay predicts what the ex
perimental portion should have shown knowing what 1t should have
shown permits a companson between the expected” and the “found”
value Thus i Table III where the effect of vanous agents on the
aorta m this system 1s presented the values given are those showing
the degree of departure from the expected value No effect 15 reported
1 the table unless 1t was found to be sigmificant 1n 1ts deviation m 2 ex
penments  That 1s i each of the 2 expenments the smgle deviating
value had to be so far from normal that it lay 1n a range where the
P value for 1t to be normal wAs less than 003

This criterion of sigmficance 15 very mgorous It tends to remove
from the table a considerable number of differences that could be
analyzed for sigmficance if the average value of the controls was
compared with the average value of the assays m 2 more standard
analysis such as the ¢ test

The techmque of assay permits examnation of another facet of
the over all metabolism of lpids 1n the aorta that 15 not too often
considered—namely movement of Iipids out of the aorta There 1s a
great deal of discussion that one can read as to how they move i Tt 1s
our sentiment that the manner of movement of lipids i and out of the
aorta 15 a subject that should be exhaustvely studied
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Studies such as those reported by Dr Gould and Dr Milch and
others show that labeled Iipids mtroduced mto the circulation are to
be found 1 the wall of the blood vessel Perhaps they did filter mto the
region We prefer for the moment 1t least to assume that the process
1s one which 1s a bit more complex than the ward filtration” connates

To make this pomnt a bit more strongly let us first remund you of
our first finding that the accumulation of cholesterol by the aorta was

TOP WALF

——

TLp

© s0 too 200 300 400 500 600
COUNT PER GRAM OF AQRTA
BOTTOM HALF

Fic 5 The rehtionship between the upper or cardiac half of the aorta ar:)(:
the bottom or abdominal portion of the aorta when compared on the basis
the count mn the TLy evtract per gram of aorta The sohd lLnes encompassing
the pomts give the 005 and 001 probabiity levels respectnely The equ;\bo;
of this relationship 15 y = 052¢ + 19 where y = TLy/gram of upper half an
¥ = Tlp/gram of bottom half

directly related to the amount of glucose the aorta consumed If that
cholesterol was filtered 10 from the medwm then the aorta was ap
parently engaging m more work as more filtered mto 1t Sccondly 1an
exp pl g various ations of serum mn Whites sols
tion 15 here very much to the pomt

In Fig 7 15 plotted the ritio (R) of the C** content of choIeslel)’O)
1n the perfusate as related to that m the aorta (open cucles) and to the
whole system (solid cxcles) In these experuments since there “elrs
rmed elements of the blood m the perfusate the prfusate coul

na for
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Top Half

300 fm——

Tl

1 ! l ‘

0 s 100 200 300 350 400 430 500
COUNT PER GRAM OF ACORTA
Boltom Half

Fic 8 The relationship between the halies of the aorta as shown m Fig 5
except that here the exiract used m obtamng TLy, bas been chromatographed to
yeld TL (see text) The 005 and 001 Lnes of probability are shown The
equation of the relationship 15 y = 038t + 18 where y = TLo/gram of the top
half and x = TL, /grom of the bottom

os

02|

25 50 7S5 cu
SERUM COP CENTPATION
Fic 7 The value of the ratio R relating the total count of cholesterol in the
aorta (TC ) and the total count of cholesterol i the perfusate (TG,) as TC/TC
when examimed as a function of the serum dilution employed 1 the perfusate R s
also shown for TC/TC where TC 15 the total count of the system 1e TC + TC,
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not meorporate G nto 1ts cholesterol et we see that as the percentage
of serum m the perfusate rose so did the amount of C* labeled cho
lesterol in the perfusate Or 1n ather words s the percentage of serum
rose so did the movement of newly synthesized cholesterol out of the
aorta and imnto the perfusate

Coming back now to the assay techmque The fact that perfusate
from the same batch was used to perfuse each half of the aorta per
mtted us to compare the hpid moieties of the perfusate to determine
whether movement from the aorta had ocewrred Two fawly obvious
sources of error must be borne mn mind when making the comparison
The first 15 the chance that the agent could induce the aorta to syner
gize synthesis 1n the perfusate the second that it could act on the
perfusate alone The second item 15 eamly cheched The first 15 not
but can for the present be considered as having = low probability of
etstin)

Table I summanzes almost completely our results studying vanous

and The two have now been shown 1n

one expenment each to be achive at the 5-mg level Niacn showed
lesser effect PABA (para ammobenzoic acid) was stll very potent at
that dosage level

In evaluating the data it should be recalled that the cntena of an
effect are extremely nigorous and that buried 1n these data are probably
a great number of interesting capacities

However the objective of the study was to determne 1f substances
known to be able to control biochemical systems (such as vitarns and
hormones) could affect lipid metabolism 1 the aorta and movement
of hpids between 1t and 1ts nutrient flmd The data that are presented
would seem to be sufficient to settle that pomnt

REFERENCES

Schwenk E and Werthessen N T Am J Physol 174 55 (1952)
Sttong ] P McGill H C Jr and Nyman M A Circulation Research §
201 (1957)

3 Werthessen N T Hiahn ] W and Nyman M A Intern Conf Biochem
Problems Lipuls (1956)

4 Werthesssa N T Mikh L J Redmond R F Smith L L and Smth
E € Am J Physiol 178 23 (1954)

5 Werthessea N T Nyman M A Holman R L and Strong, | P Crrculation
Research 4 586 (1956)

o

Discusston oF PApeRs 5Y DRy HOLMAN aND WERTHESSEN

Porjik What was the perfusate? Was 1t blood or some other fund®
WmmEssex  The perfusate consists of defibnnated blood diluted 507 wath
Wnghts solution It 15 nsed betwen 64 and 72 bours after drawing from the donor
Freepsere  Does the fluid contain white cells or platelets?
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Wertnessen  The whte cells and platclets are probably very much reduced
in quantity because of the defibrination

Porpin  In view of the fact that James and Lovelock have demonstrated that
red cells in vitro can synthesize a considerable range of hpids wlich are very
rapdly transferred to plasma hipoprotems 1s it concewable that the resufts you are
getimg i the perfused aorta might be evplamed by the transfer of Lpuls syn
thesized 1n the red cells by Lpoprotemns 1n the blood serum?

Wentnessen  No this 15 not possible We bawve a number of experments
ustng serum alone as perfusate and cholesterol and liprds were synthesized by the
aorta It 15 true that the amount of synthesis that goes on n the ted cell 15 per
fectly fantastic  One of the tateresting pomnts 15 that cholesterol esters are not to
be found Free cholesterol is found Very recent data indieate that it 1s only the
free cholesterol which cames out of the aorta mto the perfusate

Katz  Have you ever thought of using 2 small amount of cyantde m the per
fusate of either the upper or lower aorta and noting what happens®

Wertressen  No we havent Ve have checked this out in other ways This
1s background mformation that we have Dr Ratz I can gue 1t to you later

Aptenspere I have a question for Dr Holman In the ae group data that
vou showed toward the end was there a separation by sexes—males versus females®

Horvan  Yes we hne those data Ve have the most data mn the New
Orleans atea and the male and female negro behave abke The male and female
whites are sumlar The greatest discrepancy ts between negro female and white fe
male the white female being the least involved of the four groups and the negro
female not showing quite the drop that the negro male showed

RaL.  What fraction of the labeled acetate Dr Verthessen was mcorporated
wmto the total ipid say n a 24 hour perod®

WertiEsseN It is of the order of 15

Ounen I think a lot of people herc will agree with these four stages which
Dr Holman elaborates A small cnticism might be that he relates these stages
to precue age groups He will have us beheve that there 15 formation of fat
streaks from age O to 10 that flus becomes mreversible at about 20 fibronc at
30 and by the time we reach 40 or more the climeal comphcations set While
this sequence 15 undoubtedly true all this takes a long time and a collateral o
culation has tme to develop Now there are a number of sitvations where
hypeschalesterolermia will develap comparatnely acutely These are largely en
docrine dusturbances such as following bilatersal oophorectomy dubetes and
myxedema—all condittons where we knov there 15 an increased incidence of
chineal coronary discase and of coronary atheroma Thus i middle age the onsct
of hypercholesterolemia and perhaps of fatty streaks may occur over « shorter
periad than these stages indicate  Might it not be the case that we should think
1 terms of reversibility of fat depositian on the arterial wall at a later age than you
suggest? We must not fust assume that at muddle age we are dealing with 2 fibrous
Jesion and that all the work of developini, methods to lower cholesterol levels 1
m vamn One cannot but be mpressed by some of the observations that have
come out of the prisoner of war camps m Europe when 1 associttion with extreme
starvattan there was remarkable freedom from coronory and aortic atheroms

Howaax 1 agree with your statement about dict It 13 obviously an over
sumphBcation of the problem to divide the lesions into four stages One stage does
siot suddenly stop and another begn  The formation of fatty streaks does n:t
end at age 20 25 or 30 Some cases even in advanced ages show fatty streahs
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m the process of development Now to come back to your second question amply
ing thit hypercholesterolermaa lters the natural history of this sequence of events
the ewvidence for this mmphcation must be rechoned as presumptive rather than
proven When we see fatty streaks developing in all indiiduals above 3 years
of age (and frequently before age 3) it 1s difficult for us to beheve that each of
these cluldren has had hypercholesterolemia hypertension or some major upset
m hpid metabolism It 15 much easier for us to think of this process as being
“normal and of the artenial wAll as bemng a factory 1n its own nght In other
words the wtenl wall normally forms and turns over to the body economy (meta
bolic pool and fat depots) hipids not unlike those normally found m the blood

Voice T would Iike first of all to express my pleasure at scemg a reminder of
the stages of atherosclerosts and their cvolution from fatty stretks to pearly plaques
contamng; hpid n the base to supenmposition to further hpid  vascularizabon
and development of compheations m chnteal disease 1 thmk 3t 15 a healthy pomt
m this conference for us to be reminded of this and to be reminded of the fact
that an abihty to stop or reverse the process at any of the earlier stages 15 all 1
portant for the check of the later stages Now with regard to that I think Dr
Holmans data particularly on the internitional companson pomt up and focus
on the area of concentration and 1 would appreciate his comment on this namely
what 15 responsible for the regression of streiks and the failure of pearly plaques
to develop when that happens and on the other hand what 15 responsible for
the further development of plaques nd the supenmposttion of further lipid on
those plaques® I think that 15 1 critical question  Those of us who have worked on
atherosclerosis and have said that this 1s the ground lesion the fundamental for
the whole process welcome this and pomt out that these are very sumlar to what
1s studied 1n experimental animals It 1s of great interest to us with respect to the
findings 1n the negroes versus the \ hites m New Orleans and particularly the
findings on the negro women that these findings anatormcally parallel the vital
statistics 1 a aity bke Chicago and in the United States as a whole namely a not
dissmilar finding with respect to death rates m mddle age 1 the 40s and 505 1n
negro and white males due to coronary disease and a much higher rate of chmcal
coronary disease mn negro women as a cause of death than i white women One
can think of at least two possible explanitions as hypotheses 1 this recard althaugh
there are certamnly other factors to be considered namely the much greater m
exdence of hypertension 1 negro women and the much greater moidence of obesity
n negro women Now with respect to this set of data I wonder 1if Dr Holman
could expand on the situation m the as paralleled or not parilleled in
the aorta

Hounan  That 1s quite a big order  Your first question 15 the $64 000 question
and your second question 15 the $164000 queshon These are the two questions
for which we would ke to have answers The cntical pomt of mterest i our
research study at the present time pertams to the two fates of the fatty streak
(1) progression to fibrous plaque or (2) reversibibty and disappearance I have
been trying to entice some of my biochemical friends mto domng mucrochemical
analyses of the hpids at these two ends of the fatty streak If the chemucal com
positien of these two ends 15 the same our problem 1s one thing of it 15 different
our problem 15 somethung else We are stymied for lack of these chemucal analyses
but 1 am shill hopeful that we will be able to get them

Your second question 15 more to the pomt and 15 subject to partial answer Ve
have only recently started evpanding our studies to the decades bevond 40 vears
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Wertnessen  The white cells and platelets we probably very much reduced
in quantity because of the deBbrinatron

Porjix In view of the fact that James and Lovelock have demonstrated that
red cells in witro can synthesize a considerable range of lipids which are very
sapidly fesred to plasma hipop It ible thit the results you are
getting m the perfused aorta might be explamed by the transfer of lpids syn
thesized 1 the red cells by Iipoproteins m the blood serum?®

WerTitesseN - No this 15 not possble  We have a number of evpenments
using serum alone as perfusate and cholesterol and hpids were synthesized by the
aorta It 1s true that the amount of synthesis that goes on in the red cell is per
fectly fantastie One of the mteresting pomts 1s that cholesterol esters are not to
be found Free cholesterol 15 found Very recent data andicate that 1t 15 only the
free cholesteral which comes out of the aorta mto the perfusate

Katz  Have you ever thought of using a small amount of eyanide m the per
fusate of either the upper or lower aorta and noting what happens®

WerTHESSEN No we hasent Ve have checked this out 1n other ways This
1s background snformation that we have Dr Ratz I can gne 1t to you later

Avrerssere I have a question for Dr Holman In the age group data that
you showed toward the end was there 2 separation by sexes—males versus females?

HoLman  Yes we have those data We have the most data m the New
Orleans area and the male and female negro behave altke The male and female
whites are stmilar The greatest discrepancy is between negro female and white fe
male the white female being the least mvolved of the four groups and the negro
female not showing quite the drop that the negro male showed

RaLr  What fraction of the labeled acetate Dr Werthessen was mcorporated
mto the total Ipid say 1n a 24 hour perod?

WertnesseN It 15 of the order of 19

Ourven I think a lot of people here will agree with these four stages which
Dr Holman elaborates A small cnttism might be that he relates these staes
to precise age groups He will have us believe that there 1s formaton of fat
streaks from age O to 10 that this becomes wreversible at about 20 fbrotic at
30 and by the time we reach 40 or more the chmeal compheations set m  While
this sequence 1s undoubtedly true all this takes a long time and a collateral crr
culation has tme to develop Now there are a number of situations where
hypercholesterolemia will develop comparatively acutely These are largely en
docrine  disturk such as foll g bilateral ooph duabetes  and
myvedema—all conditions where we hnow there 15 an mcreased incidence of
chnical coronary disease and of coronary atheroma Thus i middle age the onsct
of hypercholesterolemia and perhaps of fatty streaks may occur over a shorter
penad than these stages mdicate  Might 1t not be the case that we should think
1n terms of reversibility of fat depositon on the artenal wall at a later age than you
suggest? We must not just assume that at middle age we are dealing with a Ebrous
lesion and that all the work of developing methods to lower cholesterol levels 1
m vam One cannot but be ympressed by some of the observatons that have
come out of the prisoner of war camps 1n Europe when 1 assoctation with evtreme
starvation there was remarkable freedom from coronory and aortic atheroma

HoramaN I agree with your statement about diet It 15 obwiously an over
simplifcation of the problem to divide the lesions into four stages One stage does
not suddenly stop and another begin The formatien of fatty streaks does nft
end at age 20 95 or 30 Some cases even in advanced ages show fatty streaks
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Phospholipid Turnover in Atheromatous Lesions'
D B ZvERswrT
Department of Physwlogy Unicersity of Tennessee \lemphis Tennessee

In the study of atherogenesis the cholesterol fed rabbut has played
a significant part This ammal exibits early and pronounced hyper
cholesteremia and hyperbpemia which 1s followed by clearly wisible
accumulations of sudanophiltc matemals 1n the aortic arch and i the
descending aorta The fact that this disease 15 produced by cholesterol
feeding and that, m the early days cholesterol was more eanly detect
able than any of the other lipid fractions has given the impression that
atherog 15 d and d by an ab hty m the
metabolism of dietary or endogenous cholesterol It seemed quite nat
ural to assume that, 1n the rabbit at least, the dietary cholesterol ac
cumulates 1n blood and 1s then deposited n the artenal imtima
Houwever the sharply arrcumsenbed localization of these lesions 1s not
easth reconctled with the idea that fat deposition 15 a result of “col
loidal instabibty” of blood hpids smee on the basis of this theory one
would expect a farly umform accumulation of artenal ipids An ab
normality in the metabolism of artenal tissue might on the other hand
reveal the reasons for a local aggregation of ipids The fact that several

) hosoh

myvestigators have found d of des m ar

terial lesions simulated us to study the factors ifluencing the accumula
tion of phosphatides 1n the arteries of cholesterol fed rabbits

Usually atherosclerotic rabbits were produced by the addition of
1 g of cholesterol dissolved n 28 g of hydrogenated fat to the daily
ration of each experimental ammal for a 3-5 month penod Suitably
matched controls were mamtamed for the same length of time on Purina
rabbit chow It was shown that fat alone does not raise blood Lipids or
produce artertal lesions In contrast, chetary cholesterol apparently not
only raises the level of blood cholesterol but also markedly mcreases the
plasma phosphatide concentration (Table 1)

This 1 stself 1s a somewhat curtous phenomenon simce 1t 15 not clear
why cholesterol feeding should rase the level of lipids other than cho
lesterol The mteraction of serum lpids 1 normal and pathologieal

1 These stadies were supported 1 part by grants from the Life Insurance Medi

i;-[l Research Fund and from the Heart Institute of the National Institutes of Health
-181)

Cholesterol for these studies was donated by Merck and Company
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and to 1mclude estimates on the coronary artenies The problem of quantitating the
lesions becomes more compl d as the more ad d lesions are studied Despite
this I believe our data are sufficient to state that in the New Orleans area rou bly
1 out of 5 of the fatty streaks has become 2 fibrous plaque by age 40 and that
the fibrous plaques rarely develop from fatty streaks mn less than 15 to 20 years
The changes i the coronary atteries follow those m the aorta by about a decade
and are posittvely correlated with those in the aorta m all 5 decades from 30 to 80
1 the New Orleans area There are exceptions to this general statement aod we
do not have enough data to draw line graphs for the coronary artery lesions such
as those that I have shown you for the lesions in the aorta

If we shift from the New Orleans area down to Guatemala we fal to get ths
posiive correlation between coronary and aortic atherosclerosis Thus the falure
of the Guatemalan Ladinos to develop myocardial mfarction may be related to
therr failure to convert fatty streaks to fibrous plaques This illustrates agam that
factors pertaming to blood coagulation may be more important n precipitatin,
chimeal disease than are factors pertaming to atherogemesis—but the fact stll
remains that if there had been no fatty streak there would have been no fbrous
plague and the factors pertaming to blood coagulation would not have been
operative

Freepsere  Dr Olwer has apparently made the pomt that some alteration i
hormones does produce atherosclerosis Now he mentioned that myxedema pro-
duces atherosclerosis We have looked the lterature over very carefully on this
subject and I believe that there 1snt any substantial evidence that would favor
the concept that hypothyroidism i man will produce atherosclerosis Does any
body know of any evidence showmng that myvedema alone will produce athero
sclerosis 1n expenmental anmmals? Then the second pomt I wanted to make for
Dr Holman 15 that there was a paper publshed by Dr Gotthieb some 2 years
ago showmng an d medence with age of what he descrbed as
arteriosclerotic plaques m the aorta of the pig My recollection 15 that these are
not fatty but are fibrous Is that correct?

Hoaan I have gome over these lesions with Dr Gottheb and they are
practically all fibrous mtimal thickenings or areas of medial necrosis with varymg
degrees of calafication and practically no hprd  As far as I kaow no disease 15
ever related to these lesions
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states 15 poorly understood It would seem reasonable to assume that
whenever the blood and liver are presented with an excessive amount of
one lipop such as chol 1 they must exther excrete
or depostt this cholesterol or transform 1t by oudation or by binding to
a phospholipid protem complex (Fig 1)

In the latter mstance one would expect an mcrease in serum phospha
tides along with an increase 1n cholesterol concentration The choice
of these pithways may be dictated by the status of the internal environ
ment which 1 turn probably depends upon both genetic and environ
mental factors One species Iike the dog may have solved the excess

OXIDATION TO
BILE ACIDS
EXCRETION IN
/ BILE
CHOLESTEROL
FORMATION OF
LIPOPROTEIN
DEPOSITION IN
LIVER ARTERY ETC

Fic 1 Schematic presentation of possible routes of disposal of dietary and

endogenous cholesterol At our present state of knowledge 1t 15 not possible to
relate the four routes and they are therefore shown as independent processes

cholesterol problem by the formation of oudative products such as bile
acids whereas the rabbit stumbled upon the formation of excess lipo
protemns and the deposiion of cholesterol in hver and arteries That
endocrine organs play a decisive role 1 the partibon of cholesterol
between these paths 15 well illustrated by the fact that suppressing the
thyroid of the dog (7) or deprrving the anmal of glucocarticords (3)
seems to shuft the metabohe picture mn the direction of that of the rabht
Sumlarly the alteration of gonadal secretions 1s known to alter both
serum hpid concentrations and the tendency toward atherogenesis (1)

Referring once more to Fag 1 1t could be noted that an organism
like the rabbit might “dispose of cholesterol by complexing 1t with
kpoprotern and by depositing cholesterol 1 some of the soft tissues
These two processes may be entirely independent and 1t 15 not neces
sary to look upon the increase 1n serum lipoproteins as the cause of
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ment was compared to that dernved from the njection of P* phosphate
which measures prmrnly artersal phosphatide synthesis Figure 2 m
dicates that nearly 80% of the artenal phosphatide P? 1n the latter ex
periment was denved from synthesis i situ (6)

In a ssmilar serses of animals ijected with P* phosphate the specific
activities of individual nortic phosphatides were compared to that of
corresponding plasma phosphatides at an early interval after 1sotope
mjection (4) In nearly each instance the 1sotopic concentration of
phosphatide (specific activity) m the artenial wall exceeded that of the
plasma at the end of the experniment (Table 1I) Since the isotope
concentrations nt this early interval in both plasma and sorta were

TABLE 11
SpECIFIC ACTIVITIES® OF AORTIC AND Prasva Prosemarnoes 6 Houms Arrer P3
ADMINISTRATION To ChoLesTEROL FED Rammrts (4)

Cephaln Leathin Sphingomyelin
Aorta Plasma Aorta Plasona Aorta Plwma
733 564 494 450 082 059
566 372 638 227 145 038
582 423 339 238 046 031
T14 481 638 244 116 047
818 514 523 304 030 042
982 580 589 307 089 120

Specific activities are given as per cent of the imjected P3 per ¢ of phospht
tde P

still increasmg with tme this agamn showed that aornc phospha
tide P* was not derived from preformed circulating phosphatides  One
mught object that the observed differences mn specific activity between
aorta and plasma were not very great and that the uncertanties of
chenueal fractionation of tissue phosphatides might obscure underlymg
sumlanties i the 1sotopic composiion of plasma and aorta To m
vestigate this problem further we studied the phosphatide metabolism
m cholesterol fed eviscerated rabbits Removal of biver intestines and
Ludneys of the rabbit lowers the synthesis of plasma phosphatides from
P3 phosphate to less than 10% of normal (8) It thus becomes possible
to study the incorporation of P? mto aortic phosphatides while the
Isotope concentrations 1n the plasma phosphatide fractions stayed at
extremely low levels

Table I1I shows a companson of totz2] phosphatide specific actiities
m the plasma aortic mtima and i the rest of the artenal wall w com
pletely eviscerated and sham operated rabbits 4 hours after mjection of
P phosphate The specific actvity of artenal phosphatides 1 the
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arter] lipid deposition  Indeed the work which we shall now discuss
brefly appears to show that although aortic cholesterol may well be
derved from the blood 1t seems unlikely that the atheromatous lesions
are formed by the deposition of ntact serum lipoprotemn molecules
This concluston 15 drawn from evidence that i the cholesterol fed
rabbit the aortic phosphatide 1s dernved from synthesis m the aortie wall
A glance at Table I shows that the feeding of 1 g of cholesterol dailv
to an otherwise norml rabbt causes 1 great rise m seram phosphatides
This mncrease mn serum phosphatides clearly precedes any noticerble

12}

{mq /g aerta/he)

[N YR NI B

|59

Rate of Appearance of Axrhe Phosphol pid P

Plasma_Aartc
Deposit on Synthesis
Fic 2 Relative rates of deposiion and synthesis of aorta phosphatides Ded
position of plasma phosphatides was calculated from the fnjection of P3 labele
plasma lpoprotemns whereas an estimate of synthess was obtamed from the 1
corporation of P phosphate mto aortic phosphatide after correction for deposi
tion (6)

merease 1 vortic phosphatides  What would seem more logical than
to postulate that the aortic phosphatides were diect precipitates of
filiration residues of the phosphatides m plasma? Ths conclusion 15
however not supported by metabolic studies with radioactive 1sotopes
Synthesis of arterial and of plasma phosphatides was measured by
the incorporation of P* phosphate nto the varous phosphatide frac
tions  Although this techmque may not under all circumstances give
an adeq picture of phosphatide synthesis from fatty acid precursm'sf
the simpheity of P2 and the relatively simple scheme of
P intermedutes as compared to those derved from C' precursors
mahes this 1sotope qute suitable for the study of phosphatides m !hs
aorta One of the first expeniments to test the “deposm?n h?’putzlcsli
was performed by measunng the lation of the p P
1n the aorta of recipients mfused with P3 lipoprotein  This measure




PHOSPHOLIPID TURNOVER IN ATHEROMATOUS LESIONS 151

We have previously speculated that indeed the increased aortie
phosphatide synthesis might be a specific respense to the accumulation
of excessive chol 1 p designed to remove this ipid by
solubihzation  We have not yet succeeded 1n testing thuis hypothesis
n & meaningful manner but one wonders why one should not then see
a similar response mn the cholesterol fatty Iner In this organ of the
cholesterol fed rabbit nesther concentration nor specfic actwty of
phosphatide differs from the control value (4) although Iner cholesterol
15 greatly increased In the cholesterol fed rat, even some depression
of hver phosphatide synthesis has been clamed (2, 5) Moreover the
following evidence has been obtamned to indicate that aortie phospha
tide P* synthesis 1s not directly dependent on the serum hpid levels

Eight rabbits were dnded into two groups One group was placed
on a high cholesterol diet for 3 months and then on plan chow for 2
months while the other was maintaned on plamn chow for 2 months
and on high cholesterol intake for 3 months Thus each group had re
cerved cholesterol for equal penods of tume but at the time of sacnfice
Group 1 exhibited almost normal serum lipid levels whereas Group 2
was severely hyperhperme  All ammals recerved a dose of P* phosphate
and were hlled 6 hours thereafter for analysis of phosphatide P* in
plasma liver and aorta Table IV shows the results of these analyses
The serum chol 1 and serum phosphatide of the two
groups differed markedly as did the lver ipid content The artenes of
the two groups however appeared rather sumilar The cholesterol con
tent of the whole thoracc aorta mtima 1n the hipermic group was 315 mg
and 1n the normolipemic anmals 359 mg Apparently the 2 month
period of cholesterol abstinence did not alter the cholesterol content or
the gross appearance of the lesions Although the specific activity of
mtimal phosphatides 1n the Lip group appears to be less
than that m the hyperhpemic ammals the incorporation of P* mto
the phosphatides of the aortic thoracic nbma was the same 1n both
groups and elevated several times above that found m the artery of
normal rabbits Thus it appears that the mechanisms 1 the aorta that
are resp ble for the \¢ of aortic phosphatides mav be
mbiated by hyperhpemia m plasma but that, once set m motion they
are not easily stopped by a return to normal serum hpid levels It 1s
of course possible that the ongmal atherogeme shmulus was not re
lated to the elevated serum lipid level and that the real stimulus was
still present in the normohpemic group Whatever the case may be it
seems that phospholipogenesis of the artery 1s not readily altered by
the degree of hypercholesteremia If we accept the hypothesis that
phosphohpogenesis 1s part of the arterial disease we must conclude that
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eviscerated group exceeds that of the plasma more than 504old Thus
2t seems inconcetvable than an appreciable amount of the aortic phospha
tde P? should come from plasma. Sumlarly the meorporation of ¥
mto arterial phosphatides of the eviscertted anmals 15 no Jower thay
that of their sham operated counterparts Tf plasma phosphatides served
as a source for acrtie phosphatides one should expect 2 decrease i the
P* phosphatide content of the artertal wall 1n the eviscerated anmal.

Evidence from exch experiment then 15 patible wath the postul
of phosphatide or ipop dep and supports the thesss that all
aortic phosphatides are synthesized in situ
TABLF HI
Prasua anp Aormic Puoseratioe oF Chovesteroy Feo Rassrrs
Eviscerated Sham Operated
Specific Speaific
Concentration®  activityd Concentration acpvty
Plasma 0202008 00660021 028003 0358010
Intima 1ot x001 427 %068 079013 458078
Media 4 037001 523 =058 0262007 35500
advenbibia
@ Coucentrationis are expressed as mg upid P per g of fresh tosue or per ml
of plasma

® Speafic actinities ate ghen 8t per cent of the mpected P8 pes g of phosphs
tde P
¢ Mean values and standard errors represent three ammals

Although i the rabbut ath phosphatide 15 generated by attern]
synthesis fittle or nothung 15 known about the cause or causes for the
disturbed equbbnum that leads to phasphatide accumulation. Per
whole aorta the synthests of phosphatides 1s surely d Ho;‘ewé‘
the 1sotope data furnsshmg this 2} must be 5 wi
caution At the moment one cannot exclude the possibility that some

P of phosphatide ) or breakdown 15 responsible far the
exeess ph “‘ tide 1 the ath tous Jesion At early mtervals after
the injection of P phosphate the speaific actity of aortie phosphatides
ss a fauly good messure of the per cent renewal of the total aorh;
phosphatide pool In the atheromatous aorta the total amount {:
phosphatide 15 ncreased 5-6 fold and its speafic actwty 15 about lle
same as m the normal artery One may thus conclude that roughh

5.6 times as much phosphatide has been svutk d per umt of tune
per whole diseased thoracic aorta Tt mmght thus .eem that the aorta
for reasons as yet 2 its production of phosphatides

whenever mjury of some sort ocrurs
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this part of the disese 1s not casilv arrested by reduction of serum hpid
levels This observation if confirmed by further studies in experimental
amm1l nd man should have therapeutic impheations concerning the
treatment of atherosclerosis by dietary or endocrine means

SunARY

Evidence 1s presented that wm the cholesterol fed rabhit the aorta
accumulates lipid plaques contaimng appreciable amounts of phosph
tides By mjecting P phosphate 1t 1s shown that the excess nortic
phosphtide 15 denved from synthesis by the artery Incorporation of
P? 1nto artenial phosphitide does not dimimish when hver spleen 1n
testine and hidneys are removed although the plasma phosphatide P?
1s reduced to one tenth the ongmnal 1mount When cholesterol 1s re
moved from the diet and hyperliperma disappears the lesions persist
and phosphatide synthesis per whole thoracic aorta remains as high as
that observed 1n the hypercholesterolemic ammals It appears that a
deranged lipid metabolism of the artery once set in motion 1s not
readihy reversed bv a decrease m serum hmd levels
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Discussion

SraviLer 1 would Iike to make one comment on Dr Zilversmit s cautious state
ment toward the end of his presentation Eventually 1 the rabbit lesions zegress
upon cessation of cholesterol feeding That regression as Anitschkow showed many
yews ago 15 a rather slow process takng many months If phospholipogenesis 15
contmumg at the 2 month stage as Dr Zilversmut's data show very neatly 1t 1s dong
then 1t 1 no sense represents a metabolic process which perpetuates and further
mncreases atherogenesis For while hus rabbuts at 2 months (I would gather) showed
7o evidence of Tegression he could anticipate that with a longer time on a normal
dietregression would take place

N\ow to pose a queston would Dr Zilversmit conclude from the data which
seny enquisttely d 1 marked phospholip from P2 phosphate by the
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this part of the disease 15 not casilv arrested by reduction of serum hpid
Ievels This observation if confirmed by further studies 1n expenimental
ammals and man should have therapeutic impheations concerning the
treatment of atherosclerosis by dietiry or endoerme means

SunARY

Evidence 1s presented that mn the cholesterol fed rabbit the aorta
accumulates ipid plaques g appreciable of phospt
tides By injecting P3 phosphate it 1s shown that the excess aortic
phosphatide 1s derved fram synthests by the artery Incorporation of
P? 1nto artenial phosphatide does not dimimish when liver spleen m
testine and kidneys are removed although the plasma phosphatide P*
1s reduced to one tenth the ongmnal amount When cholesterol 1s re
moved from the diet and hyperhpema disappears the lestons persist
and phosphatide synthests per whole thoracie aorta remamns as hugh as
that observed in the hypercholesterolemic ammals It appears that a
deranged Lipid metabolism of the artery once set i moton 1s not
rexih reversed by a decrease in serum lipid levels
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Discussiov

STaver 1 would hike to make one comment on Dr Zilversmits cautious state
ment toward the end of lus presentation Eventually m the rabbut lesions regress
upon cessation of cholesterol feeding That regression as Amtschhow showed many
years ago 15 a rather slow process taking many months If phospholipogenesis 1
continuing at the 2 month stage as Dr Zilversmits data show very neatly 3t is dong
then 1t 1n no sense represents a metabolic process which perpetuates and further
mcreases atherogenesis For while his rabbits at 2 months (I would gather) showed
no evidence of regression he could anticipate that, with a longer time on a normal
dict regression would take place
ow to pose a question would Dr Zilversmut conclude from the data which

verv evquisitely d marked phosp from P ph

sphate by the
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aorta that therefore most or all of the phospholipid in the atheroscl aota
of the cholesterol fed rabhit 15 produced by aortic trssue synthesis? Does he believe
that such data refute the concept that the elevated acrta lipids are demved from
the plasma® Does he feel 1t 15 possible to resolve this problem defimitrvely by this
method?

Zversaar 1 should ke to say first that T am not at all certam that the
mcreased phospholipogenests 15 part of the atherogenic process It may be a defense
mechanism 1n the artery to remove cholesterol by solublization 1In the latter case
one might well expect that the mereased phosphohpogenesis would contmue until
all the cholesterol had been removed With regard to the second part of your
question 1 will admit that one cannot ngorously exclude the possibility that,
although nearly all of the P3 phosphatide is denved from synthesis some or 2ll
of the extra chemical phosphatide in the lesion 1s derrved from the blood hpids
I would say however that in the absence of good evidence for phosphatide de
position and with strong evidence that phosphatide synthesis from P3 1s accelerated
m the lesion the most probable explanation 1s that the evcess phosphatide 15 dernved
from synthesis i situ

Stapuer  The acute study 1 whch hpoprotemn contmning P3 labeled phospho
hpids was jected mndicated only a shght uptake of P3 from this source by the
atherosclerotic aorta However can one from this finding rule out the possibilty
that over a chromic period of time weeks or months such P3 labeled lpoprotem
might not be deposited i considerable amount? Would 1t not be possible stll®
The acute expenment demonstrated only that in a few hours there 15 not a szable
deposition  Is it sound to extrapolate from this to what might happen over 2
considerably longer period of time particularly 1 view of your own data showing
a lag between the diet mduced nse m plasma phospholipids and mncrease m the
aorta phosphohpids? Could these data not be imterpreted as indicatng a process
of gradual mcrease 1 aorta phospholipids based at best  part on the mabilty
of the aorta to dispose of excessive amounts of phospholipids continually reachmg
it from the hyperhipemic plasma®

Ziversmrr Although T do not beleve that you are correct I thmk that there
1s reason here for some caution It 15 true that from a 6 or 10 hour experment
one cannot draw accurate conclusions as to what mght happen over a 2 week of
a 2 month period  Yet 1t seems to me that as far as the P3 portion of the molecule
1s concerned we have evidence that a lot of phosphatide 1 synthesized The
phosphatide synthesis 1s about 5 to 6 times as rapid as 1 the normal aorta The
specific activity rato of aortic to plasma phosphatides m some eviscerated rabbits
was close to 100 This 1t would appewr to me constitutes good evidence that
deposition of phosphatide 15 mimmal At the moment I cannot think of an expert
ment that would prove beyond doubt that all the excess aortic phosphatide m the
leston 15 generated 1 situ

Mo In the wmstance of the normal or nonatherosclerotic rabbit aorta would
you say that there eusts a readily reproducible balance between phosphatide P?
specific actvittes m the serum and the aortal

Zunersaur 1 dont quite know what you mean by balance

Mmex  For mstance then do you find heroscl aorta phosphatide P#
speaific actmity equal to serum phosphatide P3 specdfic actity?

Zuverssar  That depends on the time interval after P9 admunistraton At
the 12 hour or 24 hour time nterval after P2 the specific actwvity of blood phospha
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tide will be much higher than that mn the aorta If you go to a 2 hour interval I
expect that there will be much more difference 1 favor of the aorta

Ment  Weuld not such indicate then an apparent movement of phosphatide
from serum to aorta®

Zverssr No I dont thuk that 1s what it means It 1s just a comerdence
that after the B-hour period the two specific actvity curves cross

Mic T gather then that in contrast to direct ewvidence of pronounced
phospholipid synthesis in the atherosclerotic aorta you have made no defimtive
demonstrabion of such estensive synthesis in the normal aorta You canmot say
1n the undiseased instance whether equal and sumultaneous synthesis occurs at
both sites or whether transfer between compartments occurs

Znvers\rT Yes we have this evidence In the completely eviscerated nephrec
tomized normal rabbit, there is the same difference 1 specific activity between
plasma and the aorta as in the cholesterol fed ammal Thus agun appreciable
transfer of plasma phosphatide to the aorta of the normal ammal does not appear
Idely

Eper I had the unpression that in the human atherosclerotic aorta the cephaln
1» present n relatiely lower concentration than n the plasma

Zaversser  No that 1s mcorrect 1 sad they were reasonably sumlar It
15 true 1n the rabbit zorta also that particularly as the lesion progresses the lecathin
and sphingomyelin increase much more than the cephalin. In fact the cephalin
does not mcrease very much at all. In the human, of course that 15 perhaps not
too surpnsmng, since there 15 not much cephaln 1 human plasma ether It 15 akso
true that when you study these separate fractions you find & much greater merease
in the synthesis (or the ncorp of 3 ) of sph L than of cephahn

Govrp  Have you tned the effect of msults to artenal wall other than cholesterol
feedimg such as freezing or damaging by varous chemical agents for their possible
effect on phospholipid svnthesis

Zovenssr  We bave not done this m the artenal wall but we are worling
an the techmque developed by Boucech and Noble of mplanting sponges under the
skin and getting proliferation of connective tissue there
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Isotoptc Studies of Cholesterol Metabolism in Man'
Leoy Horivan anp R S Rosenrerd

Sloan Rettering Institute for Cancer Research New York New lork

Becwse of the mmportince of chol 1 in the pathogs of
vascular disease and its role as a precursor of hormones and other
steroids of physwological interest a4 systematic mvestigation of normal
and disordered human sterol metabolism wis undertaken using both
kinetic and “sterol balance techmques Radioictive carbon (C*) or
radioactive hydrogen (H3) libeled cholesterol or sodium acetate were
used to study synthesis absorption and subsequent metabolism

Tue BiosyNTHESIS 0¢ CHOLESTEROL FROM ACETATE

The specific actiity curves of plasma free and ester cholesterol fol
lowing the admimistrition of acetate 2 C! are shown in Fag 1 It can

- I
O Ploma £ Ch lest ot
108
&
= -
: //
< w0t}
i
3
i H 5 T W e %
oy
Fic 1

The specific actvity curves of plasma free and ester cholesterol fol
lowing the admimstration of acetate 2 C14

be seen that the maumal value of the speaific achwity of free cholesterol
15 followed by a rapid declme The actual peak spearfic activity of free
plasma cholesterol not shown m this chart occurs at 2 to 6 hours fol

* This mvestigation was carned out m part under contract AT(30 1) 910 with
the Umited States Atomic Energy Commussion and supported m part by research
grants from the National Heart Institute and the National Cancer Institute of the
National Institutes of Health of the Umted States Public Health Service

e
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lowing oral acetate 2 CY  The ester specific activity 1s at 1ts mnmal
value with the earliest sample of blood taken at 3 to 8 hours It then
rises to 1 peak at about 2 days at which pomt 1t mtersects the specific
activity curve of the free cholesterol After this pont of intersection the
ester cholesterol radioactvity dechines at 2 sumilar rate to that of the
free cholesterol and the spectfic actnity of the ester cholesterol con
tinues to exceed slightly that of the free cholesterol for the duraton of
the period of observation

At 03 day after the administration of acetate a pomt closely ap
proumating the maximum value of the specific actvity of free cho
lesterol from 0030 to 0216% of the adminstered radioactive acetate
had been incorporated per millmole of plasma free cholesterol Cor
responding values for plisma ester cholesterol at this point were lower
ranging from 0017 to 00638% At the crossover point of free and ester
cholesterol (about 2 days) where both fractions possess the same
speaific actvity from 0032 to 0118% of the admmustered dose was
present per millmole of sterol

Although the radioactivity of free and ester cholesterol declines at the
same rate shortly after the intersection the specific activiies of these
two forms of the sterol never again de 1n the hol )
subject The finding that the specific actvity of ester cholesterol 1s con
sistently ligher than that of free cholesterol after the crossover pomt
may be mterpreted 1s suggesting that there 1s no equilibrium between
the two fractions i other words ester cholesterol once formed from the
free sterol does not reappear mn the free cholesterol pool m normal
subjects

The declie of the specific activity curves shown m Fig 1 can be
resolved 1nto a sertes of exponential rates (6) Untl additional m
formation 1s avatlble concermng the magmtude of each of the man)
physiological processes that contribute to the composite series of rates
observed in the speaific actvity curve no defimtive statement can be
made about the turnover time or half e of serum cholesterol studied
1n this manner It might be assumed that the most rapid rite of t;° =
020 to 047 day rep the ¢ of acetate to chol 1 while
the mtermediate rate of > = 16 to 40 days accounts for the mung
and distribution of the newly synthesized labeled cholesterol and
cludes such processes as estenfication and distribution of the labeled
sterol from the plasma to the tissue  The domunant slow rate of #¢ = 15
to 25 days mught then describe the turnover of plasma cholesterol after
the imtial rapid processes have been completed

Smce 1t 15 known that Iner and red cell cholesterol are in 1sotopic
equilibrium with plasma cholesterol (3 6) a calculation can be made
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of the amount of actiity incorporated as cholesterol in these organs
There are approuimately 3 g of free cholesterol present mn red cells
38 g of free cholesterol and 07 g of ester cholesterol contained
liver Using these quantities approximately 3¢5 of the actinty admims
tered as 1cetate has been mcorporated as cholesterol in plasma red cells
and liver This figure represents a mimmum value for cholesterol syn
thesis simce there are undoubtedly pools other than those mentioned

The amount of C!* incorporated from acetate mto cholesterol varies
as much as 4 fold from patient to patient This m1y be explamned by
the fact that cholesterol produced i the body from acetate represents
a very minute fraction of the total utilization of the 2 carbon precursor
the major portion of the acetate 15 metabolized excreted or utihzed
m the biosynthesis of other body constituents Therefore the amount
of radioactive acetate incorporated nto cholesterol depends on the quan
tity of the admimstered dose that escapes utihzation by metabohe proc
esses other than cholesterogenesis Since these transformations consume
by far the overwhelmmng majonity of the ad d acetate cholesterol
synthests may vary widely depending on the amount of radwactive
acetate metabolized by all the other processes

Tur INCORPORATION OF DIETARY CHOLESTEROL INTO PrLAsva
CHOLESTEROL

TFigure 2 shows the speaific tctivity curves of plasma free and ester
cholesterol following the oral admimstration of cholesterol 4 G4  The
plasma free cholesterol radioactvity orginating m the diet (evogenous
meorporation) 1s at a mimmum value with the 3 hour sample The
specific activity then rises to a peak at about 15 to 2 days and after
wards slowly dechines The radwactvity of the “exogenous plasma
ester cholesterol 15 also at a minmmum wath the first sample rises less
rapidly than that of the free sterol and reaches a peak value at about
25 days intersecting the free curve at this pomt After this crossoyer
pomt the ester specific activity 1s greater than that of the free for the
duration of the penod of expenimental obseryation

From Figs 1and 2 a companson can be made of the rates of decline
of endog 1y and exog ly denived chol 1 With the excep
tion of the differences 1 speaific actvity during the early portions of
the experiment which have been described above it will be noted that
the radioactivity of free and ester cholesterol whether derved from the
diet or made 1 1100 dechnes at a sumilar rate during the 30 day period
of observation

The absorption of the fed cholesterol 4 C* vanes from 5 to 80%
The subjects m this study recened approumately 10 mg of labeled
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matersal and the efficiency of absorption may be related to the amount
of admimstered labeled material compared to the quantity of cholesterol
m the diet The frachons of the fecal radioactnty denved from
cholesterol-4 C** which had been absorbed metabohzed and subse
quently excreted and that which cin be attnibuted to admmustered
sterol which completely escaped absorption are not known Snce only
03 to 38% of the cholesterol 4 C*% appears in the urine the hidney 15
a mumor route for the total excretion of the steroid nucleus

After the feeding of labeled cholesterol from 4 to 149, was present
 the circulation at the maumum speaific actnaty of free cholesterol
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Fic 2 The specific acttwity curves of plasma free and ester cholesterol fol

lowing the oral admimstration of cholesterol-4 C4

It can be calculated that approuimately 8 to 33% of the admmsstered
dose 15 present in the Iner and circulation this represents a sigmficmt
fraction of the amount of labeled sterol absorbed from the diet

In several patients m whom expured air collections were made n:!
libeled CO was d d after the ad ration of cholesterol-4 C
This shows that the A nng of the steroid nucleus nd probabls the en
tire ring system remamed intact and suggests that compounds hning
the steroid nucleus can be elummated from the body only mn m mtact
form exther throngh the unne feces or shin

The rates descrsbing the declne of plasma cholesterol denved from
cholesterol-4 G are remarkably sumilar to those representing the decline
of plasma cholesterol formed by endog synthesis from cetate
2C#* (3) Erther labeled cholesterol or Jabeled acetate may be used
mterch.,\ngeably to trace the decay curve of plasma cholesterol pro
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vided 1t 15 recogmized that the early portions of the specific tctivity
curves dernved from these two tracer matenals are different
These data suggest that dietary cholesterol and cholesterol svn
thesized in the body mix ndishngmishably after the mitial processes of
absorption and distnbution have been completed If the body dis
hes betw een endog and exog 1y derived cholesterol this
could seemingly occur only during the immediate period after absorp
tion or synthesis These conclusions have been expenimentally confirmed
n patients who received C labeled acetate and tntium labeled cho
lesterol simultaneously

AssorpTION OF DiETARY CHOLESTEROL

Absorption of cholesterol via the mntestnal lymphatics 1 the rit dog
and rabbit accounts for essentially all of the sterol absorbed by these
anmmals from the diet. However steroxd hormones are absorbed via the
portal system in human subjects (1) It was therefore of mterest to
study the route of absorption of cholesterol 1 man

Chol 14 CM was ad d orally to a patient m whom A
cannula had been previously placed 1n the thoracic duct The lvmph
flowmng from the cannula was continuously collected so that fractions
corresponding to predetermined 1tervals of time could be obtamed (4)

‘The peak speatfic activity of absorbed cholesterol m lymph was at
tamed approumately 4 to 5 hours after the admmustration of the dose
as shown 1 Fig 3 From 7 to 14% of the labeled cholesteral had been
absorbed mnto the lymphatics which lead to the thoracic duct and of
the cholesterol absorbed about half was estenfied The quantitv of
labeled cholesterol winch appeared 1n plasma was usually onh 1 to 105
of the amount 1n the lymph This 1s m accord with the left thoracic
duct functioning as the prmeipal route by which cholesterol 15 trans
ported from the mtestine

The speafic activity of lymph C' ester cholesterol dernved from
dretary sources 15 equal to or greater than the speaific actiity of lymph
free cholesterol especially during the early phases of the expeniment
Analysis of lymph cholesterol at vanous mtervals duning the expersment
showed that 50 to 60% of the sterol was estenified These facts mdicate
that 50 to 90% of the labeled dietary cholesterol 1s estenfied 1n the 1n
testmal mucosa

From studies carried out in 1ntact subjects 1t 15 known that when
cholesterol 4 C1 1s fed free cholesterol appears in the plasma first and
estenfied cholesterol some time later The maximum radioactivity
the arculation 1s not attamed until 24 to 48 hours after the admmmstra
tion of the dose  Where free cholesterol C was fed to a patient with
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2 lymph cannula_the major portion of labeled cholesterol mn the lvmph
was estenfied These data concerning lymph and plasma ester cho-
Iesterol can be led b g cl of newly absorbed
cholesterol esters from the circulation ~The participation of the hwver
m the clearance of cholesterol esters from the arculation 1s Iikely The
results from this laboratory concerning lymphatic transport of cholesterol
mn the human are sumilar to previous experiments in ammals and support
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Fic 3 The speasfic actvity curves of lymph and plasma free and ester cho-
lesterol foll g the oral ad of chol 1< C1t to a patient with
2 thoracic duct cannula in place

the concept of the importance of estenfication of cholesterol during
the absorptive process

Fecan Steror METABOLISM

Studies such as those previously descnibed as well as sterol balance
studies carnred out m these laboratories permitted the accumulation
of data concerning the quantity and types of fecal steroids excreted
by subjects with normal and elevated plasma cholesterol levels Table 1
lists these values for normocholestererie subjects on a hospital diet
Besides the sut listed the pomfable fraction also mcludes
some oily ‘hydrocarbon matenal and some more polar” substances
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which e probably steroidal An mvestigation of the hydrocarbon
fraction failed to detect the presence of squalene It can be seen that
the largest vanation appears 1n the coprostanol content with less variabil
ity 1n the fecal cholesterol

TABLE 1
FecAL Stemom EXcReTION N SuspecTs wrmii Nomsar Prasma CHoLeSTEROL
LeveLs®
Approumate weight
Substance range (mg /day)
Coprostanol 500-2000
Cholesterol 100-200
Coprostanone 100200
Cholestanol o3

* The nonsaponifiable fraction of feces amounts to 1000 to 3000 mg /day

In a normal subject who was maintaned on a cholesterol free fat free
det for 4 days the fecal excretion of sterols amounted to approumately
500 mg per day Assuming a steady state this figure represents the
mimmal daily turnover of the body cholesterol pool If the cholesterol
pool including hiver and blood cholesterol 1 135 g 1t can be calculated
that the turnover time of such a pool 1s 27 days and that the half hfe 15
about 19 days Tlus value obttuned by independent means 1s in good
agreement wath the half life (#,®) of plasma cholesterol of 15 to 25 days
which was denved from the fall-o(f curve of exther endogenously syn
thesized or orally ad ed rad: e 2t 1 m expenments
carried out over a 30 day period (3)

Either plasma free or ester cholesterol could serve as the immediate
precursor of fecal sterols Fecal sterols are denved from a pool which
1s m 1sotopic equlibnum with plasma cholesterol (5 7) Although
esterified cholesterol could not be isolated from feces this does not
preclude 1t from bemng the mmmediate precursor of fecal sterol smce
hydrolysis could have d 1n the 1 lumen

Smce coprostanol represents the largest single constituent of the
nonsapomifiable fraction of human feces and since 1t 15 not present in
the det the mechantsm of the formation of coprostanol was 1nvestigated
Figure 4 shows two possible routes of formation of coprostanol The
upper portion (A) illustrates the direct conversion of cholesterol to
coprostanol by hydrogenation of the double bond without ouidation of
the hydroxyl group and the lower pomon (B) represents a conversion
where A* chol Exp from our labora
tones utilizing deuterlum nnd CH labeled cholesterol indicate that 1t 1s
likely that the major portion of coprostanol m feces 15 derved from
cholesterol by path (A) since the deuterim was preserved at C3
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whereas 1t vwould have been lost 1f the route (B) 1 olving cholestenone
had been utihzed (8 11)

RecuraTion OF Prasma CHovesTEROL LEVEL BY Fecar SteroL EXCRETION

The etiology of elevated plasma chel 1levels 1 d
tion of many mechamsms among which are increased cholesterol svn
thesis decreased cholesterol degradation ncluding decreased coner
sion to other metabolites sach as hile acids and decreased loss of cho
lesterol per se from the body Another mecl hes al
i the cholesterol gradient between the tissues and the circulation so that

@Oéj?*_@)_»@w
HO 0

H H
CHOLESTEROL COPROSTEROL
Qéﬁ* H
) HO' H
A‘ CHOLESTENONE COPROSTEROL
() DEUTERIUM
.CARBDN 14

Fic 4 Two possible routes of conversion of cholesterol to coprostinol

the quantity of extracirculatory body cholesterol remains essentilly
unchanged but the concentration and total quantity present mn the
plasmn are increased In dealing with problems of this sort in ntact
subjects 1t 15 difficult to evaluate changes m synthesis or degradition
during the steady state or when a stable level of plasma cholesterol has
been achieved However if the level of cholesterol can be conventently
lowered or rased 1t 1s possible to devise experimental procedures which
permut study of the transition to either the lower or higher level Re
duction m excretion durmng the transiion phase could consere cho
Jesterol to produce elevation 1n blood cholesterol or conversely loss of
sncreased amounts of cholesterol could produce reduction mn blood
levels In view of these derations the foll g exp t was
designed (7)

A male patient with hyperlipemia and hypercholesteremia was sub
cted to alterations m diet which from prior expertence would be

Je
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evpected to change the level of his plasma cholesterol When such an
mdinidual 1s placed on a synthetic diet contaming 40% of calones as
corn o1l the plasma cholesterol usually falls When an isocaloric and
otherwise simlir diet but contaming 40% butter o1l calories 1s sub
stituted the plwsma cholesterol rses In order to evaluate the events
occurring duning these detary mamipulations which would account for
the epected changes mn plasma cholesterol levels the body pool of
steroid was labeled by the intravenous admiumstration of radicactne
cholesterol 4 C1*  From prior work (3) 1t was known that this labeled
cholesterol 1s excreted with the ring system imntact although m wuie
alterttions n the side cham and functional groups on the nng do
tike place  Since the radiocarbon atom remamned i the steroid molecule
throug} all ch 1 transf 1ons as well s excretory processes
st provided a means by which the total steroid exereton could be ac
curately measured The presence of carbon radioactiaty then directly
reflected the presence of mtact steroid molecules In order to relate
the radioactivity measured m the feces to the weight of fecal sterod the
standard procedure of isotope dilution was employed If the fecal
redioactivity excreted during a day (disintegrations per mmute DPM)
15 divaded by the radicactnaty present m a milligram of serum cho
lesterol {DPM/mg ) on that day the result gnves the number of milh
grams of serum cholesterol which would be required to contribute that
amount of radwactivity to the feces By this calculation and the as
sumption which was later expenimentally venfied that plasma and
fecal sterols have the same specific activity 1t 15 possible to determine
the total amount of fecal steroid excreted during the penods of dietary
manipulation when plasma cholesterol levels were either nsing or fall
g This entire procedure may be termed a “labeled steroid balance
study

it 15 necessary to study onlv the fecal excretion since the urmnary
excretion of approumately 20 mg per day 15 neghgible when com
pared to fecal excretion of several grams per day It 1s not possible to
carry out this type of experiment satisfactorily by the direct chemical
determination of the fecal steroids because the sitostercls present dunng
the corn o1l period cannot be ck Hy disttnguished from chol
Likewise the methods for determinng the excretory products of bile
z\cnd; m human feces e not satisfactory and yield only approumate
results

The specific actinvities of plasma and fecal sterols were determmed
after appropriate radiochemical puntfication by techniques we have de
senibed previously (8 9)

Tracer doses of cholesterol 4 C'% were given mtravenously at two
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pomnts dunng the experiment once at the very beginng  dunng an
od b dietary adjustment period and agun after a stable plateau of
plasma cholesterol levels had been obtamed on the corn oil diet The
“etual plan of the experiment including the various dietary pertods ex
tending over 6 months 1s shown 1 Fig §

As shown m Fig 5 the plasma cholesterol level fell from about
750 mg % to approximately 500 mg % dunng 2 weeks when the subject
was on an ad bb hospital diet When the diet was changed to the ex
penimental 40% butter ol formuls, the cholesterol levels rose to ap
proumately 750 to 800 mg % and remamed there untd an wsocaloric

A5 Ui BUTTER CORNOIL BUTTER
1000 ——F=—==
8005,
8
£ eo0F |
g a00F
IR oS .
2 j Aoa ]
} y

‘ PLASMA FREE CHOLEST ROL 00
PLASMA ESTER CHOLESTEROL ® @
FECAL STEROL &4

[lelele)

OPM/mg

L i
20 40 60 80 o0 120 140 160
s

Fic 5 The specific actvity and of plasma cholesterol durng a
labeled sterol balance study

40% corn o1l was substituted for butter The corn o1l produced a sharp
fall an cholesterol levels to about 350 mg % followed by a nise to a
stable level of about 500 mg % This level was maintamed until 4055
butter o1l was substituted for the corn oil, and the plasma cholesterol
rose agam to about 750 mg % The last portion of the experiment was
a period i which a diet devoid of fat or steroid was admmistered and
some decrease 1 cholesterol level occurred durmng this period The
radiactrvity of fecal sterol during the penod when the diet contaned
no fat or sterol was the same as that of plasma sterol thereby durectly
confirming the validity of the isotope dilution calculahion discussed
presviously During the corn o1l period however sitosterol denved from
the corn o1l was excreted mn the feces and since 1t 15 virtually mseparable
from cholesterol 1t diluted the radwactivity of excreted sterol so that
the specific actrvity of fecal sterol was less than that of the plasma
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About 50% of the admimstered dose was excreted within 30 to 40
diys This finding 15 10 reasonable agreement with our previous estt
mates of cholesterol half ives in the human obtaned from the analysis
of the slopes of plisma cholesterol speaific activity curves following 2d
ministration of exther sodium acetate 2 C* or cholesterol-4 C14

Fecal cholesterol and coprostanol represented the largest portion
about two thirds of the excreted radicactivity The remaming third
was composed of acidic materal presumably demved from bile aaids
The quintitative nature of the extraction procedures 1s well illustrated

BUTTER CORNOIL  BUTTER CORNOIL | CORNOIL BUTTER  CORNOL SUTTER
DIET DIET DIET  “oiET DIET  DIET OET OIET
PLASMA FECAL PLASMA FECAL

CHOLESTEROL STEROIDS CHOLESTEROL STERQIDS

Fic 8 The changes in plasma cholesterol and excretion of fecal sterols in
response to changes mn dietary hpid

by the fact that the sum of the radioactivity of the indnidually 1solated
acidic and nonsapomfiable fractions was equal to the total fecal radio
activity as determined mdependently

Figure 6 illustrates the relative changes i the plasma and fecal
sterols in response to the dietary changes Two penods or transttion
phases are illustrated dunng which these compansons were made
the I ft hand portion (1) where the rapid fall m plasma cholesterol taok
place when the diet was switched from butter to corn ol and the nght
hand portion (I1) where the plasma cholesterol agam became elevated
on returming to the butter diet
The total amount of cholesterol i the plasma was determmed by
ltiplying the plasma chol 1 10n by the plasma volume
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The qumtity of fecal steraids was determmed m each collectton by the
iotope diution method The difference between the total sterol ex
cretion duning each transition period and the sterol excretion duning the
mmedhtely preceding equihbrium state will be equal to the net reten
tion or loss of cholesterol and all of sts transformation products To
wnsure menmngful compansons, the excretions occurrmg dunng the
trmsition phase and the immediately preceding steady state were
determined 1 an identscal fashion over equnalent tme intervals

As shown m Fig 6 switchmg from the butter diet to the corn ol
diet produced a drop m cireulating cholesterol to half ats mitral value
approvimately from 20 to 10 g This 15 1Mlustrated by the first (dotted)
set of lirge bars During thes transition there was an mereased excretion
of fecal steral approumately equsl m quantity to the fall m plasma
cholesterol This 15 illustrated by the second (cross hatched) set of
Irge bars

There was no chinge n the excretion of audic materal all the
nereased exveretion occurred 1n the form of coprostanol and cholesterol
The absence of any chinge m 7crdic excretron 1s shown by the two
small bars labeled A

The nght hand portion of Fig 6 Mustrates the reverse procedure
of switchmg from corn o1l to butter The plasma cholesterol pool m
creased and this was 1ccompamed by an almost equivalent decrease 1
the amount of fecal sterol exereted

The data p ted d ite that dechnes m plwsma
levels are accompanied hy wncreased fecal excretion of steral and con
versely, that elevations of plasma chalesterol may be accompanted by
dimmished fecal sterol excretion Other considerttions of these datt
suggest that mereised amounts of cholesterol may be present only 1n the
plasma and that the quantity of extracirculatory cholesterol may be
normal sn hypercholesterermic states  The cholesterol gradient between
the tissues and the circulition may be changed only on the circulatton
side of the gradient The plasma cholesterol level may be controlled
either bv retention of sterol or by the increased excretion of sterol
through the ntestines

These findmgs focus attention on the intestine both with respect fo
regulation of the plasma cholesterol luvel s well as bemng the passible
site of 1 metabolic defect m disturbances of cholesterol metabolism

halecteral
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RoLe oF CHoLEsTEROL EsteriricaTion mv InteESTINE IN RELATION TO
CHOLESTLNOL ABSORPTION AND ExcreEriov anp Recurarion oF Prasiia
CroresTEROL LEvELS

From a vanety of different expenimental approaches evidence has
accumulated suggesting the central role of cholesterol estenficihon m
the mtestine 1n relation to hypercholesteremic states

Hypercholesteremic patients following an oral tracer dose of cho
lesterol exhibit an imtil reversal for a few hours only of the speafic
activities of plasma free and ester cholesterol as compared with normo
cholesteremic subjects (3) e have shown that normocholesteremic
subjects mamntain a constant specific wctvity difference between plasma
ester and free cholesterol for months following tracer doses of erther
labeled cholesterol or acetate the ester cholesterol bemg higher This
speatfic actiaty difference 1s abolished m hyperlipemic hypercholes
teremic pattents both free and ester cholesterol have the same speaific
achvity

Ve have also shown that the bule acds and ble cholesterol anse
from a precursor pool that has the same speafic actiity as the ester
cholesterol of plasma rather than the free sterol (2 10) Adrenal cho
lesterol ester functions as the precursor of the steroid hormones The
cholesterol m atherosclerotic plaques 1s chiefly ester

These evidences of disturbances in cholesterol ester metabohsm 1n
hyperlipemic states as well as the role of cholesterol ester as the pre
cursor of other compounds of phystologic importance mdicate the need
for further mvestigation of the mfluence of the ester moety on the

bseqs of the chol 1 molecule This approach s
strongly suggested also from the obseryations reported here on the effect
of corn o1l n enhancing intestinal excretion of cholesterol and of butter
ol m reducing fecal loss of chalesterol The possibility eusts that the
chemical nature of the fatty acid moiety avaable 1 the ntestine for
estenfication determmes whether the particular cholesterol ester formed
can mahe the transiion into the lymph and hence imnto the body or
whether 1t 15 unable to pass mto the lymph and therefore 15 avulable
for excretion
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DiscusstoN

Ratz  Dr Hellman please amphfy your statement that hormonal effects were
shown to operate on this mechanism

Herrman  There are data from patients with the malabsorption syndrome
which mdicate that hyd can restore chol 1 absorp to a more
normal level

Hotaan I would like to ask two questions (1) how did you manage to get
patients to allow the cannulation of the thoracic duct? and (2) would you care
to amplfy your statement that these studies having to do with adsorption b]r;od
levels and ‘particularly excretion do not necessanily apply to the artenal wall

HermaN  In answer to the first question the patients had neoplasms in the
head and nech region The cannula was inserted with permission in those patients
who were found to be mnoperable at the time a defimtive surgical procedvre was
attempted The cannula can be removed by pulling st through the skin mcxsl?n
‘We have not had any thoracic duct fistulas or other difficulties I would rather defer
answering your second questton since I think st would unduly prolong the discussion
at thrs moment

Stanier 1 have some detalled questions Furst with reference to some of the
exquisite studies on cholesterol metabolism n the thoracic duct fistula pahent;7
there is a suggestion that some other Iymph channels are continumg to absar!
some cholesterol Would you care to comment on the possibiity that this 15 due;
absorption mnto the portal circulation rather than by way of a lymph chanmlz
Second T think you fmphed that the cholesterol so absorbed stays i the cwcula
tion This would contradict what may be an erroneous 1dea on mjy part that in !h:
course of circulation some s removed by the lver Vwould you dilate on this
Third are there any studies on the effect of diet on bile acid secretion other than
the Cornell butter studies® For example on starch versus glucose which I believe
Dr Stare has shown in ammals will mfluence the etcretion Fmally wonld you
care to comment on the source of the fecal cholesterol and particularly the nom;;
that thus represents the product from sloughing mtestinal mucosa® Your data woul
tend to mdicate that this mght be erroneous since such defimite changes occur
when gomg from com oil to butter It 1s hard to visualize how mtestinal mucosa
might be sloughing at vanable rates This would suggest perhaps that there
1s a source of cholesterol other than bile that there 1s an active mtestinal secretion

of cholesterol
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HeLrman  In patients with complete bile fistulas no cholesterol can enter
the gut except by secretion or sloughing of the intestinal mucosa When such
patients are gven acetate and synthesize labeled cholesterol the fecal sterols
have the same specific actinty as the plasma sterols The data just presented show
that the fecal sterol specific activity 1 the same as the plasma sterol specific actmaty
Therefore either the intestinal mucosa which sloughs off 15 m 1sotopic equilbnum
with the plasma sterol or the fecal sterol represents material which has been di
rectly secreted through the testinal wall

With respect to the other question I meant to 1mply that while absorption 1s
progress the sterol radioactivity attaimed in the plasma may represent n some
patients the values which would result if all the newly absorbed chalesterol were
retained mn the plasma for a short tme OFf course the matenal which 15 in the
plasma eventually distributes atself

As far as the other lymphatic channels are concerned there are a number of
studies which demonstrate that the left thoracic duct is not the only lymphatic
pathway from the mtestimne In approumately 30~ the major duct 15 on the nght
side and in many subjects there are mght and left ducts We cannot posively
exclude absorption through the portal circulation but thus does not seem lkely

Borp I should lke to ask Dr Hellman whether in the expenments on the
hypercholesteremic hyperlipemic subjects there was any abnormality detected i the
fatty acid fraction of the cholesterol ester

Herwnan We did not study the fatty acid moieties of the cholesterol esters
although this approach 1s suggested smce the type of fatty acid 1n the diet seems
to influence the sub: ol of chol 1

Goutn  With reference to the question of the ongin of fecal sterols we observed
in dogs given labeled cholesterol i protemn form that cholesterol i the whole
mtestine reached equibnum with that in the blood with a half time of about 134
days Any fecal cholesterol demved from the mtestime would be expected to have
the same specific actity gs that fn the blood evcept dunmng the first few days
after admimstration of a single dose of labeled cholesterol

Bvens To Dr Stamlers question about whether there mght be absorption
through the portal vem we had opportumty to collect blood from the portal vem
at the same tme that we collected lymph from the thoracic duet m a patient
who bore two plastic catheters simultaneously Dunng the 12 hours following ad

of 40 pe of cholesterol C14 there was no radioactwity m the portal
vem blood This work was done m collaboration with Drs Heward Bierman and
Reith helly at the City of Hope Hospital m Los Angeles Thewr techmque for
cathetenzing the thoracic lymph duct ehmmates all cross channeling Under
these conditions there was also no appearance of radwactiaty m the patents
penpheral blood

Berostrom I have just one comment on this paper There mught be at least

two different mechanisms by which this dramatic change took place The amount
of cholesterol n the bile might have moreased markedly or the drastie change
m the fatty acid composiion might have changed the micelle formation m the
mtestine and hence the cholesterol absorption Do you have any data as to the
bile cholesterol” The cholesterol in the bile increases 3 times i the hyperthyrond
fistula rat as was first found by Friedman et ol As the normal cholesterol content
of the bile daily secreted m the human 15 1 or 2 grams this might be a factor
of importance
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Samuers  The chawrman feels that the purpose of a conference such as this 1
to bring the basic observations 1 relahunslup (o chmcal findings In Dr Poppks
the of triph de i reduced form m
cholesterol synth:sxs was brought out \ery clearly Now as we have gone alon,
we have seen that single cells i the aorta and m the arterial tree could synthesize
cholesterol and phospholipids and that a fall in blood pressure as Dr Werthessen
mndicated 1ncreased the synthesis I would like to pomnt out that there 15 a defimite
between two systems the cytochrome oudase system and
those systems molved m the steroid hydroxylations  Tlus can be demonstrated by
the mtroduction of cyamde at low concentrations the action on sterods 15 then

greatly increased I wonder if the red m the p of the h
oudase s)stem due to reduced oxygen P can be an factor
hol 1 perhaps ull ly the lipid phques that we

l\avr heard about tomght This might be a umfying pont




CHAPTER 14

Influences of Thyroid Pancreatic, and Adrenal Hormones on
Lipid Metabolism and Atherosclerosis in Expertmental Animals
J Staveen? R Pick avp L N Rarz

Cardiovascular Department Medical Research Institute Michael Reese Hospital
Chicago Hlinois

The cardinal problems concermng us at this meeting are (a) the
general problem of the etiology and pathog of ath 1
and (b) the specific problem of the role of hormones if any n the
pathogenesis and etiology of ath )l In this p 1on our
d of these probl 1s based p d ly on our ammal
expenimental work No attempt 1s made to review the hterature or
analyze the available mformation from clinical pathologic research on
man (5 6)

This paper endeavors to focus on three questions (1) Under what
conditions have definite hormonal effects on expenimental atherogenesis
been demonstrated? (2) What are these effects® and (3) From the avail
able findings what conclusions can be drawn at this juncture concerning
the role of hormones 1n the pathogenesis and etiology of atherosclerosis?

In approaching the first question a retrospective look at historical
experience 1n atherosclerosis research 1s most illummating (4 5) The
fact 1s that over the years many expeniments have been camed out on
the effects of the endocrines on the artenes Among other findmgs
these studies have shown that a number of hormones—adrenaln
thyroid msulin postenior pituitary  parathyraid—are capable of pro
ducmng vascular damage 1e  artertoscl when ad, d exoge
nously The remarkable fact clearly emerges however that these early
expennments uniformly faled to produce atherosclerosss (4 5) By
and large the vascular lesions were of the medial degenerative calaific
variety with or without ntimal hyperplasta and fibrosis (depending
apparently on the tme dose course of hormone)—but never with
atherosclerosis To our knowledge atherosclerosis has never been pro
duced on any evpenimental ammal solely by hormonal manipulation *

The impact of this conclusion can be fully appreciated only when

! Established Investigator Amenican Heart Association 195.-8 as of April 1
1958 Director Heart Disease Control Program Chicago Board of Health

1 The single exception 1s the production with estragens 1n cockerels of sustaned

1 5 erchol 1 1 1

P perhp eading ly over man;
months to aorta (but not coronary) atherosclerosis (5) This oceurs 1 cockerels
on a plun mash diet devoid of a cholesterol supplement  Estrogens ihibit coronary
(but not aorta) atherogenesis n chicks on a lugh cholesterol diet—ef
presented by Dr Ruth Pick at this Conference
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detailed attention 15 given to the design of these early expenments
They umformly mvolved admmistration of hormones to anmals subsist
ng on therr usual diets That 15 m none was the diet supplemented
with fat and cholesterol Under these circumstances no mfluences of
hormones on atherogenesis can be demonstrated Therefore 1t would
seem valid to amphfy our 3 Hormonal derang are ap
parently 1ncapable of wmducing atherosclerosis m the absence of an
atherogemie diet  This would seem to be an inevorable concluson
based on the early work viewed from present day vantage pornts

The findings of the modern era have served to round out the prcture
They have clearly shown that hormones are mdeed capable of exerting
very marked influences on atherogenesis in ammals mgestmg potentially
atherogenic diets—but only under those circumstances Therefore most
of the modern work on hormones and atherosclerosis deals with the
effects of hormones mn anmals ingesting a potentially atherogenic diet
Most of our experiments over the last decade—with few exceptions—
have been of that type One of the few exceptions 1s llustrated below
since 1t highlights the point made and demonstrates one or two other
significant facts (cf Fig 18)

We may now proceed to question No 2 reformulating 1t—based on
the foregoing—to read What effects of hormones on atherogenesis have
been observed 1 ammals on potentially atherogenic diets? Practically
all of the studies undertaken to answer this question have had ther
orgin m well known problems of clmical medicine Thus thyroid hor
mone was one of the first to be explored expenmentally—based on the
numerous Jeads from cluncal investigation suggesting mterrelationships
among thyroid cholesterol metabolism and atherogenesis Many years
ago Turner Page Bernhard and others showed that admmmstration of
thyrord hormone suppressed hypercholesterolemia and atherogenesis
m cholesterol fed rabbits (5 8 26) More than 10 years ago sumilar
observations m chicks were made mn our department See Fig 1 (2)
Thyroid hormone partially suppressed cholesterol induced hypercho
lesterolema and atherogenests Potasstum 1odide was without mfluence
1t was later shown that orally admumstered destccated thyrod powder
was also capable of partially mhibiting endogenous estrogen nduced
hyperhpemia and aorta atherogenests 1n cockerels on plam mash duets
devoid of a cholesterol supplement (18)

Subsequently an experiment was undertaken to evaluate whether
the effect of thyroid was a by product of hypermetabolism For this
purpose a COMPpAnson was made of hypermetabolism mduced by thyroid
feeding and by duntrophenol m chicks on a high fat, high cholesterol
ration See Fig 2 (24)




I

HORMONES  LIPIDS ATHEROSCLEROSIS IN ANIMALS

20guots a10§oq {vp [ patp spig Jeoppe ;
aoyudes o105aq Aep | patp spIq [ewonTppL 2ax

sajew Suomup 00 007/ Sw poI—Ix
swpor oo 8w §g 0 Amp Gur 3y (—suosgaponsy
Apep ompor oweSso Sw | g Surunguos Aqemjuered (HSAM) uonvredaid [ewads € Jo 00 T{p—emsoxfioponc
Apep owpor orwedie Jws g 30 Keppngp/ S g—ounoxlyy
rp swpor omefio Sur g g 10 Aep/pnqy Sw pGTT 20 YSLW oyt ur A0 20 (—iapnod prosky papodrsa]  soB
Ao Rurpoalq [eug wouy e

Auo syaam § 3e pagq ses ynpn dnosd ounoesfy) doj 3daora Jusuruiadhe Uo $YRRM g puZ g 3 sFwipavyq 7 Wolj en
|

SF LT5 %001 GOFOT %001 60T 8EFEGE  OP TG SIFOU i
L
EFUOT  L00T  GOFRO %68 1007961 SeFIEC EYFGILT  OI FOIT 06 w sursosdy
SFLOL B00T  €OFEO  AOL 600F 101 SIF8FF O0SF8IRT 117 L0f 001 m pusox
SFUTL %8 10FEO  %E8 - I - 65 F FFL 00 w o
TFLOT 4T TOF80 L9 SIOFEST  LsF.85  CCFE0ET BT F6IT 208 W
F 461 WL001 TOFOT %06 GIOFICT  9STI8C 69T €891 TIF L01 001
{uano pue (opead pur qoner { 4 %) () (Aep oy ) (4)
QOUAPIOU ) ouaptour) an 6]0I33$AOY> 1Ben ayeur weuradha
¢ s oy oy, poad ppusay
Aseuoiod P}I02 rseld easang
aidoasosoryy aEI0q)
ssoxn

(s34, © £9/TT-ES/11 63 S)
S131(] 1v,] HOI TOVALSTTION) HOIH NO STAWIND0Y) NI SISANIDOWIULY GNV STIIT VWSV NO SNOLLVMVAAud WIOMAH], s00MYVA J0 2

I31avil



176 J STANMLER R PICR ANDL N RATZ

The dimtrophenol treated group eviubited findings symilar to those
of the birds ingesting n atherogenic mish without 2 hypermetabolism
indueing agent {groups 1 and 2 Fig 2), the thyrod treated group
{group 3) had significantly less hypercholesterolemia organ cholestero
sis and qorta atherosclerosis Hence the effect of thyroid apparently
was not simply a by product of the hypermetabolism 1t nduced

In the torcgong and subsequent esperiments a marked Lpotropic

Effects of desiccated thyroid and p fodide on chol ) and athero-
geness 1 chicks on high fat high cholesterol diet
CONTROL
CONTROL Mg/} =—em~t 1/ cHOL
-— —L/cHoL — =~ |7 CHOL +KI

— = § 7 CHOL +KI 1800 - |7 cHOL + THYROD

Mg /] mmemem 4/ croL+ 4 /
ThvRom ‘599
1200 ~ /7
Y
900
N ////
600 \X/ -
300
2 4 6 8 10 Tz a6 8 10
WEEKS OF FEEDING WEEKS OF FEEDING

% th Lewons] 4 th Levon | % with Lowon
cs - [cd~ Cud >3

Chales 11
Cost 1 ” &

Chiaelpt
Thyod . s

€ Irtere! pl
x 3 & a

Fic 1 Chol 1s cholesterol incorporated mn chick mash at the 0% or 10%
level 205 cottonsced ol was also mixed mto the mash The dosage of potassum
1odide (RI) was 014-013% of the diet given in the drnking water by plpcmf
or mn the mach tespectnely in the three senes of expertments The dosage of
desiccated thyrord powder was 002% 010% and 007-008% respectively lr;
the three senies of evperments The chicks were 5-7 weeks of age at the unscI
of the expenments The two upper graphs are a plot of plasma total cho]eslel':
Jevels Cross atheroscleroti lestons were grided on an arbitrary scile from 0 to

4(25
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action of thyroid hormone was demonstrable in cholesterol fed cockerels
See Figs 2and 3 (12 24) In the course of these multiple studies with
desiccated thyroid and relited preparations (thyroune dunodotyrosme
truodothyronme) we became mmpressed as much by the partial
complete nature of their effects as by the effects themselves Expen
ments with results leading to this mterpretation are illustrated mn Fig 4
and Table I (21} Thyroid preparations in these experiments tended

Effects of desiecated thyrotd and dimitrophenol 1n cockerels on a high cholesters! diet

MG 4
cHoL
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200
b Y it h — etk
o
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tlor | cuoLesTEROL
2000 2 OINITRO CHOL
3 TMYROID CHOL
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7 WITH [AVE GROSS |7 WITH GRAD
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L T Y ) 51
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Fic 2 Groups 1-3 recemed 27 cholesterol m the mash one half the birds
in each of these groups were alss gnen 57 cottonseed ol m the mash the othes
half were not given any ail supplement The results were sumilar with and wathout
cottonseed o1l therefore these data for each group were pooled Desiceated thyroid
Powder was incorporated in the mash at the 057 level (group 3) Dumtrophenol
was mited mto the mash at the 004-009% level being given in progressively
increasing dosage to the pomnt of gross signs of touaity with subsequent reduction
to the 007% level The data on lestons refer to gross atherosclerotic plaques
the abdomnal aorta (table 1n lower nght) The three graphs present data on total
cholesterol n the plasma Lver and aorta respectively (24)
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to induce partial wnhibition of bypercholesterolemua but tended to have
httle or no effect on aorta or coronary atheroscleross® Findings of
this type tended to occur particularly wath large doses of the thyrod
preparations  They suggested that the effects of thyroid here are
probably more complex than ther mfluences on cholesteral kpd
metabolism  This wterpretation 1s supported by abundant data m the
older hterature indicating that thyrord m large doses 1s capable of

Lipotropic effect of d d thyroid n cockerels Fed hugh chol 1 dets
™ Plain Mash Control
% 2C

= # 2C+Thyrod
= 2¢-0
v 2C-0+Thyrod

287

X S R

tiver Total Cholesterol .

Fre 3 Here and m subsequent Sgures 2C 13 mash supplemented with i;z

cholesterol 2C O is mash supplemented with 2% cholestero] plus 5% cottonseed :

Destccated thyraid powder was incorporated in mash at the 05% Jevel Laver totd
cholesterol values are in mg% (12)

4
7

3} —

producing vascular damage~—i € ar )! (not at} o
1n ammals not recewving dietary supplements of fat and cholestero!

15 therefore possible that the findings of the present experiments {Fi1g
4 and Table T) represent the net results of opposing tendencies~1¢
vascular damage from high dosage of thyroid hormone tending t©
create foer for atherogenesis m cholesterol fed anmals and thym\dd
induced partial ihibition of hypercholesterolemia tendmg to retar

atherogenesis A sumilar conclusion was rewched many years ago bnst‘d
on comparable findings m rabbits (1) In actuality the mtertwine

Note that K1 and the thyroid stimulating hormone of xh: pituitary dnd‘ ne‘f

in this or ather exp exert an; effects on
or atherogenesis See Fig 4 and Table 1 (2 21)




HORNIONES LIPIDS ATHEROSCLEROSIS IN ANIMALS 179

effects are probably even more complet and 1 all Likelthood mvolve
thyrod effects on protem and vitamin (as well as ipid) metabolism—
effects which may nfluence atherogenesis (22 23)

Effects of thyroid and TSH in cockerels on a high fat high cholesterol diet
Senes 19 4 21

m | CO Controt
W IC O + Thyrod
# 1CO+TSH

37

80% % 21/ 23y

™
%

_ z
Plasma Aorta Athercgenesis Corenary Atherogenesis
Cholesterel
Fic 4 1CO is mash suppl d with 15" cholesterol plus 5§’ d

ol TSH is thyrod sumulating hormone of the antenor pitwitary Thyroid hormone
was given in mash at the 10¢" level TSIH dosage was 50-250 mg /bird/day in S19
and 521 respectively The data on aorta atherogenesis are per cent of birds with
gross atherosclerotic plaques ie incidence of lesions (first set of 3 bars) and mean
gradig of gross lesions graded on an arbitrary scale 0—4 (second set of 3 bars}
The data on coronary atherogenesis are per cent of birds exlubing microscopic
atherosclerotic plaques e incidence of lesions (Srst set of 3 bars) and mean
per cent of involvement by plaques in vessels of wdividual buds designated the
coronary count (second set of 3 bars) The latter value 1s an index of seventy
of atherogenests It 1s obtamed by studying two standardized sectans from each
heart, counting the total number of astenal and artenolar vessels visualzed the
number that exhibit normal morphology lpid wnfiltrabon of the vessel wall apd
plaque formation respectively The coronary count 15 vessels with plaques/total
vessels expressed as per cent Similar data on aorta and coronary atherogenesis are
presented 1n subsequent figures (5 21)

These posstbibties are supported by data from another expeniment
of somewhat different dessgn (Fig 5) Al the previous expertments
may be designated expermments exploning the prophylactic potential of
a hormone In them the } possibly mnfl g ath 1
15 admimstered during an experimental perod comcident with the 1n
sttution of a potentrally atherogemic diet The design of the epen
ment 1illustrated 1 Fig 5 15 different This may be designated an ex
peniment explonng the therapeutic potential of the hormone An athero
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genic diet 1s first fed for a number of weeks to all groups of birds Then
one group 1s sacrificed to assess the status of lesions The other two
groups are returned to a plamn mash diet devord of a supplement of
cholesterol and fat In chicks this results in begmning regression of
lestons within 2 weeks This regression of lesions 15 particularly notice
able i the coronary vessels at this tme (Fig 5)

Effects of thyroid on diet induced regression of atherosclerosis 1 cockerels

2 CO -5 weeks
BE 2 CO~5 weeke
—PM - 2 weeks
2 2C O~5 weeks
-PM+ Thyroid-2 weeks
1003

s

82 8>
2 2

437

NN\

Plasma Aorta Atheragenes s Coronary Atherogenesls
Cholesterol
Fic 5 All three groups receved 2C O diet durmg the first 5 weeks Group 1
was then sacnficed Groups 2 and 3 were transferred to plan mash (— P!
for 2 weels (the regression or therapeubic period) and then sacrificed Destecated
thyroid powder was grven at the 0 5-1 0% level in this expenment

But when desiccated thyrosd was admunstered wath the plan mash
diet durmng these last 2 weeks regression was retarded Thus under
these circumstances thyrord did not exert a favorable influence on 1€
gression of lesions although i both groups (evperimental and control}
hypercholesterolema virtually disappeared particularly m the group o
thyrord medication These findings agamn suggest that large doses of
thyroid hormone exert multiple complex effects Further work 1s pro
ceeding on this problem at the present time

In addition to the many studies on the effects of thyroid hormone
admunstration and hyperthyrordism  considerable expenimental work
has been done on the ifluence of hypothyroidism This Conference 15
well aware that the b of hypoth dism and chol 1 fat
feeding was successfully used by Stemer and kendall to produce athero
sclerosts in dogs (5 25} Smmilar work has been done i rats Qur group
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observed that hypothyroidism counteracted the ability of estrogens to
intubit coronary atherogenesis in cholesterol fed cockerels (see the paper
presented by Dr Ruth Pich at this Conference)

Over the years our group has also extensively explored the effects
of p. and p hormones bemng stmulated 1n these
studies by the well known observations of intensified atherogenesis m
human drabeties male and female (5) An early expermment on this
problem 15 illustrated n Fig 6 (15) Note that dret induced hyper

Effects of pancreatectomy in cockerels on a figh fat high cholesterol diet

m2C0C ol
" . COPane ate t mzed
14

Bl od Plasma cP A rf
Glucose Cheleste ol Ratio Atherogenes s

Fic 6 C/P ratio 1s the rato of plasma total cholesterol to plasma total
phospholipids

hol 1

was ly greater i the pancreatectomzed cock
erel For those not famihiar with the pecubanties of avian physiology
1t should be noted that the pancreatectomized chick on a plain mash diet
grows normally and does not develop hyperglycemia glycosuria hyper
Iperma ketosts acidosis To all intents and purposes the depancreatized
cockerel—and the allovamzed chich as well—is apparently a normal
ammal in contrast to the pan d or all dog or rat
Under special expenmental conditions however definte metabolic
abnormalities can be elicited m the depancreatized cocherel Thus a
markedly enhanced hypercholesterolemia supervened m pancreatecto
mized chicks fed a mash suppl d with 2% chol 1 and 5%
cottonseed o1l (Fig 6) With diets of less severe atherogenic potential
this abnormality could not be demonstrated (Figs 7 and 8)

The effects of pancreatectomy were also studied m the regression
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gemic diet 1s first fed for a number of weeks to all groups of birds Then
one group 1s sacrificed to assess the status of lesions The other two
groups are returned to a plan mash diet devoid of a supplement of
cholesterol and fat In chicks this results 1n beginning regression of
Iestons withmn 2 weehs This regression of lesions 1s partieularhs notiee
able m the coronary vessels at this time (Fig 5)

Effects of thyroid on diet induced regression of atherosclerosis 1 cocherels

2 C-O —5 weeks
8 2 C-O ~5 weeko
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Plasma Aorta Atheragenes s Coronary Atherogenest
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Fic 5 Al three groups received 2C O dict during the first 5 weeks Group 1
was then sacnficed Groups 2 and 3 were transferred to plain mash (——> P\)
for 2 weeks (the regression or therapeutic peniad) and then sacrificed Desiceated
thyroid powder was given at the 05-1 0% level in this expeniment

But when desiccated thyroid was admimstered with the plam mash
diet dunng these last 2 weeks regression was retarded Thus under
these circumstances thyroid did not exert a favorable influence on re
gression of lestons although m both groups (experimental and control)
hyperch 1 wvirtually disapp d particularly n the group on
thyroid medication These findings agam suggest that large doses of
thyroid hormone exert multiple complex effects Further work 15 pro
ceeding on this problem at the present time

In addition to the many studies on the effects of thyroid hormone
admimstration and hyperthyroidism  considerable expenmental work
has been done on the mfluence of hypothyroidism This Conference 15
well aware that the bination of hypott dism and chol 1 fat
feedmg was successfully used by Stemer and hendall to produce athero
sclerosis m dogs (5 25) Similar work has been done m rats Our group
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tve effects of msulin were observed 1n these cocherels on a high fat
Iugh cholesterol dret® However an expertment of the therapeutic type
revealed that msulin defimtely mterfered with regression of athero-
sclerotic lesions m birds transferred from an atherogenic to 2 normal
diet (Fig 11) Further msulin counteracted the ability of estrogens to
prevent cholesterol mduced coronary atherogenesis—a finding which
Dr Ruth Pick discusses more fully elsewhere 1n the proceedings of this
Conference ‘The mechanism of these effects of msulin remamns to be
elucrdated Large doses of msulin were used and the birds were hypo-
glycemic for pentods As a result, patterns of food consumption were
affected Almost certamly—as indicated by penods of reactive hyper

Effects of pancreatectomy on diet mduced regression of atherosclerosis in cockerels
= ico
R4 1C O PMeSham

7 1C OPM+
Panc eatectomy

3

1ot f00% lock
B 7

NN\

Pl sm C/PR to Ao ta Ath og nes s Co ona y Athe ogenesis
Ch testerot

Fic § 1C-0 —> PM - Sham s & 1C-O duet for 5 weeks sham operation
for pancreatectomy then plan mash (PM) duet for 2 weeks (cf Fig 5)

glycemta—hypermsulism tended to provoke mcreased secretion of
adrenalin and corticoids Whether these complex responses are related
ta the effects of mnsulin on atherogenesis 1s not at all certam at present

These findmgs with nsuln rekindled our interest m data on alloxan
diabetic rabbuts published a few years ago by some of our colleagues
at thus Conference (3 7) The alloxan diabetic cholesterol fed rabbit
was found by them to exhtbit markedly elevated serum cholesterol levels
with a normal cholesterol/phospholipid (C/P) rato and httle or no
atherosclerosis  despite the tremendous hyperhipemia These diabetic
rabbits were generally not treated with mnsuln However 1n one exper

3 This 15 one of the few expenments 1 our Liboratory explormg the effects of
adrenalin In the lmited way camed ont 1t 15 an mconcliswe study It was long
ago shawn by others that admmstration of adrenalin imduced arteniosclerosis—but
not atheroscl P 1 samals thesr usual diets deverd
of any cholesterol fat supplement (4) It was also shown that adrenabn induced
arteniosclerotic plaques acted as sites of predilection for Iipid deposition and super
imposed atherogenests 1n rabbits on igh cholesterol diets (1)
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therapeutic type of experment (Fig 9) In the early regression penod
pancreatectomy apparently mterfered with regression of both hyper
cholesterolemia and atherogenesis These findings suggest that an mtact
pancreas plays a role in effecting regression of hypercholesterolemua and
atherogenesis m cockerels transferred from an atherogenic to a normal

diet

These observations 1n depancreatized chicks led to studies with 1
sulin A prophylactic type expermment 1s tllustrated 1n Fig 10 no defim

m cockerels fed various duet ks 722

Effects of p

2
3

108 19

iRty

[
\
f

\\¥4

£

Plo ma Cholesters|

M Plan Mash
[ Pla nMash Pancreatectom z d

45 5% O | Mash
¥ 5/ O/ Mash Ponc sotectormized

w22 Cholesterol Mash
I~ 24 Cholesterol Mash Pancreatectomized

88%
g
=25 12 e
= £
8 2
= 3
g g
= =2
= g
- o O o q =
Zex oAk BE AR S6 RE

Tho acc Aorta Athe ogeness

Fic 7 5% ol mash is mash supplemented with 5% cottonseed o (5 15)

kerels fed a hugh fat hih

mn

Effects of all

e 178 an

.-

and p tomy
cholesterol diet—weeks 13 21

= /2CO Controf
W 2C0 Alloxanized
w2 /2C O Pancreatectomized

ooy 100% 100%

2
Im

ANEN
NN,

o Plasma /P ‘Thoracic Aorta Coronary
Glucose Cholesterol Ratio Atherogenesis Athero(?eﬂesrs
Incidence Incldence

“4Grade +Extent

Fic 8



HORVMIONES LIPIDS ATHEROSCLEROSIS IN ANIMALS 185

no ncrease n C/P ratio (since phospholipids tended to nise parallel

with chol 1 under the infl of hydrocortisone) and httle or no
aggrunaton (or amelioration) of alhemgencs:s ( Fxg 12) (9 20) Sumlar
xesults were ot d with ad {ACTH) (Fig

13) On a diet of 025% cholesterol and 5% <% cottonseed o1l a control
group of cockerels recewving no hormone extubited mummal hyper

)l and no ath 2! m expeniments of 5-15 weehs
duration \Vhen birds on such a diet were given hydrocortisone m

Insubn of diet of chol 1 anduced  ath i}
Senes 33 and 38

- 2co

e 2C0 —PM

77 2 CO~—PM ¥ Insul n

\\H3

w
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A b
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AN\

& 29
7
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Cholesterol  ¢/PRat o Ao ta Lesons Co onary Les ans

Fic 11 Insulin dosage dunng the regression period was 5-15 umts of a
Jong acting preparation

tensiB

1on of both hyperchol oletma and ath 1 was ob
served (Fig 14) (9 20) Ths set of expeniences mcidentally illustrates
the need to explore varying quantitative combinations of hormone and
diet 1n experiments of this type

In agreement with a previous observation utihzing adrenal cortical
extract {18) 1t was further observed that hydrocortisone mnduced marked
hyperglycerma 1n cockerels Thus diabetic chichs—corticoid diabetro—
were for the first time available for study In an attempt to explore
their response patterns further hydrocortisone admumstration was com
bined with all and/or p (Fig 15) (9 20) It
had been previously shown that allovamzed or depancreatized cockerels
responded to glucocorticoids with more marked hyperglycemia than m
tact controls (19) Although hypercholesterolemia was 1
these diabetic birds no defimtive consistent aggravation of atherogenesis
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ment msuln was given and under those conditions significant athero
genests ensued

Such findings 1n chich and rabbit mevitably pose the question Is it
possible that 1 diabetic persons ingesting diets which mght be con
sidered potentially atherogenic the therapeutic agent—insubn—might
be playing some role n the causation of the aggravated atherogenesis
which 1s such an important feature ( complication ) of this disease?

Effects of msulin and insulm + adrenalm 1 cockerels fed a high fat hugh cholesterol
diet Sertes 43—weeks 10 17 Senes 46—weeks 9 14
= |2 CO Contra]
85 -2 CO +insulin
@ 1-2 C O +insulintAdrenalin

0%

3
8
~

%-
Plosma Cho! te ol Thorac c Ao ta Atherog nes s Co o o y Atherogenes 5
Fic 10 These data are a composite of two evperments yielding sumilar 1€
sults $43 and 546 with 1C O and 2C O diets respectively The dosage of msuhh:
was 5-15 umits of a long acting msuln_ gven as a single daily injection  Adrenal
was also given parenterally as a smgle daly injection of a long acting preparation
m ol

To our knowledge no reliable data on man are avalable bearing upon
this problem The evpenence m expermmental animals would suggest
that this problem needs to be explored in humans

Another senies of expermments was carned out investigating the
effects of adrenal corticords With diets contuning a supplement of 57%
cottonseed o1l and 05-20% chol 1 cockerels responded to hydro
cortisone with marked fication of hyperchol 2! 4 Tittle or

4 In tracer studies carned out i cooperation with Ga’rdun Gould using, CH
acetate ewidence was obtamed nd; at this b mduced u:]
tensification of liperma 15 due at least m part to increased hepatic synthesis of hpx

under hormonal mfluence
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ghicocorticord—effects n this avan speaes (Fig 17) (20)  Except
large doses at was generally smactne  In Jarge doses 1t tended to 1n
duce 2 mod sn bloed ¢ In chicks fed a hugh far
high cholesterol dhet this cortisone wduced ‘hypertension” was asso
eiated wath mtennfied atherogenesss (Fig 17) (9 20) Ths Budag
h the general problem of the hips among, hyper

P

Effects of ACTH 1 cockerels fed a tigh fat high-cholesterol diet—weeks 12-19

w1 COcont ot
@ )€ OsACTH

Plasma Tho acke Aorta Coronory
Cholesterol  Atherogenes s Atherogenesis

Fic 13 A swgle daly parenteral mjection of 2 long acung ACTH (10-25
mg) was gven (20)

Effects of carienid duabetes with hyperadrenocortiise m cocherels on a high fat
Yugh-cholcstesol diet

wm Yoo Contal
¥ A0 O Hydrocot soue

o4 oy % 0%

e ot

Plasma Serum  C/P Ao ta Coronary

Qlueose Choleste d Ratin Ath pgenevs Atbe ogen s s
Frc 14
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was observed (Fig 15) Here agan the nise in plasma cholesteral was
paralleled by an increase i phospholipids so that C/P ratios m these
diabetic burds were not consistently or markedly different from those
the control group This observation emphasized the possibility that
C/P ratio alteration may be a key factor m atherogenesis—a problem
discussed 1n greater detail elsewhere in this Conf m the paper
presented by Dr Ruth Pich

Effects of hydrocortisone n cockerels on a high fat lugh cholesterol diet—
weeks 13-21

- 20 Co trol
Wi /2 C O +Hyd oco tsone

Pl sma  C/PRoto  Thoroc Ao ta Corona y
Cholesternt Athe ogenesis Athe ogenes s
Fic 12 In this and subsequent expenments a smgle daly parenteral
jection of hydrocortisone (1-2 mg ) was given (9 20}

A therapeutic type expenment was also accomplished with hydro
cortisone (Fig 16) (9) As might have been anticipated from its
lipemia mducing effects the hormone delayed regression of hyper

holl 1 Its ad ration was also d with absence of
the usual regression of aorta and coronary atherosclerotic plagques usually
occurrmg m birds transferred from an stherogeme to a plam wash diet

15 16
(F'Elg'hese) effects of hydrocortisone—an active glucocorticord 1n chicks®
—are very sumilar to those of others working with rabbits (cf Dr Ad
lersbergs p Isewhere 1n this Conf g

In contrast to hydrocortisone cortisone had androgenic—rather than

rs to
5 te—The prncipal endogenous cortrcosterod in the fowl appea
be cofuios?:mns (Phxgxps J G and Jones C J Endocrinol 16 iu 1957)
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tension Liprd bolism and at} Jerosis—a problem foreibls posed
by data on man

A more )! tal ) of this problem 15 1
lustrated 1n Flr' 18 (9 13) It s essenh:xl to focus attention on the
details of desxgn 1n the exper lyzing the effects

of deovycorticosterone The first gmup of cockerels recenved no hor
mone and consumed a plun mash diet contuning no cholesterol fat
supplement The second group ate the same plain mash diet, and re

Effects of cortisone in coclerels on a high fat, hugh-cholesterol diet—-wieeks 1-11

- zC-OCont ot
W /2 C-O Cortisone

297
I | | | % % ]
Comb  Mean mo  C/P  Thoratk Corona
index  Blood Chaemeat fara  hort Atherogenesis
P ssure Athe ogeness —Incidence
Incidenc
+G ade

Fic 17 A single daily parenteral injection of cortisone (1-15 mg ) was given
The dosage was increased step-wise durmg the course of the expenment. The
comb mndex is a measyre of androgensc actvity 1n these growing cockerels (20)

cenved oral salt and parenteral deovycorticosterone acetate (DCA) to
produce an increase 1 blood prtssuxe (It 15 2 moot question whether
this 13 anal to human tial hyp We prefer to speak
of 1t as eleated blood pressure or “hypertension” 1n quotes ) Group 3
ate 2 mash supplemented with 55 cottonseed o1l and cholesterol at the
0256 level—a level that eﬁecrs mmmal hypercholesterolemia and no
gross atherosclerosis m experrments of 5-15 weeks duration {gross lesions
are observed only after 35 weeks) (14) Group 4 recened this same
0255% chol 1 and 5% d ol mash, plus salt and DCA
Despite the administration of salt and DCA and the resultant ncrease
m blood pressure group 2—eating plam mash—developed no hyper

or ath This 15 1n accord with multiple ob-
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Effects of pancreatic corticoid drabetes with hyperadrenocorticism in cockerels fed a
hugh fat high cholesterol diet

m /2 CO Controt

= Y2 C O Alloxanrzed +
Hydrocortisone
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Fic 15

Effects of corticord diabetes with hyperadrenocorticism on diet induced regression
of atherosclerosis 1n cockerels
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the role of } in the etiology and pathogenesis of
atherosclerosis?

Based on the available studes explonng the imfluences of thyroid
pancreatic and adrenal hormones (and leaving out of consideration
the effects of sex steroids) the followng over all conclusions seem
justified at this stage of our knowledge

1 In ammals consuming their normal diets devoid of fat cholesterol
supplements neither ablation of endocrine organs nor admunstration of
excessive doses of hormones mduces atheroscl Such p
may cause vascular damage of the arteriosclerotic—but not of the athero
sclerotic—varnety

2 In ammals ingesting potentially atherogeme diets 1e  diets con
tammg fat-cholesterol supplements hormonal alterations are undoubt
edly capable of nfluencing atherogenesis

3 These hormonal effects on atherogenesis m cholesterol fat fed
ammals may be L e or aggravatmg—d ding upon the
speafic endocrine gland mvolved the procedure (pmducﬁon of hypo
or hyperfunction) the dosage route duration of hormone administra
tion etc

4 Multiple observations 1 a varnety of experimental situations m
dlﬂerent ammals demonstrate clearly that the endocrimes sigmficantly

hol 1 hpid hp boll as reflected by levels
of circulating hipids  The de ble endocrine nfl on athero
genesis 1n fat-cholesterol fed ammals are almost certamnly medated n
part—but only mn part—by these endocrine induced effects on hpd
metabolism

5 Many observations m ammals potentally ath
diets indicate that end fl are not solely
a i of therr hipd bol. eEects Among the many hormonal
actions that may be playing a role effects on vascular tissue metaboltsm
and on protem and vitarmn metabolism need further exploraton

6 The totahty of findings on dietary hormonal interrelationships 1n
animals—particularly the observed mterference of several endocrines
with regression of lesions followng transfer from an atherogemc to a
normal diet—suggests that marked hormonal imbalances may evert an
mtensifymng effect on atherog: m the p of prereq diet
mduced metabolic derangements
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servations 1n several species—hvpertension per se never produces
atherosclerosis ¢ It produces other types of vascular pathology but
never atheroscleross

When the expenmental arumal 1s fed a potentially atherogeme diet
the effects of blood pressure elevation are quite different—as has been
repeatedly demonstrated 10 studies on rabbits dogs and chicks (5 6
10 18) The present expeniment as already indicated was of too bnef
2 duration for lesions to develop m the group on 025% cholesterol and
o1l without salt aind DCA (group 3) However with the addioml

I 1 hips between hyp and atherogy m cockezels
] B PLAIN MASH
K W09 SALT MASH +DCA
? 'g b4 o uaco
172 % ons * W 174 CO SALT MASH * DCA
Z *
5 7 N
Z a8y o3
H ? : % : i ¥
s e ; 11 H
gL ; :
&, : s
E Z 0% 0¥ 0% ov oy 0k 3}
23 1N il MmNl MBL
BLOOD PRESSURE CHOLESTEROY. /b RATIOS INCIDENCE GRADE

£
THORACIC AORTA LESIONS

Fic 18 Sodwm chlonde {19%) was added to the mash Dosage of deov
corticosterone acetate (DCA) was 1-4 mg /bird/day as a sngle duly parenteral
mjection dosage was ncreased step wise durng the 15 weeks of the ewper
ment (9 13)

msult of salt sterord ad ducing el d blood pressure
significant gross thoracic aorta atherogenesis occurred 1n these birds
within this time period (group 4) (Fig 18)

When therefore clevated blood pressure 15 produced 1 an 20mal
(rabbit dog chick) g an atherogentc diet and exhit hyper
chalesterolemia as a consequence the result 15 aggravation of athero
geneSlS

1t 1 now appropriate to summanze and this can best be done by
buiefly answering the last of the three questions ongmally posed From
the avalable findings what conclusions can be drawn at this juncture

€ One special aspect of this problem~the effects of renal disexse on both hpd
wetabohsm and blood pressure and e o
denlt wath preh Iy m this p
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25 Stewer A and Kendall F E AM.A Arch Pathol 42 433 (1946)
26 ‘Tumer k B J Exptl Med 68 115 (1933}

Discussion

§: In with the p of data on the effect of
potassum 1odide i chickens T would ke to take this opportumty to mention
briefly studies done in humans given potassum todide Several patients were fol
lowed on an out patient basis because of a history of myocardial wfarction hyper
tension or because of xaath d or xanth ¥ All patients
had 1 common elevated serum lipop m vanous
of S classes ‘These patients recewved potassium 1odide 30 mg per day for several
months and very careful analysis of the data by statistical means fatled to show
any effect of potassium 1odide on thewr serum Lipoprotem levels

T should like to ask a question of Dr Stamler Yvith respect to his statement
that in pancreatectomized chickens insulin produces an increase m hypercholes
terolemia and perhaps 1 atherogenesis but that this effect may be due to deet
the shde showed that there was a control but as far as I could tell the control
had the same diet 1 would ble some elaboration on this

Stammer  Vvith respect to the expenments on msulin—leaving aside for the
moment @ finding on estrogen wsulin nterrelationships which Dr Ruth Pick will
discuss later—the observed effects were dumng the regression period Let me
reemphasize the technique Lesions were frst produced by feedng chucks a high
fat hugh cholesterol diet for several weeks no hormone was adminstered at this
tme Presence of atherosclerosis was venfied by sacmfice of one-thud of the
ammals Then the remaming two-thids of the chicks were divnded mto two
groups both receving plam mash one recewing wsulin the other no hormone
Under such circumstances—with the previous atherogemc diet having mduced
lesions—msubn mhibited the tegression of lesions usually seen with restitution
to a plam mash diet Ths mhibition of regression occurred despite the fact that
the insulin treated group on plain mash—like the control group—exhibited regres
sion of hypercholesterolemia  Therefore the persistence of lesons occurred despite
dleanng of the hypercholesterolemia

May 1 just make one other comment on potassum iodide There 35 an old
German saying Wenn mann wewss mcht wie und warum dann gibt man Jod
kallum T think we have graduated from that era

Brocn 1 would bike to ask a very general and presumably nawe question  Are
any of the expenmentally induced lesions mreversible? And secondly what 1s
the relation of these evperimentally mnduced lesions to the four stages i the human
which Dr Holman talked about?

STamuEr  As antiapated Dr Blochs questions are anything but naive They
are very basic questions  Fust of all m every species studied to date-—as Anitschkow
long ago reported m the rabbit kendall m the dog and ourselves in the chick—
atherosclerosis has been shown to be 2 reversible lesion at least m part Reversibl
ity of lesions can be virtually complete m young plaques mduced m cockerels
fed an atherogeme duet for only 5 or 10 weeks Such plagues are charactenized by
extensive ipd and Lf g fibrobl; without as yet
hyal calenm d cartilage or bone formation All of
these latter advanced changes can be mduced m the expenmental amunal by more
prolonged feeding of an atherogemic diet The “young lesions m both the aorta
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These expenments were camned out over a penod of several years with the
of the C: lar Dep 5 ! staff 11 exp ! athero-
sclerosis research including Mrs Dolores Friedman Century Mr Phbp Johnson,
Mirs Chnstine Bolene Wilhams Miss Manlyn Dudley Miss Chizuko Rakita Mrs
Eva Levinson Muss Mildred Michael Mrs Eva W Muler Mrs Charlene Thomp-
son Mrs Montez Vanhmscott Messrs Grady Crowley John Morns and Ronald
Wallace
We are also indebted to Armour and Company Eh Lilly and Company Patle
Davis and Company the Schering Corporation and the Upjohn Company for
generous supphes of hormonal preparations for these studies
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artery 1n man are quite peculiar to man as for example the sharp bend of the left
descending coronary Now in rabbits I have persistently seen not only atheroma but
also thrombosis in the arteries of the stomach after 2 or 3 months of feeding of a
cholesterol diet without the addition of fat No mecrosis or infarction {s seen in the
stomach simply because the collateral airculation 15 good 1 would Iike to suggest
that we might look at arteries other than the coronaries n expenmental ansmals
1 think it is perfectly possible that the coronary lesion 1n man 15 pecubar to man
because of the particular anatomical features rather than because of same peculianty
of the physiological behavior of the coronaries mn man
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and the coronary vessels can be ! reversed by withdrawal of the athero-

genic diet Moreover as Dr Pick will show estrogens will induce regression of
plaques 1 the coronary vessels even when the atherogenic dret continues to be
ingested The more ad d 1 their histologic structure would wndicate—
can be induced to undergo partial but not complete regression There 1s evidence
for regression in man too Thus Wilens and Loeber in independent studes both
observed less atherosclerosis m a group of persons dymng of a debilitating dllness
compared with an age sex matched group of indiiduals dymg acutely Further
Rwvm and Dumittoff found evidence for regresson of coronary lesions m men
with prostatic carcinoma treated with large doses of estrogens Time does not
permit a discussion of addtional evidence from epidemiologic research suggestmg
regresston of atherosclerosis 1 man

Now with respect to the four morphologic stages of the atherosclerotic lesion
i man and therr posstble parts 1n exp 1 ammals  Of thout
going mto the matter at length—atherosclerotic plaques 1n man and expenmental
ammals may exhiit mmor differences i thewr finer morphologic structure Two
or three decades ago—when the rabbit was stll the only species 1 which lesions

could be ly induced—th phol detals were sometimes heavtly
emphasized m order to pose the question 1s this lesion 1n the rabbit a true counter
part of atheroscleros:s 1n man® Today smce ath )f has been full

mduced in virtually every species used m the laboratory this problem no longer
looms large The fact 15 that the stage 1 and 2 lesions 1n expenimental ammab
are remarhably similar to those 1 man The d \ are mmor d
species differences That 15 atheroma (the early foam cell plaque) and athero
sclerosis (pearly plaques) with additional fresh hpid deposition i the superfisl
fibrotie layers of plaques—Dr Holmans first two stages—are readily mduced m
several experimental ammals The problem m expermmental atherosclerosis has
been the relative mabibty to date to go beyond those two stages se to effect
complications—stages 3 and 4 It 15 a major problem In the last couple of years
several laboratories have begun to make progress toward 2 solubon of that problem
Dr Prck will discuss such work m our liboratory We have had some success 10
producing h hage mto plaques ull of plaques d g aneurysm aod
on occasion thrombosis superimposed on plaques Dr W § Hartroft i St Louis
has—in rats fed ] plus d fat plus chol 1 plus chohe acd—
pp 1y produced coronary thrombosis and dial 1nf: (The vessels
exbubited only hpid nfiltration without plaque formation This is 1 contrast 0
the morphologic picture m man wherem coronary thromboses with myocardial
mfarctions almost mvarably occur enly at sites of advanced atherosclerosss ) Thus
1t would seem valid to suggest that laboratory research 15 on the way to reproducing
the whole gamut of atherosclerotic lestons all four states m expenimental anumals
But 1t has not quite succeeded as yet A lot of additional work remains to be done

Vorce Dr Stare and his group have produced far advanced lesions m rats
and 1 monkeys with all the stages which Dr Stamler has just deseribed

Porjix I would Like to add one or two words about the production of expert
mental atheroma In those days when I was a pathologist some years ago I
studied expenimental atheroma and 1n fact the mterest of these years 15 responsible
for my deviation 1nto biochemistry I think st is possible that one of the reasons
why we do not see or have not seen thrombosis m experimental atheroma Is that
we have been lookmg at those artenies in expenmental amimals in which 1 the
human the lesion is prevalent Now the anatomical features of the caronary
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Adrenocortical Hormones and Experimental Atherosclerosis®
DAviD ADLERSBERG
Department of Medicne The Mount Sinai Hosptal New York Mew York

The role of the adrenal cortex 1n hpid metabolism has been suggested
by clmreal observations i Cushings syndrome and m Addison's disease
The mnportant posiion of the adrenal cortex n the biosynthesis of
steroid hormones led Deuel to the assumption “that 1t would evert some
contro] over the cholesterol content of the blood

Oler studies failed to show changes i serum cholesterol after
expermmental adrenalectomy This 15 probably explamed by the short
survival tme of these ammals and perhaps by considerable loss of
weight water and electrolvtes Recent studies performed under ade
quate experimental conditions revealed a marhed decrease 1 plasma
phospholipid and chol 1 on m bil v adrenal
tomzed dogs mantamed on deoxycorticosterone acetate (DCA) from
8 to 33 days (5 6 11) The mamn decrease of plasmi phospholipid
amounted to 509% and that of total cholesterol to 48% of the mtial
value The substitution of cortisone for DCA resulted in 2 marked
crease m the concentration of both plasma cholesterol and phospholipid
whereas discontinuation of cortisone and resumption of DCA therapy
agam caused marked lowerng of both plasma Lipd frachons On the
basis of these observations and of sumlar findings 1 patients treated
with adrenocorticotropic hormone (ACTH) and cortisone in whom a
strilang parallelism between changes 1n serum cholesterol and phospho
Iipd was observed (3) 1t was thought that these hormones control the
metabolsm of plasma cholesterol and phospholipid by the same
mecharusm

Since the advent of the cortisones considerable mformation has ac

cumulated regarding the effect of administration of these hormones on
circulating hipids and lipoprotems The obsersations m healthy expent
mental animals are more vihd m this respect than those obtamed n
human patients with a vanety of pathological conditrons m whom these
hormones were used for therapeutic purposes Observations in normal
man are naturally limited by the quantity of the hormones that can be
given and by the short duration of the admimstration Sertous adverse
effects such as altered cardiovascular dynamics water and salt reten
tion gastromtestinal ulceration and perforation and thromboembohc
phenomena represent a well recogmized hazard tnd limt the use of
these hormones for experimental studies m man

T Thus research was supported m part by grants from the Division of Research
Grants Umted States Public Health Service
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prednisone admumstration Elevation of the free plasma cholesterol level
without a corresponding mncrease 1n the estenfied fraction was seen 1n all
groups of ammals but was more p d durmg pred ad
mimstration  These observations may indicate a metabohe block m
the estenfication of cholesterol as part of the effect of these steroids on
Ipid metabolism  The marked increase m the level of plasma neutral
fats may be related sumlarly to impawred estenfication of fatty acids

TABLE II
EFFecT oF Prepvisove, CoRTISONE, AND HYDROCORTISONE 0N PLassta Lirorrorery
PATTERNS? ¥ THE Raserr (10)

Days of Lipoproteins
Anmals  treatment (¢ of total staable hp)ds)
Corticosterards {no) (average) Alpha Beta
None 16 0 307 504 189
Cortisone 2 4 102 308 530
Hydrocottisone 2 29 118 339 543
Predmsone 5 30 58 345 627

@ By paper electrophoresis

The combmation of cortisone (and hydrocortisone) admimstration
with cholesterol feeding resulted i the rabbit, m enhanced elevations
of all kpid fractions (Table III) The plasma of these ammals showed
much greater turbidity than that of the other groups treated with
cortisone (or hydrocortisone) alone or with cholesterol supplements
alone Despite extreme elevation of all hpid fractions the cholesterol
fed hormone 1njected ammals edubited less atherosclerosis than those

treated with choll 1 alone H 1ly mduced d hed per
meabihity of the tissue was suggested to expla.m the expenmental find
mgs (4 9) Ammals given hyal d more

atheromatous lesions than ammals gwen cortisone which edubited
the least pronounced changes One may reason that hyalurom
dase enhanced atheroma formation by increasng permeablhty of the
€ e tissue this h was d by cortisone It
appears then that factors affectng the ground substance of the arteral
wall have an important role i the deposttion of lipids

During cortisone therapy m man espectally whm it was of pro-
longed d an el of serum chok and phospholiprd
was not wmnfrequently observed (2) The chmcal conditions for which
this form of dlerap) was used mcluded severe systemic dxseases such
as d d lupus eryth derma rh d arthntis
leukemua, and acute theumatic fever

To summanze the role of the adrenal cortex m regulating serum
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In rabbits the admnistration of the cortisones produced an mcrease
mn plasma cholesterol phospholipid and espectally tnglycendes (1 7 8)
In many mstances marked turbidity of the serum (hpemia) was ob
served Sumlar changes m serum cholesterol and phospholipid were
observed in the rat In contrast in the dog cortisone and hydrocortisone
produced only small increases i the plasma liptd fractions

Comparative studies were made of the effects of predmsone cort
sone and hydrocortisone on plasma hpids and hipoproteins 1n the rabbit
(10) The mcrease 1 phospholipids and neutral fats occurred earher
and was more pronounced than that of cholesterol resulting in moderate
changes of the cholesterol phospholipid ratte  The increase m serum
cholesterol was due to a greater extent to a nise 1n the free rather than
i the estenfied fraction The esterfied cholesterol fraction decreased
from 70-75% of the total cholesterol to 35-609% after 30 days The
decrease of estenfied chol ! was most pr d foll g pred
msone admumstration  Sumlarly the elevations of all hipid frachons
were decidedly higher after 20 and 30 days admimstration of prednmsone
than after cortisone and hydrocortisone admmstration (Table 1)
There was a marked alteration m plasma lipoprotem patterns (Table
11) charactenzed by a decrease of the alpha and beta lipoprotems and
a concomitant ncrease of the O fraction (lipoprotemn adherng to the
pomnt of origm) Agamn these cl were most proi d after

TABLE
Errzct or PREDNISONE CORTISONE AND HYDROCORTISONE oN THE Prasma Liem
ParTIrions oF THE Rassrr (10)¢

0 10 Days
Choles Choles
terol terol
Amt (total/ Phos Neu  (total/ Phos Neu

mals esten pho Total tral esten pho Total tral
Cotticosterod  (no ) fied) Lpd Lpids  fat  fied) lpid Ipids  fat

Cortisone 12 55/41 112 306 139 59/37 154 655 42
Hydrocortisone 11 47735 103 505 355 42/25 127 771 512
Prednisone 12 50/35 105 350 195 56/33 178 701 467

@ All values are expressed in mg /100 ml
TABLE I (continued)

20 Days 30 Days
Cortisone 12 69/29 212 1090 809 75/45 181 822 566
Hydrocortisone 11 49/25 151 745 515 79/41 250 1014 765
Prednisone 12 86/40 938 1,260 938 130/46 323 2056 1603

= All values are expressed in mg /100 ml
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Lipds and hpoprotems 1s strongly suggested by recent experimental
worh 1n the bilaterally adrenalectormzed ammal and by the results of
hormene admmstration to normal ammals  The latter vary with the
animal species The role of these hormones in man especially i healthy
man 15 difficult to evaluate and requires additional studies
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Discussion

Wurre  The fadure of the cortical steroids to intensify the experimental
atherosclerosis 15 of interest 1 view of chnieal experience mdicatng that these
steroids augment lipid mobilization 2nd 1n view of our own experience m mice in
which these hormones 1ppear to exaggerate lipid deposition 1n the larger blood
vessel walls Have you had v evidence of a relationship between adrenal sterod
admimstration and the amount of cholesterol 1n the diet m other words what does
prolonged ad of hyd do to your normal rabbits and to rabbits
who are ingesting varying amounts of cholesterol®

Apvensperc Ve feed rabbuts 1 g of cholesterol per day without any addihonal
fat We have no expenence with smaller doses of cholesterol Control groups were
grven vanous hormones and were fed Purina chow without cholesterol

WmrE  Can_atheromatous lesions be mduced in rabbits recemving hydro
cotlisone over prolonged penods of tine?

Aptrrseere  This 15 an Interestng quesion We saw only one atheromatous
plaque 1n one rabbit which recerved hydrocorhsone for 4 months Whether this
means anything or not T couldnt say Otherwise we saw no atheroma formahon
m 2mmals treated with corticostermds without chole terol supplements

StanEr  Fust with respect to Dr Whites last question 1 chicks as m
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mendously When one studies these ammals with P3  one sees that the phospholip:d
synthesss 15 normal in all tissues but that phospholipids no longer come out of the
Lver at the normal rate In other words in this preparation the permeahihity of
some membrane in the Liver cells to the phospholipid s decreased When one
gives these ammals cortisone the exchange of phospholipids between plasma and
Liver mcreases again so that from this experiment one might conclude that cortisone
increases the facility of transfer of phosphatides between the hver cells and the
plasma In addiion T would like to ask one question about your rabbits We have
noticed that our rabbits on igh cholesterol diets exhibit severely cholesterol fatty
lvers aundice and anemia I should like to ask you when you give these cortt
coids to your ammals daes that affect the occurrence of any of these disturbances?

AvLerssenc  In regard to the first queshon I was very interested to hear
that Dr Zilversmit on the basis of lus work also 15 inclned to attnbute some
role to changes m permeability I may take this opportumty to say that the best
evidence so far regarding the role of the adrenals mn regulating cuculating bpids
15 that which Dr Zlversmit and Dr DiLuzio mn his laboratory presented that is
that adrenalectomized dogs maintaned on DCA show regularly a drop of ap
P ly 507 in serum chol 1 and phosphobpid If DCA 1s replaced by
cortisone the levels teturn to normal This 15 probably the best evidence that
cortisone plays a role in regulating levels of serum Lipids These anumals developed
high blood sugars We were not sure that the diabetes produced by the hormones
was responsible for the serum Lpid changes Charactenstic histologic changes m
the pancreas have been described since by workers m this field

Howaro May I ask a few questions of Dr Adlersberg concerning the first
study? Was the 17 cholesterol diet fed ad libstum to these ammals or was it a
constant amount per day? What were the evact daily doses for the cortisane hydro
corhsone and predmsone? Finally what were the final weights of the anmals com
pared to the control weights?

Aoversmreg  In fegard to the diet and the quantity of cholesterol I should
have quoted Dr Popjik as the ongmator of the techmque using cholesterol alone
without any other fat vehicle for producing hypercholesteralemia in ammals We
prepared a special chow which contaned 1 g of cholesterol per 100 g of Purna
rablut chow The rabbits eat 1t and thus consume approvmately 1 g of cholesterol
per day ‘Therr serum cholesterol phospholipids and tnglycendes mise 1 the way
described

After many prelmmary studies the dosage was 35 mg of hormone per day
regardless of ‘whether it was cortisone hydrocortisone or prednisone per 3 kg
rabbit We preferred larger rabbits because it was easter to draw blood from ther
ear vemns The final weight of the ammals was often somewhat higher than the
ongnal weight because they were still growing  And they ate very well 1f no large
doses of the hormones were used which produced tovic effects

Precus ¥ would bke to mterject one thing here which I thunk 15 relevant In
the rabbut the endogenous corticosteroxd is none of these that you use but cluefly
cortrcosterone Thus has been shown by a number of investigators T 1magme you
have not used corticosterone unless you have not descnibed it but 1 the ACTH
admimstered anumals 15 there any difference particnlarly 1n the nature of the lewions
as compared with the ammals recenving the other corticosterods?

Aviershene  In the studies with ACTH we did not use t00 many anmmals
The effects on Lipids were milder than those with cortisone But again the question
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rabbits  ad 3 of hyd, wathout chol t feeding fed to &
marked hyperchol ! hyperlip However this regressed In a couple
of months although the hyd wduced hyperl: persisted  Whe dont

know why that regression occurred no lesions were observed  Wth hydrocortisone
admunstration and cholesterol feeding m chicks our results were quite smilar to
those of Dr Adlersberg m rabbts marked enhancement of hypedipenua no 8,
mficant intensification of atherogenents Fmally 1 regret to say thet with hialuron
dase we observed no effects in chicks m contrast to Dr Adlersbergs findings m
rabbits
Bosevstan  The faldure of the stermd d degree of hyp
to ancrease the seventy of atherogenesis may perhaps be more reasonably evphived
by the matked nse of plasma tnglycende induced by the sterosd admumstrabion
A sundar lack of enhanced or even & hed ath also occurs m cho
lesterol fed rabbits concurrently given Tnton or allovan ther plasma agam ex
hibiting & marked nise of tglycende
In recent studies from our laboratory it was found that cholesterol hat 2
preferenttal solubility in exvcess tnglyeende and indeed the hypercholestorolemuz
of Tritonized and of nephrotic rats was shown to be a passwve accumlation of
ol )} to the hmd seqs g capabihity of the of eveess
plasma taglycende respectively Induced by the effect of Trston or by the defictency
of alburnm in nephrotie plasma A swnidar sequence was found by Dr Fredman
and Dr Byers to ocour In normal rats in which 2 proportonate nse of plsma
chalesteral was shown to ocour when normal rate wese continuously infused with
vasfous taglycendes The ability of the excess trglycende mcrement to old
hol 1 lurly was further indicated by the fact that m each of these
1 the 1 of excess cholk 1 was confined to the

1 hol )

P
plasma

Thus the trappmg of excess cholesterol m the plasma as the result of %5
preferential solubibty m the ewcess tnglycende fraction found fn the plasma of
the ammal concomtantly fed cholesterol and gven sterords Tnton or allows
may cxplatn the failure of atherogenesis to be enhanced 1n such awmals despite
the sugmented hypercholesterolemis A chnical paralle] may be exemplfied by
patients with wdiopathic bypercholesterolemia smoe such patents edubat severe
hypertriglycensdenua as wall as marked hypercholesterolerma but do not generally
exhubit the very severe ath frequentl, g at very emly aves i
patients with essential hypercholesterol h whose plasma_although
hyperchol 15 not ch dbya Fcant fncrease of tngh

Avrersuere  To answer the remmarks of Dr Stamler much depends m‘!}\ﬂ
species and the doses you use  The bird has a completely different hpid b
than the mammal ond one has to be eviremely coveful m companng the tssues
and the Ipid metabohsm w vanous species

As to the remarks of Dr Rosenman 1 would pot ke to imply that dunfaished
or wcreased bissue permeability s perhaps the only factor sespomsible for ouf
observatons I think ft 15 one of the factors which should be conwidered in ouf
work s fhis field I am aware of the work of Drs Byers and Foedman aod of
thewr comcept that the Lpemia has a trappug effect on serum cholesterol Thete
ase probably sorne othex possibihties as well which canot be discussed here
Zuversaar I should bke to comment on the matter of permeabiity In

\? dogs d on DCA the serum lLpd levels drop 2
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Experimental Stress Blood Lipids, and Atherosclerosis
Mever FriEDMAN anDp Hervan Unrey!
Harold Brunn Institute Mount Zion Hospital San Francisco California
A recent review by Wilhelm Raab (4) pomts out that much evidence
1s available concerming the atk of phrine and
norepinephrine both m ammals and man that this effectyeness 15 en
hanced b) thyrord hormone and that, m genera] emotional sympathetie

ov may be d to be d g 1o the artenal walls
ALM kov (3) has d much Russian work on the m
fluence of central nervous factors and pic drugs on chol

induced atherogenesis n rabbits Phenobarbital markedly reduced the
atheroma of the rabbits without changmg blood lipid values Amytal
and chloral hydrate had stmilar though less marked, effects Benzedrine
mereased both blood lipids and atherosclerosis although caffeme did
not

Observations on 128 patents treated \vnh the same drugs led the
Russian authors to Tude that the chol 10n of blood 15
controlled by the central nenvous system Wexler and Miller (7) were
able to produce what they describe as a fulmmating artenosclemsxs m
the old female rat solely by ad of
hormone several times a week for 7 weehs while these ammals were
fed an ordinary laboratory det without added fat

All these studies indicated the importance of stress in the genesis
of atherosclerosis

The two expenimental situations to be described heremn were devised
1 an attempt to approvimate 1n animals some of the stresses of human
group lving  The authors do not beheve that a very close approuma
tion was achieved but feel that the phlosophy of this attempt 15 vahd
and may lead ultimately to quantitation of the somatic effects of psychic
factors m human stress

In the first e‘(penment (6) a selection of 30 most “aggressive” and
30 most “passive” mdwviduals was made from a commercial flock of
2500 male chuckens by an expenenced handler The groups were sep
arately housed and fed twice daily only the amount of food which
would be consumed within 1 hour by the passive group The diet was
mash enriched with 5% cotton seed ol and 2¢% cholesterol Observa
tion of the behavior of the fowl was continued for the 15 weeks of the

and a further sel made of a total of 12 aggressive and

9 passwe chickens which had exhibited a consistent behavior through
"1 Presented by Sanford O Byers

203
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of dosage comes mnto the picture It is quite posstble that 1f we had used larger
quantities of ACTH the results would have been different

Furvan  In with Dr Zit s remarks ding the status of
the hver 1t 15 interesting to observe that the elevation of L‘holesteml observed by
Dr Adlersberg was mamly in the “free or fed fraction H

due manly to elevation m the unestenfied fraction 15 seen 1 bxltary obstruction
Falure for normal amounts of estenfied cholesterol to obtamn can also be nterpreted
as evidence of hepatic insufficiency I wonder of Dx Ad)exsbcrg would speak mere
drrectly to Dr Zil ts question regard or ] evidence
of hver derangement because some of the ch:mges s errculating lipids which
he desenibed could be secondary to Liver damage and not a prmary effect of the
sterord adminsstered to the ammal

Aoverssgrc I think this 15 a very good possbulty Dr Furman except thit
on histelogic exammnation of these hvers we did not find any evidence of hepatotonc
effects
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to form a visible “endogenous chylomicronemia” and finally (5) simul
taneous 1 of plasma phospholipid and cholesterol 1n excess
These events except for the mmtinl kidney damage can all be shown to
be reversed by intr d ration of bovine alb to the rat
The sequence after admumstration of Trton WR 1339 a wetting
agent (2) appears to be (I) accumulation of plasma tnglycende (in
glyceride does not appear mn the hepatectorized amimal however if tni
glycende 15 supphed intravenously the sequence follows even mn the
1 £

hverless ammal) to the pomnt of endog h d
by (2) 1 pp of excess pl phospholipid and
cholesterol

The sequence after bile duct hgation (1) appears to be (I) ac
cumulation of bile acid then (2) )t of plasma phospholiprd

and finally (3) appearance of excess plasma cholesterol. The hyper
cholesteremic plasma 1s clear and transparent m the bile duct hgated
rat

Each of these sequences may be mmtated at any stage by mtra
venous jection and continuous maimntenance i the plasma of sub
tantially el d 1ons of the approprate blood Lipid
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Discusston
Eper  An alternate expl. to the & i by Dr Byers to
explan the changes in nephrosis 15 that suggested by the observatons of Dr Dawid
Gitln  He showed that i neph there is a d d £ of the

very low density beta hpoprotems to lugher density beta Lpoprotemns These low
density beta Lipoprotems contan appreciable amounts of tnglycende as well as
smaller amounts of cholesterol and phosphatide The failure of this conversion
of the very low density beta Lipoproteins to ones of higher density may be esplamed
m terms of the Lpoprotem Lpase (cleanng factor) This enzyme hydrolyzes the
tnglycende of the low density Lpoprotems and concenvably converts them mto
ones of hugher density In the nephrotic this decrease m actmty of the enzyme
may be a reflection of a decreased concentration of serum albumn which binds
the fatty acids released on the hydrolysis of tnglycende These fatty acids may
accumulate and wmhibit the enzyme
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out Body and organ wesghts of the two groups were sundar except
for heavier testes and combs m the aggressive group At autopsy the
degree of coronary ath ! was evaluated as i 1 1 both
groups Average aorta cholesterol was 1264 mg /100 g i the aggressme
group and 1957 mg /100 g n the pasawe group The average plasma
cholesterol during the expenment was 348 mg % 1 the aggressne
group and 525 1n the passive group The results of this evpenment
ran counter to the expectation of the authors who had antipated 2
posttive correlation of aggr vth ath 1

The second expenment was designed as an atttempt to smahte
m rats the state of mind of a busy executne with more appomtments
than he has tme for or of a ugh pressure salesman drven to beat s
own past sales record Rats were placed for 6 hours dady m a cage
with provisions for electrically charging the floor with a faradie cusrent
adjusted to admmster 2 harmless shock Each half of the cage fioor
was charged alternately at random mtervals The ammals soon learned
to seek the uncharged area and remaw there untd it became charged
wheraupon they shifted posiion  However sumce they conld not preciet
when such a change would be necessary they were constantly alert
and poised for quick action  This alertness 1s cleasly shown n the ac
companying motion pictare The first such expenment 15 1 ats At
month at the present time No autopsies have been performed as yet
The 15 expersmental aninals now average £55 g m weght the controls
270 g Blood cholesterol and phospholipid values have simlar ayerages
m both groups Both are high because these amumals are eatng 29
atherogenic diet The most striung difference between the two groups
15 1 blood clotung time as determined w capdlary glass tubes The
blood clotting time of the experimental group averages 64 seconds with
a range of 40 to 90 seconds that of the control group averages 1
seconds with a range of 60 380 seconds

This shortening of blood cloting time gams significance when con
sidered in zelation to the passibility of excessive occurrence of throm
bote acadents m mcwiduals under time stress This latter possxbthy
will be dealt with at length by Dr Ray Rosenman 1w his presentation
this evemng

Dr Rosenman has also asked me to present some of the work we
have done on the sequence of events m vanous expenmental hyper
cholesteremc states as he will not have tume to do so tomght Briefly
the sequence w expenumentsl nephross an the rat appears to be a3
follows (5) (1) kedney damage (2} loss of plasma albumen to 2 008
centration of less than 1 g % (3) fmlure of hipoprotein hpase “cleanng

t {4) accumul of excess plasma tnglycende sufficient
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tions One as I watched the behavior of the members of this conference I won
dered whether the San Francisce group would not prefer to add the busy scientist
to the business man and the salesman Two was the design of the experiment at
all colored by the fact that we talk about lfe being a rat race®

\ow to be senous VW hat about the abibty of these ammals to eat as compared
to control anumals subject to electncal shock® What about exercise itself as dwtinct
from evercise and suspense® There 1s some recent work which suggests that animals
who ewerce have less ath k and less hyperchol ! Now how
hue these two vanables been controlled n the design of the expenment?

Biers In reply to the second of Dr Ratz facetious remarks the design of this
expenment was due most largelv to the fact that Dr Herman Uhley was tramed
i electromes 1n the Radar Corps during the last war and the particular electric
circunt 1nd the notion of the charged floor and so on are infleenced by his 1deas
of what would move 2 rat without damaging 1t

The frod that the two groups eat 1s comparable They have not been strictly
pur fed but the food that they eat has been measured and until recently I believe
the tngestion of food was comparable However I understand from Dr Friedman
that steps are now bemng taken to Lmit both groups to the amount of food taken
by the group which eats the least With regard to everaise 1t seems obvious to
me that the nonstimulated rats have a more congemial type of exercise than the
stmulated ones W hen one conswers that the rat normally sleeps i the daytime
or at least 1s a nocturnal ammal then these rits are really 1n a rat race Thes are
gomg mght and day

Warker T would like to add to what Dr Ratz has mentioned i relation to
actnity and ats role m atherosclerosis and coronary heart discase  VMost of you
will be aware of the studies of Dr Moms m Englind dealing with coronary death
Rites in populations with different levels of physical actvity In a piper gnen
at the Washington C on “Card lar Epids Morrs noted
that postmen hive % lower death rate from coronary heart disease than less actne
po t office cleths Swmilarly he showed that bus conductors have a lower coronary
disease mortahty than bus drvers Furthermore there 15 the generally more
favorable positon of rural (and presumably more actrve) dwellers as agamst those
Ining 0 urban areas Buochemicall, there is a certan amount of information
bearing on this subject There are the studies of Dr George Mann and co-workers
concerning the mfluence of muscular exercise 1 lowenng serum pid levels There
15 evidence that fbrimolysin activity m the blood 1s stmulated by physical exercise
Furthermore 10 a piper just published by Dr Connell and coworkers it was
shown that physical traming can have a Iighly simmficant lowenng effect on the
escretinn of 17 Retosteroids One presumes that other aspects of the endocrinologt
cal picture are also affected under these conditims Therefore I think that m
both expenmental work and m studies on humans there 15 room for a considerable
amount of further smestigation m relation to the role of activity

Stmisowzr T would like to ash whether the tnglycende that wis used was
prepared as an emulsion

Biers  We have used three or four different emulsions We have used Lipo-
m1 and controlled 1t with Lipomul vebicle we have used Baxters fat prepared
for mtravenous almentation We have used coconut ol almond o1l olne o and

otfer types It 15 all ammal « orh and these emulsions have not been handled
aseptically
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Bvens  We have not postulated any greater than normal withdrawal of cho-
lesterol from body depots as necessary to explam the hypercholesteremua of epen
mental nephrosty  We believe the rate of nse of plasma’cholestesol in this condihon
to reflect the normal rate of entry of tissue (liver for evample) cholesterol mto
the blood The rate of withdrawal of blood chol 1 for further
by tissue 1s slowed down 1n nephrosis The blood cholesterol level merely reflects
the disparty between a normal rate of income and a slowed rate of outgo

With regard to the hypotheses of Dr Gatln I should like to say that we bebere
all the synd following exp: 1 neph 15 explicable solely on the bass
of loss of plasma albumin  We can reverse the syndrome by admimstration of al
bummn alone or we can prevent onset of the syndrome in the face of typical kd
ney pathology by preventmg loss of unme contaming albumin Ve can bt
the sequence of plasma hipid changes i w0 at any stage by admustration of the
proper lipid at a rate such as to mmuc the rate of its accomulapion m the expen
mental syndrome Of course the hpids we mject are not mn physiolomeal Lpo-
protemn form and therefore stuctly speaking do not evactly duplicate the natmal
state However the experimental analyhcal values for each plasma bpid are ex
actly duplicated following appropnate mjection of 2 pid early 1n the sequence

H e ohospholioid. chol 1

tr

g phospholip
We can demonstrate fn titro precisely the defect i hpoprotemn Iipase action
postulated tn v1t0 and we can remedy this defect m eitro solely by addition of
albumin to the nephrotic plasma 1 the test tube We can myect albummn mto the
nephrotic rat withdraw some and show that the lipoprotemn lipase defect 1
bolished 1 with al of plsma lpids m the diection of

normality

Bovte Tius falure of clearng m these two situabions I think 15 entwrely duffer
ent m Tnton rats and the nephrotic rats In the macident of the Trtomzed rat
the fatlure to clear 15 due to a specific mhibation of the substrate In other words
these ammals can make clewnng factor and if thewr lipoprotems are separated bv
centrifugition the addition of their heparmized plasma will be able to clear
normal chylomicrons Whereas the Triton treated rats chylomucrons cannot D¢
cleared 1n a normal clearng factor system so that the blockage in the presence of
Triton apparently 1s the blockage of the enzyme site on the substrate chylomicrons
In the madent of nephrosis I think the hypoalbuminemua plays a major folé
whether 1t 15 all quantitatne or quabtative we dont know But m one case of
1diopathic hypoalbuminemia that Dr Robert Gordon was studying at the Heat
Institute (I helped m the laboratory work with hum on this) when this idiopathic
albummemic patients albumin became less than 1 g% she became hyperhpemi©
and hypercholesterofemic 1n the range of 300 to 600 mg % cholesterof efesated
in the low density Iipoprotems If you admimstered one umt of albumn her
Iipid values promptly fell to normal to about 160 to 180 mg % cholesterol She
had no renal disease defectable by any known means This shows that pethaps
the hyperlip and the hyperchol ! m neph are not speaific to
renal disease but dary to either quabtatve or g ! in
albumn bloed levels The clearing mechantsm fails to work mn these two condstions
by different mechnisms one with the acceptor protemn for free fatty acids being
inadequate and in the other mcidence the substrate being blocked by the wething
agent Tnton

hatz [ want to make two facetious remarks and then ask some senous ques
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associate Dr Meyer Friedman Thus Dr Friedman noted that Dr \Moms and
hus assaciates faled to contrast i thewr own data the varymng incidence of coronary
disease 1n the downtown (central) compared to the suburban transport personnel
Having learned that both the downtown bus drvers and conductors in London are
mnstanlly exposed to a severe form of occupational strcss largely absent n khe
suburban personnel 1 beheve that Dr Friedmans b are
sigmficant  Thus as can be noted m the recaleulated dm of Dr Momns which
are presented 1 Tible A the moidence of angma and myocardul mfarction and
the total mcdence of climeal coronary disease are each greater m the downtown
drvers compared to the suburban dnvers and are simlarly greater i the down
town conductors than mn the suburban conductors Of particular sigmficance 1s
the fact that the downtoun conductors have a higher total meidence of coronry
disease than that exhibited by the suburban bus drcert

1 would also like to comment on the reference to Dr Gitlns studies m
nephrotic patients which was made by Dr Eder carther To sav that hvpo-
alburminemia 15 present i nephrotic plasma 15 to charactenize descriptively a finding
which of course does nat evplan the mechamsm of its occurrence In analogous
fashion I believe st 15 a semantic error to state thit the hypercholestereria of
nephrotic plasma or 1 other hypescholesteremic states 15 due to hyperbetalipo-
protemenua The latter 1s agam 2 deseniptive charactenzation which fails to explain
aither 1ts own or the of hyperchol Tt would rather
appear ta me merely to describe the manner s which the excess morement of
cholesterol 15 transported in the plasma Dr Githn has found that the excess
cholesterol 1n nephrotic plasma 15 transported as low density beta lipoprotemns having
a slower than normal rate of tumover I do not beleve that this finding s at all
at vanance with our earher findings that nephrotic hypemholeskeremm 15 ascnbzble
to the markedly delayed plasma egeess of chol of the

i tum asenbable primanly o the deficency of circulating

altymin 1n nephrotic plasma
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Staisower  There eusts some evidence that fif intake 1s a stmulus for the
appearance and/or merease of clearing factor m human and rat plasma Injection
of a tnglycende emulsion however may evole different mechamsms since one
1s dealing here with an unphysiological situation due to differences n physical z0d
chemieal properties of tuglycende emulsions and S 20400 serum Lpoprotems
wnd chylomicra

Aprerspere  Dr Patterson a well known pathologist 1n Canada publshed 2
short paper or only an abstract of a paper several years ago mn which he put
chicks under stress somewhat sunilar to the one that you use His observations were
thit these chicks lept always m a status of fright and motion presented less
atherosclerosis than controls fed cholesterol only I would hke to swv that we
have been iterested m the effects of mntravenous fat 1nfusions m man 4 smgb
dose consists of 600 cc and supplies 90 g of nentral fat as punfied com ol Ths
quantity 1s usually given mtravenously within 3 hours One finds practically ne
changes from what we have seen in the serum cholesterol and phospholipid Iesels
Of course the tuglycendes do go up and the serum may become turbid  Clearm
after a few hours 15 scen If these nfusions are repeated regularly the cleann
mechanism suffers probably by exhaustion of the hpoprotem lipase reserves

Rosennian T would ke fo comment on Dr Walkers teference to the studies
of Dr Moms and the d of chnical coronary heart
disease m London transport worhers (Lancet 2 1054 1953) Dr Moms ha;
emphasized the factor of exercise mn accounting for the lower incidence of clind
coronary heart disease mn the London bus conductors compared to the dmers
When the data presented by Morns et al are recalculated m terms of the lncxden‘:e
of cases per 1000 man years observed as has been done m Table A 1t e be

TABLE A -
o
ConParsoN OF INCIDENCE OF CLINCAL CoRONARY HEART Disease IN LOMD
TRANSPORT VW ORKERS®

Taerdence of coronary disease
(number/1000 man years)

Type of
’1‘:22‘;:; g tra);\Psport Angina Myocardial  Totl
1 P 1 pectons nfarction mcidence
All transport drivers 032 228 % gg
All transport conductors 063 099 2
Only Downtown (Central} 042 256 2 9§
drivers Suburban (Trams) 011 161 172
Only Downtown 077 123 20
conductors Suburban 032 048 08
Conductors Downtown 077 123 2 0’
Drivers Suburban 011 161 172

% Data denved from that presented by Morns ef al

seen as noted by the authors that the medence of myocardial nfarction m}\’d ﬂ;:
total merdence of chinucal coronary disease but not that of angma are hugher
the drivers than m the conductors o
However 1 wonder about the vabdity of Dr Morns conclusions 11 view
the most mteresting observations concermng his data that have heen made by m¥
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Experimental Atherosclerosis in Dogs’
JesstE MamorsToN  SHELDON RoOSENFELD® AND Jomn MEenn
Institute for Medical Rescarch Cedars of Lebanon Hospital and Department of

VMedicme and Brochemustry Unsversity of Southern California
Los Angeles Cabifornia

To date we hwve studied over 70 dogs and have produced exper:
mental atherosclerosis either by using  thiouracil and cholesterol
regimen or by performing total thyroxdectomy followed by a lugh cho
lesterol diet Each dog has been mdividurlly fed throuracil and/or
cholesterol on the basis of 1ts body weight and all ammals have had
free access to exercise Vie have been interested m studying three
major pomts (a) the effect of thyrordectomy as compared with thioura
cl treatment (1) the role of stress m the production of the disease
and (c) the relitionship between the development of the disease and
the urnmary cxcretion levels of corticords and estrogens It his been
suggested that there 15 a breed difference mn the susceptibibity of the
dog to the development of experrmental atherosclerosis Dr hendall
has been inbreeding a stram of dog which he beheves 1s more susceptible
to the development of the disease In studies conducted on some of
these normal dogs (“hendall mongrels ) and normal beagles 1t was
observed that 1n the Rendall mongrel the serum cholesterol and phospho
lipid levels were sigmficantly hagher The average serum lipid values
for the beagle were cholesterol 158 mg % phosphobpid 329 mg %
cholesterol phospholipid ratio (C/P) 048 and bet: lipoprotemn 28%
The average serum lipid values for the hendall mongrel were cho
lesterol 218 mg % phosphobpid 382 mg ¢t C/P ratio 055 and beta
hpoprotemn 32%

Eight beagles were put on the thiouracil and cholesterol regimen
for a period of 10 to 12 months Figure 1 shows the tvpical response
of a beagle on this regimen The average serum hpid values rose as
follows cholesterol from 158 to 512 mg % phospholipids from 329 to
495 mg % C/P ratio from 048 to 104 and the betn lipoprotein from
28 to 44%  Six Kendall mongrels were put on the thiouracil and cho
lesterol regimen for periods up to 8 months The averige serum hpid
levels rose as follows cholesterol from 218 to 718 mg % phospholipid

TThe mvestigations described n this paper were aid d by grants from the
Lasker Foundation and the Umted States Public Health Service (H 3331)

Introduction by Jessie Marmorston MD  “Dr Sobel collaborated with me
n the planning of the expenments herem reported His enitical appraisal of the

work particularly 1n 1ts eatly phases 15 gratefully acknowledged
3 Presented paper
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from 382 to 588 mg % C/P ratio from 053 to 122 and beta Lpo
protem from 32 to 48%

When thyroidectoms replaced thiouractl the awerage serum hpd
response was greater mn the male than in the female dog Figure 2
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lesterol treatment In the dogs gnen ACTH 2 to 4 months prior to the
admmstration of thouracil and cholesterol there were no changes in
the serum Lipid valucs until after thiouracil and cholesterol was added
to the dict  Eleven dogs were studied 1 this group  Figure 3 illustrates
this effect In the beagle the serum hpid elevations were 1s follows
cholesterol went from 158 to 330 mg % phospholipids went from 329 to
830 mg ¢ C/P ritwo went from 048 to 167 and the beta lipoprotein

Beagle Kendalt Mongre!
1049
1000
m O
800 Male  Female

Seremigta
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i
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Fic 8 Average serum phospholipid Tesponse of beagle and hendall mongrel
0 the vanous espenmental procedures

went from 28 to 75 The setum hpid response obtaned from the
Kendall mongrel (Fig 1) was as follows cholesterol went from 218 to
2330 tag 5¢  phosphohpds went from 38210 1043 mg ¥ C/P rato went
from 055 to 241 and the beta Lipoprotems went from 32 to 83¢% In
addition of the 11 iimals treated with ACTH 4 have expenenced some
form of paralvtic stroke

Figures 5 6 7 and 8 summanze the lipid response of the beagle wnd
Rendall mongrel to the various expenmental procedures The most 1m
portant pomt to be made it this time 15 that under the conditions of
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demonstrates this effect of thyroidectomy on 11 ammals 6 femles and
5 males Though the data to date nre highly suggestive of 1 male female
diffcrence 1 greater number of ammals 15 necded for statistical v
mficance Ths study 1s presently being pursued

In order to mvestigate the role of stress in the development of athero
sclerosis we have used large single or multiple doses of ACTH (adreno

Beagle Kendall Mongrel
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Fic 5 Average serum cholesterol response of beagle and Rendall monerel

to the vanous expenimental procedures

corticotropic hormone) electric shoch and cold stress We found thit
when beagles Rendall mongrels or mongrels were treated with 1 to 3
subcutaneous mjections of 40 umts of ACTH there was 1 marked m
crerse m the serum Iipid response of these ammnls to the subsequent
feeding of a standurd thiouracil and cholesterol diet  Furthermore 1t
made no difference whether the ammals received the ACTH 2 to 4
months prior to or at the commencement of the thiouricil and cho
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tomy and before the ammal 15 fed cholesterol and becomes hyper
cholesterolemie there 1s an alteration n the uninan exerction of es
trogens This effect 1s illustrated in Fag @ The normal Jevel of unnary
estrogen excretion for 25 determmations on 17 male beagles 15 0033
g per 24 hours for 21 determnations on 16 female beagles 1t 15 0047
ng per 24 hours The prel y “s g P dures” cause the
urmry estrogen excretion to fall from 0033 to 0015 pg per 24 hours
in the male and from 0047 to 0026 pg per 24 hours in the femnle dog
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Fic 8 Average serum P-lipoprotemns of the beagle and hendall mongrel after
vanous expenmental procedures

After cholesterol feeding and the develof of hyperchol I
the unnary estrogens average 0051 pg per 24 houss mn the male and
0043 yg per 24 hours mn the female It should be noted that whereas
the uninary estrogens return to the normal level n the female 1 the
male the urinary estrogens exceed the normal level Furthermore mn
34 determinations on male dogs and 33 determinations on female dogs
a positive correlition eusts between the scrum cholesterol and the
unnary estrogen levels This 1 15 sigofl to less than 0001
over serum cholesterol ranges up to 5000 mg %

Figures 10 11 and 12 dlustrate the gross pathology Figure 10 shows
the aorta stained with Sudan 1V used to demonstrate the Iipid content
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this experiment ACTH greatly sensitizes the dog to the atherosclerote
effect of thiourial and cholestero]l The Liprd elevations produced
the ACTH plus thiourwail and cholesterol treated group are sigmficwtly
greiter thin the Iipid elevations produced in the thouracil and cho
Iesterol treated group (P = 0001) Tests of significance were not made
for companson of the beagle and kendall mongrel mn all expenmental
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groups because there were not enough Kendall mongrel dogs m all
groups However 1t does appear that the hendall dog 15 more sus
ceptible to the development of expenimental atherosclerosis

We have been interested 1n the urinary excreion of estrogens during
the develop of ath lerosss At this time we have prelimmary
data which suggest that durng the periods of sensiizition durmng
which time thiouracil or ACTH 1s given or immedately 1fter thyroidec
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Fic 10 Asta stamed with Sudan IV demonstrating the bpid content of
the atheromatous lesions
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of the ntheromatous lesions Figure 11 illustrates the marked degree of
mvolvement of the coronary vessels The cerebral artenes and most of
the smaller vessels of the body were also sev crely molved Frgure 12

prevs

Y
&

Fi¢ 11 Coronary vessels with marked degree of involvement

shows a bram of a dog who died very suddenly from a cerebral hemor
rhage m the region of the posterior part of the circle of Willis A short
film shows the residual effects observed 1 a dog 1 month fter suﬂerl]ng
from  paralytic stroke This 15 a dog who was treated with ACTH plus
thiouracil and cholesterol for 12 months During the first 2 weeks after
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hour and electric shock causes the urman corticoids to nse to lesvels of
140 to 160 pg per hour Figure 14 shows the effect of cold stress on
the unmary corticord creatinine ratio In 4 normal dogs cold stress pro
duced no change mn the urmars corticod creatimine ratio whereas mn 5
ACTH plus thiouraail and cholesterol treated dogs cold stress caused
the corticord-creatinine ratio to nise from 00025 to 00046 The relation
ship of cold and electric shock stress to the ACTH phenomenon the
mechamsm of the ACTH phenomenon and the eflects of estrogen
therapy and exeraise on experimental atherosclerosis are currently bemng
studied
Discussion

Hotaay  First T would like to compliment you and your co-workers on the
production of a cerebral hemorthage I know of no previous work like this and I
would ke to inquire a hittle more about 1t such as the evact site and nature of
the hemorthage Do you know whether 1t came from the basilar artery or from
one of the major vessels at the base of the brain® Has the hemorthage m the
other dogs been subdural or subarachnord in nature as suggested by the gross
picture which you showed® Have you done spimal taps on any of these dogs®

Staseer  Is that lesion a cerebral hemorthage or a hemorrhagic infarct?

RosenFerp  Gentlemen I am not a pathologist Ve are sending these tissues
to a pathologust for a complete report In my opinion 1t appeas to be a subarachnoid
hemorthage 1n the region of the postenor portion of the circle of Willis The specy
men 1s here 1f any of you are mterested m examning it

Rexoste T mght say that we have cbsened thus sequence of svmptoms that
15 the apparent partial parahysis and long drawn-out convalescence from the condition
when taken off from the thiouracil-cholesterol regimen but we never have been
able to produce any evidence of cerebral damage Ve bave had brams from
ammals dying m this condition exammned by a competent neuropathologit and
he was unable to locate any areas of hemorrhage nor could he find any changes
that would enible him to refer the symptoms to any specific cerebral damage

Stamer 1 may be able to throw some hght on this hind leg paralysis based
on purely personal famuly expenicnce Ve tave had this syndrome m ocr cocker
spantel at home and we leamed from the vetennarian that this 15 2 very common
occurrence m dogs Apparently dogs readily develop damage to the lower spinal
cord with restltant hind Limb paralysis \ow this observation m no way gamsays
the val dity of the cerebral hemorrhage presented lere It 15 merely to suggest
the possibility that mn some of tre Iving dogs hind mb paralysis may develop on
a quite different basis

Ouven T wonder if Dr Rosenfeld would perhaps elaborate on the prect e
features of this so-called paralysis Did this mvol e all four hmbs did 1t mvolve
one hmb was 1t spastic was it flacerd and what are the chances that this could
be an event which did not mvolve anv bran lesion® You did 1w fact say that the
dg would not respond just lay about for a month Now if this were due to a
quadnplegia and bilateral cortical hemorrhage one wuld \ onder at the dogs
s tival  Experimentally 1ndced damage 1m vanous aspects of the cortex of tre
dog wil produce lesions very comparable to those seen m the buman and there
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beagles and mongrels In the beagle the normal urmary corticords as
measured by the Silber Porter method are about 120 g per hour Elec
tre shoch produces httle or no effect on the hourly corticord excretion
In the mongrel the normal unmary corticoid level 1s about 80 g per
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ceving ACTH what was the time intenal between admimstration of ACTH and
the of the cercbral

Rosenretd  Most of the amimals were given 1 to 3 mjections of ACTH 2 to 4
months prior to the feeding, of thiouracil 1nd cholesterol Ve have gwen some
animils ACTH at the sume time that they were given thiourasl and cholesterol
and others hue been gnen ACTH after they hid been on thiouracil and cho
Isterol a long time One of the ammals gwen ACTH after bemng hypercholes
terolemic for a Jong time was onc of the ammals aited as having this condition and
two of the animals who were gmven the ACTH and thiouriail and cholesterol at the
same time developed cerebral occlusne attacks after 8 months The third ammal
wag one of the ammal who hid recened the ACTH pror to the thiouracil and
cholesterol

Manuorston  In regard to Dr Olners question which I believe was not
clearly answered 1n all mstances paralysis preceded the cerebral lesion 1 think
this 1s not an accidental finding  As to the exact locttion of the cerebral lesion and
uts relionship to the neurclogical manifestations i the particular dogs we are
not able to answer that at this time hecause we have not studied the pathology of
these lesions mucroscopucally as yet We have about 35 dog brams quite ready to
section_and perhps next time we stall be able to give a more precise answer 1
think this also covers Dr Stamlers question 7s to whether this 15 possibly an
acudental paralysis
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fore 1t might be of some mtcrest to know the precse neurological and pathologeal
findings 1n these tmimals

Rosenrerp  In answer to Dr Stamler I am familur with the problems of
household pets as I 1m « vetennaran as well as a phystoloist This 1s not the
condition you desenbe In this particular ammal one side was mvolved and the
anmmal moved nround n arcles In another case the antmal was completely
paralyzed and could not eat or swallow for 5 dvys Eventually there was an
1acrese 1 motor tctvity which w1s progressive from the head down the anwnal
began to use lus tongue could eat and eventunlly was able to regun his stability

Hereman Do vou hwe any wnformation about the blood pressure of these
dogs?

Rosensrin No Idont The only evcuse we have for not doing this was that
after seetng these lesions T was worried about puncturing the femoral vesselh Ve
are planmng to study blood pressure and peripheral blood flow in these animals

Stmisowen  Dr Rosenfelds comments are of great mierest to me particularly
with respect to observations made by Dr Wet Young 1 humans concernng the
correlition between coronary and cercbral atherosclerosts These were autopst
studics done on 37 patients (this number has now been extended to over 100
pitients) dying mn a state mental mstrtution A very careful technique was developed
for the measurement of the 1mount of mtimal tissue present at 18 specified segment>
of the coronary arteries and 24 segments of the cerebral artenes myolving the
circle of Wills and ats prmeipal supply artenes The pathologic studies wet¢
done by Dr Malamud of the Langley Porter Neuropsychiatne Institute Statisticrl
evaluation of the data showed that coronary and cerebiral atherosclerosis are hihly
and sigmificantly correlated (Pearson R = + 059 P < 0001) This correlation In
dicates that the predictive value of serum hpoprotem measurements proven for
coronary atherogenesis most Dikely akso reflects the operation of a hpid metabobe
factor mn cerebral atherogenesis

Following these studies we mvestigated serum hpoprotem distnbutions m 88
male schizophrenic patients m two state mental mstitutions 1t was found that their
Iipoprotem patterns did not differ sigmificantly from those of an sge matched normal
population from which we concluded that cercbral atheroscleosis 15 most Ihely
not a sigmficant etiologic factor m schizoph This 15 an by product
of human serum lipoprotein studies

WertHESSEN T would hke to ask specificilly did you see these heavy lestons
and the cercbral accidents only in those anmmals who were given ACTH an
thiouracal or were they duplicated 10 amimals gen ACTH and that had ther
thyroids removed® In other words 1s this phenomenon specific for thiourcil?

RosenFeLp  We have at no time used thyraidectomy and ACTH ACTH w1
used only prior to and/or with thiouracil and cholesterol The obseryations re
ported hive been obtamed from those ammals who have recened ACTH thiouracil
and cholesterol 1 mt ht 1dd parenthetically that these ammal were the anmls
who had consistently been the most hypercholesterolernc anmmals for the longest
peniod of time

ApLenssERG e hnow of course that the admmntration of ACTH and cortt
sone may be d with thromboembalic ph m man I would Iike t0
Laow first whetlier central nersous symptoms were noticed 1a dogs that recerved
cholesterol and propy] thiouracil without ACTH and secondly i those dogs re
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Influence of Estrogens on Lipids and Atherosclerosis in
Experimental Amimals
R Pick ] Stanier avp L N Ratz

Cardiovascular Department Medical Rescarch Institute Michael Reese Hospital
Chicogo Himars

Our nterest m the possible infl of gens on atherog
was first stmulated almost a decade 1go by two problems which ap
peared to be of great importance for reserch m this field The first was
What 15 the basis for the well known sex difference among middle aged
persons 1n morbidity and mortality from coronary atherosclerosis® The
second was W hat 15 more 1mportant for the deielopment of chimeally
mamfest ath 1 or elevation of the cho
lesterol/phosphohpid (C/P) rato® Data formng the basis for the
first question are 1llustrated 1n F) 1gs 1-3 (2 8 13) The second problem
stimulating our experimental studies with estrogens 15 illustrated in
Figs 4and 5 (1 12) Note the different effects of cholesterol feeding
vs estrogen admmustration on the plasma C/P ratios m birds Choles
terol feeding results 1 a lugh C,P ratio In contrast estrogen admims
tration leads to a pred hyperphosphol, wath a low C/P
ratio It therefore occurred to us that ccmbmmg cholesterol feeding
with estrogen admimstration would induce marked hvpercholesterolema
with normal (/P ratio—thereby permitting expenmental assessment of
the role of hvpercholesterolerma vs C/P ratio elevation m atherogenesis
A senes of expeniments was therefore undertaken n cockerels combin
g an atherogeme diet high n cholesterol and o1l plus estrogen ad
minsstration  The imtial study was of the prophylactic type 16 exhiba
tion of the atherogenic diet and treatment with estrogens were started
simultaneously 1n order to assess whether—n birds with marked hyper
cholesterolemia—both elevated C/P ratios and atherogenesis could be
prophylactically mmhibited In this particular expeniment parenteral
estradiol benzoate 1 mg per bird per day was gven There was a
marked fermmzing effect reflected mn the comb mdex (Fig 6) The
anticipated effect on the C,P ratto was obtamed (normally this ratio
15 08 or lower m chucks} Thorauc aorta atherogenests was not pre
vented by estrogen admimistration However estrogens mduced a sig
1

mificant mhibtion of coronary ath osts  Morphol lly these

(3

plaques were generally pure atheroma without secondary changes cor

1 Supported 1n part by grants from the Michael Reese Research Foundation
the National Heart Insttute (H2276) and the Chicago Heart Association
Established Investigator Amencan Heart Assoctation As of Apnl 1 1958
Director Henrt Disease Control Program Chicago Board of Health
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Fic 3 Inadence of high grade coronary sclerosis in consecutne autopsies
Untted States versus Japan Note the gross sex difference for Amencans (13) and
sts virtual absence for the Japanese (2) Note also the markedly hugher medence
of severe coronary sclerosts 1n Amencan males at all ages
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Fic 4 Serum bpids 1 mrddle aved normal males and males with coron
Feart d sease (12) Note the elevation of total serum cholesteral and C/P ratio of
Patients with myocardual infarction vs climtcally healthy men of the same age Here
and m subsequent figures where several parameters are presented 1n a suigle graph,
each group of columns deabing with an mdiidual vanable 1 scaled separately
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m Al Causes

M CVR Diseases
7% Heart Diseases
%% ASY¥DHD

KL ASHD .

1525

2
g e

White Male Whits Pemole " Negro Male Negro Female
Fic 1 United States death rates 1950 age 45-5¢ Data from the US N\
tional Office of Vital Statistics Death rates are per 100000 population C\ R
cariovaseular enal AS + DHD 1s artenosclerohic plus degeneratne heart disexse
ASHD 1s artenosclerotic heart disease  Note the large sex dfference mn all cate
gones particulurly 1 the white population Here and mn subsequent figures the
values ot the top of the column represent the actual observations mn this case
the death rates See refcrence (8)
. Wh te Male
10s6 RR Whte Female
&7 Negro Mate
BB Negro female
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Fic 2 Death rates between the ages of 45 and 54 according to sex and
race as tabulated n Chicago from 1951 1o the present (8) See legend to Fig 1
Note agamn the large sex diff n ot categ with the prion of the hypef
tensise diseases ote that this sex differcnce 15 especially large for ASHD 18

the whites
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respondmg to degree one m Dr Russell Holman s classification of lestons
(Fig 7) This 1s the usual finding 1n short term (5 week) expenments
In experiments of longer duration fibrosts hyalmiztion and calcsfication
e frequently found n these lesions In this expermment—it 1> worth
re emphasizing—thoracic atherosclerosis was very httle mfluenced
Data on the mdiidual chicks in this experiment revealed additional
findings of possible sigmficince (Fig 8) (6) Thus all cholesterol fed

g

M Control s ppl m niedmash
B 2C0 mash+2 ch lesterol
+545 tto seedol
42 Estroge treated d et
u 5 pplemented mash

%
o

NI .a.s ..

AN -.|.a.“

: p’

CHOLESTEROL PHOSPHOLIPIDS /P RATIO

Fic 5 Effects of cholesterol ol feeding vs estrogen admmistration on plasmd
Iiprds of cockerels (12)

e 2600 TROL
200 PARENTRRAC
£

o ame o

Fic 6 Estrogen prophylias of coronary atherosch i cholesterol fd
cockerels (6) The first pair of bars dealing with coronary lestons (909 and 28%)
represents the mcdence of lesons 1e the per cent of birds wath lesions The
second set of bars (137 and 2%) 15 the coronary count an mdex of the extent
of the atheroscleratic process It is derved by examiming two representative Sudrl;
IV stamed sections of each burds lieart counting the total number of arteries an
arterioles wisuahzed and determining the per cent which exhibat normal morphology
lipid wnfltration and plaque formation The data in this and subsequent figures
represent the per cent of these vessels with atherasclerotic plaques
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ammals had high C/P ratios and extensne coronary atherosclertic
lestons  The cholesterol fed estrogen treated cockerels with normal C/P
ratios were uniformly free of coronary lesions In contrast cholesterol
fed estrogen treated chicks with elev ited C/P ratios exhibited coranany
lesions These datr suggest—but do not prove—that w the chick at
least the C/P ritio 1s relited to the occurrence or prevention of
coronary atherogenesis

This possibility 15 lso suggested by data from expermments in rats
and rabbits  The former spectes on 1 potentially atherogemc det re

- cLEsTI 0
CowNTROL CocRERRS
Torat cwouerTreoL
9% I CHOLESTIROL FED £3TROGEN
TREATED COCKERELS FREE
bt OF COROWARY LESINS.
& CocRousTER AP ESTROGEN
TREATED cocxeRaLs ¥ T
CoRoNARY LE50S

P

PHOSPHOLIPIDS —mg %

Fic 8 Effects of estrogens on plasma bpids and coronary atherogenesis it
cholesterol fed cockerels (G) The dragonal hine represents the normal C/P ratio

sponded to estrogens with enh of hvperphospholiperma lower
mg of C/P ritios toward normal values and mnhibition of coronan
atherosclerosts (3) 1In contrast cholesterol fed and cholesterol fed
estrogen treated rabbits exhibited no difference 1n the serum Iipnd Jevels
of the two groups (Fig 9) (12) Thoracic and coronary lesions were
abo equilly previlent in both groups Thus failure of estrogens to
prevent C/P ratio elevation was assocrited with farlure to mhibit
coronary lesions The findings i these anmmal speetes would support
the possibility that there 1s a relationship between the C/P ratio and the
emergence or suppression of coronary atherogenesis

In further studies with cockerels 1t was soon demonstrated thit 1
vantety of estrogens—orl and parenteral natural and synthetio—in
duced the aforementioned effects on plasma hpids aind corony athero
genesis In all expenments thoracic nthcmgenesxs—m contrast to coro-
nary atherogenesis—developed without ev rdence of any mlibitory effect
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of estrogens Thus the 1 seemed pable that diff
bralogic Taws govern atherogenests i different vascular beds

In subsequcnt cypeniments thoracic aortic lesions were sometimes
more severe m the estrogen treated birds than 1 the cholesterol-ail fed
controls In a recent experiment—n cocherels fed a low protem high
fat lugh cholesterol diet and treated with estrogen—severely ulcerated
abdominal aorta lestons were produced with hemorrhages m plaques
dissecting aneurysms and (m one chick) possible thrombosis  Full es
trogen protection of the coronary ‘vessels was mamtuned n this ex
penment

M= CHOLESTEROL FED
CONTROLS

& CHOLESTEROL FED ¢
ESTROGENS

%
25
7%
I n
CHOLESTEROL  €/P THORALIC CORONARY
RATIO LESIONS LEsioNs

Fic 9 Effects of estrogen 1n cholestero] fed rabbis (senes 1-4) (12)

A further expeniment was undertaken 1n cockerels to assess the
ability of estrogen to reverse previously mnduced coronan atherosclerotic
lesions (Fig 10) Ths study was of the therapeutic tvpe 1n its design
The birds were fed the 1therogeme diet from the age of 8 to 21 weeks
The estrogen treated group recened parenteral estradiol during the
It 5 weeks of the expenment—with contimued feeding of the high
cholesterol hugh fat diet C, P rauios were reduced to normal 1n the es
trogen treated group Thoracic aorta atherogenesis was severe in both
groups Coronary atherogenests was markedly dimmished m the es
trogen treated group (7) This expeniment proved that estrogens are
capable of therapeutically reversing coronary atherosclerosis previoush
mduced by cholesterol feeding 1t confirmed previous obsen ations
from exp: of diffe design d g that atheroscl
1s—within hrmits—a reversible leston

A detailed hustopathologic and histochemical study was carnied out
b Dr Rene Malmow (1 former fellow of the Cardiovascular Depart
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ment) nd his colleagues residing in Bucnos Ares Argentnn These
detailed studies revealed no evidence of residual lestons 1 the coronan
vessels Therefore estrogens are undoubtedly crpable of reversmg both
the lipid and the fibroblastic p of early l
plhques In a small number of vessels however 2 shght caleium dep
osition ws found m the mtima—a residuum of previous atherosclerosis
which did not cffect encroachment upon the lumen of the vessel

All these experiments were carried out m cockerels recervng a large
duly dose of parenteral or oral estrogen This dosage had been wmed

MR 2 CO WEEKS 8 21
Ah 2 CO WEEKS 8 2)
ESTROGEN WEEKS 16 21

60
187 100% 100% 1c0%
50
42
€6%
a5
17
CHOLESTEROL &P AORTA CORONARY

ATIO LESIONS LESIONS

Fic 10 Estrogen induced reversal of coronary atherosclerosis n cholesterol fed
cockerels (7) One group of 10 ammals not shown mn the Bgure was sacnfi
at 16 weeks of age prior to the of estrogen ad: m the
experimental group One hundred per cent of these birds had severe extenshe
coronary lesions

at based on dose response studies evaluating the amount of estrogen
required to produce mn cockerels the plasma hpid patterns of mature
estrogen scereting egg laymg hens It seemed to be m order to eluct
date whether this effect of evag estrogens tituted 2 pharmaco
Togreal nction 1n cocherels Experniments were therefore undertiken to
evaluate whether the physiologic endogenous estrogen secretion of lh;
egg laving hen protected the female chick from cholesterol mducel
ath lerosis A prel y study d ated that immature male
and female chicks were equally susceptible to coronary atherogencsis
consequent upon chalesterol fecding (12)  In contrast mature estrogen
secreting egg laying hens exhibited a marhed resistwnce m‘cm'onn')I
atherogenesis when fed mash suppl d with chol and m]
(Fig 11) However these hens exhibited lower plasma cholesterol
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levels comped with age matched cocherels fed the same diet Con
sideration was therefore gien to the possibility that the Iying hen
might be protected 1gunst coronary atherogenesis by disposing of some
dietary cholesterol via egg laying A group of oviduct hgated hens was
therefore mcluded m this expenment (Fig 11) (11} These oviduct
higated hens were also resistant to cholesterol induced coronary athero
genests C/P ratios m both female groups were vern low a typieal
estrogenc effect—m this case 1 resultant of the physiologic endogenous
estrogen secretion by the ovary This endogenous protection agamnst
coronary atherogy was Jost by plete ovanectomy (Fig 12) (5)
It was concluded that the protection of the coronary arteries agamst
holesterol indnced atherosel was due to the normal endogenous
estrogen secretion of the hen

Estrogen ad was later bined with a number of other
hormanes 1n prophylactic type expenments 1 cholesterol fed chickens
When estrogen and androgen were simultaneoush gien to birds on
ap 1 ¢ diet fe 1on of dary sex charac
tenstics was prevented (Fig 13) (9) However estrogemic C/P ratios
and protection of coronan arteries were mawmtained This 1s m contrast
to the results on serum lipids lipoprotemns 1 the human wheremn com
bmed androgen estro_en results 1n misculne patterns of serum hpids
lipoproteins

In a further expenment estrogen admimstration and cholesterol
feeding were bined with hvd tisone ad) ratton p 'y
4t corticord drabetes (Fig 14) (10) Agan complete estrogen effect on
coronary atherogenesis was obtamed

In a subsequent study estrogen admuustrition was combmed with
msuln admmstration m cockerels on high cholesterol high fat diet
(Fig 15) Ths study was undertaken because of the well known chm
cal fact that diabetic females lose the usual immumty of therr sex to
coronary atherosclerosis The hypothesys leading to this experiment was
that 1nsulin treatment may by some mechanism increase susceptibihty
to athero enesis in chabetic women Cholesterol fed cocherels gnen
msulin plus estrogen exhibited a tendency to higher C P ratios than
the estrogen treated controls (Fig 15) (12) There was also partial
loss of protection against coronary atherogenesis in these birds

In a further experiment it was shown that a cuthyroid state 1s neces
sanv for estrogens to evert thewr protectve action on the coronary
artentes (Fig 16) (4) Hypothyroidsm mduced by thiouraail feeding
or by thyrod and I 1 ad partially 1 the
ability of estrogens to evert thewr benefieal effects on the coronry
arteries 1 cholesterol fed cocherels
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Fic 11 Effects of oviduct higation m mature egg producing estrogen secretin
hens fed a cholesterol oil mash (11)
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Fic 12 Effects of ovarectomy on plasma hpids and atherogenesis 1 cho
lesterol fed hens $37 and 43 age 33-44 weeks (5)
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Fic 13 Effects of estrogen plus androgen in cholesterol fed cocherels {9)
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Fic 14 Fulure of corticoid dubetes to abolish estrogen prophylaus of cho-
lesterol induced coronary atherogenesis m cockerels (10)
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Insulin counteractian of estragen anti atherogenesis m chalesteral fed
cocherels {12)
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Fic 16 Thiouraul counteraction of estrogen ant: atherogenesis i cholesterol
fed cockerels (4)
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Fic 11 Effects of oviduct higation in mature egg producing estrogen secretin
bens fed a cholesterol o1l mash (11)
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Fic 12 Effects of ovanectomy on plasma lpids and atherogenesis m cho
lesterol fed hens §37 and 43 age 3344 wecks (5)
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Fic 13 Effects of estrogen plus androgen in cholesterol fed cocherels (9}
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C/P ratio that you cbserved It could be that the blood vessel 15 busy making
phosphobpids and pourmg them out into the circulation where you can measure
them  This would fit you see with your idea thit by getting the phospholipids
into the blaod the cholesterol per se 15 rendered mactive

As to Dr Adlersbergs work the aorta in vitro responds to hydrocortisone by 1
temnfic increase 1 turnover of the lipids It my be that what 15 going on in the
response to hydrocortisone 1s not a changing of 1ts permeability but a conversion
into a status where the vessel handles the lipids which are imposed upon by the
arculston  Now mund you I am merely speculating here but I would hike to
pomt out that one can take this position and reasonbly nterpret the data from the
pont of view that the blood vessel per se 15 responding to the hormones that are
beng admimistered

Picx Thank you Dr Werthessen It 1s quite possible I must say that after
many years of working with estrogens we have not come closer to the mechanism
of thexr action but I was careful to pomnt out that 1t need not be the C/P ratio but

the C/P ratio may be an exp of hing, that 1s going on elsew? There
1 also some shight evidence perhaps that maybe it has to do with wereased mast
cell d lated by estrogen ad In the } thol

stuches that I mention d an ncreased number of mast cells was seen mn the
walls of the coronanes of the treated amimals In one expenment we trned by
4 very poor means I must say to black the reticuloendothelal system by giving
thorotrast  Nobody knows how complete such blockate s and we chtamed nega
tive resolts n that full estrogen protection was mamtamed 1 the chicks It might
very well be that it works through the blaod vessel walt but why ouly m the
coronaries and not mn the aorta® This 15 always the difficulty for every explanation
that 1 proposed

WerrtgsseN I would lke to raise a pomt on the difference between the
coronaries and the aorta Is there a possibility here that by changmng the amount
of cholesterol mn the diet and the stress af you wint to call st that imposed by
cholesterol on the vessel that you mught brng the aorta mto a condition where
it could respond to estrogen® After all you have used essentially only one dose of
estrogen and cholesterol One of the tenets of endocrinology 1s that changes in
effect are obscrved over a dose range It may be that by workeng up and down
the scale here you can get the coronary and the avrta to show smular effects
T think this should be tned We did see m some of the walls that we didnt report
fast mght that 1t can take a blood vessel several days to respond to estrogen There
1s distinct indication here that the enzyme system of the aorta changes durmng
estrogen admimsteation  This could it with your observation of the development
of mast cel

Pk Dr Werthessen as Dr Stamler pomted out this mormin,, giving estrogens
alove ean produce some aortc lesions m cockerels S0 T don t think we have a good
model to try this out m the bird

Horaan T keepng with the questions that Dr Werthessen just raised there
1s another possbility The caronary artery is predominantly a muscular artery
contrast to the aorta wluch 15 predommantly an elastic artery 1 am wondermng f
you have checked other muscular artertes such as the subclavians and fermorals

Pick  The abdominal aorta only It 15 also  muscular artery and n some ex
penments particularly if we extend the time of the experment the abdommal aorta
Bets very severely mvolved mn estrogen treated amimaly
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This series of experiments yielded extensive support for the con
cept that estrogenic secretion 1s a key factor responsible for resistance
to coronary atherogenesis among women 1n populations habutually m
gesting a potentrally atherogemc diet  Together with extensive clmcal
pathologic and epidemiologic observations 1t formed the ammalet
penimental basis for undertaking 2 long term climeal evaluation of the
possible efficacy of estrogens i patients with chmical coronary heart
disense  In behalf of our group Dr Jeremiah Stimler discusses owr
experiences 1n this clinteal investigation m 4 subsequent paper
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Discussion

WentnesseN  The question I am gomg to ask I trust will stmulate a bit of
discussion I would Iike to make the suggestion that the results obsered i these
cxpeniments and 1 earlier ones reported by Dr Adlersbery, are responsts of \h;
blood vessels to the hormones It so happens that in both cases the effects ohsenve
are interpretible m the light of what we have seen 1 excised I vitra aortas ,'ﬂr!
cffect of estrogen 1 titro 15 to increase p into the phosphoh o
the aorta In view of the total size of the vascular organs as Dr Holman
strated it may very well be especially of Dr Zilversmut is right and the phoiph‘ﬂ'
Iipids do not mare from blood into the aorts that the phospholipids t) 1t you ob-
<erve come from the blood vessels move 1nto the blood and prodice fle faoralle

demon
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would seem that these values are sacreased primanly through endogenous means and
that these and other serum and artery changes are due to factors other than of a
dietary nature A method wiich will measure this response quantitatively is
useful 1n the study of atheroscleros:s

TABLE B
Errect or Dero Estrantor. CYcLOPENTYLPROPIONATE (ECP) on Younc CockeneLs
ECP Serum
(IN) “Albumm Globulm
(mg) (em) {em )2
00 50 74
25 42 118

Results included m Table B summanze serum albumin and globuln data ob-
tamed with a relatwely large number of normal and estrogen treated burds at the
250 mg level The mean value for the serum globulin of the treated buds 1s
sigmficantly higher statistically (P < 0001) than that for the normal controls
For serum albumin the mean values for the positive and negative controls arc
sigmfiewmntly different statistically (P = 001)

TABLE C
Cowvranusoy or Errect oF Depo-ESTRADIOL CYCLOPENTYLPROPIONATE {ECP) anp
CuoresteroL oN Younc Cockerers E P 56 Davs
Choles Serum
ECP  terol Degree Phospho
(IM) added  of Chelesterol ~ hpid  Total  Lapoproteins
mg/ to athero Free/ phos polysac mg
bird/  chet scleross  Total total phorus chandes cholesteral in
0days () (7 area) (mg¥) (7) (mg¥)(mg?) o B
00 00 002 100 22 7 72 70 38
oo 05 162 227 268 6 kil 83 80
50 6o 228 383 58 46 17 2 710
50 05 195 839 37 48 120 — —

Data mncluded 1n Table G make possible a companson of results obtaned with
estrogen cholesterol and estragen plus cholesterol treatment of cockerels The
expenmental period for these studies was 58 days The estrogen treatment was
mntramuscular  The dosage was equivalent to 50 mg ad, d at the beg
of each 10 day period The atherogenic diet contained 059 added cholesterol

Attention 15 called to the relatively smoll difference m the degree of athero
sclerosis observed for each of the three expernmental groups There 15 considerable
difference m the serum cholesterol the combimed treatment resulting 10 more than
additve amounts for the other two groups The free to total cholesterol 1s con
siderably Ingher for the estrogen treated group The mtermediate value for the
combsned treatment ndicates relatvely more estenified cholesterol than the estrogen
treated group and relatvely less than for those treated wath cholesterol only
Phosphobpid phospt and total polysacchandes are elevated m both cases of
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Catonazzr  We bive studied quantitatively the atheroscerote effect of esto-
gemic matenal on young birds  Tour week old white Leghom cockerels have b en
treated with Depn estradual ey clopentylprop We have d 2 the depres
of atherosclerous as mamfested grossly n the aora and otber large aenes w
addition to chemical changes reflected 1 the blood serum  The effect has been
abserved over varving perods of tme md with graded dosage Jesels of the pstro
geme matenial

TABLE &
Efrrcr or Drvo Estranton Cvcrorentyrerorionate {ECP) ov Youns Cotairns
Serum
Degree Total
of at}g\rem- Chlesterol Phospho-  poly Lspoproteins
ECP sclerasts Free/ Lpd sap~ mg%h
{(IM) (Plus Total  total phosphorus chandes f’_"’i"_ﬁ’f’_ﬂ_
(mg ) values)  (mg%) (%) (mg%) (mgf) =
400 oo 3] 22 [ 68 gt 40
6158 [\ 105 25 ki 78 60 38
0625 qz 103 21 7 63 81 48
195 25 10 23 8 73 50 82
250 28 218 30 15 92 4 233
500 24 451 sT 54 1% 7 565
750 20 578 65 60 155 2 664

Data wcladed m Table A summanze sesults using the Indicated amounts of
estrogens The expenmental penod for these studies was 7 days At the begrusg
of this pertod each bied was adminsstered the Depo-estragen A They were fed
a cluck growng mash od hbitum At the close of the 7 day penod they were
rendezed unconscious by electrocubion the blood was removed diectly from e
heatt and the sorta and other Jarge artenes were dissected for gross examination
We did not study the coronaty artenes

Your attention 15 called first o the results for the negative control groups and for
the do age levels of from 0256 to 125 mg¢ gven at the begmnmng of the T-day
penod The values for the tota) cholesterol and the free to total sabo for phospho
bpid phosph and tatal polysaccharides are Uy the same at these dosags
levels as for the control groups  However even at the lowest dosage level 2 trace of

athetosclerosis was abserved This became quite pronounced at the 125-mg Jevel
Also the a kpop Fraction has d and the 8 bpoy Fraction has i
the arterses and

creased jgmbeantly at this level These data suggest that changes
serum bpoproteins are among thote mast readdly affected by this treatment

At the 250 mg dosage level definite changes have occurred fu all of the
measurements ndicated  And as the smount of estrogenic materul 19 incrensed
ta 50 and 75 mg ﬂxze changes with the exceohon of the degree of athero-
selerosis generally spealang become greater

The zg50~mg Jeve! 15 the smallest amount we have found to sesult fn defmee
changes i all of these measurements  Therefore af hat been used in the prepara
tion of an expenumental method based upon estrogen Induced atherpsclerosis  Sunce
the birds are fed 2 chick growing mash diet without addifonal cholesteral the
enhanced serume cholestora) values certamnly are not Sue 10 evogenous sourtes It
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Many people have been talking about C/P ratos and have also commented on
nses m pl with nses 1 cholesterol Many years ago I
desebed & mormelation between plasma Lipids which was deduced from observa
tions made on choles!exol fed ammals This relabonshup could be evpressed by a
tion 1y 1 collected all publshed data I could lay
my hands on relahng to all species and surprisingly T found that these data ftted
the expennmental curves deduced from cholesterol fed arumals If we plot as the
abscissae the values of plasma free cholesterol (x) not total cholesterol and on the
ardinate we plot the phospholipids or nonphospholipid fatty acids (y) then we
get a curve which can be expressed by the geveral equation y = axb It 15 many
years smee I described this and I do not remember the numencal values of the
cnusmn!s The constants ¢ and b have cl\axnctensl.w values for either the mter
al p of free chol 1 to phospholip:d or free chol 1 to b
fatty acids This mterrelationship can be apphed to all human conditions patholuglc
or normal to all species ranging from cockerel rat, rabbit sheep dog to any of
the ammals that data have been published for 1 think it probable that 1f 1 the
course of the various treatments that have been descnbed (resulang i plasma bpid
changes) the free cholesterol values were plotted agamst the concentration of
pids this same matt hip would be found

Pick 1 am somry Dr Popjak that I did not bring any shdes of lesions but T
assure you the lesions are mtmal 1n nature they are plaques mostly of the early
Iesions in the 5 week expeniment that are ke Dr Holmans lesion 1 they are
pure atheroma If the ammals are kept longer on diets there will be a sigmficant
amount of fibrosis and the hipids wall be m the deeper media near part of the
lesion There 1s also some hpid mfiltration particularly i the larger lesions in the
media but the lesion itself 1s intinal 1n nature We had m several experiments de
termined ester and free cholesterol but I do not remember the data Maybe Dr
Stamler does

Staawer  As Dr Caldwell showed estrogens have the unique property of
increasing plasma free cholesterol and the ratio of free to total (F/T) cholesterol
In fact they are to date the only agents known to alter this ratio 1 chicks They
alsp markedly reduce the o ipoproten concentration m this awan species—an
effect opposite to that exerted by estrogens 1 man It 1s therefore almost a cer
tamty that Dr Popjeks equation would hold very well 1e there 1s a close pro-
Portional ty between merease 1n plasma cholesterol and phospholipids under estrogen
fluence

Marstonston I am very grateful to Dr Popjak for this picture We found
that wrrespective of the three clmeal groups mvoeaxdlal m{arcuon well and sick
controls and Sp of age the ch g equation
was the same

Caoweir,  In connection with Dr Stamlers remarks I want to state that my
principal purpose in presenting this matenal 15 the quantitation of ohservations
some of which have been known for some time 1 a general way
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estrogen treatment Also with estrogen treatment there 1s a marked decrease In
@ and merease 1 B hipoprotem vilues These data emphasize major diferences
observed 1n the estrogen chol 1 and bined of young eoukerels
with the study continued during a 56 day penod

TurvaN  In view of Dr Picks observations T would hke to tahe this opporty
mty to report some unpubhshed observations that my assomate Dr Loyal L Con
rad and I have been able to make n a woman who recently died after an extensive
penod of hyperchol 1 and hyperphosphelip secondarv to penchol
Iytic billary cirthosis with extensive xanthomatosis This woman was 30 years of
ge 1t death and during the previous 8 years her serum cholesterol concentration
had ranged between 450 and 2800 mg$% Serum cholesterol and phospholpid
crculated solely as —8; ; 25-40 and 40-70 (S; 0-12 and 12-20) hpoproteins
There were no —S§, oy 0-20 (alpha) lipoproteins present 1n her serum Of mterest
is the fact that the degree of hyperphospholiperia was equivalent to or relatnely
greater than the hypercholesterolemia so that the C/P ratio was constantly 1 o less
At antopsy the coromary artemes were clear The gorta on the other hand vas

t ly d d with ath 1 plaques  Calerfi was present 1 the

bdomunal norta which we had detected by X ray 3 years previously Tus dichotomy
mn atherosclerotic smvolvement of coronary artenes and aorta lends some weight to
the suggestion that coronary and aortal ath 3! deserve derat
two disease enttics The role of the phospholipids and the signifi of the
C/P ratio n therogenesis while stil unclear nevertheless must continue to Teceive
senious study

For those of us who enjoy speculation about the role of Fltration as a factor
in atherogenests 1t 1s of interest to pomt out—and as far as I have been able to
d this s a I desenibed find! that on tion of the
bram  extensive deposttion of crystalline matenal presumably cholesterol %35
noted 1 the choroid plevuses with marked distortion of the histologic picture 12
thus region

Sramuer  Dr Caldwell 1s it not hpid méltration of the aorta which you ¢
observing wathout atherosclerosis? Ts 1t correct to call this atheroscleross? 1f 8012
atheroscleronss 1s induced by estrogens in such short term experments this would
be a finding, quite different from that of Lindsay and Chathoff and of our grovp
In our experience estrogen treated chicks on a plan mash diet—wathout a ¢ho-
lesterol supplement—develop thoracic aorta lesions onlv after months of hormone:
mduced end hyperchol 1 hyperly Of course for reasons
Dr Pick clearly delineated this regimen 1nduces aorta lesions only never corondfy
Iestons
Carowerr T prefer to postpone a more defimtive answer to vour question untid
that phase of the problem bas been studied further

Muenr I should Lkhe to pownt out that after 1131 admumstration to the dog
neither aortal nor coronary atherosclerotic lesions can be demonstrated 1 spite
of the fact that such an ammal mamntamns blood levels of cholesterol and B lipe-
protems far m excess of anything ordmanly seen fn the human On the other hand
although liprd phosphorus”levels are also greatly increased the cholesterol phos
phuhp:d ratio 15 if anything also mcreased "

Porjix May I ask 1f anyone has any sections or photographs to show of :M
coronary lesions n these birds so that we really know what we are talking about’

1 would e to t about the n 1 Tup between plasma bpids
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Many people In\e been talking about C/P ratis and have also commented on
nses m ph with nises mn cholesterol Many years ago I
descnbed a carre]auon bctv\,een plasma bpids which was deduced from observa
tions made on cholesterol fed anmals This relatonship eould be expressed by a
equatron  Suk ly I collected all published data I could lay
my hands on relating to all spccles and surpnisingly I found that these data ftted
the expenmental curves deduced from cholesterol fed ammals 1f we plat as the
abscissae the values of plasma free cholesterol (x) not total cholestero] and on the
ardinate we plat the phospholipids or nonphasphalipid fatty aads (y) then we
get a curve which can be expressed by the general equation y = ax> It s many
years since 1 described this and I do not remember the numencal values of the
constants The constants ¢ and b have charactensuc values for either the nter
hup of free chol d or free chol 1 to hol
fatty acids Thus m!en‘elauansh\p ‘can be apphed to all human conditions pathologic
or normal to all species ranging from cockerel rat rabbit, sheep dog fo any of
the anmals that data have been published for I think it probable that if m the
course of the various treatments that bave been descnibed (resulting m plasma hpid
changes) the free cholestorol values wero plotted agunst the concentration of
this same p would be found

Picx am somy Dr Popph that I did not bring any shdes of lesions but 1
assure you the lesions are mtunal m nature they are pliques mostly of the early
lesions 1n the 5 week expenment that are Ike Dr Holmans lesion 1 they are
pure atheroma If the ammals are hept longer on dicts there will be a sigmficant
amount of fibrosis and the hipids will be in the deeper media near part of the
lesion There 15 also some lipid infiltration particularly m the lfarger lesions n the
media but the leston atself 1s mntimal in nature  We had 1 several expertments de
termined ester and free cholesterol but I do not remember the data Maybe Dr
Stamler does

Stamuin  As Dr Caldwell showed estrogens have the umque property of
acreasing plasma free cholesterol and the ratio of free to total {F/T) cholesterol
In fact they are to date the only agents known to alter this ratio m chicks They
also markedly reduce the « Lpoprotem concentration 1 this avian species—an
effect apposite to that eterted by estrogens m man Tt 15 therefore almost a cer
tamnty that Dr Popjak's equation would hold very well 1e there 15 a close pro-
portionality between crease i plasma cholesterol and phospholipids under estrogen
miluence

Marsonston 1 am very grateful to Dr Popah for this picture We found
that wrespective of the three chmcal groups myomrdml mf'ﬂchon well and sick
controls and P of age the ck 7 p equation
was the same

Cawpwer  In connection with Dr Stamlers remarks I want to state that my
prmeipal purpose an pres nung this matenal 15 the quantitation of observations
some of which have been known for some time m a general way







CHAPTER 19

Effect of New Steroids on Blood Lipids
Victor A Drirr, Donawn L Coon anp Ricziaro A Epcren
Duision of Buological Research G D Searle & Co Chicage Ilinois

The blood Iipid pattern 1n anunals and man can be altered by the
admimstration of estrogens and abnormal hpid values 1 subjects with
atheroscl or 1n cholesterol fed ammals can be returned toward
or to normal by such treatment Katz and assocuates have reported
that the ad on of gt to chol 1fed cockerels has
a beneficial prophylactic effect as well as a therapeutic effect on coronary
atherosclerosts (13) It was also shown by Pick et al (18) that de

Looh

pression of the chol 1 phospholipid ratio was d with m
hibiton of the developing coronary lesions Sumlar changes may be
produced by diol b mn rats (14) Other evidence has ac

lated o that myocardal nf: occurs much more

frequently m men than in women particularly under the age of forty
(3 13) It 1s not unreasonable then to suppose that the effects of
estrogens on hpid bolism may be of therapeutic value mn coronary
artery disease Androgens on the other hand may have an adverse
effect

The admumstration of estrogens to patients with coronary heart
disease and abnormal lipid patterns causes sigmificant changes m serum
lipids returming the values to or towards normal {1 2 3 16 17 19
20 22 24) Although estrogens can change serum lipids 1t 1s not
known whether such treatment would ultimately mhibit the athero
sclerotic process Further the ncidence of estrogemic side effects 1s
high particularly 1n middle aged men (20 24) In attempts to avoid
the undesirabl action mvestig have employed very low
doses of estrogens 1ntermuttent estrogen therapy or estrogen androgen
combmations (1 16 22) Androgens however can antagonmze the
effect of estrogens on blood hpids {17 22) and combmations studied
to date have not been useful

The most promising hormonal approach m this phase of athero
sclerosis 15 the preparation of steroid denvatives that retamn ypid shufting
effects but that have a lower estrogemc potency (9) Several such
steroids showing good lipid actvity combmed with relatvely low es
trogenie potency have been studied m detail by Cook and ‘associates
(57 15) The prediction of estrogenic side effects m man from such
data 15 discussed 1 a separate paper In the present report certam
structure actvity relationships of steroid dervatives will be discussed
and data on three compounds which differ qualitately and quantita
tively m therr actions will be presented
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MeTiops

Lipid Studies  One dy old Hy hme cockerels were reared m 2
battery brooder and fed cluck starter mash until 6% weeks of age
During test periods they were fed an atherogenic mash duet contaming
2% cholesterol (Cholestern Walson Co ) and 5% cottonseed ol Totat
plasma cholesterol was determied by the method of Zlathus et al (%)
Lipid phosphorus was determined by Sperrys method (23) and mult
phed by « factor of 25 to give the amount of total phosphobpid Com
pounds were dissolved m corn ol and admimistered subcutaneously et
cept when oral effectiveness was determmed

In acute studies ammnls were placed on the athcrogeme diet and
compound admnistered subcutaneously or orally once a day for 3 days
Control birds recewved equivalent doses of corn ol Twenty four hours
~fter the last dose blood samples were taken from the wing vew
hepanmized syringes for determination of plasma cholesterol and phos
pholipid

In the chronic expenments cockerels were fed the atherogeme diet
for 8-10 weeks the compound bemg admmistered subcutaneously once
a day Plasma cholesterol phospholipids bedy weight and food con
sumption were determmed 1t intervals during the study All birds were
sacnficed with intravenous sodium pentobarbital The aortas and hearts
were removed for gross 1nd histological 1ons by methods pre
wviously reported (6) Other organs mcluding the Irver and testes were
removed and fixed i formahn for histological examimation The size ©
the combs length plus height (comb index) was determined for all
birds at intervals during the evpeniments

ELstrogemic Actwity  Estrogenic potency was determmned 1 mice
using a modification of the utermne weight method of Rubm et al (10
21) Groups of 8 to 10 immature mice 22-25 days of age were used
at each dose level Estrogemic actvity was also determined m 1afs
using the vaginal smear techmique employmng the procedure of Ed
gren and Calhoun (11) The smears were evaluated according to the
method of Biggers and Claningbold (4) wherem the absence of leuko
cytes 1s considered a positine response Estrogenic potencies gnen 1n
the tables are based on doses necessary to produce a 100% change 10
uterine weight of treated ammals when compared with similtaneous
controls

ResuLTs
A Effects of Standard Compounds

In all of the studies to be reported estrone was used as 2 standard
and assigned a potency of 1005% 1 the hipid test on cockerels and 1n the
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estrogenic assays Thus for this compound the ratio of hpid effect to
estrogenic potency 1s 1 Other common estrogens can affect lipid
metabolism 1 the cockerel but the potency of these compounds vanes
(Table I) When compared with estrone estradiol and 1its dervatives
and diethylstilbestrol have a lipid/estrogemic ratio of less than 1
dicating that relatively their estrogemc effect 1s greater than thewr hpid
effect Estniol 1s the only stindard estrogen we have studied that shows
ratios greater than 1 these ratios were m the range of 6-10 as compared
with estrone
TABLE 1
Liem Versus EsTrocENIC AcTrviTY

Estrogenic potency

Lipd Mouse Rat

effect ntenne vaginal Ratio

(A) (B) (c) A/B A/C
Estrone 100 100 100 10 10
Estraciol 131 270 850 04 02
Estradiol benzoste 326 476 418 07 08
Ethmy lestradiel 87 833 1020 01 01
Estriol 73 119 74 61 99
Diethylstilbestrol 163 625 418 03 04

It should also be pomted out that the effects of estrogen m cocherels
differ 1n part from the effects obtamed m man In both cockerels and
man estrogens will decrease the C/P ratio In cockerels however the
admuustration of estrogen may mcrease the blood cholesterol level
The relative mcrease 1 phospholipids 15 greater than any change i

hol 1 resulting 1n a d i the C/P ratto In man androgens
will increase serum cholesterol whereas m cockerels androgens do not
a serum chol ! or phospholipid

B Newer Steraids

316 Substituted Estriol Denwatives In this seres of compounds
synthesized by Dr D A Tyner substitutions were made at the 3 and
16 position of estriol (Table II) The most potent Ipid effect was
obtained with the compound having a 18 methyl group and a 3 methy]
ether This compound has a hpid effect that 15 31% that of estrone
Estrogenicity 1s 16% that of estrone giag a Lipid/estrogeme raho of
19 This substance will later be referred to as SC 6924 or Manvene
Other modificattons n the structure did not imerease lipid potency or
significantly ncrease the lipid/estrogenic rato

5(10) Unsaturated Compounds A series of 17 alkyl demnatrves
with the double bond i the 5(10) position synthesized by Dr F B
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TABLE II
Lie Versus Estnocenie Activiry oF Estator DErn aTivs
OH
(04
R
R,

R, R Other Lipid Estrogen Ratio
O\e H 13 1 B
OMe H 1Me <5 - -
O\e Me 31 16 I
OH Me 23 e 10 g
OMe \Me 1Me <5 ¢ 10 -
OMe Et — 5 — -

Colton was also studied The compound with the highest lipid/estro
gewce ratio 1s the 17 methyl derwvative which has a lipid effect of 24%
that of estrone and an genic effect appro 1y 19 that of estrone
(Table III) In addition the compound also has an ndrogentc effect
equivalent to 5% that of testosterone propionate This ‘compound
designated SC 6582 will be mentioned again i companson with
SC 6924 Substitutions other than the 17 methyl group did not ncrease
Lpid effects or produce 1 more favorable liprd/estrogemc ratio

TABLE I
Lir VErsus Estrocevic Actrviry oF 5(10) FsTRENONES
OH
R
J
o
R Lipd Estrogen Ratio Androgen
H{3-OH) 27 10 3 5
Methyl 24 1 24 5
Ethyl <10 < 004 — 1
Ethinyl 26 7 4 <1

16 Halogenated Estrone Derivatwes  Halogenation 1n the 16 post
tion can also influence lipid potency (15) In the senes of 3 methoxy
dervatwes the best lipid/estrogemc ratio was obtamed by substitution
of a 16a-chlonne Lipid effect 1s nearly equivalent to that of estrone
and estrogenicity 15 quite low (Table IV) The chlonne demvatne
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SC-8246 will be further compared with the most actne compounds m
the other chemical senes mentioned above

TABLE IV
Lirm Versts Estrocenic Activiry oF 18-Harocenaten Estrose Derniatives
()
P
CHYO
R Lapd Estrogen Ratio
Cl 20 079 114
I 143 18 k:+4
Br 2. 13 20

C  Companson of SC-6924 SC-6382 SC-8246

Each of the chemical senes discussed above shows lpid actmity
but the biological effects of active compounds differ quahtatively
or quantitatvely from one another It 1s of interest then to compare m
more detail the hpid, = and and of these
substances the structures of which are wmpaxed with estrone m Fig 1

Estrogensc Acticaty  All three of the compounds may be called
weak estrogens for therr estrogenic effects 1 the standard assay pro-
cedures are much less than the “effect of estrone and related substances
The dose response curves for estrone and SC-6924 m the mouse utenne

0 oH
_cHy
OH
H CHy

SC 6924
Estrene {8 s e}
oH [
TCHy u/@&ﬁ_(l
CHy
sc 653z sC 8246

Fic 1 Structare of estrone and lpidshiftng serods
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werght tests are shown 1n Fig 2 Estrone gives a typical steep dose
response curve whereas the dose response curve for SC 6924 15 sig
mificantly shallower and 15 not paralle] to that for estrone At our
compartrve response fevel SC 6924 1s approumately 16% as estrogenic
1 estrone whereas at the highest dose level employed potency 15 015
that of estrone (5)

UTERINE
WEIGHT
MG

ol 003 TGS 10 10 100 20
DOSE IN MICROGRAMS
Fic 2 FEffect of SC 6924 and estrone on uterme weight m immature femal;
mice Closed cucles = estrone open awcles = 5C-6924 Each pont represen
the mean of 8 to 10 animals Regression hnes ftted by method of least squares
Shaded area mndicates inge of utenne weight of untreated ammals

Using the nomenclature of Huggns and Jensen (12) SC 6924 may
be called an “impeded estrogen  The term “umpeded estrogen means
that such compounds produce a gradual mcrease m uterme grow th over
2 broad range of dosages n contrast to the steep growth mcrement
produced by normal estrogens over a parrow dose range They 1€

orted that estriol and certan other compounds were impeded estrogens
aud noted that compounds with oxygenated functions at position 8 o
16 of the nucleus would often antagonize the uterme growth response
to estrone Edgren (10) has studied a senes of natural and synthei“;
sterouds finding that there 1s a series of at least three categories ol
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slopes of dose response curves for nterine growth -
are not necessanly carrelited with 6 or 16 oxyge

The compound SC 6382 gives a utenne wegh
charactenstic of n wapeded estzogen (Fig 3)
sumilar to that of SC 6924 Inasmuch as these do
not parallel to that of estrone 1t 15 difficult to e
the estrogemic potency of such steroids At the
level SC 6582 has about 09 the estrogente paten
at the hughest dose level employed estrogemesty
estrone (7}

UTERINE
WEIGHT
Mg

o5 o1 02 03 o3 ] 0
DOSE IN MICROGRAMS
Fic 3 Effect of $C-6282 and extrone ou utenne w
mue Closed owreles = estrone apen cwcles = SC 63
neously half Slied cucles and broken lne = SC-6382 o
Each powt represcats the mean of 8 to 10 anumals St
standard ervor humuts of toncurrent contral ammals

The last compound to be discussed SC 8248 5
dose response curve charactenstie of normal ostr
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weight tests are shown mn Fig 2 Estrone gives a typical steep dose
response curve, whereas the dose response curve for SC 6924 15 uig
mificantly shallower and 1s not parallel to that for estrone At our
comparative response level SC 6924 1s approuimately 16% as estrogenic
s estrone whereas at the highest dose level employed potency 15 01%
that of estrone (5)

UTERINE
WEIGHT

LU
sT [

or CH) T 10 i

DOSE IN MICROGRAMS
Fic 2 Effect of SC-6924 and estrone on uterme weight n immature female
mice Closed cucles = estrone open circles = SC 6924 Each pomt represents
the mean of 8 to 10 anumals Regression Lines ftted by method of least squares
Shaded area indicates range of utenne werght of untreated ammals

Using, the nomencliture of Huggins and Jensen (12) SC 6024 m3y
be called an “mpeded estrogen The term “impeded estrogen” means
that such compounds produce a gradual increase in uterine growth over
~ broad range of dosages 1 contrast to the steep growth mcrement
produced by normal estrogens over a narrow dose range They re
ported that estriol and certain other compounds were impeded estrogens
and noted that compounds with oxygenated functions at position 6 oF
16 of the nucleus would often antagonize the uterine growth respons¢
to estrone Edgren (10) has studied a seres of natural and synthetic
sterods finding that there 15 a senies of at least three categones of



255

EFFECT OF NEW STEROIDS O\ BLOOD LIPIDS

[949] 850p Y3va ¢ pasa araw syex g o sdnod wvow [0RU0d = uTAW PIRIL I TG0 D> d

€18 T 20 €¥% k23 <81 €S1 %0
g +0 ST oG 1T e 81 12 00 ajeunidord
BUOINSOISIY,
ok 501 o0 IT £ 63 201 101 181 0g
088 oL &1 ok LT i1 89T k18 0%
€9 oF 9T o6 T1 265 SLT 548 o1 €829 DS
$09 86 SL i 181 0ST - sjonuen
{ 8w) {Bw) { Sury (8) (3) (3) { Bur) punoduony
e ayegsoad sapIsay ueny feutg 1epreg 9sap
a0jeAzy JLELETY eunag wdtan Apog =01,

S3OISTA TYNDNSG LHOIIA\ 1dO{] NO ZLVNOI4OWJ HNOWALSOISAL UNV ggcg DS

LHOTIA\ INY NOLVAZ] GNV FLVISOHJ IVMLNAA

A JTEVL

40 S103L1]



254 v A DRILL D L COOK, AND R A EDGREN

weight determmed From the data shown mn Table V the androgeme
and myotrophic potencies of SC 6582 were calculated to be approu
mately 5% that of testosterone propronate It was hoped that this small
degree of androgenieity mught serve to offset some of the undeswable
estrogenic side effects of such steroxds without however, blocking the
desirable effects on blood Iipids It 15 also of interest that SC 6382 m
Iibited weight gain  Such an effect 15 a catabolic actvty common o
estrogens and 5C 6582 produced t myotrophic response despite the
suqultaneous catabolic effect

UTERINE
WEIGHT
MG

50

] 30 100 00

3
DOSE IN MICROGRAMS
Fic 4 Effect of 5C 8246 and estrone on uterme weight in immature femate
mice Closed cicles = estrone open cucles = SC 8246 admmstered subcu
tancously half lled circles = SC-8246 adnunistered intragastncally Each point
represcnts the mean of 8 to 10 ammals Shaded area represents two standard error
Iimuts of concurrent control anmuals

05 ol 0203 03

Acute Effects on Blood Lynds  SC 6924 was admuustered i doses
of 5 10 20 and 40 mg per kg to cockerels fed the cholesterol diet (5
Both plasma cholesterol and phosphohmds merensed the greatest effect
bemng on the phospholipids resulting in a decreased C/P ritio The
effect on C/P rato 15 Imearly related to the log dose and the Lines for
estrone and SC-6924 are parallel permitting relative actities to be ca
culated (Fig 5) Manvene (SC 6924) has 315 the hpid shifting effect

of estrone
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logically by determimng the number of arteries nvolved and the degree
of atherosclerosis

A qualitative companson of the results 1s presented in Table VI and
it should be noted that the data apply only to results obtamed m
cockerels Estradiol benzoate gwves the expected results which are n
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k¢ 8 Effect of SC 6582 and estrone on reduction of the plasma cholesterol
phospholipid ratio m cholesterol fed cockerels Closed curcles = ¢strone open cireles
= SC 6582 Each pomt represents the mean of 4 to 28 burds Upper shaded area
shows range of C/1 ratio for untreated ammals lower shaded area shows range of
C/P ratio of animals fed a normal dret

agreement with the earlier report of hatz et al (13 18) SC 8924 and
SC 8246 which are weak estrogens with no other significant endocrine
properties have liprd effects sumlar to estradiol and also significantly
prevent the occurrence of coronary lesions Testosterone propionate
15 without effect n cockerels SC 8382 which m addition to liprd effects
has weak estrogenic androgeme and progestational effects does not
prevent the occurrence of coronary lestons m cockerels It would appear
then that when a gven compound has a mixture of endocrine effects
changes of the G/P ratio do not always predict the ultimate effect on
the coronary lesions m the cockerel
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SC 6582 was adminsstered 1n doses of 5 10 20 and 40 mg per lg
to the test cockerels, producing an effect smmlar to that of the previous

compound SC 6924 (Fig 6) The Ipid potency of SC 6582 1s ap-
proximately 24% that of estrone (7)

C/P RATIO

24
I' (®)

2 of [C

0 8k

04

— . s P PR S—
- or © 23 CE] 10 2 45 810 1620 “«
DOSE IN MG /KG

¥ic 5 Effect of SC 6924 and estrone on reduction of the plasma chelester

ol/phospholipid ratio 1 cholestero] fed cockerels Closed circles = estrane opet

cucles = SC 6924 Each pomt represents the mean of 4 to 27 burds Regression

hines fitted to data not n parentheses by method of least squares Upper shaded

area shows range of C/P ratio for untreated ammals lower shaded srea shows range
of C/P ratio of tmals fed a normal dhet

SC 5246 gave a dose response curve parallel to that of estrone (15}
As judged by the change in C/P ratio SC 8246 has a Iipid potency about
cqual to that of estrone (Fig 7)

Chronic Effects on Blood Lipuls and Coronary Arterics Cook nd
Harnis (8) hve studied the effects of chromc admmstration of estradiol
benzoate SC 6924 SC 6582 and SC 8246 in cockerels recewmng an
atherogenic dret  The pounds were ad ed m ol sub
cutaneously each day for 8 to 10 weeks and determnations of blood
Iipids were made at intervals during the study At the end of the ex
penment atherosclerosis of the coronary artenies was estimated lusto
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teral ratio of 04 that 1s approumately 244 times the subcutaneous dose
must be admmistered orally 1n order to obtamn the same degree of

g y The compounds also produce the tymeal ipid shufts when
admimistered orally to cockerels

TABLE VI
Covparative Cimonic EFfects or STenoms on Broon Lipms AND Coronanry
Lestons v Tig CocKEREL

Estto-  Andro-  Choles  Phospho Coronaty
genlaity  gemscity terol Lpd C/P  lesions

Estradiol

‘benzoate i+t 0 L] e v v
SC 6924 + o 0 or 4 ol v ¥
SC 8246 + 0 o A v v
Testosterone

Ppropionate 0 ++++ 0 0 [ o
$C-6582 + + ¥ oor 4 ok ¥ Y

0 = No change

4 Increase 1 concentration
¥ Decrease 1n concentration or mcidence

Subacute Toxiesty Studies An evaluation of subacute toucity of
SC 6582 SC-6924 and SC 8248 was made m rats receiving 50 mg of
compound per kilogram of body weight mtramuscularly each day for
2 weeks At this hugh dose level no untoward effects were observed
other than those expected from known endocrme activities

SUMMARY

The Lipid/estrogenic ratio of standard estrogens 1s presented Other
sterouds have been studied and have been found to possess a higher
ipid/estrogenc ratio than the standard estrogens The properties of
those compounds are discussed
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Other Endocrine Effects  SC 6924 SC 6359, and SC 8246 dd mot
possess any cortisone bke activity when fested for ants mfammatosy
effects eosmopeme effects, or neoghcogenetic actity They did not
potentiate mfections as do the standard corticords These sterouds are
50 without effect m causing sodim retention 1n acute tests 1 adrenal
ectomized rats  §C 6382 does not hwe progestational actiaty when
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Fie 7 Effect of SC-8246 and estrone an reduction of the plasma cholestorol
phospholipid satio an cholesterol fed cackerels Closed cucles and sobd lme = ¢
trone open circles and broken hine == SC-8246 Eah pomt represents the mean of 4
to 28 buds Upper shaded area shows range of C/P rabio kor untreated anumals
lower shaded area shows range of C/P ratio of anmals fed & normal det

wyected directly mto the uterme lumen of the spayed estrogen pnmed
rabbit (McGtaty techmque) However some pragestational actwity
was wdreated followng the ad 1on of large p 1 doses 30
subacute tonicity tests s
sty The oral/parenteral ratwo for these compounds w2
3 e A‘? li:y !" g “ 4 effects By such merholés $C 694
and SC-8248 are appr ly as active folk g gastric admints
tration as they are when given parenterally SC 6592 has an artlyparen
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m the aorta  Such data might lead us to infer that some beneficial effects might
be obtained 1n man  With regard to SC 6582 this has a summal estrogenicity and
mimmal androgenicity And all we can say is that although the C/P ratio fell
the cockerel we did not prevent the appearance of the lesions or alter the seventy
of the lesions 1 would judge therefore that as we work with other compounds
we cannot base our conclusions on C/P ratos slone but will have also to evammne
the compounds over a 10-week penod for the effects on the lesions i the cockerel

Bovte I hate to muddy the water here any more but I would lke to ash
a question the qualitative dif 1n hipog tn birds and in man
On the blackboard 1 will roughly classify the cholesterol and phospholipid as 1t
eusts in humans we will say that this is an ultracentnfuge density gradient tube
of 1008 at the top and 121 at the bottom with 1083 in the mddle The S, 17
and above are the very low density B lipoproteins and will float at this density 1006
and they contamn roughly about 1 1 cholesterol phospholipid If we take the beta
lipoprotens which are the so-called beta 1 lipoprotems electrophoretically and
have about a 1035 density which will sink at 1006 density but float at 10683
density these are beta 1 or the S; 0-15 of Gofman they will have soughly not
qute 21 but closer to 15 to 1 cholesterol phospholipid ratio The only hpo-
protein that has 05 chol 1 to phospholipid ratio 15 the « bpop or the
very high density hipoprotein which sinks at 1063 Now i humans this hipoproten
is about 13 to 15% by dry weight of cholesteral and has anywhere from 22 to
357 phospholipid  Therefore 1f we have an elevated cholesterol to phosphohpid
Fatio 1 normal people we can assume that they have a greater abundance of these
beta classes of Lipoproteins tn relation to the alpha Lipoprotemns There 15 oaly one
meidence which Dr Furman mentioned 1n hi paper 1 which you can have more
phospholipid than cholesterol m bumans i the absence of an mncrease 1 & lipo-
protemns and that 15 1 prumary bibary cuthosis or m lver cell damage such as
thorazine or methyltestosterone posorung with jaundice I we take a bird
(chicken) that say has 9 to 10% alpha lipoprotemn lesels normally he does
not have parable chol 1 phospholipid rtio that would fit with any
human distnbution which you can conceive of Now as the cholesterol level goes
up m the cluckens with feeding of estrogens the phospholipid also dispropor
tionately mncreases If this were true 1n humans the mcrease would have to be by
defimtion 1 the « hpoprotems and yet the reports the other day show that this
a lipoprotein draps to zero and the betas go way up in the clicken In the human
this would gwe you a reversal of the cholesterol phospholipid ratio There are
massive qualitatnve differences m these @ and B hipoprotems i chickens and
humans each having the roversal of cholesterol phosphobipid ratios 1 each fraction
The anly way that I can see these estragen induced changes so that the phospholipid
<an markedly increase with the cholesterol would be an increase m the « lipo-
protems 25 1 the case of normal humans or m liver damage I wonder if the liver
functons were mvolved m this study on chicks Here the chucken on estrogen
behaves hke 2 human with primary biliary cirrhosis as far as lipoprotemn distibution
s concerned

Drir.  We have not doue any lner function studies in birds One of these
materials SC 6924 was camed mto dog chronic toucity studies with determination
of hver funchon tests such as alkaline phosphatase and serum bilrubin without
producing any change I dont think you have to worry about the species dufference
when studying such compounds You do if you are studying the natural Tustory
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Discussion

Rosenatan Dr Dnll compound 6582 although weakly estrogeme faled to
protect the cholesterol fed cockerel agamst coronary atherogenesis despite 4 fall
of serum cholesteral and of the C/P ratio sumilar to that mduced by other estrogens
found capable of mducing such protection May this therefore mdicate that the
T effect of gens agunst choll 1 induced coronary atherogenesis i
the cockerel is partly ascnbable to effects of estrogens other than upon serum
cholesterol or B lipoprotems® Although such effects are not now known they ar¢
again suggested by the fact that estrogens fml to protect the aortas of cholesterol
fed cockerels aganst wmduced ath despite ther p effect on the
coronary vasculature By analogy the protection of the premenopausal Amencan
female agawst cliucal coronary disease may not entirely be ascnbable to an estrogen
mnduced level of serum B Lipoproteins which 1s lower than her male counterpart
only one of a great many attnbutes by which the seves differ Nor does the preseoc®
of estrogen alone possibly account for the relatively low level of serum B hpoproteins
1 the A female as compared to A males since the rural Guatemalan
female for example although not Jacking 1n estrogen exhibits a relatively high Tevel
of serum B-hipoprotemns

Drzr I agree with you that to obtam an effect on blood hpids does pot
mean necessanly that one will benefit the atherosclerotic process n man  Our
approach to the problem stems from the fact that estrone wall produce what muoht
be considered a beneficial change 1n blood bpids One could even argue this pont
but assuming such 3 the case we decded to look for a separation of DLpid estrogenic
propertics within 2 gven compound Such data have been presented today Ve
have some indication from Dr Werthessens work that estrogens or at least one
estrogen can ancrease the rate of phosphobipid synthests m the calf aorta In our
own laboratory Dr Ranney has completed some studies demonstrating that the
naturally eccurnng estrogens can also increase the rate of phospholipid tumovet
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Pvces 1 would Like to speak at this pomt We have made studies not with
this compound in particular but with other compounds of this same structure that
1s having 2 510 double bond which we obtamed from you and particularly the
17-cthiny]l compound and here we have noticed a very remarkable effect with
admmistrabion of this matenal chronically to women {we have not stedied men
so far) It causes an increased free corticosterord concentration in blood and a
decrease in bound blood corticosterad  In evcretion this is reflected in actual
diminution of output of corhcosterods and the only analogy which we can
assign to this in the vanous studies which have been done with steroids wath what
you might call the effects on blood and urmary corticosteroids s certain effects
on the liver In other words there 1s a suggestion that this type of compound may
have same effect on the Liver in contrast to the others which we have also studied

Roemsov  We have been worlung with these compounds and we have found
that the laboratory esttmation of the Lipid shifting effect of these matenals has
been borne out in man qute accurately and we will report on that mbsequmdy
in the use of Manvene However the lab of
rot been substantiated In man and we will ducuss that further tomorrow There
has been some dissociation we think n long term use of Manvene but it was
in a small percentage of patents SC-8382 1n laboratory ammals was reported to
have estrogemic effects on bpids with ather charactenstics of an androgen In
man this matenal had an androgen e!Iect on the hplds with a decrease m '.he
abpoprotein and increase in the B « 1 rato  The
effects were anabolic with weight gzm observed in most of the men  SC-8216
the last compound, acted 1n man as an estrogen both m its lipid effects and 1n
the cliical appearance of estrogemc side effects

Epen Dy Pick has described a derable species di between man and
the chick. She powted out that in the chick the admmistration of fanly large
amounts of androgen in additon to estrogen resulted m no loss of the estrogen
effect on the bpids In man the opposite effect is scen When a small dose of
androgen is admmstered to a patient recemving fanly sizable doses of estragen, the
estrogen effect on the hipids 1s reversed but the femmizing effects persist. I beleve
that this may account for some of the discrepancy mn the predicton of the effect
of 2 substance which may have both androgenic and estrogenic activity
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of the disease and want to apply the results to man Pharmacologically a related
system can be picked and used to evaluate compounds which may be later studied
m man provided a standard compound 1s avarlable In other words (a) we know
what estrone or ethunyl estradiol will do 1n man () we can determme what they
will do in the cockerel {c) we can find other compounds that will act sunilarly in
the cockerel and (d) we can predict what they will do m man Such compounds
will not give the cockerel effect n man but will produce an estrone effect on blood
Iipids 1 man Pharmacologrcally you dont have to worry about the species cross
over 1f you start with a standard matenal

Bove Estrogen has a specific effect of mereasing the a hpoprotens and de-
creasing the B lipoprotemns m humans with decrease i the cholesterol phesphnl.\pld
ratio and just the converse of that occurs m the chicken

Drie The two species are different but the compounds m esther species pro-
duce effects charactenstic for that species

WrrmaEssEN It was that hermaphroditic compound of yours that changed the
C/P ratio but had no effect on the plaques m the vesscls wasat 1t? Did ths do
anything 1n your in vitro test on the aorta?

D We have not studied SC 6382 in such a way We will however follow
your suggestion and try it

Katz This 15 a rhetoncal queshon directed to Dr Boyle Does it necessanly
follow that under all crcumstances the flotation of Lipoproteins 15 assocrated with 3
constancy of 1ts composition as regards cholesterol and phospholipids 1 man®

Boviz For genetically normal human beings of both sexes it 15 constant and
m vanous disease states such as hver damage nephrosis myvedema or what have

you 1t can be quabtatively as well as ly different I thuk this busiess
of g Lipop m sl per cent q ly and ignonng the
possible qualitative duffe m these 1 15 2 great oversight and should

be gone mto much more thoroughly as \\fe Kare currently dong in our laboratery

Prck I want to say something to Dr Rosenmans cmticism of the work I
pomted out nght 1n the begunng of my paper that the sex difference 15 only very
marked 1n nations that subsist durmg the Ife span on what we consider a poten
tally atherogenic diet In all the nations which have been studied as to the occur
rence of coronary artery discase and are found to have a low medence the sex
difference 15 very small and second I would hke to ask Dr Drll one queston
In some conversations with Dr Cook and Dr Gantt from your laboratory I gathere
that the compound 6582 with a low androgenic achwity had a different lipid effect
n humans 1t has an estrogemc hpid effect 1n the chucken lowering the G/P Tatio
and you showed 1t did not protect the corcnary arteries but as I gathered from
Dr Cook and I am asking you whether this 1s correct 1t had an androgenic effect
on the blood Iipads 1f gven to man

Drms Yes the finding of androgemc effects m man is based on Dr Eders
studies Is that correct, Dr Eder?

Eper Yes this compound appeared to have an androgenic effect on the lpo-
protemns 1 man

Draer. T have wondered if there was not some other effect of the molecile
other than androgemicity that may be giving what one mught term an antibpid
effect The androgemcity of the compound 15 relatively low and perhaps so low
that you would not have expected an androgeme effect on Lpids Perbaps there 13
an antiipd metabolie effect inherent n the molecule that is not reflected 1n the

androgemcity

Y
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Effect of Adrenals Pituitary Liver, and
Mucopolysacchardes on Blood Lipsds
Josern Serrrrn, Daveo H Bapper, Crmis | D ZaRAFOVETIS AND
Jous Raras
Wyeth Institute for Medwcal Rescarch and Department of Medicine Temple Um
cersity School of Medicine Phiadelphia Pennsyloania
In 1954 we reported that the delacteseng action of hepann clearmg
factor was mhibited 1 vitro by the addition of plasma from ammals
admmmstered cortisone exposed to cold or subjected to the nephrotic
syndrome (18) The data are presented m Table I Clearing factor
(CF) was from rats admmstered 4 mg hepann/hg intravenously
Substrate was plasma from alimentary hyperlipemuc dogs The column
LP shows the opacity of the lipemic plasma (LP) LP + CF shows that
TABLE I
Ixumerror oF Lipeyua CLearne Errect of CF axp CF 4 CFI Rat Prasua ov
Lireauc Doc Praswa (LP)

Average %
Lght transmission

LP +
No rats  Source No rats Source LP + CF" +
CF®  of CF? CFI of CFI LP CF® CFI
6 Heparn 15 Cortisone 9 96 10
[} PDHA 6 Cortisone 22 §6 22
6 DCA 6 Cort one 20 97 21
[} Hepann 6 Stress 20 96 21
6 Hepann 4 01 ARS 18 86 41
6 Hepann 3 02 ARS 23 86 27
[ Heparm 5 0408 ARS 21 86 23

\ilhliter antiladney serum/100 g of rat.
® CF = Lipemua cleanng factor
CFI = Lipemia clearmg factor ihibitor

the CF was actvely delactescent The last column shows that plasma
from cortisomzed rats rats exposed to cold or those recervmng ant
kdney serum when added to an active clearmg system prevented the
usual mcrease m hght transmission  In other expenments we estab-
hished the presence of an 1n vitro clearng factor miubitor mn the plasma
obtamed from humans centnifuged at 12 g human nephrotics famihal
hyperlipemics surgical patients and obstetrical patients (23) Several
other laboratones have since reported a sumlar mhibitor m the follow

g conditions farmhal hyperliperma i humans (12) admmstration of
cortisone (7) administration of toae doses of alloxan (14) and fre
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quent bleeding of rabbits (18) The occurrence of a dialyzable inhibitor
has now also been reported to be present m normal bovine plasma (13)
Chalmers ct al (24) have 1solated from the unine of humans a sumilar
peptide with lipid mobilizing properties
Injection of CFI (clearing factor snfulntor) into a varety of spectes
wneluding humans resulted i hyperlipenua  As will be shown later
the hyperlipemia did not depend on clearing factor inhubition sn tiwo but
was due to lpid mobilizgtion from the depots We have therefore
dropped the term CFI sn favor of iprd mobdizer (LM) The data are
shown 1n Table II
Smee LM was first d d n rats g cortisone or ex
pused to stress we determuned the role of the adrenals m releasing LM
or 1 were used as stressors m adrenalec
tormzed or hypoph)sectomlzed rats Table III shows that a pyrogenic
reaction produced hyperlipemia 1n mtact rats but not i adrenalec
tomized or hypoph d ones although fever was present m all

groups

TABLE IIL
Hypoaurpesa by 50 1 Pronen/kc 1V 1v Rats (2 Hour P Injection)

Plasma bpid levels (mg 7 )

Cholesterol Fatty acds Lipd P
Intact 180 210 10
Adrenalectormzed 72 108
Hypophy sectomized 70 15 8

Table 1V shows that dusopropylfluorophospk (DFP) produced

hyperhpemm 1n mntact rats but not 1 those adrenalectomized or hypo
1 occurred 1 all groups Noncon

vulsant doses of DFP did not produce hyperlipemia m mtact rats  DFP
was onigmally used because Shore and Iis colleagues had shown that
it was a potent mhibitor of hipoprotemn Lipase (20) The subconvulsant
doses we employed were calculated to give plasma concentrations con
siderably 1 excess of those found to mhibit hpoprotemn hpase s vitro
The results of this experiment made 1t doubtful that LM caused hyper

TABLL IV
Hreerurpemia Y 1 M¢ DFP/xc IV 1 Rats (2 Hour P InjecTION)

Plasma lipd levels (mg *' )

Cholesterol Fatty acids Lipd P
Tatact 190 260 11
Adrenalectomzed 62 110 5

Hypophysectomized 58 110 7
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Iipemia by i vwo neutralization of hipoprotem hpase They also mdicate
that tn vitro effects of mhubitors cannot be transferred to 1 tiwo phe
nomena The findings suggested that the hyperlipemia was of more
complex origin and that 1t mght be another mamfestation of the general
adaptation syndrome via the anterior pitutary and adrenal cortex Test
g this hypothesis resulted 1n the surprising observation that mjection
of cortisone 1nto hypophy sectomized rats failed to release LM Ve then
had to consider the possibihity that the posterior pitutary played a role
m the release of LM Table V shows the lipemia inducing properties of
dualyzate from the postenior pituitary of hogs No such actvity was
demonstrable for Pitocin Pitressin extracts of anterior lobe or skeletal
muscle Inhibitory action of the adrenals and pituttary on the heparn
clearing action has recently been reported by Pmter hovacs and Rarady
(15) Hypophysectomy has been reported by Heymann and Haehel
(11) and by Bally and Neema (3) to either abolish or largely present
the hyperhpemia of experimental nephrosis

The experience with DFP suggested mvestigation of the mechimsm
by which three other hyperlipemie agents act Two of these protamme
(5) and tolmdine blue (8) are considered to be specific antagonsts of
heparn and they are supposed to produce hyperliperma by mactivating
the heparin morety of lipoproten lipase The third hyperlipermic agent
1s phenylhydrazine (4 17) Table VI shows that protamme hyper
liperma depends upon the presence of the adrenals and pitwtary In
this respect 1t resembles other stressor or touc agents Were 1t acting
perpherally on tissue hpoprotem hpase protamine would be expected
to produce hyperhpemia i the absence of these endocrmes Shotz
and Page (21) hawe recently noted 1dentical results obtamed n a Slmll.l’;'
expertment with pri 1 hypophy d and adrenal
rats Ve have found that the tolndme blue hyperhipemia occurs only
after repeated admimistration of the dye and that 1t 15 not due to anit
heparin action but to anema and hepatotouicity  Phenylhydrazine 18
not a hepann antagonist and produces hpema by a mechamsm sumlar
to that of tolmdme blue In our experience substances which act as
stressors and which at the same time are hepatotouic can produce
Lpernia m the anumal to whom they are admmistered  Stressors wathout
hepatotoxic potential release LM whose Lipemmc action can be demon
strated 1n anmnals sensitized by hepatotoxins

LM differs from the other agents discussed i that 1t produces hyper
lipemia m the absence of exther the adrenals or pitwtary as can be seen
i Table V These data suggest that the hyperlipemia action of LM
e due to a direct nentralization of clearing factor either m the
on or n the tissues As has already been mentioned consider

may b
arculaty
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2ble doubt 15 cast on this view by the fact that DFP does not mduce
hyperlipemia i concentrations that abohsh the hpolvtie actaty of
Lpoprotemn lipase More dueet studies suggest that LA mobilizes
tuglycendes and that the Iner determmes whether this will be mam
fested as perspheral hyperliperma

TABLE VI
HypERUPEMIA BY 10 AlG PROTAMINE $0./k¢ IV 1y Rats {1} Hovn P Injreriow)
Plasma hprd Jevels (mg %)

Cholesterol Fatty acids Lipd P
Intact 220 275 ]
Adrenalectoruzed 72 130 ¢
Hypophysectonuzed 70 130 §

The vole of the hiver on the consequences of mobilization of fat by
LM 1 rats has been described m detad (19) Ammals sacnficed at
0 hour were controls which had not receved LM The hver at this tme
had bynd values considerably higher than those reported i the ltesature
for the Wistar stram and were considered to be fatty althongh they
were not so designated by microscopie exammnation  The plasma values
were within the normal range  Fifteen munutes after mjection of LM
there was a sigmficant mcrease m the total fatty acids of the lver which
was not d with L h m either the cholesterdl
or lipsd phosphorus nor wath changes in any of the hptd components of
the plasma One hour following mnjection the total fatty acd content
of the hver had returned to premjection level and was assoctated With

grfi lowenng of chol 1 and hpid phosphorus  All bpd values
n the plasma were elevated The Iner bpid values remamed depressed
for the next 3 hours and dumng this time the hyperlipemi )35
wmtense  As the hyperhpema subsided the values for the lwer hpds
wereased, pasticulasly those for total fatty acids The data suggest that
LM promptly mobilired neutral fat to the hver The latter did pot filter
this but added chalesterol and phosphohpid and penpheral hyper
hpemia resulted The data do not ndicate whether the mobihzed fat
was utihzed

The role of the Iiver 1 hipemia by LM 1 dogs 15 shown n Table Vil
Samples of blood taken from the superior mesenteric vem and post
hepatic infenar vena cava of fasted dogs with no signs of wmpaired lner
function showed 2n elevation of neuteal fats 1n the blood brought to the
ner followang njection of LM The partal hypertrigly cerdenua was
not mamfested as peripheral hyperhpemia  This 1s an contrast to dogi
that had been evposed to Chlordan In these LM also induced porta




PITUITARY AND ADRENAL EFFECTS O\ BLOOD LIPIDS 273

a shght arteriovenous duff of cholesterol suggestive of a possible
pathway for cholesterol excretion through the mtestines None of the
patients preoperatnely had LM 1 any of the samples as measured by
m titro nlibition of delactescence Following the surgieal procedure all
specumens contained such actvity The data are presented m Table IA.

The hver 15 not the only organ capable of removing large quantity
of bpid It 15 well established that hyperlipemna occurs m pregnant
females but not n the new born The cholesterol and total fatty acids of
maternal venous blood and umbilical cord blood n humans shown m
Table \ are m agrcement with published data  More direct measure
ments obtamed by simultaneously sampling maternal blood from the
cubntal vem uterme smus umbilical cord and fetal femoral vern blaod
are shown n Table \I Matern1l cord and fetal blood contamed LM

TABLE \
Prassea Liero Levers (a1 %) At Deurveny

aternal

(cv) Cord Baby
CHp» FAs CH FA CH FA
242 260 90 196 90 166
307 348 79 99
286 312 82 109
287 311 93 12
274 298 85 o8
303 358 72 88
283 302 81 99
212 303 84 96
292 334 78 91
282 344 814 99 8 104
244 380 90 104
197 312 o 86
236 374 99 130
199 426 76 97 82 o1
197 288 71 %0 73 104
328 628 103 158 102 174
248 292 87 112 71 2
159 213 84 1 82 o1
92 318 102 14 100 it
200 341 82 91 7 103
a0 358 78 9% 80 93
308 399 82 93 88 %
212 296 78 103 81 o2

CV = Anticubital vem
® CH = Total cholesterol
FA = Total fatty acid
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hypertnigly cendema thus was mamfested as penipheral hyperhpemia to
which the liver had apparently added cholesterol and phospholipid
It has alrendy been stated that a vanety of stresses release I M mto
the carculation and evidence for similar hormonal control 1n humans i
presented 1n Tables VIII and IX Tahble VIII shows that surgcal pro
cedures result 1n 1 marked elevation of total fatty 1cids 1n the portal

TABLE VIII
ARTERIOVENOUS DIFFERENCE 1N PLasvA Lipms Iv OMENTAL CIRCuLATION (MG7)
Preoperative Postoperative
Cholesterol — Total fatty acids Cholesterol — Total fatty acids

A/ A/ A/ Al
Case A V V% A V V% AV Vp AV V%
226 212 93 280 264 100 980 202 73 308 489 160
238 202 85 252 268 83 290 284 98 326 852 262
252 228 90 274 286 104 251 220 88 200 446 154
226 202 90 312 314 100 228 413
232 201 86 338 312 93 248 209 84 360 440 122
312 302 96 348 326 94 346 338 o7 402 648 162
186 154 83 214 218 100 196 184 o4 232 386 166
186 142 76 214 208 98 196 188 96 394 786 199

R N RO

TABLE IX
LrrFECT OF SURGICAL STRESS ON CLEARING oF Lireanc Doc Prasaa i tifro BY
Heparoy CuearmG Factor Prassa

Change 1 optical density
Time 1n hours

0 1/4 1/2 3/4 1
LP + HCF 070 049 031 o028 078
LP 4 HCF + LM 075 073 o072 072 0T
LP + HCF + Prehep (start of op) 069 os0 p2s o026 0%
LP -+ HCF + Posthep (start of op) 069 051 031 030 030
LP + HCF + Prehep (end of op) 083 080 079 078 078
LP 4 HCF + Posthep (end of op) 078 075 074 074 0T

arculation  This was not mamfested as a sigmficant hyperhipema n
the peripheral arculation The portal hypertnglyceniderma was some
times evidenced visually from the marked Jactescence of the plasma
The samples were from the gnstroepiploie vein and gastroeprploic artery
‘The arter1nl blood 15 rep ¢ of pertpheral or posthepatic arcula
tion and the venous blood 1s rep we of portal or prehepatic circu
lnhon In other expeniments the samples of penipheral circulation were
obtained from the cubital vemn and the results 1n these experniments were
no different from those shown in Table VIII Table VIII also reveals




PITUITARY AND ADRENAL EFFECTS O\ BLOOD LIPIDS 273

a shght arteriovenous difference of cholesterol suggestive of a possible
pathway for cholesterol excretion through the ntestines None of the
patients preoperatively had LM n any of the samples as measured by
1n titro mhibition of del Foll g the surgical procedure all
specimens contaned such actiity The data are presented 1n Table IX

The liver 1s not the only organ capable of removing large quantity
of ipid It 15 well established that hyperlipemia occurs in pregnant
females but not 1n the new born The cholesterol and total fatty acids of
maternal venous blood and umbilical cord blood 1n humans shown i
Table X are n agreement with published data More direct measure
ments obtuned by simultaneously sampling maternal blood from the
cubital vein utenme sinus umbiheal cord and fetal femoral vesn blood
are shown m Table XTI Maternal cord and fetal blood contained LM

TABLE \
Prasvia Lirm Levers (M6 9 ) At DeELvery
Matermal
(CV)e Cord Baby

CHp FAe CH FA CH FA
242 260 90 196 90 168
07 318 k& 99

288 312 82 109

287 311 95 112

274 206 83 98

303 338 72 88

288 302 81 99

272 303 81 96

292 331 76 o1

282 344 81 99 78 104
244 380 90 104

197 312 71 86

238 374 99 130

199 426 78 97 82 o1
197 288 71 90 73 104
328 628 103 158 102 174
248 292 87 112 71 86
199 212 84 112 82 91
202 318 102 14 100 112
290 341 82 91 71 103
202 358 78 9 80 93
303 399 82 93 88 99
22 296 78 103 81 92

CV = Anticubntal vein
® CH = Tota} cholesterol
FA = Total fatty acid
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wnd Table A shows the in vitro clianing mhibition It 15 teresting
to note that the fetal eirculation contamed LM The human new born
does not have mesenteric or omental fat depots Either these have not
yet been deposited or they have been depleted by LM

TABLE %1
Prasvia Lirip Levers (MG %) DUring CAESAREAN SecTiov
Maternal
RAe Cyve use Fye Cord Baby
e v o Fve  Cod By
CH FA CH FA CH FA CH FA CH FA CHFA
201 316 282 408 280 392 81 92
288 342 278 314 283 312 78 81
394 395 400 457 400 457 109 121 92 13
360 490 356 484 3s2 501 99 113 92 U0

8 RA = Radl artery

¥ CV = Anticubrtal ven
u Uterme sinus

¢ FV = Femoral vein

TABLE XII
Errecr or Matenvar Cono anp FETAL Broop oy Lippvia CLeasnc i Vi

Change in optical density
Time 1 hours
0o 14 1z 4 1

LP + HCF 072 041 08 020 018
LP + HCF + LM 077 o7 075 075 0T
LP + HCF + Cord 073 o064 063 063 063
LP ++ HCF + Maternal cubital vetn 073 o068 o065 o064 06
LP 4 HCI + Utenne simus 075 069 068 o063 05
LP -t HCF + Maternal femoral artery 075 o074 o074 074 072
LP 4. HCF + Baby femoral ver 078 o075 074 073 072

The data presented thus far appear to estabhsh an endocrme control
of hpid mobikzation The adrenal cortes the anterior pitwitars and
the posterior prtwitary are mvolved The pathwty appears to be a com
mon one for immediate mobiization of ipds during a catabolic provess
The sequence 1s antertor prtustary adrenal corter posterior priwmtary
release of LM The target for LM 1s the mesenteric fat depot which
responds with mcreased permeability and hberation of triglycende nto
the portal cuculation

In previous studies we d d that hyal g partially
depolymerized hy 1 acid and deoxycort: had opposite
effects to those of cortisone on permeability of the ground substance
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These effects are largely due to alteration of polymerzation of the
mucopolysacchandes m the ground substance It became of interest
therefore to determme whether lipid mobihization could be presvented
or antagonized by endocrines and other agents that affect the ground
substance

The effect of hyaluromdase on the permeability of blood vessels
and tissues to circulating hpids of hyperlperme ammals 1s shown
Table XIII Dunng the first 5 weeks of treatment, the hyaluromdase
treated xabbl!s had conststently lower blood cholesterols than those ad

1 wathout hyal After the fifth week

there was an escape from the hypocholesterolemic action The reasons
for this are not clear but comeidentally there was 2 marked elevation
of anthyaluromdase titer 1 the blood of the hyaluromdase treated
rabbits The atheromas 1n the aorta were at least as severe m the latter
group as in those r g only chol ! In some the;
were considerably more severe There was also 2 marked deposition of
fat mn the Lver kudneys and spleen of the hyaluromdase treated
rabbits These findings ndicate that hyaluromdase increased the
permeability of vanous tissues for bpid A similar effect has also been
reported by Cal: (6) Enhancmng effects of hyaluronidase have also
been reponed by Wong et nl (22) 1 rabbits rendered excessively
hyperl ration of cortisone and cholesterol
H)aluxomdase lowered the blood lipids but enhanced atheromatous
lesions and resulted mn marked deposiion of hpids m the Iver Adlers
berg et al (1) and Dury and DiLuzio (10) have reported that although
cortisone elevates hyperhperma mn rabbits it does mot enhance the
formation of atheromas This might be due to the antipermeabihity
effect of cortisone

The effect of hyaluromdase on plasma hpds suggested that a hpid
cleanng factor was mvolved We demonstrated that plasma from rats
admustered  hyaluromdase pn.mally depolymenzed hyaluronate or
deoxy caused d when added to lipemse plasma
The cleaning was not associated with lpolysis and therefore differed
from heparn cleanng factor (2) see Table I Table XIV shows the
effects of deoxycorticosterone acetate (DCA) on L\( hypexhpenua n
rats DCA was njected nto mtact, ad
tomized rats Two hours later the ammals were bled and the plasmas
separated. The plasma from the mtact rats was coded I that from
adrenalectomized ones as A and that from hypophysectomized ones as
H  Another group of rats recerved mjections of LM One hour later
25% of the rats were admmstered esther I A or H mtravenously The
same evpenmental design was employed for adrenalectomized and
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hypophysectomized rats One hour after the mjection of DCA plsma
the rats were anesthetized and plasma obtamed for Lipid analysis It
will be seen that DCA plism1 had no effect on the blood hpids of un
treated rats but that DCA plasma abohshed the hyperlipemic action of
LM The DCA plasma was effective whether obtained from ntact

drenal d or hypoph d rats It may be assumed that
the antagomistic effect was peripheral and probably at the site where
LM acts The possibiity that this effect 15 due either to retention of
the mobilized ipids by the hver or to demobilzation by altering
permeability of the fat depots 1s bemng nvestigated An effect of DCA
on blood hiptds m dogs has been reported by DiLuzio ¢t al (9)

TABLE )V
Errecr or DCA oN LM HypeateEMia 1N Rats
Tntact Adrex Hypex
Treatment CH FA CH FA CH FA
None 78 100 79 92 72 90
LM 199 304 189 g7 190 340
LM - Is 78 92 71 85 73 92
LM + A 81 99 79 93 71 99
LM+ H 80 90 85 91 70 100

I = Plasma from intact rats treated wath DCA
b A == Plasma from adrenalectomized rats treated with DCA
¢ H = Plasma from hypophysectomized rats treated with DCA

Smce the effect of DCA 1 hyperhipemic rats resembled that of
hyaluromdase m hyperhpemic rabbits 1t was of wterest to mvestigate
the effect of partally depolymerized hyalurome acid (PDHA) on the
hyperlipemta induced by LM or by plasma from patents with fambhal
hyperhpemia (AA and DW) The hypocholesterolemic iction of PDHA
m nephrotic rats has already been reported (25) The data are presented
m Table AV Injection of LM or plasma from hyperhpemic patients
produced hyperlipemia m rats i 1 hour  Injection of 5 mg of PDHA/Ag

TABLE XV
Errecr or PDHA on HypErLIPmaaA IN Rats
‘Treatment FA CH
LM 326 272
AA 299 246
DW 308 285
LM -+ Normal human plasma 338 280
LM 4 PDHA 94 P
AA + PDHA 103 96

DW 4+ PDHA 92 85
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mtrwenously 1 hour later restored the blood lipids to normal values
The cffect of PDHA was similir to that of DCA and hvaluromdase
PDHA 15 1 nonsulfated pol hande  Stmilar Mated par
tlly depolymerized mucopolysacchandes are probably actnated by
administration of hyaluromdase and DCA It has alrerdy been men
tioned that these 1gents relevse a delacteseng factor which differs from
lipoprotein Lipase tn not exhiinting lipolytic nctivity  We have reported
similar delactescing properties for other nonsulfated mucopolysaccha
ndes (2) The antthyperhpemic and delactesemg properties of noa
sulfited mucopolysiccharides differ from the effects of sulfated muco
polysicchandes such as hepinin The htter release lipoprotem hpase
which 1s not always ted with del or hypolip acton
The most striking 1nstance of this 1s the failure of hepann to affect the
hctesaence or degree of lipema 1 ribluts subject to repeated bleedin®
(16) or 1n rits injected with LM

Suriatanry

1 An endoctine control of lipid mobilizabon 1s demonstrated.
Cortispne stress and various chnical states release a hpid mobilizng
substance (LM) from the posterior pitwitary

2 LM relewses triglycendes from the mesenteric fat depots to the
Yiver

3 Penipheral hyperlipemia results when the Iner 15 unable t
utihize the triglycende Joad The lver contributes the cholesterol and
Iipid phosphorus of the hyperhipemit

4 LM hvperlipemsa 15 ntag d by partially depolymenzed non
sulfated mucopolysaccharides but not by hepann
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Discussion

Wurre  What effects do the mucopolvsacchanides have 1 your studies?

Serrer  This depends on two things (1) the nature of the mucopolysacchande
{2) the chemical punty I can only illustrate this by a recent expenence You wall
notice that we have studied a vamety of pol. hand e poly
sacchande hepantin sulfate 15 excreted in the urme of humans suffering with
Hurlers syndrome and was of mterest to us because 1t 15 not antcoagulant and
was found to release cleaning factor Hepantin sulfate 15 2 well charactenzed com
pound so Dr Karl Meyer gne us some prepared from bovime lung It was m
Jected over a period of 6 weeks to weanling male mice and produced an effect we
ave not seen with other pol hand It caused a dep of fat m
the gonad and supriscapulir area 'Thes fat depots are not readily mobalized
This expeniment will now have to be reproduced with a known sample obtamed
from the unne of gargovles A simlar sivation and more to the pomt ewsts
when two authentic samples of chondroitin sulfate B have given us different
Tesults 1 the cleann, reachon Some of the other mucopolysaccharides such as
hyaluronic acid isolated from a Group A Streptococcus pyogenes mjected over a
Tong period of time have not done anything

Witz Do your polysaccharides have any effect on the actmty of your clear
e factor mhibitor erther i vitro or m tivo?

Serren  Nonsulfated mucopolysacchandes release m wmwa a clearing factor
which 15 not a 1pwe Some mucopolysacchandes reverse the lipemz nduced by
CFI (LM)

Wertressen 1 would like to ash three questions Furst what 15 the present
status of your hpid mobiizing factor as a postenor piturtary hormone? Second
ho v long have you adminntered 3t now m expenmental ammils wathout obtaming
atheroma® And finally have you used it as a therapeutic agent i ammals i which
atherosclerosis had been developed?
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SerrrEn As far as we e determine it is from the posteror pitwtary Ve
have isolated LM from the posterior pitwtary of hogs which hase not been
stmultted in any way Administration of LM for the production of atheroma has
been the biggest disapp We have ad d LM over a penod of
3 months which I think s adequate for this sort of expeniment We had cholesterol
Ievels in the blood identical with those that were obtaned wath feeding cholesterol
The rabbuts fed cholesterol had atheroma while the LA treated rabbits dd not.
Tor a while we thought L\ might be producing a medial selerosis which 1t 15 not
Administering, LA along with cholesterol in the dict may result in somewhat more
severe lesions but this 13 subject to argument So far as we can sce hyperlpenia
by LM docs not play a role 1 producing athcromas in rabbits

Wermnessen  What about ammals fn which atheroma had been induced and
then treated with the agent?

SerPrer  We havent been able to demonstrate any prophylactic effect or re
gresston effect  So far as we ¢ see LM does not influence the course of expen
mental atherosclerosis in rabbits

Fumvan  Albonk and Man at Yale {Am ] Digest Discases 2 619 1957)
have shown that the fecding or Infusion of glucose or other manewvers lead
ing to increased glucose utihization will decrease postprandml Mpemia  What
does glucose feeding or 1nfusion do to the hpemia resulting from the admmstration
of CFI?

Seeten It 1s stmilar to a protamine pemia If you adminster glucose to a
fasted arumal neither protamme nor LM produce hyperlpemm Hyperlipemia in
duced by either protamune or LM 15 not abohshed by admumstration of glacose

Hotzan  There must be questtons in Dr Seifter s mind that elude me to some
eutent He has a vanety of expenmental obscrvations here T dont thik he has
put all hus cards on the table here for some reason In the Brst place he has
evidence of cord blood versus maternal blood I think that might well be expluned
on the bisis of epithelial covermg of the villi T think it sould reflect actne work
on the part of the epithelum to mamtain the difierentisl between maternal an
fetal blood He has presented a varety of evidence having to do with operathe
procedures and this intngues me no end of being able to find the difference i
rtertovenous blood from the foll perattve proced Jtasa

pl d prop that could bly depend upon trauma or upon venous
or lymphatic dranage The question I would like to ask Dr Seifter with regard
to operative procedures m partienlar 15 whether he believes that something kberated
by the postenor pituitary could be localzed and so explan artenovenous differ
ences 1n the fat from the omentum or the mesenterrc depot I dont know whether
that 15 a fair question or not More specifically I would Iike to ask what pmmy!e'z
you to d the duffe between blood following laparatomy’

Serrrer I hope we have laid our cards on the table I have nothing to tude
We dont know in what manner the placenta acts as a barner to the passage of
Ipids  Now you mught raise the question that the fetus has the inhbitor m 1§
plasma and yet 15 not hyperhpemic This has puzzled us too but pathologists tell
me that the fetus has practically no mesentenc fat nor does it have omental fat
We songht to demonstrate m patients undergomg surgery that the trauma or
stress of the procedure released CFI which mobilized bpids to the Iver The lner
Jetermmed whether or not there was a peripheral hyperlipemia

Frerppere  Can you tell us what the blood supply 1s to the omentum® Is
3t the same as the mesentenc system? It seems to me there are anastomoses
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Sewrrer  The samples were taken from the gastroepiploic vemn and artery The
atteral sample would be representative of the systemic circulation The vemous
sample would be a farr rep of the portal circul because the nght
gastroepiploic drams into the supenor mesenteric vein and the left gastroepiplore
drams to the splenc vewn

Frerppenc  But it also drans mto the systemic system does it not? Thats
the question Im asking

Serrren  The communmication between the portal and gencral venous system
occurs through the supertor hemorrhoidal branches of the iferior mesentenic vein
which communicate with the muddle hemorrhoidal branches of the internal ihac

Porjic I would like to make some comments about the observations on hpid
content of the fetal and maternal blood and on the action of the plicenta as a
bartier between the two The fetal hipids are denved withm the fetus almost ex
clusnvely by synthesis within the fetal tissues The barrier between the maternal
and the fetal curculation as regards lipids 15 quite extraordinary The placenta has
a synthetic ability of its own but m addition to that 1t has a great anidity for
maternal plasma ipids Certamnly 1n ammals with a hemochorial or hemoendothehal
type of placenta there 1 a good deal of hpid absorption by the endothelial cells of
the fetal placenta but none of the absorbed hpid is transmutted to the body of the
fetus

SewTER We recognze that the fetal Lipids were probably produced within
the fetus itself What we attempted to illustrate was that the maternal hyperbipema
was not manifested 1 the fetus mn spite of the fact that both maternal and fetal
blood contamed CFI

Dovcserty 1 think that one of the pownts that Dr Sexfter made 1s that these
substances which he used were hepann binders that 15 Pitressin toludine blue
protamine etc I have pointed out that the work of Dr Berlner and myself demon
strated that ACTH brought about an enhanced amount of both blood cholesterol
and cholesterol deposited m the lung Ve have heard other papers that mdicate the
same thing I would Iike to go on to a second order tvpe of thinking and that 1s
to pomt out that Dr Higginbotham and I indicated some time ago that ACTH s
one of the most potent binders of hepanin  Consequently with a stress phenomenon
1t 15 possible that with the outpouring of ACTH or 1ts release from peripheral bind
mg sites 1t could inactivate hepanm or that these substances such as toludine
Blue Pitressin etc which are hyperlpemic mhibit the bmding of ACTH with
heparin therefore causmg an increased amount of ciculating ACTH and causmg
hyperbpemia I think that 1f we combune these two studies we can see quite clearly
that ACTH could be a hyperlpemic factor and that if we mhubit ats peripheral
binding sites on these polysaccharides we could produce hypetlipemia
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The Possible Relationship of the Emot to Chnical
Coronary Heart Disease

Ray H RosFaaian avp MEer FRIEDMAN

Mount Zion Hospital Harold Brunn Institute San Francisco California

The recent preoccupation with lipids and especially dietary Lipids
m the pathogenes:s of coronary artery disease has mduced such intensity
of thought that the mere mention of other possible causal factors occa
sionally evoles rather remarkable dennls (4 48 69) albeit lack of
scientific negation The present conference implies of course that the
endocrine system may play an important pathogenetic role in athero-
genesis and chncal coronary heart disease The proposition that those
forms of socioeconomie stress unique to Western socteties may pla) a
fundamental causal role 1n the mcreasing nctdence of chinical coronary
disease mn ndustrialized groups as well a5 1n the latter s lugher maidence
of coronary disease morbidity and mortalty relatne to natives and
groups of nomndustrialized societtes (31-33 60) so strongly mmphcates
the hypothalamic prturtary adrenal axis that its mcluston 1s justified n
the present discussion  Although the evidence 1o support of this belief
cannot be extenswvely reviewed mn the time allotted to this presentation
certain phases of this problem are worthv of emphasis

Osler described the typical coronary patient as 1 “keen and ambitious
man the mdicator of whose engmes 1s always set at Full speed ahead
Dunbar (20) and Arlow (3) both concluded that a clear cut personality
pattern can be detected mn many indwviduals with coronary artery
disease charactenized among other things by habitual overdnve and
compulsive drive to suceess by means of hard work and self discrphne
Physiological studies (40) of coronary patients have confirmed this in
part In this regard 1t 1s also of nterest that among Russeks (62) 100
Patients with myocardial nfarction suffered prior to age 40 most were
erther holding down two jobs or working more than 60 hours a week
at one job Just prior to their attack Russek emphasized thexr personality
as bemg aggressive and ambitious with an mtense physical and emo
tional drive 2 description much like that noted five decades earher by
Osler
‘Western man has been progressively immersed i a chromeally stress

gly ch 1zed among many attnbutes hy
speed and petitive haste ambitious strving multiple
dally work deadlines imparting a constant sense of temporal urgency
by the madequacy of frequently deceptne goals and by mereasing
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econontie debt and frustration Jeading to evtreme and long continued
plysical and mental effort It seems almost neredible to us that those
general forms of sociocconomie stress unique to Western socicties hae
been confused with superficnl amwiety fear worry or other neurote
or even psyehotie states and s 1 result that emotronal stress has been
discarded by some as 1 possible pathogenetie factor i chmeal coronary
disease on the basis that the latters incidenee 15 esther less or at least
not more prevalent i psychoties 1 primitne races with “tabus and
ternfying witcherift ™ in swoide prone groups (69) and m the starang
Clinese coclte (4 48) and beciuse a temporanly lessened coronary
mortahity 1s found m war besieged nations (48 69) Stewart {70) has
succmetly differentsated the umque socioeconomie stress of Vester
man from that of flood famune and pestilence by pomting out that the
Jatter re emotionally accepted since they are outside the dwndnals
control nd since m all forms of group emotional stress such as war the
wnciwrdual’s stress 1s either submerged or lost

The proposal that the occupational and other socioeconome Stess
of certamn chsses of Western man may be a major factor 1 lus relatssely
Ingh adence of climcal coronary disease s not without documents
tion In previous reviews of availble epidemiological data (31 33) we
hue emphasized that of the absence of somoeconomie stress 18 found
1 industrabized socicties 18 used s a standard of companson a better
corrclation can be obtumed with 1t and the decreased madence of
elimenl coronary disease than can be obtuned wath a low fat caetary
miake Brock and Bronte Stewart (7 8) pomted out m their studies 11
Cape Town that if job sesponsibility were used as an ndex as g0
a correlrtion could be found between 1t and the mereased mexdence of
myocardial infarction as was found wath the dietary fat wtake In
England a considerably greater meidence of myocardial infarction has
been noted among professional executne and shilled Iabor groups
compared to those of less skilled or unslalled occupations (50 58
70 82) Yet among Enghsh physiins a sharp nise m myocardsal 1t
farction since 1846 has occurred only among the gemeral prachitoner
group suddenly compelled by the then new system of medscal practic®
to treat a remarhable number of patients mn the course of 1 day s
activities (50)

In the study of Gertler and Whate (34) as well as that of Yater and

aates {80) although no diff was found between the dwetary

habats of thewr young coronary patents and those of the controls 08
siderable difference was found 1n the type of owil posions held by
the two groups the young coronary patients almost always having o¢
cupted a position of responsibihity and frequently assoctated with oceupt
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tional stress The relatively higher mncidence of myocardial infarction
1 those engaged in managenal executive and professional occupations
compared to less shilled and unshilled occupations 1s further documented
by the study of deaths m Philadelphia among white men (37) by the
study of Smith and associates (67) by the data of Ryle and Russell
(63) and that of Brown and co-worhers m England (10) by the study
of Pedley (55) and others (57) The marked geographic vanation m
madence of mortahity from coronry disease 1n this country may well be
due to differences m occupational stress (66) considerably higher
mortality rates being found m the densely populated areas and in urban
areas as contrasted to rural areas (26 35 66) these differences being
sunilar for both sexes (26)

If chrone exposure to those forms of socroeconomrc stress unique
to industrralized societies 1s a major pathogenetic factor m the increas
g ineidence of chmeal coronary disease several posstble mechamsms
mght be operative alone or synergistically Furst the effects of emo
tional stress on cardiovascular hemodynamics are profound, and there
1s much evidence that orgame vascular damage may eventuate from
such effects (6 9 40 57 78) perhaps mn part due to endocrme
engendered angotouc effects (57 77) the resultmg vascular damage
predisposing and perhaps 1n part p hipid d
of greatest severity m the presence of elevated plasma ].lpld content
(31 83) A second possible mechanism implicates the diect effects of
emotional stress upon the plasma Lipids

Both qualitative and quantitative aspects of cholesterol metabolism
are of probable 1mportance in the pathogenesis of atherosclerosnis (33
57) Previous studies (14 33) from our labortory have indicated that
n expenimental ammals an elevated plasma cholesterol appears to be
a passive plasma retention secondary to the mtravascular accumulation
of an excess merement exther of triglyceride or of phospholipid In the
normal ammal an nfusion of mglycende sufficient to effect a sustamed
hypertriglycenderma nvanably 15 assoctated with a proportionate mise
both of plasma phospholipid and of cholesterol (28) apparently due to
a passive mtravascular sequestration consequent to thewr preferential
solubility 1n the mcrement of excess plasma mglycende (2 11 28) In
analogous fashion the nise of plasma chol 1 and of p hohpid 1n
nephrotic rats (Fig 1) and m rats mjected with Triton WR 1339 (Fig
2) appears m major part to be a passve secondary accompamment of
the hypertnglyceniderma respectively caused by the deficiency of cir
culating albumm (59 61) or by the detergent action of Trton (13)
It scems likely to us that a similar sequential mechamsm pertamns mn
diabetic and 1n 1dropathuc hyperliperma
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The above states are of course characternized particularly by a
marked merease of plasma tnglycende On the other hand a propor
tiopate rise of plasma cholesterol 1lso occurs in the normal animal when
a sustuoed hyperphospholipemin 1s mduced by the mfusion
of many althongh not of alf phosphitides (12 29) In bikary obstruc
tve states the hypercholesterenna also apy to be a passne ac

1 agamn y to the hyperphospholip which 15 12

Injrction of AKS

Reval lots

a1 altumin
(b) CFS (heparin?)

Fafure of cleusing process

Plisma gocum Yation of tnglycerides

Platsa retention
of bile acid

Plasma retention
o phosphot pid

Mobibizat on of
Gssue choleste of
T gl

Hyperchal steremia

Fic 1 The mechamsm of hypercholestererma m rats made nephratic by
jection of antiludney setum

turn the apparent consequence of the plasma yetenbon of au excess
of bile acd a sequence reproducible 1n the normal ammal by an 1
fusion of chohe acid (30) In these mstances the plasma mgl)cende
content 1s not elevated

The above studses of the interrelationships of the plasma Lipids 10
vanous hypercholesteremic states mply an mnportant role of the phos
phatides m the control of the cholesterol content m normal plasmt
The mayor miluence of emational stress on the control of the plasma
cholesteral content 15 shown by recent and current studies m our Jabora
tory Thus the probable important role of hormonal and possibly nevro
humoral mfluences 1 the control of the plasmt cholesterol content 3
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strongly suggested by the demonstration that various types of emotional
stress are umquely capable of inducing sigmfi and lly strih
ing nses of plasma cholesterol From January 8 to June 10 1957 we
bled a group of 40 male proprietor accounttnts biweekly for plasma
cholesterol (32 60) Each subject was closely followed at each sampling
as regards weight diet exercise and the occurrence of occupational
and avocational emotional tension Complete food diaries were Lept
duning two separate 7 day ntervals On the basis of thew work the ac
countants were dnvided mto two groups of comparable size and age

Fal ofd ngm han m

Pl me accum 1t nof toglyce d 3

Plasm teteats
of bl @d

Plam ret ton
t phospholip d

M hlization of
5T tesl
T plma

Hypecch | teremu,

¥i6 2 The mechamsm of hypercholestererna i rats mjected with Tnton
‘WR 1339

(Fig 3) Thus although severe occupational stress was encountered in
both groups durmng the Apnl tax deadhne only the corporate account
ants (Fig 3 Group B) incurred a comparably severe work stress during
the January samphng pertod The temporal changes of the average
plasma cholesterols of the two groups are shown m Fig 4 bemg found
to mise with the occurrence of occupational stress Thus a sigmficant
nse of average plasma cholesterol occurred in both groups comeident
with the severe occupational stress of the Apml tax period but only
the corporate accountants (Group B) exhibited a sumilar nise of average
cholesterol m January agam comeident with this period of severe work
stress The fluctuations were not found due to any changes m weight
exercrse or dietary mtake of calories or of fat (32 60)
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Sigmficant nses of plasma cholesterol alse were observed 1 many
of the subjects at ttimes of unusual personal stress of an awocational
nature  Ninc allustrative examples are shown m Fig 5 in which the
occurrence of a significint and sometimes profound nise of cholesterol
was closely correlated with the occurrence of severe emotional stress
awnd conversely 1 sigmificant lowermng of cholesterol with the sub

Group Type No  Aver Aver Weight

A

B

Age  jon®  Apris  Junei0

TAX 18 38 182 181 182
(28 50) (140 239) {140 239) (40 239)
CORPORATE 22 39 175 174 174

{28 36) (147 196) (147 193) (146 193)

Severe
STRESS PERIODS Moderate

29 %3 %1%0

ATE

[+
Fic 3 Description of 40 accountants diwided into two groups of comparable
size and age

240,

235
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W 2154 yroUP A A
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2 2
g 2'94
X
5
_ 2054
3 [=) ®
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W8 1722 2/5 2019 345 3M19 42 4/15 4729 5/13 5/27 €710
Fic 4 Average serum cholesterol durng exp ! interval on
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sidence of the emotional stress Figure 6 illustrates this particularly
well sh the plisma chol 1 changes observed 1n a 43 year old
accountant with xanthelasma and who unknown to us hept a daily
record of hts exposure to emotional stress of any ongin using s own
arbitrary umt system Over 1ll plisma cholesterol fluctuations as great
as 125 mg per 100 ml were obsenved to occur in these subjects How

(mg #100 m1)

TOTAL CHOLESTEROL
—mn
san
a0 w

ol

7~
024681012 024681012 02468102
NO OF WEEKS HO OF WEEKS NO OF WEEKS
Fig 5 Plasma cholesterol changes in 9 accountants durmg periods of severe
©occupational (sohd black) and avocational (diagonal lines) stress

ever since these nises occurred m some at tines of severe avocational
stress as well as dunng periods of severe occupational tension the
cholesterols also were correlated at the ttne each subject felt his emo
tional stress from any cause was both mmmal and maumal dunng the
expenimental pertod  As shown in Fig 7 the dufferences at such times
were not only highly sigmficant but with rare exception each subjects
lughest plasma cholesterol was observed at the tune the subject humself
felt lus emotional stress to be at its peak and conversely hus lowest
chalesterol was observed at a time each felt humself to be relatively
free of any emotional stress
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TOTAL CHMOLESTEROL
{mg /100 MY

{onits)

WORK STRESS

o 2 4 5 8 w0 1”2 " 18 » 20
NO DF WEEKS
Fic 6 Cormelation of serum cholesterol with accountants own diary of work

stress

Eprdemiologusts 1 general have ignored demonstrations (43 51) of
the 1nconstancy of the plasma cholesterol That the plasma cholesterol
15 uniquely sensttive to the occurrence of severe mental stress already
has been confirmed by several groups of ivestigators 1n normal military
personnel (27) 1 patients with hedled myocardial mfarction (36) and

Actual range of each subjects serum

Scrum cholesterol at time of cholesterol

Maximum stress \faximum serum cholesterol

Average 252 mg /100 ml 263 mg /100 ml

Range (145-391) (160-391)

SE Mean *75 =88
Mimmum stress Amnimum serum cholesterol

Aversge 210 mg /100 m! 200 mg /100 m

Range (138-354) {127-314)

SE Mean *88 =57
Dufference Difference

Average 42 63

Range (2-125) (31-125)

S$E duff means +101 *105

Fic 7 Average scrom cholesterol at tume of subjects maumum and mimmunm
peniod of emotional stress (all types)
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m college students during examination week (76) An hypothalamic
mfluence 15 possibly suggested by the rapidity of the observed nises 1
certain mstances and smce extubition of central nervous system stimu
lants both experimentally and climcally mduces a rise of plasma cho
lesterol wath 4 lowenng occurring dunng sedatne therapy (47 52)
Immersion 1 1ce water also 1s clamed to induce a prompt nse of plisma
cholesterol {(42) Finally some correlation of plasma cholesterol with
blood pressure levels has been observed mn normal subjects (45)
Epwephnne secretion also must be suspected as a possible factor m
the plasma chol 1 resp to I stress Epinephrine exerts
a catabohe (253) and mobibzing (79) effect on Lipids (23) 1 dogs
(41) and rablats (21 22) the rep d ad ration of epnephrine
results m a sustamed mnse of all plasma Lpd fractions However
epmephrine particularly affects the tnglycende fraction and 1t 1s likely
that the nise of plasma cholesterol induced by epinephrine 1s secondary
to the more marked nse of plasma tnglycende

Because of its activation dunng emotional stress the adrenal cortex
15 also 1mphicated 1n the plasma cholestero! response to stress In the
rat physiological doses of cortisone fail to affect the plasma cholesterol
but as shown m Table I the exhubition of larger doses rapidly mcreases
the plasma content of all kpids particularly that of the trglycende
fraction and also markedly increases the degree of hypertniglycenderma
otherwise induced by olive ol feedings The effect of ACTH (adreno
corticotropic hormone) and adrenocorticoids m ordmary dosage on the
plasma cholesterol of humans 15 not entirely clanfied Nevertheless n
connection with the sigmificant and sometimes stnlang rise of plasma
hol 1 observed 1n studi during 1on week (78) 1t 15
of interest that among students exhibiing an anxety reacton at such
times a sigmficant rise of aldosterone and 17 hydroxycortiecod excretion
oceurs (72)

Although the causal mechamsm has not been elucidated and although
the role of hormonal secretion 1n this regard has not been clanfied 1t
seems clear that a nise of plasma cholesterol often of profound degree
May occur m response to unusual emotional stress  As 2 possible corol
fary 1t may be proposed (32) that chronic exposure to occupational
and other forms of socioeconomre stress umque to Western cvihization
may be one of the factors m the higher average plasma cholesterol levels
found 1n Western man relative to members of nonindustrahized societies
If this proposition were valid 1t should be possible to demonstrate that
among similar age groups with comparable patterns of exercise and
diet, the average plasma cholesterol 1s sigmficantly hgher 1n those
chromeally exposed to severe occupational stress than n groups free




RAY HI TNOSENMAN AND MEYFR FRIEDMAN

292

sueen sfep g sayy
Afrep ooty u g 4
Apep Asnosuvanogns Sus g o

(60s—£1e)  {%85-g61) (sv1-£8)  (926-%30)

6L s 944 L5L s + auoN
{91F2-L1L) (TL-L13) (312-96)  (0019~0T01)

oL £6C GeT 1t1s 8 + [ (v}

(€9e-09) (sL1-611) (1rse)  (L18-283)

L9t 0S1 9 ¥8C L - alt? 3G

opuadfduy spudiy [o32153[0Y2 sprdr sy suosnio)  juatsiddns
oydsoyq ™Moy, {r0y, jo wq
of Jur 00T/ 3ur) suonenuaduco twsed oerary ON

SLVY 40 ST VISV1] NO UNOSLLNOD) 40 1D3Idg
I J14vL



FMOTIONS AND COROVARY HEART DISEASE 293

of such stress Unfortunately our current mvestigations of this problem
are as yet too incomplete to present at this tme However 1t 1s of 1n
terest m this regard that 1n the cooperative study of plasma lipids m
normal American subjects (46) 1t was found that some nse of average
cholesterol levels was noted 1 persons with higher blood pressures and
comersely that a low blood pressure level was associated with a low
plasma cholesterol  The latter corrclation was particularly stukmg m
the istance of pemtentiary mnmates a group of course beset with
various emotional problems but nevertheless umquely “sheltered” from
the effects of sociocconomic and other occupational stress and m par
ticular from the pressures of “lack of time” [hus m contrast to the
general similanty of the plasma cholesterol levels determined among
large groups of different men from various parts of the country the in
mates of two d s 1e: ly exhibited ficantly
lower plasma chol ls not bable to dietary diff It 1
therefore perhaps sigmificant that m a recent study (44) 1o which normal
prisoners were used as controls 1t was found that the pnson inmates
exlubited consistently low levels of adrenocortical excretion

A third possible mechamsm by which the exposure to emotional
stress might affect the coronary artertes 1s by precipitating thrombotic
occlusion Thus although chintcal coronary heart disease 15 of course
a q of ath 1 1ts ¢ 15 not only the end result
of progressive atherosclerohe changes It therefore appeared amportant
to discuss the possible role of ] stress i precy g chmcal
disease smee this may well be mediated by other than stress mduced
hemodynamic effects possibly affecting mtimal hemorrthage or rupture
of or hemorrhage 1nto an atherosclerotic plague

It must be emphasized that although coronary atherosclerosis 1s
ubiquitous 1 Western man chncal coronary heart disease and 1n par
ticular the oceurrence of myocardial mfarction 1s frequently engendered
by a complication of the atherosclerotic substrate coronary thrombosis
Indeed the inference 1 many epidemiclogical and other studies that
the meidence of myocardial mfarction entirely reflects the meidence and
the seventy of the atherosclerotic substrate would appear to be mn part
erroneous (31 33) and the occurrence of thrombosis 15 not hnearly
related to the severity of the underlying atherosclerotic changes (68)

The importance of the thrombotic fictor m the merdence of coronary
disease morbidity and mortality 1» further shown by the fact that the
rather rapid decline i mortahty from this cause 1n warttme Scandmavia
(56 71) appears to be ascribable primanly to a decreased incidence
of all thromboembohe phenomena (19 71) It s also attested to by the
success of sustamed anticoagulant therapy in preventing myocardial 1n
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farction 1n patients with known sevcre coronary atherosclerosis The dis
sociition between the underlying atherosclerosss and the occurrence of
chmical coronary disease 1s less well indicated by the fact that, even
ameong certun groups i whom myocardial mnfarction 15 almost unknows
some degree of atheroselerotic changes are not so rare (5, 24 38 39)
Fumally the merease of myocardial sfarction 1 this country and 1
Enghind in the pist 5 decades 25 gly more bable to an
increased incidence of coronary thrombosis (49, 68) than to any sig
nificant increase either 1 the madence ar seventy of the atherosclerohe
changes {45 49 64) Nor c1n 1t scermngly be ascribed to any significant
merease either of the plism cholesterol or of the detary fat intake
(53 54)

It has long been recogmzed that emotionnl stress sigmficmtly ac
celerates blood coagulation (16, 65) and there 1s reason to believe that
this may be mediated by an augmented secretion of epmephnne (73
74) and possibly lso of adrenal corticords (15 18) The vecurrence of
corenary thrombosis mnd myocardral farction at times of emotonal
stress 1s so well documented (1 17 23 57 75) that it would appear
foolhardy sumply to ignore its possible causal role 1n such mstances It
1s therefore of some signifi that we have recently observed that
an acceleration of blood coagulation occurs at times of sesere occupa
tional stress  Thus 1n the study of 40 accountants referred to abore (3%
60) blood cloting tumes were obtuned at monthly intervals under
carefully controlled circumstances As shown m Fig 8 a sigmficnt
acceleration of average cloting time occurred m both groups of sub-
jects dunng the period of severe wark stress mduced by the Apni 15
major tax dead} It seems possible therefore that chromc exposure
to severe occupational stress umque to those groups of Western man
with the highest mecidence of chmeal coronary disease may ncrease
the hazard of the thrombotic comphcation by effecting + more or less

d leration of bloed coagul: On the basis of current 10
vestigations we have rcason to beheve that this may i past be true
but the results of these studses are as yet too meomplete to present at this
time

There 15 an mereasing body of evidence (31 33 53 54 81 82) dis
puting the solitary role of dietary hpids 1n the pathogenests of coronary
heart disease On the basis of chnical and expenmental evidence the
posslble role in the pathogenesss of lis increasing chmeal coronary
disease of the socioeconomic and emotional stress unique to Vesters
man should no longer be neglected Thus if eoronary atheroscleross
and thrombotie ocelusion are a Amction of tme mbimal derangement
quantitative and quahtative plasma hpid abnormahity hemodyname
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factors nd blood coagnlation it has been shown that emotional factors
are cipable of adversely affecting exch of these

1o
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Fic 8 Average blood coagulation times of two groups of accountants
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DiscussioN

Ouver I am a httle hesitant to report the work of somebody else but smce
Dr Moms work has been considered mn some detail today I thnk that 1t 15 1m
Portant to mention three pomts which I am quite certam he would discuss if he
were here today The first of these 15 that the social meidence of coronary disease
15 Jost af physical actvity 15 taken 1nto account This Morns will shortly be report
1g and I thisk wall nterest you The second pomt 1s that earher today there was
discussion about the relationship of physical activity and stress i bus drivers and

conductors m London It was mentoned that bus drivers are more Lable to
develop myocardial infaretion and bus conductors are more Lable to develop angna

has been related to thewr physical actiaty There are other factors which
Moms has subsequently discovered and 1f he has not already reported this he wll
be domg so Oge of these 15 that the umiform size of the bus dnvers and the bus
conductors 15 quite different on entering the service The bus dnvers are fatter and
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shorter and the bus conductars are haner There 15 somato type difference fom
the stat The tlird pomt s that 1t is standard practice in London for conductars
to be promoted to drvers if they so desire So that the whole questron of physicd
actiity m relabonship to stress in these particular nsestigations should reman
sub judice 1 am quite sure that Morris would lhe this stated

RoseNvuaN  Interpreting the literature 15 difficult enough and I would prefer
not to comment on unpubhshed data before evamining it more cntically

harz 1 would Lke to discuss several things thit Dr Rosenman p esented on
behalf of himself and Dr Friedman  Finst I am delighted that in this presentation
emphasis 1s placed on the fact that stress as defined In San Franasco (as contrasted
with that 1 Quebec} is one of the possible factors not the only factor responsible
for coronary epusodes It alse Js pleasing that diet is not denied 2 possible sdle
The sccond thing I would Like to pomt out is that there are three aspects to siress
s [ mterpret the presentation One 15 the rather exciting work on the mncome tax
accountants on blood cholesterol and blood clotng durtng o peniod of hugh peak
lord ¥ think these facts require no comment Two, there iy the wphcation that
emottonal stress unnersally acts on certan males and has a cumulative effect. 4t
a postulate it 15 iteresting, but it should be proven Third there fs a vague 3ad
sascillating picture the ptible p bty fypes Thus too ts chal
fen gy, but not proven as I will point out tomorrow  But what 1 want to put
publicly snto the record 1s that the hme is nipe for Dr Fredman and Dr Rosenmaz
to deal prosp 1y wath therr wdea to wit (a) define beforchand the
spectal pessonality type perhaps 1n a number of groups (b) defice i advance the
several types of stress loads Then they should carry out a 5 or 10 year follow up
on these people to see whether or not theyr ideas are confirmed

Noseasean Thank you for your comments Dr Ratz, We are even 50w
engaged 1w studns and in designing further mvestigations along the very lmes i
part that you hue suggested However 1f atherogeness is vanouwsly 2 funcnc;
of trme hemodynamtc factors antuml damage and disturbed hpid metabolism
of myocrsdial infarction 1s i many instances a function of thrombatic eccusion

on an atherosch substrate then it alseady has been demonstrated
tuces that

I adrenat

P
by sartous data presented at this conference as well as by many other s
each of these factors 1s adversely infh d by evog: b

hormones  On the othier hand 1t 15 well shown that emotional stress stumuldies
adrenal secretion or m other words that cerebrsl cortical pertutbation shmulates
< self dered d; of end: Yy detived adeenal hormones In U N;
presence of emotional tension there may be the assoctated factors of dm"mﬂ:;}
cxerase and augmented dietary mtake as well as altered blood flow Ve \Wm N
suggest the following diagram to express these relationships and hypothesize Id
oceup ! stross m ble Individuall gly found m muddle an
upper class males of pdustalized sociehes more or Jess contuwuonsly stunulates
such cortical perturbation (Fiz A)

FreEppEnc I can confirm Dr Olivers remarks with regard to Dr Morn
And to add to the statistical evaluation perhaps you can tell us what Dr Yudln
sad about the relationship between the sale of television sets and the ipcidence
of deaths from acute myocardial mfarction in the same paper you referred to 5

Rosenvtan | beheve Dr Yudkmn found m the study referred to by Dr Frc;
berg, thit the mcrease of mortality from coronry heast disease im England hﬂs
peralleled the mnerease of televiston sets and automobiles far more closely thad

3¢ has any change m the diet

s work
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Frroan - One of the entiosms of studies which relate a low fat intake 1n cer
tain population groups dunng World War I to a reduced mortality from coronary
artery disease 13 that the reduction in death rate occurred pror to fat restrichon
{taking Englnd #s an cxample) and later on the death rate from coronary artery
disease began to nise and approach the rate charactenstic of the country prior to
the war even though metnwhile the fat restnction became more stringent I was
wondenne how this rise in death rate due to coronary artery disease dunng the
course of the waz fits 1 with your concept of the role of stress i this regard

Cort cal pe t 1b tion

Altered ‘Hypoth lam o D ased
blood fow p tuitary cgy

p me adrenal a s pedtue
Tt ep nephrime T creased
force noep phr 1tk f
1 soconst. cort coids cln ft

Hemo- | X [Ttum T} x [Akt d]= [Atherosclerosis] + [The nbus] =

dynme| |dam ge| | plasma
fen tpds

Fic A Duagram illustrating possible pathways by which cortical perturbation
may participate m mech of lial infarct

Rosesatan 1 am not famibar with data from wartme Brtan 1 beleve Pihl
(Scand J Clin & Lab Incest 4 12_ 1952) found the fall m wartime Norway s
mortality from artenosclerosis to oceur prior to the decreased fat consumption
Serutiny of Malmros data (Acta Med Scand Suppl 246 137 1950) mdicates
that the decrersed mortality from arteriosclerosis 1n 1940 1 Norway was assocated
with decreased fat consumphion with a rse of both 1 1944 on However a
fallng mortality 1 Norway from artenosclerosis can be noted m 1935 to 1939
despite an mncreased fat intake dunng these years In Denmark the mortality from
attenosclerosis was unchanged from 1939 to 1945 and decreased from 1946 to
1848 although the total fat intake decreased progressvely from 1939 to 1948 In
Fuland the mortality from arteriosclerosts increased from 1938 to 1940 durng
2 penod of decreased fat wntake and although the latter continued to decrease
from 1940 to 1947 the mortality from artenosclerosis decreased only from
1840 to 1943 and then progressively mereased In Sweden a progressive increase
i mortalty from artenosclerosis oceurred m 1935 to 1940 although there was no
assoctated increase in fat consumption during these years

Thus 1 believe 1t 15 an error to Lft the wartime expenence m Norway out of
the general contest as has so commonly been done Moreover as Dedichen Strom
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and Jensen (Trans Sth Jostah Macy Jr Conf on Factors Regulating Blood Pressure
1951) have pownted out the fall of mortality from artenosclerosts 1n Noray m
1940 and jts later mse in 1946 so closely parallcled the fall and lat £ nse of fat
consumption that it would seem extremely hazardous to asembe the altered mortalty
to any sudden resol and later i d incid or seventy of atheroscleross
effected by the varying fat itake

Duning wartime there is an altered pattern of emotional stress the wdduals
emotional stress being transferred to and submerged in the national group stress 1
do not know whether this played a causal role in the changed mortality fates m
wartime Norway or whether the decreased fat intake at this time decreased the
hazard of the thromk pl of the 1 vessel However the
data of Dedichen Strom and Jensen appear to indicate clearly that the decrensed
mortality from arteriosclerosis m wartime Norway was associated with and ascubable
to a closely parallel decrease of all thrombotie aceidents
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Influences of Hormones on Circulating Lipids’
DAvID ADLERSBERG
Department of Medicine The Mount Smat Hospital Mew York New York
Hormonal influences on carbohydrate and protem metabolism have
been extensnely studied In contrast mformation concerning hormonal

on lLpd bol 1s limted although ewidence 13 ac
cumulating that such mechamisms exist and probably are important
3

The concept that atherosclerosis 15 a metabolic disorder (1) m
volving cluefly lipids and lipop has stimulated ns1Ive mvestiga
tion of the endocrine influences on airculating lipids and on Liprd me
tabolism Even 1 countnies with low dietary fat consumption there 1s
shll 1 andrvidual susceptibility to atherosclerosis which cannot be ex
plamed by environmental factors only There 1s evidence that hereditary
tuflnences determme the 1ndwidual susceptibility to atherogenesis pre
sumably through metabolic mechamsms and through genetically con
trolled enzymatic reactions (2) The endocrine system may play an
mportant regulatory or mediating role 1n these mechamsms

Tue Tiyrom

The role of the thyrad i the control of serum hpids 15 better
established than that of the other endocrine glands  Total thyrexd
ectomy mn man and m experimental animals results 1n a decided eleva
ton of serum lipids According to our own stuches the elevation
of the mdividual Iipd fractions vanes with the species (Table 1) In
rabbuts there 15 a moderate mcrease m serum cholesterol affecting total
and estenified cholesterol approumately equally (- 54% and + 47%
respectively) in serum phospholipds (+ 30%) and m serum tn
glycendes (+ 178%) the more pronounced nise 1n tnglycerides 1s
mamly responsible for the increase of serum total lipids (4 103%) The
failure of thyroidectomy to produce marked elevation of serum choles
terol 1n rabbuts and to enh atherog, was pi ly reported
by Turner and hayat

In contrast dogs after thyroidectomy exhibit a greater elevation of
total and estertfied serum cholesterol (+ 169 and + 112%) and of
serum phospholipid (4 53%) than of serum tnglycendes (+ 10%)

* This research was supported in part by grants from the Division of Research
Grants United States Public Health Service
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the merease 1n scrum total lipids (4 60%%) 1n the dog 1s mamly cused
by the higher Jevels of serum cholesterol and phospholipid

Tur Govabs

Evidence 15 wccumulating that the gonads evert an important 1n
fluence on the level of arculiting hipids and hipoproteins  The com
puratnely rare occurrence of coronry artery discase 1 women durmg
the reproductiv phase 15 well known Bilaterally oophorectomized
women show a hagher meidence of coronary artery disease than normal
women of cortesponding ages

Age and sex affect serum hpid Tevels i man Dietary factors par
beularly dietary fat appear to be related to serum Iipid concentrations
The role of other factors such 15 ethme ongin occupation  stress
Phsical activty smoking and aleohol s questionable

Adlersberg ¢t al (4) examuned approximately 1200 healthy males
and females betw ecn the ages of 2 and 77 years of low mddle mcome
1 New York The almost completely white population was otherwise
modexalely heterogencous wath a distinct predommance of farmlies of
Hahan and Insh ongin The totl serum cholesterol level of the males
emauned constant from age 2 through 19 From age 20 through 33

ere was g significant mcrease of total cholesterol level averaging

8mg% per year Thereafter untl age 60 there was no further
°h“"§e The total serum cholesterol level of the females did not
change Significantly from age 2 through 32 although there appeared to

2 shight decrease from age 2 through 20 From age 33 through 58 a
Significant rate of increase of 32 mg % per year occurred (Table II)
The changes 1 serum phospholipid levels with age were similar to
the changes 1n serqm cholestero! levels mn the two sexes

Set differences 1n the distribution of serum lipoprotemns have been
Teported by varions laboratones using the Cohn protein microfractiona
to technique the ultracentnfuge tech and zone electroph

with subsequeut elution  Normal young w ;mcn have a relatively greater

Cholesterg] concentration 1 the serum alpha lipoprotem fraction and

:’""W"ﬂdmgly smaller of chol 1 m the beta hipop:

aactmn than normal men of cor ponding ages This differ 15 not
PParent after the menopause

o Considerable wformation 1s available as to the effects of gonadal
Tmone

Pe and g n Eilert reported i 1949 on the effect of estrogens mn
les{eraxlz Postmenopausal women A decided reduction plasma cho
tenswo and the cholesterol phospholipid ratio was observed (7) Ex
Suryy © Studies an the effects of estrogens and androgens 1 patients who

ved myocardial nfarction were later reported by several mvestt
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guors (9 10 11) Synthetie or naturally ocenmng estrogens corrected
the abnormal ipid and lipoprotesn pattern of survivors of myocardial
wfarction  They lowered plsma cholesterol and raised the cholesterol
concentration of the alpha lpoy and correspondingly d ¥
the cholesterol concentration of the beta hpoproteins

TABLE 1
Cirances v Servnt Crorestrros LeveL wint Ace ¥ Maves anp Fenares (4)

Age intenval

{yr) No he o
Males
2-19 151 ~0278 >020
20-33 7t 3622 001>P>0001
34-50 213 ~0445 >020
51-60 o8 0821 >020
Females
2-13 100 ~1478 >020
14-20 58 ~2065 >020
21-32 104 ~1077 >020
30-58 263 3181 <000l

4 The average annual change of total serum cholesterol 1o mg /300 co 15 Tepre
sented by the coefficient b 1n the regression equabion ¥ = a + bX where X = age
1 years and Y = serum cholesteral level

2 Probability that the true value of the average annual change may be zero

The use of large doses of estragens such as 10 mg estuyl or
10 mg Premanm daily produced severe systerme changes gynecomastia
complete impotence restlessness depresston  and not infrequently
nauser and gostric distress Robinson ¢f @l (10) treated a group of
men with myocarchal infarction for peniods of 6 to 48 months with &3
trogens [average 10 mg of mixed conjugated estrogens (Premann)]
A decrease 1 serum total choll 1 with 1 phosphohpid an
m alpha hpoprotem cholesterol was observed Sexual potency gradually
decreased and cventually became bsent Gynecomastia praved to be
s0 distressing that m the younger age group surgreal removal of the
glandulas bssue of the brewst was performed prior to imsttution of
estrogen therapy

It 15 of nterest that much smaller dosages of estrogens than those
mentioned can rectify abnormal serum lipids and lipoprotemn pattexns
and restore them to normal Ths form of hormonal therapy 15 associated
with less severe adverse effects Olver and Boyd (8) treated 10 men
with daily doses of 02 to 08 mg of etlunyl estradiol over » penod of
smore than 11 weeks An average depression of total plasma cholesterol
of 95% was achieved (P < 001) the cholesterol phospholiprd raho
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showed an average fall of 297 (P < 001) Esen wath these smaller
doses gvnecomastta nansea, dizaness fahgue and depression were
commen complunts and loss of kbido occurred 1n some subjects

In our laborators the effects of long term treatment with Iow doses
of ethins] estradiol (estm]) on the serum hpids and Lipoproteins were
studied m pattents with idiopathie hyvperliperma and rdiopathic hvper
cholestererma (6) Onh patients who had been recening therapy for
a mmmum of 2 months were mcluded 1n this report The group m
cluded 4 men and 2 women with diopathic hvperhpemia (average age
45 vears) and 2 men and 3 women with 1diopathic hvpercholesterema
(average age 47 vears) Four pantents had skin vanthoma, and 2 had
anthoma tendinocum 5 had coronan artery disease and 1 had recur
rent acute pancreatiis  The average duration of theraps was 8 months
(range 2-14 months) Doses ranged from 01 to 02 mg daih 4 low
fat diet was mshituted prior to and dunng the study  The body werzht
remaned stable

In both groups lpid levels were lower under estrogen therapy
VMaumum effects were noted after approumatels 6 weeks {Table 11I)
In the hvperlipemic group levels of serum total and estenfied choles
terol decreased by 507 and total hpids by 51¢c  The serum phospho-
lipids showed a fall averaging 307 The beta lipoprotemn fraction rose
shghthy from 3356¢ to 4045 and the O (ongn) fracton decreased
from 506 to 364 There was however a marked mcrease 1n alpha
lipoprotemn from 119 to 23.2<¢ of the total stainable hpd

In the hypercholesteremic group lesels of serum total and estenfied
cholesterol decreased, by 35 and 395 respectnel and average serum
phospholipids by 12¢¢  Total hpds fell 21%¢  Beta hipoproten de
creased from 689 to 39.2¢% the O fraction decreased fram 168 to 90
and alpha Lipoprotemn meresed from 14.3 to 31 8% of the total stunable
Iipid

Levels of lipids and Iipoprotemns on placebo therapy were unchanged
from control levels \Mod & astia and d hed hbido were
obseried umformh m men In 2 postmenopausal women, mild uterme
bleeding occurred In 2 patents the carduc status mmproved m 3 1t
was unchanged In 1 patient with idopathuc hvperhpemia and ex
tensne vanthoma tuberosum there was gradual disappearance of the
lesions dunng 14 months of estrogen therapy (see Fig 1)

THE APRENALS

The role of the adrenals i regulating cwrculating ipids and athero-
genests has been discussed m a preceding article ( Adrenocortical Hor
mones and Atheroscleross)
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ghtors (9 10 11) Synthetic or niturally occurning estrogens corrected
the abnormal Iipid and lipoprotemn pattern of survivors of myocardial
nfarction  They lowered plisma cholesterol and raised the cholesterol
concentration of the alpha lpoproteins and correspondingly d hed
the cholesterol concentration of the beta Iipoproteins

TABLE 11
Cr1ances 17 Serunt CrioLesTEROL LEVEL Wittt AGE IN MALES Anp FEataLes (4)
Age interval
{yr) No b 13
Males

2-19 154 —~0278 >020
20-33 74 3622 001>P>0001
34-50 213 ~0445 >020
51-60 8 0821 >020

Females

2-13 100 ~1478 >020
14-20 58 -2 065 >020
2132 104 —1077 >020
33-58 263 3181 <0001

o The average annual change of total serum cholesterol in mg /100 cc s repre
sented by the cocflicient b 1n the regression equatton ¥ = a 4 bX where X = age
m years and Y = serum cholesterol level

3 Probability that the true value of the average annual change may be zero

The use of large doses of estrogens such as 10 mg estmyl or
10 mg Premarn dally produced severe systemic changes gynecomastia
complete impotence restlessness depression and not mfrequently
nausea and gastric distress Robinson ¢t al (10) freated a group of
men with myocardaal infarction for periods of 6 to 48 months with es
trogens [average 10 mg of mixed conjugated estrogens ( Premann)]
A decrease 1n serum total cholesterol with 10 phospholipid an
n alpha lipoprotein cholesterol was observed Sexual potency gradually
decreased and eventually became absent Gynecomasta proved to be
so dustressmg that m the younger age group surgical removal of the
glandular tissue of the bretst was performed prior to mstitution of
estrogen theripy

It 15 of interest that much smaller dosages of estrogens than those
mentioned can rectify abnormal serum bpids and lipoprotemn patterns
and restore them to normal This form of hormonal therapy 1s associated
with Jess severe ndverse effects Olver and Boyd (8) treated 10 men
with daily doses of 02 to 06 mg of ethinyl estridiol over 1 period of
more than 11 weeks An average depression of total plasma cholesterol
of 259 was achieved (P < 001) the cholesterol phospholipid ratio
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Tie PANCREAS

Knowledge concerning the yole of the pancreas m controlling the
concentration of cureulating lipids 15 based on the study of pancreatitis
and diabetes mellitus 1n both the expenmental ammal and m man

An exrly observation concerning, transient hyperbperma and hyper
cholesteremia 1n evpenimental pancreatitis 1n the dog was reported by
Bunet and Broch 1n 1929 (5) In our laboratory studies on the relation
ship between pancreatitis and serum lipids were performed in rabbuts
and dogs treated with ethionine a powerful metabolie compettor of

h 1s suk prod severe changes of hemorrhagic
pancreatitis  Pathological changes 1n many other internal organs are

1y p d such as fatty phosis of the hver renal
damage and destruchion of chuef cells of the stomach Progressne
dumnution of arculating protems Lpids Lpoprotewns and glycopro-
temns was seen (13}

Because of the severe pathological changes in many wital organs
other than the pancreas and the resulting metabohe dwsorder 1t was
thought wnadvisable to use eth produced p for studv of
the relationship betw een the pancreas and circulating ipids In a search
for a more specific “isolated” form of expenumental pancreatitis the 1n
stllation of a potent staphylococcus toun mto the hgated pancreatic
duct (12) proved to be f y The study mwcluded 35 rabbits and
11 dogs The full procedure resulted in acute fulminating pancreatiss
and produced 1 of serum lasting 1 to 4 days
(Table IV) The maxumum elevation of serum Lipids obsened on the
second day compnsed an increase of approumately 2005 m total cho-
Iesterol and 1n phospholipid and 400% 1n total hpids mamly caused
by elevation of tnglycendes

The serum cholesterol and phospholipid retumned sconer toward
normal levels than did the tnglycendes and total hipids  The maximum
elevation of the blood sugar and of serum amslase agam was noticed
on the second postoperative day The control group n which higation
of the pancreatic duct was combined with 1ntraductal nstillation of
saline solution showed shght elevation of serum lpds no change n
blood sugar but sigmficant elevation of serum amylase Sumilar eleva

150 and 100 pg and 1 week intermssions results in decided though not manmom,
Towenng of seram bipids \ote reduction of the O-fraction of serum lipoproterns under
adequate estiny) therapy and marked increase dunng low dosage perods (50 pg )
ard on placebo  Note marked reduction of xanthomatous lesions an elbows and knees
after 8 and 14 months of therapy The smaller lesions disappeared completely while
the larger ones showed marked reduction n size
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Note marked reduction of all scram hpid fractions following datly m:i\ Lu:n
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tion of serum amylase was seen m rabbits i which under anesthesiz 2
simple laprotomy without any additional mampulation was performed
as well s m a group of 9 animals 1n which the pancreatic duct was
hgated without any ntraductal mstllation In none of these control
groups were sigmficant changes of serum bipids seen In ammals m
which the toxn was instilled intraductally 2 weeks after pancreatic duct
higition severe toxic manifestations were observed within the st 24
hours after which time the monbund animals were sacrficed It 2p
pears then that acute pancreatibis produced 1 otherwise normal rabbits
results in characteristic transient elevation of serum Ipids affecting
manly tnglycendes

In dogs experimental pancreatitis produced sumilar effects It caused
elevation of serum hpids for 1 to 4 days but to 2 lesser degree {Table V)

The ) by wiich p 1tis leads to the alteration of
serum lipids 15 obscure although several possibilities have been con
sidered Diabetes often 15 present n expenimental and human pan
creatitis but 1t 15 too mild to explan the elevation of serum hpids De
fictency of 1 specific pancreatic hormone regulatmg hpid metabolism
(hipocare) has been previously considered However the exstence of
this hormone 15 questionable at present Certun observations pomt to
a possible role of the alpha cells of the pancreas and thewr hormone
glueagon Destruction of alpha cells by cobaltous chlonde results 1n an
elevation of serum lipids after 24 hours with gradual return to control
levels after 7 days as in expenimental pancreatibs  The problem whether
or not glucagon 1s mvohed n the regul. of Iprd bolism re
quires extensve additional studies It 1s of iaterest thit addition of
glucagon resulted 1n a decrease of fatty actd synthesis 1n liver shces 1
cubated with C! acetate One must always remember that hormones
affecting carbohydrate and/or protemn metabolism such as msuln may
ndirectly affect hipid metabolism

To summanze, 1t may be stated that many of the hormones evert
marked effects on circulating hpids  While some of these fluences are
well established some others requre evtensive additional studies
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temperature  While T have not studied the serum cholesterol of such animals 3t 1s
possible that the effects on the bilirubin and cholesterol metabolism are related to
the effect of fever on hiver blood flow and hep itocellular function

AvterseeRG It 15 quite possible We lost many ammals before we were
posttion to establish an adequate dose for our experiments e started the dilution
of a staphylococcus toun of 120 and we lost all the animals in this senes  Then
we diluted agam 1007 and a didution of 140 of the same toun also killed the
ammals A concentration of 1 80 was then used and 1t was possible to produce
severe pancreatitis which the animals survived

Borp  This pount which you raised Dr Adlersberg on the possibility of some
of the eflects of pancreatitis beng mediated through glacagon and the alpha cells
When Campenhout and Comelius descnbed the effects of admmistenng cobalt
chleride to gumea pigs and showing histalogical damage to the alpha cells this was
taken up by Caren and Carbo who showed that the admumstration of cobalt chlonde
to rabbits produces a hypercholesterolemua n 2-3 days These authors concluded
that the pancreas serretes a hormane which controls the plasma cholesterol level i
the rabbit Dr \acLean and T have looked into thus effect and we have adminstered
about 40 g /bg cobalt chlonde to rabbits and exammed the pancreas of these
ammals at vanous tunes from 1 hour to several days after the administration of this
substance In the rabbit this dose of cobalt ¢hlonde does not result m pancreatic
alphy cell destruction but produces a very marked hyperglycemta which persists for
about 8 hours and a hypercholesterolemia  Now 1if the cobalt acted on the alpha
cells and the alpha cells produce glucaron 1t mught be possible to wutate this by
gwing glucagon to these ammals If glucagon s edmimstered a verv sharp
hyperglycema ensues quite different from the cobalt hyperglycemia and there 15 no
effect on the blood cholesterol level Tt could be that the cobalt causes a release
of adrenahn producing the hyperg) which 15 supenmpo able on the cobalt
hyperg; but the ad of adrenalin to the Tabbit does ot produce
hypercholesterolemia  The Liver was the only organ which showed consistent husto-
logieal changes m these cobalt treat d ammals

Avirmsseng  Thank you very much Dr Boyd I have no personal expenience
with cobalt chlonde T based the speculations that I presented on facts reported 1n
the Lterature
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Discussion

Drit. Dr Adlersberg what were the estrogenic side effects if any when the
low doses of ethiny] estradrol were gven?

ApLERSBERG  We have seen the swme side effects that have been reported
before  Most of the men showed breast changes but nome of them were very
senously perturbed by that Of course dimtnished bbido was a frequent complaint
of the patients and of their wives

Hewaran Will Dr Adlersberg please comment on the mechamsm of the nse
1n cholesterol observed in these cases of pancreatitis

Apverspere I am very thankful for this queston Dr Hellman because I
planned to discuss this pont but I did not have time Ve dont know for sure but
one could speculate on some possibiliies We belteve for mnstance that the diabetes
obscrved 1n these ammals and 1 some patents with pancreabhs does not eyplan
the serum bpid changes Especsally mn animals whose data I showed here the ele
vitwon of the blood sugar levels was too mild to explan the seram lpid changes
Of course one s always wclined to think of Lipacare as a possible factor However
snce lipocaic 1s a substance the eustence of which 15 doubtful such an explanation
1s not valid  There 15 perhaps a possibthty that some damage to the alpha cells may
be mmportant There are reports that cobalt chlonde when mjected mto gumea pigs
produces changes wn the alpha cells of the pancreas and transient serum hprd changes
somowhat smular to those observed m pancreatiis Ope conld speculate that the
effect of pancreatitis on the alpha cells and perbaps an mcreased production of
moblization of glucagon 1s perhaps responsible for these changes but we have no
definite explanation

Herrsaw 1 was parbicularly anterested if there 15 any evidence of bibary ob
struction or altered hver function m exther spontaneous or expertmentally produced
pancreatitis

Avrenseenc Al ammals were carefully studied at necropsy We found oo
hepahe damage provided that small doses of staphylococcus toun were used If you
use very large doses then yon get ternfic touc effects mcluding shock and drop of
bBlood pressur. These ammals often did not survive the operation for longer than
several hours As a matter of fact you may get sumlar results I didnt go mto that
1f you ligate the duct first and after the pancreas gets atrophic mject staphylococcus
towin several weeks lter mfraductally A fulmmanng form of toxema and shock
Lalls these ammals within a few hours A marked drop m serum hpids may be seen
under these circumstances

Fresppere 1 just wanted to comment on the pomt that Dr Ad]ersbe'rg Just
discussed namely that there »s m exp 1 shock :
staphylococcus tonn Shigella endotoun or other tovins one may see penpheral

vascular collapse With small doses one may also see marked elevation of body
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Effect of Desiccated Thyroid Substance and Thyroid Congeners
upon Serum Lipoproteins and Serum Cholesterol Levels

Epwarp H STRISOWER
Donner Laboratory Unitersity of California Berkeley Califorma

I should Iike to present in rapid succession some of the extensive
experience accumulated mn the past 4 vears at the Donner Laboratory on
the effects of thyroid active substances on human serum lipoprotems and
on other physiologic parameters

The studtes with desiccated thyroid 1 thyroxme and [ truodothyro
nme to be presented differ 1n three mun aspects from most other sumilar
mvestigations  First we have used rather lugh dosage levels for pro
longed periods of ime  Second we have employed chnically euthyroid
patients Third we have studied a population of chrome schizophreme
mstitutionahized patients having no other associated disease and who
have not been treated with any of the modern tranquilizing agents
electroshock or other forms of therapy for months preceding our studies
The study of such patents made 1t possible to observe patients m a
hospital environment under carefully controlled conditions for prolonged
pertods of time

To avord confusion from the number of shdes showing the most
pertwent results of our studies I would hke to begn by stating the
mam conclusions which emerge from these studies These are

1 The three thyroid active substances studied have a rather specific
hypolipoprotemnemic effect on the S$©0-12 and S°12-20 classes of
serum lipoproteins

2 Prolonged ad ration of effective hypolipop doses
of desiccated thyroid ! thyroxme and I trnodothyromme produces only
few and mmnor side effects

3 The hypolipoproteinemic and other phystwologic effects of the
above three thyroid active substances are compared for the purpose
of showing specific differences and similanities 1n the effects of these
hormones

The first study (10) deals with 19 male schizophrenic patients ages
2040 who were given 3%4 and then 7 grams of desiccated thyraid for
1 week each followed by a 9 week course of 10 grawms Only 11 of the
19 patients tolerated this rather arduous course Of the 8 who did not
complete the entire course 4 sustamed excessive weight loss (defined
as 1n excess of 10 pounds within 2 weeks) 2 showed ncreases 1n pulse
rate above 100 beats/minute and 2 patients became severely nervous

315
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Figure 1 shows a dramatic lowenng of the §,°0-12 scrum Lpoprotemn
class with a sharp rebound 1 somewhat smaller decrease m serum cho
lesterol levels and a defimte decrease in the 5,2 12-20 levels with smaller
reductions 1 S;? 20-100 and S 100-400 serum lpoprotemn concentra
tons I should ke to pomnt out that only at these very high dosage
levels are statisically moderately sigmificant (p < 003) reductions
$220-400 serum lpoprotemn concentrations observed Changes m
S$¢ 0-12, §°12-20 and serum cholesterol levels are of course statistrcally
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Fic 2 The effect of 10 grans of desiccated thyrod on atherogemc index

very highly sigmficant Average weight loss for the entwre course
amounted to about 12 pounds Figure 2 shows the very marked decrease
i atherogemic index observed m this study
The question naturally arose regarding mimimal effective hypolipo

Pprots doses of d d thyroid for prolonged use To answer
this question the following study was done by Strisower ef al (11) A
group of 60 schizopt patients posed of 30 male and 30 female
persons both with a mean age of 40 years was given 3 grams of desic
cated thyroid for 30 weeks followed by 4 grams for 39 weeks followed
by 5 grains for 36 weeks followed by a 27 week follow up pertod without
any thyroid sub: This study ded thus over a period
0of 132 weeks Thirty nine patients completed the entire course and of
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Figure 1 shows a dramatic lowermg of the S¢0-12 serum lipoprotemn
class with a sharp rebound 2 somewhat smaller decrease i serum cho
lesterol levels and a definite decrease in the $,° 12-20 levels with smaller
reduchons m S 20-100 and S, 100400 serum Iipoprotemn concentra
tons I should like to pomt out that only at these very high dosage
levels are statistically moderately signifi (p < 003) reductions n
S020400 serum lpoprotein concentrations observed Changes n
§00-12, §°12-20 and serum cholesterol levels are of course statistically
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Fic 2 The effect of 10 grams of desiccated thyroid on atherogeme andex

very highly sigmficant Average weight loss for the entwre course
amounted to about 12 pounds Figure 2 shows the very marked decrease
n atherogenic mdet observed m this study

e q lly arose regarding mummal effective hypohipo
s doses of d d thyrord for prolonged use To answer
this question the following study was done by Strisower et al (11) A
group of 60 schizoph patients posed of 30 male and 30 female
persons both with a mean age of 40 years was given 3 grains of desic
cated thyroid for 30 weeks followed by 4 gramns for 39 weeks followed
by 5 grams for 36 weeks followed by a 27 week follow up period without
any thyrod substance This extensive study extended thus over a perod
of 132 weeks Thurty nine patients completed the entire course and of
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the 21 patients who did not 6 were discharged 8 were transferred for
active psychiatnic treatment 1 required 2 mnor surgical procedure, 2
refused vempuncture and only at most § were considered to show
possible evidence of hyperthyrordism Two of the 6 became nereasmgly
nervous, and 4 lost between 20 and 30 pounds of weight Figures 3 and
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Fic 3  The hypolipaproternemic effect of the long term admmistration of
grams of desiccated thyrosd

4 show the mam results of this study Figure 3 shows a rapid fall

§;°0-12 serum Lpoy ] at about 3 weeks

but then escaping” to pretreatment levels dunng the followng 10 n:

15 weeks We believe this escape phenomenon s due to a very ned
:

hystol 1 m ths case to a bypohpopm:emelxxx‘c

gﬂéct buz first shown by Greer E,G) based on observations molving

uptake studies Briefly the maximal hvpolipoproteinemic effect ob
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served at 3 weehs followed by the gradual escape 1s consistent wath the
concept that endogenous thyroidal hormone production about equivalent
to 3 graws of d 1 exog Iv ad: d thyroid 15 gradually

ipletely mhibited by this exog thyroid ad ration  This ex
plams the mtial sharp drop m §, 0-12 serum Lipoprotein concentrations
as being due to approumately 8 gruns of effective” desiccated thyroid
(3 of end and 3 of exog ongmn) the escipe and rebound

phenomena (following cessation of exog thyroid ad, ation
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Fic 4 The effect of the long term administration of 3-5 grams of desiccated
thyroid on blood pressure and pulse rate

Virtually no thyrod hormone 15 present smce endogenous production has
been shut off 1f doses m excess of 3 grams were given) thus explaning
the sharp rebound observed after 5 grams (see Figs 3 and 1) and 10
gramns and lack of sygmficant rebound after 3 gramns

Serum total cholesterol concentrations show sumlar but less marked
changes than the §00-12 serum lipoprotem levels and a marked de
crease m S 12-20 serum lLpoprotems 1s agamn observed The response
of §°20-100 and §,° 100400 was agam noted to be considerably less
marked and more vanable showmg small decreases at the higher dosage
levels only

Average weght loss was only 5 pounds and 1t 15 noteworthy that no
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further weight loss occurred at the 5 grain level and mdeed 8 patients
regamned some weight Figure 4 shows a very moderate mean 1ncrease
mn pulse rate from tbout 84 to 90 and a slight ncrease m mean systolic
blood pressure from 113 to about 120, and no change m drastohic blood
pressure Table I shows the highly significant drop in mean atherogene
mdex of 18 umts observed in this study

TasLe T
EFFECT oF THYROID ON ATHEROGENIC INDEX VALUES {39 Cases)
Intial AT value 700 umts
AT value at 38 wk on 5 grams thyroid 520 umts
Change —180 units

Next, I should like to present some data on the effect of mtravenous
I'thyroxine This study was done by Stmsower and co workers (9)
Eight male and 8 female schizophrenic patients of comparable age dis
tribution (mean age 37 years) recerved an mtravenous dose of 6 mg
of Ithyroune once a week for 16 weeks and a control group of 4
patients recetved 1V sakine solution  OF the mtial group of 16 patents
13 completed the entwre course 2 were lost because of poor vems and 1
because of excessve weight loss Figure 5 shows a very sharp and
pronounced drop 1n S00-12 serum hpoprotem concentrations and
smaller but statstically highly sigmficant (P < 0001) decreases m
S12-20 and total serum cholesterol levels No statistically sigmficant
effects occwrred 1n the S¢°20-100 and S;° 100400 serum lpoprotem
classes though a tendency for moderate decreases 1n these levels was
observed 1n patients with high mitial 80 20-100 and S 100400 serum
lipoprotem levels A mean weight loss of 13 pounds occurred 1n these
patients

Figure 6 shows the lack of effect of ! thyroxme on systolic blood
pressure however there was a mean decrease of drastolic blood pressure
of about 10 mm of mercury (P < 0001) and a mean mcrease 1n pulse
rate of 17 beats per mmute (P < 0001)

Figure 7 shows the effect of I thyroxine on the high density serum
Lipoprotemn spectrum A large drop mn the major high density serum
Lipoprotemn species HDL; 1s of mterest though small but stahistically
sigmficant decreases were also observed m the HDL, and HDL classes

A relationship of practical sigmifi 15 shown m
Table 1 The extremely high correlation coefficients for the S0 0-12
and §°12-20 serum Iipoproten bands indicate very strongly that
1thyroume may be expected to have a greater hypohpopmtememx;:
effect (for these two serum hpoprotemn classes) the higher the mitia

Jarahl,
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Fic 5 The hypolipoprotememic effect of the weekly mtravenous admms
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levels Thus patients with the greatest need for reduction of therr
§£0-12 and S 12-20 levels because of their igh mitial levels may be
evpected to respond with the largest reductions The correlation co
efficients for the S,°20-100 and S,° 100400 serum hpoprotem classes
are of only borderline statistical sigmficance

Tasie 11
Retamovsinr DerweeN Inmran LirornoTert CONCENTRATION AND MAGNITUDE OF
HyrourorroTEINFc ResroNse 70 TV 1 TiyRoxINE
{6 mg weeh)

Corrclation coefBcient

Lipoprotem class between mitial concentrations
A and response to ! thyroune
0-12 +087
12-20 +098
20-100 +069
100-400 +060
0400 +079

Next I should like to present some interesting data obtamed m a
recently completed study (12) employing ! trunodothyronme  Iwelve
male and 8 female schizophreme patients (mean ages 37 and 42 re
spectvely) were given gradually increasing doses of [ truodothyronmne
for a period of 11 weeks until a dosage level of 200 ng /day was reached
which was continued for an additional 11 weeks No patient m this
group failed to complete the entire 22 weck course because of hyper
thyroid reactions though 4 patients did mamfest mmor reactions

By far the greatest and most hypolipop P
Wwas agam observed m the S22 0-12 §,°12-20 and total serum cholesterol
concentrations though smaller and statistically sigmficant reductions of
the $,220-100 and S, 100400 serum lpoprotemn classes (P < 002)
occurred 1n most patients at the higher dosage levels studied (150-200
g I truodothyronwme per day) It 1s worthy of note that i this expen
ment the hypolipoprotememic response of the female group of patents
exceeded that of the male group by a sigmficant amount Figures 8 and
9 show these effects graphically  Protemn bound 10dine (PBI) levels
tended to decrease and this decrease was agamn more marked m the fe
male than 1 the male group Table III shows that the hypolipopro
teiemic effect of I truodothyronme was greater i the female group on
an absolute as well as on a relatve scale (reduction expressed as per
cent of mital serum Iipeprotem concentration)

Calculation of appropriate correlation coefficients showed agam that
mtial 5°0-12, §°12-20 and total serum cholesterol levels were sig
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nificantly correlated with the degree of reduction 1n these levels brought
about by the hormone m the female group of patients It 1s mterestng
to note that 1n the male group only the S, 12-20 class was so correlated
These relationships are shown in Table IV

Changes 1n mean body weight and mean pulse rate were quite
moderate (reduced by 7 pounds and mereased by 7 beats per minute

TasLe 1T
Tugr HiPoLIPOPROTEINEAUC EFFECT OF ! TRUODOTHYRONINE 1N MALE AND FEAMALE
PaTrENTS
Pres
{mg/
100 m! Change Per cent
bex serum)  (myg, /100 ml)  change Significance
500-12 M 318 - 73 —23 <0001
F 431 —127 -29 <0002
5012-20 M 41 — 13 —32 <0001
F 76 — 32 —42 <0001
S, 20-100 A 85 - 8 -9 <002
F 99 -2 —27 <00
5,0 100400 M 43 — 10 —23 NS
F 51 — 22 —43 <002
Cholesterol M 218 — 41 —19 <0001
F 311 — 92 —29 <0001
¢ Mean p serum lipop:
TaeLe IV

RELATIONSHIP BETWEEN INITIAL SERUM LIPOPROTEIN LEVELS AND MAGNTUPE OF
HyPoLIPOPROTEINEMIC RESPONSE TO / TRIIODOTIYRONINE

Pres
mg / Change
Sex 100 ml  mg/100 ml  RCCO _ Sigmficance
59012 M 318 ~ 7 012 NS
¢ F 431 127 083 2001
0 12-20 M 41 - 13 060 <005
See F 76 _3 085 o0
020-100 M 85 — 8 043 NS
5 F 99 .y 036 NS
s
0100400 \ 13 —10 017 N
i 1004 F 51 22 039 NS
M 218 —a 012 NS
Cholesterol b as g o Ry
& Mean serum hipop

P
» Rank correlation coeffcrent
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respectively) A sigmficant reduction in men systolic (6 mm Hg) and
mean duastohie (13 mm Hg) blood pressure was noted
It 1s of 1nterest to compare the physiologic effects of d d th

roid Ithyroune and Itmodothyromne Table V shows that at the
maximum dosage levels employed m our studies (200 pg per day of
I truodothyronme 5 grams per doy of desiceated thyroid and 6 mg per
week of Ithyroune given intravenously) all three thyroid active sub
stances have a quantitatively remarkably similar hypolipoprotemnemic

Tanee V
EQunaLext Hyroviror Dosts or [ T wE [ Ts
ANp Desiccatep Trmomn
5,00-20 S 0-400
Imtal Initsal
(mg/ b (mg/ %
Dose 100 ml)  Decrease 100 ml)  Decrease
Trodothyronme (200 pg /day) 419 —31 551 —29
1 Thyroune (6 mg 1V /week) 417 -35 542 —29
Thyrod (5 grains/day) 432 —25 554 —84
TasLe VI
ErreCT oN BLoop PressURE oF THREE THYRO-ACTIVE SUBSTANCES
Systolic Diastolic.
blood pressure blood pressure
Instial Initsal
(mm  Per cent (mm  Per cent
Hg)  change Hg) change
Triodothyromne (200 pg /day) 130 —5 6 —17e
I Thyzoune (6 mg 1V /week) 125 0 78 —14
Thyroid (5 grams/day) 112 +70 73 0

Represents statistically sigmficant (P <001) differences between figures
marked @ 1 each column

effect on the low denaty serum Lipoprotem spectrum Table VI shows
that ! trirodothyronine has a marked hypotensive effect (P < 001) com
pared to 5 gramns of d d thyroid an equivalent hypolipop

emue dose  This suggests the use of I truodothyronne when a moderate
hypotensive effect 1s destred 1 addition to a profound hypolipoprotem
emic effect Another point of difference 1s the reduction m PBI levels
produced by high doses of I truodothyronme whereas high doses of
thyroune have been shown to mncrease PBL concentrations (2) As
mentioned previously we observed a pronounced reduction i the high
density HDL, serum lipoprotem level produced by I thyroune but we
have not been able to show any such hypolipoprotememic effect of
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1 truodothyromne 1 our female group of patients Because of the sur
prsing nature of this app quahtatne duff m the effects of
the two hormones further studies are needed to establish thus pomt

In conclusion wo mught ask what important concepts emerge from
the clueal studies 1 have summanzed for you? In answer to thus ques
tion I should Like to pomt out that the thyrmd active compounds we
have studied appear to have a lipoprotemn specific effect on the 82 0-20
serum hpoprotemn class Reduction of this class of serum Lpoprotem

1§ quant ty very ferable ocours prowptly and

prechictably and shows a very ligh correlation wath mutial §°0-20
levels None of these statements apply to the §°20-400 serum bpo-
protem specirurs  Furthermore the speafic hypohpoprotemenc effect
of thyraid actne substances makes evcellent physiclogic sense when
considered from the pomt of view of the hghly specific hyperkpopro
temema found 1 myxedemntous patients Figure 10 taken from studies
of Gofman and assotiates {5} shows clearly that the hyperlipoprotem
ema sn myxedema 1s S;° 0-20 specific the remaming Jow density serum
ipeproten spectrum bemng ndistngwshable from that of normal
matched controls

Que wauld expect that thyrad substance may be of specific benefit
m the tr of th d a metabolic disturbance
charactenzed brochemically by a massie merease 1n the concentrations
of the §70-12 and §0°12-20 serum hpoprotem classes Stuches of
Gofman and associates (4) have indeed confirmed this expectation
Table VII tllustrates the marked hypohipop effect of d ted
thyreid observed m 2 senes of such patients

Tanre VII
82 0-20 HYPERUIPOTROTEINELTA
Errect or Troerom ov §,0 0~20 Levels

Pre On Change
500-20  500-20 5,00-20
Dose Tune (mg/ (mg/ {mg/
Case {grans)  {mmosths) 100 mi) 100 kY 100 =i )
S8F 4 15 1063 738 —327
68F 4 15 1193 837 ~358
22F 7 4 500 716 ~15d
40M [ 5 1121 804 ~a17
aF 8 4 1090 [ —404
Iy 3 5 §90 602 — 88
33F 7 4 1058 605 —361
11F 5 4 853 540 ~413
sF 3 15 955 551 ~401
49V 3 35 751 537 -2
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An understanding of the biochemictil mechamism underlyng the
hypolipoprotememic “effect of thyroid active substances would most
Iikely lead to further advances in the clinical use of these agents and
deepen our understanding of certam broad aspects of lipid metabolism
However nothing 1s known about this aspect of thyrmd physiology In
the bsence of such information I should like to suggest a very simple
tentative working hypothesis based on recent brochemical observations
of several mvestigators  Scaife and Migicovsky (8) have shown recently
that Iiver homogenates prepared from thyrotovc rats showed a marked
depression (about 8 fold) of cholesterol synthesis from labeled acetate
when pared to Lver genates prepared from normal rats  This
finding suggests a decreased rate of hepatic cholesterogenesis from
acetate but gives no further msight as to the site of action of thyroune
Such mformation w1s provided by Wolff and Ball (13) who found that
thyroxine 1n concentrations as fow as 15 X 10 ¢ mbubited malate ouda
tion by rat heart homogenates Further studies showed that thyroune
exerted ats mhibition of the level of mahc dehydrogenase and that ad
dition of diphosphopynidine nucleotide (DPN) reversed this inhibition
The relationship between DPN and thyroune concentrations suggested
to them a competitive mteraction between DPN and thyroxine and sub
sequent studies (14) showed that the inhibition of punfied malic de
hydrogenase was competitive with respect to DPN  To test whether
thyroxine might mhibit other DPN lked redacing systems Wolff and
Ball also mvestigated the effect of thyroxine on glutamate and a keto
glutarate oudation Both were found to be inhibited the degree of
mhibition varymng mversely with the amount of DPN added Inhibition
of glutamate owudation has been reported by Lardy and Feldott (7)
and Wolff and Ball have cited evidence for the mhibition by thyroune
of crystalline yeast alcohol dehydrogenase liver alcohol dehydrogenase
glutamic acid dehydrogenise “and sheletal muscle lctic acd dehy
drogenase These studies all dicate that there evsts some evidence
for an mhibitory effect of thyroxine on a variety of DPN linked de
hydrogenases  Since DPN 15 known to be required for the synthesis
of cholesterol from acetate (1 3) it seems attrictive to speculate that
thyroid active substances exert themr hypocholesterolemic effect by 1n
hibiting one or more DPN Linked dehydrogenase systems myolved 1
the reductive biosynthesis of cholesterol from acetate The specific
hypolipoprotemnemic effect of thyroid substances may be due n part
at least to the greater abund and higher chol 1 content (werght
per cent) of the 5 0-20 serum Lipoprotemn class mahing thts the most

unportant cholesterol bearmg species 1n the low density hpoprotemn
spectrum D d end holl mught therefore be
3
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expected @ priort to be a factor n the selective reduction of S, 0-20
serum lipoproten concentrations
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DiscussioN

Ouver A number of the effects that Dr Stusower has reported have been
known for many years but the interesting point to me 1s the enormous dose which
ke has been admmistering  \Most of the changes which he has seen would be ex
pected changes but the decrease in the concentration of high density hpoprotemns
following thyrod ad) 15 unexpected We have ad d thyroune
at the level of 600 g to a group of hypercholesterolemic men wath coronary disease
this was followed by the expected fall i plasma cholesterol and B lipoprotem choles
terol but there was also a fall n « hpoprotem cholesteral We did not observe this
£all in both Yipoprotemn fractions with smaller doses such as 300 pg Precsely the
sime situation holds wath 35 31 trmodothyronme  depression of both these bpo
protemn fractions occurred at the comparatively ligh dose level of 100 pg a day
but at a level of 40 or even 60 ng this s not 5o At this lower dose level there 1s

e usual recrprocal relationshup with elevation of the a hipoprotem fraction I thought
that this might be mteresting 1 view of the fact that this dissocation 15 not very
common and 1t appears that 1t might be a dose effect

Staisowen 1 am very glad you have brought up these very mteresting ob
servations as they remind me to mention that when we studied the effect of I tmodo-
thyronne on lugh density Lipoprotems we noted that m the female group there
Wwas no effect at all whereas ! thyroune caused a marked decreased in the major
high density serum lipoprotemn component HDL, Certamly this requires further
lavestigation as it represents one of the few qualitative differences between I thy
Toune and trnodothyronine that we have been able to observe
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Bovie In a small senes of 4 normal mdivaduals which we gave from 5 to 7
grams of desiccated thyrod a day for a period of 4 months and kept mn calonc
balance without any weight loss we could not demonstrate these changes

Strusower  This fs an interesng pomt because we studied 4 normal m
dividuals on 3 grams for a period of about 4 weeks and they all demonstrate the
changes I discussed above However at that level of 3 prams there was an escape
after 4 weeks which we concluded was due to the relatively small dose of desiccated
thyrond wsed

Freeporrc - What was the PBI level i the patients given desiceated thyrad
and thyrouine? Did they show a curve of mcrense early and then go down and
to what level did they go down?

Strisower  We have data on PBI levels only i the truodothyronme study
My on PBI levels following thy d refer to work done
by Danowsla who gave very large doses of thyroxme to euthyrod mdwiduals
and found 4 marked increase 1n the PBI level which then returns to normal levels
about 10 days after cessation of thyroune admmsstration

Aperssene I was wondering Dr Stnsower whether you have any informa
tion concerning the effect of acetic acid or perhaps propionte acid antlogs of tn

d and th on serum lipop and Lipids

Strisower I am sorry to say that we do not

Fumaran  We have some inf Dr Adlersk ding the admins-
tration of truodothyroacetic acid { Tnac ) in doses of 4 to 8 mg per day to 2 49
year old woman in general good health Control serum hpid values over a 6 month
period prior to the admuustration of Tnac ranged between 191 and 228 mg%
for cholesterol and 225 to 272 mg¢ for phospholpid Lapop d d

lly showed a mod prepond, of B over a or high density
lipoprotems On the 4 mg daily dose the serum cholesterol level fell to 153 mg ¢
phospholipid to 208 mg 9 and there was a prompt reversal m the « f Lipoprotem
ratio due to 2 red: m § hpop without mcrease 1 @ ipo
protem  When the dose of Tnac was increased fo 8 mg per day there was
a further reduction m serum cholesterol to 129 mg ¢ and shght further decrease
in phospholipid to 190 mg % There was no further significant change i the a 8
Lipoprotein ratic  We have not observed increase an « lipoprotein concentrations
subsequent to the adminstration of thyroid active agents to euthyroid subjects as
has been described by Oler and Boyd

There was no evidence of escape durng Trac admstraion i doses of 4
or 8 mg dally over 2 110 day penod to this euthyroid woman These doses were
well tolerated although I would not say that she fafled to show any evidence of
hyperthyroid effect She had a shght increase n zesting pubse rate and lost 3 kg

of body weight but I think generally she tolerated this dose very well I can
vouch for the 2 mg daily dose as an asymptomatic one and yet retanmng a Sus
tamed hypocholesterolemic effect because both Dr Palmer Howard and I took
Trac in this dosage for 4 months

Srrsower  May I ask Dr Oliver to comment on this with regard to Ius ex
penence with tmodathyroacetic acid?

Otrver  With Tnac we find that there 15 depresston of the § hpoprotemn cho-
festerol fraction witn elevation of the a Iipoprotein cholesterol at the 3-4 mg level

Bovp Dr Stusower n any objective measurement which you have made was
there any real difference between desicated thyrord I thyroune or I truodothyronime?

Srmsower I will say this that at the dosage levels studied responses fo these
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substances were qualitatinely sumtar with one etweption and that was the diastohe
blood pressnte and the systohic blood pressure which went down with truodo-
thyronme went down somewhat less with !thyroune and did not change or
even increased with desiceated thyroid

Howaro I would like you to repeat the changes in the systolic blood pressure
in the patients who were gettng desiccated thyro:d and those recewving trnodo-
thyronne  As I recall the systolic pressure in the thyroid group went up from
112 to 119 where1s i the truodothyromme group it went down from the pre
treatment lovel of 135 to 128 Such divergent changes would not appear to be of
much sigmificance chmically especially since the two groups started with duferent
blood pressure levels

Smso“-:n 1 agree that the changes m sysmbc blood pressure occurrng follow
to those occurring wath destccated
lhyrmd are not necessanly chmcally sigmficant In absolute ferms these changes
are relatnely small though they can be shown to be statistically of sigmificant
consistency and magmitude  The effect of the pretreatment blood pressure level on the
direction of these effects s difficult to evaluate however I should lke to pomnt
out that the pretreatment levels of diastolic blood pressure were quite comparable
10 these two studies and yet tmiodothyronine produced a quite considerable reduc
ton in dustolic pressure (statistically highly simmficant and probably of climcal
significance also) compared to the lack of effect of desiceated thyroid
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The Effects of Sex Hormones on Serum Lipids
and Lipoproterns

Howanp A Eper

Departments of Medicine and Radiology Albert Emstein College of Medicne
and the Brons Muntcipal Hospital Center New York New York

In a discussion on hormones and atherosclerosis 1t 15 ymportant to
constder the effects of these agents on the concentration and composition
of the vanous serum Lipoprotems Not only 1s all of the cholesterol
phospholipid and tnglycende present in the serum transported as con
stituents of hipoprotemns (4) but also i atherosclerosis certam of these
serum Lipoprotems are generally present m abnormal concentrations
{1 6) Furthermore certamn hormones and their analogs produce
marked changes 1 the concentration and composttion of the serum lipo
protens and they may do so n the absence of any appreciable change
n serum hpid concentration (5)

Srruns LIPOPROTEINS

The properties and methods of separation and determmation of the
serum hpoprotemns have been described extensively i several recent
Teviews (4 10 11) Because of therr hugh hipid content the hpoprotemns
are of Jower density than the other serum protems The densities of
the vanous hpoproteins differ depending on therr lipid content and use
15 made of this m several methods of hLpoprotein separation (7 12)
In Fig 1 1s shown a hypothetical gradient density tube with a density at
the top less than the solvent density of serum (1006) and wath the
density progressively increasing to 121 at the bottom Were the ultra
centrifugation of serum to be carned out 1 such a tube the lipoproteins
would be arrayed m the tube with those of lowest density at the top
and those of hughest density near the bottom The Lpoprotemns may
be divided mto two major classes those of density less than 1063
(D < 1063) and those of density greater than 1063 (D > 1063) ard
these classes may be further subdivided as shown m Fig 1

The lipoprotemns of D < 1063 appear m the Cohn fraction I 4 IiI
and all except the very lowest density group have the electrophoretic
mobility of By globulns (8) These hpoprotems are of large particle
size with molecular werghts of 2000000 and higher (10) They differ

1 Supported m part by grants i aid from the National Heart Institute (H 2965)
and G D Searle and Co
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from each other pnmanly m therr tnglycende content with those of
lowest density and largest size containing the most trglyceride

The lipoprotems of D >> 1063 appenr in Cobn fraction IV 4+ V and
they have the mobility of a; globulins They have molecular werghts of
about 200000 (10) and they are of higher protemn content than the
D < 1063 hipoproteins

In our early studies (13) lipoproteins were separated to two frac
tions by Cohn fractionation In subsequent studies preparative ultra
centrifugation was employed using the method of Havel et ol (7) In
this method the solvent density of serum 1s adjusted by the addition of

D S¢
1006 20
12-20
1019
o0-12
1063
D-109
1125
0-114
121
Fic 1 Distnb of serum 1 after fi m 2 gradent

density tube Shown ase the densiies (D) Gofman fofition umts (S;) electro-
phoretic mobility and Cohn fractions

concentrated salt solutions the vanous fractions are then floated to
the surface 1n a preparatie ultracentnfuge and the fractions removed
for analysis usmg a tube shicing device Generally both methods have
yielded smmlar results However the method of preparative ultracen
tufugation permuts the separation of the lipoprotem fractions into sub
fractions and furthermore 1t permts their separation from other plasma
protetns
THE ErFECTS OF ESTROCEN ADMINISTRATION

In the studies of Russ et al (13) 1t was found that there were
marked differences i the lipoprotemn patterns of young women as
compared to young men and to older women Young women tended
to have lower total serum cholesterol concentrations and this re
duction m serum cholestol was a reflection of lowered cholesterol 1
fraction I ~f- III The cholesterol in fraction IV - V 4 VI was shghtly
Tigher m the young women and the percentage of cholesterol 1 that
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fraction was appreciably higher in young women than in any of the
other groups

Because of these tifferences nnd because of the low ncidence of
coronary heart disease m young women study of the effects of the
admmistration of sex h on serum lipop was under
taken (14)

In Table I are summarnized the changes observed after the admims
tration of estrogen The subjects were male survivors of myocardial
mfarctions and they recewved either 1 mg of ethmyl estradiol per day
or 13 mg of estrogeme substances USP (Premarn) per day The

TABLE !
ErFeCTs oF ESTROGEN ADMINISTRATION Iv MALE SURVIVORS OF MyocArpiAL
InFARcTION (3)

Before After

Plasma

Cholesterol (mg /100 ml ) 268 222

Cholesterol phospholipd 097 075
Fraction IV + V + VI

Cholesterol {mg /100 ml ) 31 58

Per cent of total cholesterol 12 28

Cholesterol phospholipid 046 044
Fraction I 4+ 11T

Cholesterol (mg /100 ml ) 228 157

Per cent of total cholesterol 69 42

Cholesterol phospholipid 122 104

changes 1 serum liptds and hpoprotemns were apparent within 1 week
after the admimistration of estrogen and they became muamal within
6 weeks after estrogen therapy was commenced At the doses used
there were marked decreases in serum cholesterol concentration with
the mean decrease bemg 21% Ths fall in serum cholesterol was en
tirely within frachion I 4 IIT which decreased by more than 2855
The cholesterol m fraction IV 4+ V 4 VI increased appreciably and
the p of chol 1 1 alpha Lipop rose by almost 80%
In these subjects the cholesterol phospholipid ratio fell m fraction
I + III and this was reflected in the marked fall in the serum cho
lesterol phospholipid ratio  When estrogen admmustration was dis
continued the lipoprotein pattern returned to 1ts ongmnal values withn
1 or 2 weeks The pattern of changes could be repeatedly mduced in
a subject by readmmstration of estrogen to the subject

Changes similar to those seen followmg the admmistration of these
estrogens have been seen after the admmistration of estradiol estrone
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hevestrol and diethylstilbesterol (9 14) With all of these substances
most of the patients expenienced loss of hibido impotence breast swell
g and soreness and occasionlly depression

EFFECTS OF ANDROGFN\ ADMINISTRATION
3

The profound changes m serum hpog d by estrogen
admmistration led to the study of the effects of androgen admmustra
tion and the results are summanzed in Table II  Although the mean
serum cholesterol increased after androgen admumstration m 11 of the
20 cases the total serum cholestero! did not mecrease or decreased very
shghtly The ncrease 1n the mean 15 due to the fact that m two cases

TABLE I
EFFECTS OF ADMINISTRATION OF \METHYLTESTOSTERONE (3}
Before After
Plasma
Cholesterol (mg /100 ml ) 211 235
Cholesterol phospholipid 087 100
Fraction IV 4+ V + VI
Cholesterol {mg /100 m! ) 16 28
Per cent of total cholesterol 22 by
Cholesterol phospholipid 046 043
Fraction 1 + 111
Cholesterol (mg /100 m! ) 157 199
Per cent of total cholesterol 78 8
Cholesterol phospholpid 120 126

there were tremendous increases in serum cholesterol The medun
showed no change 1n serum chol 1 Inall however cho
lesterol n fraction IV + V - VI decreased with the average decrease
being 57% In all but three cases there was some mncrease cholesterol
m fraction I 4+ III It 15 apparent that the most constant finding follow
ing the ad ration of and gen 1s the d m the chol 1 1
the alpha Lipoprotemn fraction In most mstances this 1s accompanted by
mcrease m the cholesterol m fraction I 4 III At times this mcrease
was sufficiently large to ncrease total serum cholesterol concentxahon1
No differences between the effects of methyl one and |
testosterone propionate were found (14)

In an attempt to ehminate the femmzing effects of estrogens 10 the
males a study (14) was made of combmed estrogen and androgen ad
mimstration It was found that despite admmistration of androgen m &
dosage such that the hipid and hipoprotein effects of the estrogens % ould
be reversed or elimnated the femmzing effects of the estrogen per
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suted Roughly 10 mg of methvltestosterone per div wis equn tlent
to 1 me of ethim] ¢stradiol per dw i hpad cffect but at this mivture
fommization occurred regulichy This as strlangly different from those
effects secn 1n the chick  These findings mw explun why the chick 15
not 1 ven satisfactory wimal for the prediction of the cfficacy of com
pounds on human serum Jipoproteins

Tue Erfrcrs o1 THF ADNINISTRATION OF SYNTHETIC STEROIDS

It has been our expenence that the femintzng effects of estrogens
when used 1t (ffectn e dosige 1s 1 senous disadhvntage to the long term
usc of estrogens m pitients with atherosclerosis  For this reson con
siderable effort hs been eapended to find substinces with which there
might be greater dissoerition of lipog effects from f g of
fects All subjects used i these “studies were males who hid myo
cirdnl mfarets at least 2 months prior to the ime of these studies

One compound 16 meths] 16 eprestriol 3 methy] ether was hughly
effective 1n nltening the serum lipoprotemn pattern but 1n the doses used
1t produced tppreciible femmnization Another compound 17a methyl
17 OH 5(10) estren-3 one {I] sccmed promising on the basis of ammal
tests In anmals it had some estrogenic some progestitiona]l nd some
androgemc effects (2) As ¢ be seen m Table 11T 1t caused a shght

TABLE 1IT
PErcENTAGE CHANGE 1N SERUM LiPID DISTRIBUTION AFTER ADMINISTRATION OF
17u \eravr, 17 OH 5(10) esarn 3-0nE (MEAN oF THREE PATIENTS}

Amount per day (my) 30 mg
Sent m
Cholesterol 4127
Phospholipid +69
D < 1083 (f)
Cholesterol +205
Phospholipid +211
D > 1063(a)
Cholesteral —486
Percentage of total cholesterol —495
Phosphobpid —198

merease 1 serum cholesterol but considerible mcrewses m beth lipo
protem cholesterol and constder ible reductton 1 alpha hpoprotewn cho
lesterol Clinteally this compound did not hive femmizing side effects
however 1ts cffect in the human serum hpoprotems wis that of an
androgen

More recently we have studied the effects of the admimstration of
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hexestrol and diethylstilbesterol (9 14) With all of these substances
most of the patients expenenced loss of hbido impotence breast swell
g and soreness and occasionally depression

EFrECTS Or ANDROGLN ADMINISTRATION

The profound changes 1n serum lipoprotemns induced by estrogen
administration led to the study of the effects of androgen administra
tion and the results are summinzed i Table II Although the mean
serum cholesterol increased after androgen admmistration m 11 of the
20 cases the total serum cholesterol did not ncrease or decreased very
sightly The increase 1n the mean 1s due to the fact that i two cases

TABLE I
EFFECTS OF ADMINISTRATION OF METHYLTESTOSTERONE (3)
Before After

Plasma

Cholesteral {(mg /100 ml ) 211 235

Cholesterol phospholipid 087 100
Fraction IV + V + VI

Cholesterol {mg /100 m! ) 46 28

Per cent of total cholesterol 22 1

Cholesterol phospholipid 046 043
Fraction I + IIL

Cholesterol (mg /100 ml ) 157 199

Per cent of total cholesterol 78 86

Cholesterol phospholipid 120 126

there were tremendous mncreases m serum cholesterol The median
showed no change 1 serum cholesterol In all mstances however cho
lesterol 1 fraction IV + V + VI decreased with the average decrease
bemg 57% In all but three cases there was some ncrease in cholesterol
m fraction I - ITI It 1s apparent that the most constant finding follow
g the admmustration of androgen 1s the decrease 1n the cholesterol m
the alpha lipoprotem fraction In most mstances this 15 accompamed by
mcrease 1n the cholesterol 1 fraction T 4 111 At times this merease
was suffictently large to merease total serum cholesterol concentration
No dufferences between the effects of methyl one and parent
testosterone propionate were found (14)

In an attempt to ehmnate the femmzing effects of estrogens 1t the
males a study (14) was made of combined estrogen and androgen ad
munistration [t was found that despite admimstration of androgen 10 2
dosage such that the lipid and lipoprotemn effects of the estrogens would
be reversed or ehmmated the femimzing effects of the estrogen per
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2 49 year old man to whom w1s admustered {I1] In this patient there
was a gradual fall 1n total serum cl ol and beta lip cho

lesterol 1 mse i cholesterol 1 alpha hpoprotem and a fall n the
cholesterol phospholipid ratio  In Fig 5 are shown the data on a 51
vear old man to whom was admimstered ([[] In this patient the serum
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Fic 2 Effects of the admmustration of 17a methyl 17 OH 5(10) estren 3
one (I} 1o amounts of 30 mg per day and of 16a chlorestrone 3-methyl ether (II)
amounts of 10 20 and 30 mg per day TC = the total serum cholestero] concentra
ton the shaded area represents cholesterol mn the D> 1063 frachon BC = the
cholesterol 1n the D <1063 fraction ¥ ¢ = the percentage of total chalesterol
the D> 1063 fraction TG/PL = cholesterol phosphobpid rato

cholesterol remained constant Nevertheless the percentage of choles
terol in alpha hipoprotem increased from 129 to 25%
In 2 out of 5 patients treated with [II] there was loss of ibido and
n one of them there was panful gynecomastia However when med:
cation was discontinued all of the patients noted merease m hbido
One other synthetic compound having appreciable estragenic activ
ity m rats 1s 2 methyl-3 ethyl4 p amsyl A% cyclohevanecarboxylic acid
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16a chlorestrone 3 methyl ether [1I] The changes produced by ths
compound (Table 1V) are seen pnmanly 1 the lipoprotem fractions
and to 1 much lesser extent in the total serum hpids Vwhen these
changes e evpressed s percentiges the change in the D > 1063 frac
tion 15 magnified since the lipid content of that fraction 1s Iow It s
apparent that 20 mg per dvy of tlus compound 1s just about as effectne
15 the Jarger dose

In Fig 2 wwe shown some of the changes mduced by these steroids
m 1 32 year old mle to whom was wdmrmnstered 30 mg of [I] In ths
patient there was 1 nise 1n total serum cholesterol 1 rise 1 beta lipo
protemn cholesterol and 1 decrcase m the percentige of cholesterol m

TABLE It
1 ERCENTACE CHANGE IN SERUAL Lipip DisTIMBUTION AF1ER ADAINSSTRATION o5 16d
CHLORESTRONE 3 METHYL ETHER { \[EAN OF Five, PATIENTS)

Amount per diy (mg) 10 mg 20 m,, 30 mg
Serum
Cholesterol — 65 — 39 — 71
Phospholmd — 23 + 30 + 16
D < 1063 {B)
Cholesterol —152 ~213 - 23
Phospholipid —140 —199 -
D > 10063 (a)
Cholesterol +632 +870 + 014
Percentge of totzl cholesterol 4661 +971 +1110
Phospholipid +275 +431 -

the alpha lipoprotem fraction The serum cholesterol phosphnhpnd ritio

also mcreased It w1s of interest that these effects persisted for 3 weehs
after the adminstration of these compounds had been discontiued
This patrent was also given [IX] and there w1s 1 significant drop m the
bet1 Lpoprotemn cholesterol and there w1s an appreciable mcerease 10
the percentage of cholesterol i lpha lipoprotem nd m the serum
cholesterol phospholipid ratio In Fig 3 are shown the dat1 on nother
prtient to whom wis admimistered [I] 1n the dosage of 30 mg per day
In this patient there was no sigmfic wit change m serum cholesterol Thi
beta hipoprotein cholesterol rose wiile the nlpha lipoprotein cholesterol
decrewsed Followmg the admimstritton of [I1} cholesterol concentr?
tion decreised at first and there wis an merease m the percentage O
cholesterol i the D > 1063 fraction However during the penod of 1d]
mumstratton of this compound and despite increased dosage the total
serum cholesterol rose Notwithstandmg this however the percentage
of cholesterol m alpha remamed lagh In Fig 4 are shown the data on
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This compound has recently been admimstered 1n doses of 5 mg per
day to 4 male survivors of myocardial infarctions In one of these patients
there was a significint decrease i serum cholesterol Two of the
patients but not the one showing the lpid changes had gynecomastia
and one of those complamed of msomma 1nd weakness
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w VoE_ || )
2 5 & 610 12 14 I6 18 20 22 24 26 28 30 32 34 3
WEEKS

Fic 3 See legend to Fig 2

It 1s evident from these studies that there may be dissoenttion be
tween the effects of these compounds on serum hpids and lipoproteins
It may be that there 15 a seq of changes with al m lipo
proteins appearing first and subsequently changes m serum hpd cunt
centrations Thus 1t mught be expected that a very low dose of a poten
compound would produce only the former changes but that mcreasxgg
the dose may result n the latter changes as well However it ma’)x'dh ‘
that certamn compounds affect only the hpoprotem distnbution p :xe
this may be the case 1s suggested by the data on {II] which 1indical
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WG and €S and approumately 190 for cases AS and J\v) marked differences
1 atherogenic 1ndex value (94 vs 117 and 128 ss 99) occur This 1s of con
siderable importance to the mndividual patient (and deserving of consideration by
Iis physician) since the atherogemic index expresses Ius statistical nsk of death
from coronary disease the hugher AT value in each of the two pawred numbers
epresenting an ancrease in this nsk in exeess of 1007 Constancy of serum

TABLE A
Prysicar, PRoPERTIES OF SOME OF it hnowN Hunean Senunt LirorroTENS
Tiydrated density folecular
Component {g/ml) Molecular wetght diameters (&)
HDL, 1145 176 000 78
HDL, 1075 360 000 101
HDL, (5, ) 1050 13108 155
SA 1041 19X 108 180
58 1035 23X 108 192
5,10 1021 28 X 10% 208
5,13 1015 31X 108 210
8§27 099 52 108 253
540 098 9.2 X 108 309
§;100 095 19 x 108 398
5A00 093 114 X 108 725
§,1000 093> 460 X 108 1150 (0 115p)
SA 000 093 12X 101 7300 (0 73)

(chylomeeron)

@ For thus caleulation all lipoproteins are assumed ta be spheres
® For these classes of Lpoprotesns the hydrated density has been esimated.

TABLE B
EFFEcT ov ATHEROGENIC INDEX OF THE D! OF SERUM C)

Case Cholesterol Atherogemc ndex
e 0000 0 Cholesterol 0 2 Atherogemcmndex
CH 128 141
we 229 94
AS 187 128
Ccs 231 u7
w 192 99
Normal 55-yr male 230 79

cholesterol levels n the presence of considerable vanabon 1n atherogemic index 1s due
t0 the hugher atherogemictty of the $,12~400 serum lipoprotemns as defined by the
expression AT = 01 X conc S 0~12 4 OI75 X conc S9 12400 1 addition
10 the ugher cholesterol content of the §,0-12 class shown i Fig A

Eper We agree on the changes seen m the B Lipoprotems after estrogen ad
sumisttation  The disadvantage however of confining ones attention to the athero-
geme index 15 that 1t omuts any consideration of the & hpoprotemns which change

bly after estrogen ad:

Strisower  This 15 a very good pomnt however 1n the extenswve statistical
analysis of cases of defiite myocardial wfarction as contamed in the cooperative
study no correlation between high density Lpoprotems and a defimte mvocardal
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that merewsmg doses do not produce any greater effects on the seum
hpids

These findings mtroduce a new vanable mto our consideration of
the climcal effectivencss of these compounds for we must now deter
mme whether a compound which 1s effective only 1n altermg lipoprotem
distribution 15 effective m the prevention of atherosclerosis It 1s possible
that compounds which nre effective in Jowering serum cholesterol, may
be useful 1n the prevention of atherosclerosis merely by virtue of thewr
ability to alter ipoproten distrbution
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EXLWS —-

EScma

Discussiov

Strusower  Table A shows some of the physical properties of human serwm
hpoprotens Ths table based on calculations of Dr Lindgren shows the mcrease
in molecular weight from about 170000 for the man high density component,
HDL, to molecular weights of the order of 100 mullion and above for the Lghtest
low density hpoprotems Associated with the merease 1n molecular weight 15 28
increasing molecular diameter and a decrease m hydrated density

Firgure A shows the merease m the weight per cent of bip:d and decrease in pro
temn content observed over the entue Lipoprotemn spectrum as one goes from the
direction of high density to progressive lower density (and higher fiotation mt;)
of ipoproteins The chemical p shows a i increase 1
and decrease in both free and estenfied cholesterol content with increasing 5,0 rate
from O to 400 whereas the phospholpid content decreases only shghtly The
numbers summarnze more detalled q f on chemial comy
which tune does not permut us to discuss here

ble B shows the effect on ath
cho;le.:!eml among the different serum lpoprotem classes With the ﬂmtal xenuz
! 1 lew. lly constant (Je about 230 mgg for case

index of the dutnbution of serum
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protemn distribution have been those that have been described in the male It should
be emphasized that finding young women with myocardial infarction has been 1
aur experience very dificult

Stayeen  The chairman might add that when one finds a few such menstruating
women with clinical coronary heart discase they almost mvanably mamfest other
abnormal findings e g hypertension or diabctes or hypercholesterolemia or kidnev
dmage or combinations thereof

Samvers 1 would like to ask Dr Eder 1f he has studied the protemn moety at
all 1am not famihar with the protem structures of these lipoprotems but of course
when we are stedymg the distnbution of steroid hormones we find that the proten
ds e distt because of the dary binding forces mvolved and
the equibbnum thus established The estrogens apparently have altered the type
of protemn that 15 circulating and that can bind cholesterol ‘and bpids T would like
to know therefore whether he has studied the character of the proten molety m
volved and whether such moietes are present m excess of the bound pd This
would determine whether such protems are playing a role positnely or negatnvely with
regard to the layng down of hpid

Eoer The proten motety 15 of course an essential constituent of the Tipo-
prote:n Ve have attempted to study it Thus we have measured the rate of
incorporation of G4 labeled alammne in the protem of the hpoproten i rabbits
Others have done h 1 tests on the sep d lipop and have
also determined the ammo acid end groups of the proterns We know of no studres
m which any measurements of the hipoprotemn protems have been made following
the administration of estrogen It should be emphasized that there 15 a great
deal that we do not know about the protem moety of the Lpopratems eg
whether the rate of synthesis of this protem affects the concentration of Lipids m the
serum whether the rate of synthesis of the protemn 15 dependent on the rate of Lpid
synthesis  Another question 13 whether the protein can et mn the circulation free
of lipd and able to bind Lpid reversbly Such an “apoprotem” could not be
detected by usual methods of hpoproten separation smce they are dependent
upon the law density produced by the presence of bipids

In the studies on patients with atherosclerosis i which the serum hpoprotems
were separated by Cobn fractionation 1t was found that those patients had larger
amounts of protemns 1 fraction 1 + IN m which § lipoprotem 15 found than did
the normal 1t could be calculated that the increase m proteins was greater than
<ould be accounted for by the mcrease m bpid  Unfortunately Cohn fractionation
does not separate all the vanous protemns m the fractions

Freepserc  May 1 tell you about some prelminary experiments m which we
tned to get some informaton on this question of whether the serum hpoprotemns
were unsaturated or coild bind more cholesterol We (hurland Lucas and
Freedberg, unpublished data) did the following i titre evperments Free cho-
lesterol was dissolved 1n Tween saline according to the method of Chatkoff et al
at 37 C and mcubated with plasma over a period of 1-2 hours We were able to
show that there was a steady increase mn the amount of cholesterol added to protemn
or precipitable with protem over this period of time until at 1 hour all the cholesteral
was bound If one carred out this reaction at 6-10 C  as opposed to 37 C this
addition did not occur  We have camed out simlar experniments with plasma from a
Ppatient with hypothyroxdism and hyperchol and we got exactly the same
pattern or curve of binding The cholesterol serum level was of course much
hioher in the myvedematous patrent then m our control
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snfarction could be demonstrated whereas there was a Iigh correlation with the
stindard low density serum lipoproten concentrations It 1s true that the hagh
density hipoy do of course byte some chok 1 but this is essentially
1 fixed quantity not correlited with the sneaidence of myocardial mfarction

Ioen It 15 my recollection that hugh density lipoprotemns were not measured
in the cooperative chinical study

Strsowrr  We have 1 hugh density hpop at the Donner Labnra
tory m the cooperative and otber studies but they were not published as part of
the coopertive study report

tPID DISTRIBUTION IN HUMAN SERUM.
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Ratz I thiok the record should show that the so called atherogeme xdes
has semantic overtones which to the imexpenenced carry a meamng not !y;‘
demonstrated 1 therefore propose that the mndex be called the Gotman or t:
Donner mdex  This identifies it with the group purportmg to asenbe mennlni o
1t and leaves ats sigmBicance for atherogemcsty to some future tme when all worke
1n the field are i accord that it has that sigmificance

AarviorsToN It was a pleasure to listen to umderu ‘
I am sure that this assembly 1s very much interested in &
tion namely the ladies ar{d 1 lhrink mn this regard it would be of great ;;l;iﬁlé
to know what the experience 15 1n treatmg women 1 would bke to ask Dr “;n -
he would be Jund enough to tell us what his expenience has been i freatiag +

ens
Mﬂ;:uegug\w have had a very hmited evperience 1 treating females E‘;nlh esn'gﬁ:ls
Ve have been hesitant to do 5o hecause of the fact that we have usd ™ margeu o
of estrogen and have been concerned about the problem of pro g

bleedmgb In the women that we did treat with estrogen the alterabons in bpo-

dite presentation of Dr Eder
Teast 50" of our populs
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Modification of the Effects of Adrenal Cortical Steroids and
Androgens on Serum Lipids and Lipoproteins by Caloric
Supp! tation and by Isocaloric Substitution of
Carbohydrate for Dietary Protein’

Roserr H Fumatan R Pataer Howarp axp Leovarp N Norcia
From the Card, lar and the End logy and bolism Sections ORlahoma
Medical Rescarch Foundation and the Dcpartments of Medicine and Bochemistry
Unicersity of Oklahoma Medscal Center Oklahoma City OMahoma

Dunng the course of a comprehensne study of the mfluence of
d on hpid hol and serum Lpid transport n human
subjects (5-9 16) and i ammals (11 12 18) undertaken as an ap
proach to the problem of the role of hormones 1n atherosclerosts we
have become increasingly aware of the mportance of nutntional and
deetary factors as important determinants of the hipid and Lpoproten
P to the ad ration of hormonal substances
Recently we placed some of these dhetary factors under scrutmy
with rather interesting results 1n the first two areas of mvestigation We
wish to submut to this Conference a report on work 1 progress in these
studies which 1ndicate the foll g (1) suppl 1 carbohyd;
calories will prevent or abolsh hypercholesterolerma resulting from
d oid ad; ration (2) the 1socalonic substitution of
glucose for dietary protem results not only 1n alteration of serum liprds
and/or lipoprotems but 1n a markedly altered hpoprotemn response to
d d ration An add 1 finding of some interest 15 the
d m the

(3
absence of creatmuna following methyl
absence of dietary protein

METHODS

Serum cholesterol was determined according to the Sperry and Webb
modification (21) of the Schoenheimer Sperry method (15) and hpid
phosphorus utihzing wet digestion according to Youngburg and Young
burg (22) and phosphate measurement according to the method of
Fiske and Subba Row (4) The factor of 25 was used to convert “hpid
phosphorus  to phosphohpid  All blood was obtamned n the post
absorptive state  Current and routine methods were employed for the
several other serum urme and fecal analyses cited

For fractionation of serum nto major lipoprotemn classes aliquots of

! Aded by grants from the Natonal Heart Inshtute National Institutes of
Health, Untted States Public Health Service {H 2528 and H 2991) and the Olla

oma State Heart Association
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Wenruessen I hope the charrman will forgive me if this comment runs the
discussion period up 2 bit but 1t might save some discusston later Now the question
I want to ask I am very concerned here about expermental design There 1s
paper which has just come out 1n J Gerontol (13 32 1958) wntten by L V il
geram showmg that as he worked back toward the myocardial infarction the lipo-
protem lipase co-factor decreased That 1s stem 1 Item 2 if T gather the inferences
of Dr Holmans data correctly just about everyone beyond the age of fifty 1s loaded
with atherosclerosis My question therefore 15 studies such as thus shouldnt we
have control data on people who do not have a myocardial mfarct and lets find out
what happens to lipids n people who have atherosclerosis but who have nat had 2
coronary accident Finally i the use of the estrogens I would like to pomt out
one potential danger A number of years ago we found an enzyme m the blood
of people especially women which ‘can convert estrone mnto non 17 ketosterods
Ds Axelrod 1 our laboratory has recently shown that n the bovine species estrone
15 comverted mto the mactine form of estradiol I use that term because some
of the people are not acquamnted with the chemical termmology Men alko have
this enzyme and I would Lke to suggest that in studies with estrogens one of
the controls put m here be a determination 1 the blood of the enzyme which ca
alter these estrogens and do it drasteally I would lke to add here for some
who have known of this work that Axelrod has finally cleaned up the problem

letely with paper cl and the fascmating thing to come out
15 that the substances produced under vanous conditions by vanous kinds of blood
can be quite different and 1t 1s very possible that one of the complicating factors
here 15 the presence or absence of this enzyme in the blood of the patients with
whom we are working and I find 1t quite mteresting in studies such as Dr Eders
that another man has shown that the system 1 altered by a myocardial mfarct

Epzr In our studies each patient 15 hus own control since he 1s studsed before
durng and after ad of an unk pound so that 1t 25 not necessary
to refer these changes to a control population Serum hpoprotems can change
m the perrod dately foll dal However the patients
that have been used i these studies have been taken at least 2 months after
a myocardtal snfarction
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Vetahoh

balance techmq hang dietary mtakes
were employed 1n both studies The mtake of calories was held at that
level which mantaned body weight dunng a preltmmnary “tnal and
error” period
TABLE 1
Mean Pen Cent Recovery (% Stanvarp Ennor) of NamhE Senunn CHoLESTEROL
AND L1PIp Priosprionts AFTER ULTRACENTRIFLGATION AT 4 SOLVENT DensrmEs

Number

Density Per cent recovery +SE of sampless
Lipid Phosphorus
1008 975 03 211
1019 982 03 216
1063 982 03 212
121 997 04 207
121 Supernatant 880 03
121 Infranatant 17 03
Total cholesterol
1006 966 04 211
1019 960 04 215
1063 975 03 211
121 973 03 204
121 bupematant 959 03
121 Jnfranatant 14 01

@ Total number of serum samples each analyzed at least i duplicate obtamed
from 16 subjects over an 18-manth period

Inn the second of the two studies which we will describe use was
made of a formula diet 1n which 40% of the calories was provided by
fat 1n the form of corn ol 15% by protemn i the form of powdered
skim milk and the remamder of the calones by glucose Multiple vita
min capsules potassium 10dide and ferrous sulfate were provided daily
n constant amounts The formula diet was presumed to remam 1so
calonic when glucose was substituted for proten on a gram for gram

asis During such penods of substitution the sodwm potasstum cal
clum  phosphorus magnesium and chlonide content of the deleted
Protemn was restored by the addition to the formula of a salt solution
made up for that purpose

Furst let us consider the effects on serum cholesterol and phospholipid
of adrenocort 1 ad to subjects on constant diets
under metabohic balance conditions Our interest m the effects of
adrenocorticosterods on serum hpids and hpoprotems was stimulated
by the thought that 1f “stress” does indeed cause hypercholesterolema
n some subjects the mechanism of action might be via a hypothalamie
Pitwitary adrenacortical pathway Cortisone had already been reported
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serum were pipetted into 4 cellulose centnifuge tobes and adjusted to
solvent densities of 1006 1019 1083, and 121 g/ml essentalh
according to the method of Havel, Eder, and Bragdon (14)

Centrifugation was carried out for 22 hours at 40000 rpm (men
gravitational force 105400 g) using the No 40 rotor 1 the Spmco
Madel L ultracentrifuge  Following centrifugation the tubes were care
fully removed from the rotor pheed m a wire mesh test tube rack and
lowered to a dry ice acetone bath (58 to —62 C ) and quch frozen
The tubes and solid contents were sawed through at the muddle of the
epaque white zone separating the supernitant and nfranatant fractions
the Iiprd contents of which were readilv revealed by their yellow color
An electromagnetically driven pg saw with 1 fine toothed blade gave
a clean smooth ent The frozen superatant and mfranatant fractions
were then placed m mdridual funnels mserted m 100 ml +olumetne
flasks contaming 20 m! methanol and allowed to thaw and dram with
mtermittent swirhng  Transfer of the fractions to the volumetnc fasks
was made complete by washing with duncthocymethane The flashs
contents were then made up to volume with hmethoxymethine shaken
to wmsure adequate mrung and fltered Suitable ahquots of fltmte
were taken for chok ¥ and hpid phosphorus analysis and the sol
vent removed under ¢ stream of nutrogen while m a 40 to 45 € ater
bath

The per cent recovery of natve serum cholesterol and hpid phos
phorus as represented by the sum of the super and mfranatant hpd
m each of the four tubes 15 shown 1 Table I Also tabulated 35 the
per cent of native serum bpd found m the super and nfranatant por
tions of the 121 g /ml densitv tube The latter indicate that sartually
all of the serum cholesterol undergoes fotatton {as hipoprotein) at this
density while 10 to 1250 of nahve serum hpid phosphorus fails 1o
undergo flotation

2 Lipoprotems undergamng fotation in a solvent density of 1008 g /b (“h‘d)‘
15 approumately the density of human serum exclusive of proteins and hpoprotens
are chylomicrons and the very low density hipoprotems having flotatwon rates as o¢
termined by refractometric methods above 5,20 (The designation 5; denotes z]\
solvent density of 1063 g/ml) In the solvent denuty of 1019 g/mi addmoml
hpoproteins of the §, 12-20 flotation rate characterbhic undergo flotatton Add;:xon:
Lpoprotens of §,0-12 or —S, 2540 (“beta ) lpoprotrm fotation rate o lm 8
geristirs undergo flotation 1a the solvent density of 1063 g /ml while m the solvent
densty of 121 g/ml —$; (0-20 ( alpha} bpoprotems also under§o ﬂwmor:
Vartually all of the chalesterol of pative serum can be recovered in the “121 ;uhpfm
natant  Approumately 10% of the hpd phosphomus of matve serum £ s
undergo flotation at thus solvent density and only one thud of this am%nt
be recovered from the in! nt by re with petrol ether (10)
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The effects of adrenocorticosteroids on carbohydrate metabolism
may be due 1n put at least to their abihity to stmulate gluconeogenesis
from protemn {17 20) accounting for the negative balance and to n
hibit the pempheral utihzation of glucose (3) Sufficient 1mpurment
of glucose utihzation 1nd depletion of protein stores would eventually
lead to enhanced mobilization of lipid (3) for energy purposes Under
these circumstances extra carbohydrite calones by ncreasmg the
availability of glucose would lead to n mereased secretion of msulin
and reduced levels of plasma fatty naids (13) The possibility that ad
mimstered insulin would have an effect similar to that of the extra
catbohydrate calories m these subjects 15 now under study in our
Iaboratory

Let us turn now to a consideration of the studies concerned with the
protein free drets We were prompted to undertake these studies for
twvo reasons Fust many conclusions relating serum lipid levels and
mortality from heart disease have been derved from epidemiclogie
studies of population groups mn which the diet 1s low 1n fat The im
portant fact that such diets are almost always low m protemn as well
has often been 1gnored Second we were anxious to know 1if the ability
of androgen to reduce high density alpha lipoprotem concentrations
and alpha/beta lipoprotem ratios would be modified if the mtrogen
retmnmg or anibohe property of the androgen were obtunded by
ehminating dietary proten

The follewing study 15 representatnve of our experience An elderly
woman with mild postmenopausal osteoporosis but otherwise i good
health was placed on the corn odl skam mulk glucose formula and the

Lpid and hpop P to methyl admimstratron
recorded After 1socaloric substitution of glucose for protemn m the
formula a second course of methyl was adh d Serum

and Lpoprotemn hpid values noted 1n this experiment are histed m ‘Table
Ui

Stnce only 40% of the calories 1 the formula were from fat the
sole source of which was corn ol which 15 ighly unsaturated (46 to
66% of total acids as linoleic acid) a reductton mn serum hpid levels
following the change from a conventional diet (penod I) to the com
plete” formula was antictpated m view of the work of Kinsell Ahrens
and others (2) When this subject was placed on the formula serum
cholesterol and phospholipid fell to levels app: ly 75% of those
charactenizing the conventional deet period 1e from ranges of 198
to 200 mg % cholesterol and 290 to 295 mg % phospholipid to ranges
of 140 to 153 and 185 to 195 mg % respecttvely  The cholesterol and
phospholipid content of the lipoprotemn fractions fell proportionately
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ol 1 .

14 3

to cause hyp and hyperph n ammals and
m man m certan instances (1)

So far we hive admunstered 10 courses of adrenal sterouds to 5 sub
jects under these conditions 1In 2 of these subjects marked mcrease
m serum cholesterol and phospholipid levels regularly followed the
admimstration of predmsone 30 mg /day (no changes 1n serum cho
lesterol or phospholipid levels were noted m the other 3 subjects)

When the lipid content of the serum Lpoprotemn fractions was de
termined 1t was noted that the nse m serum pid levels following
predmisone was assoanted with essentrally proportionate ncreases i
the cholesterol and phospholipid content of the alpha and beta lipo
protewns 1n one subject while 1 the other the ncreise was shghtly
greater i the alpha fraction

The rise in serum cholesterol and phospholipid noted i these sub
Jects could be prevented by adding 500 carbohydrate calomes to the
daily diet when predmisone was begun Alternatively the elevation 1
serum cholesterol and phospholipid levels could be abolished by the ad
dition of these carbohydrate calortes after the effect of predmsone had
been established  Under these circumstances shghtly greater proportions
of the serum cholesterol and phospholipid were found 1n the ugh density
alpha Lipoprotein fraction

In Table II are listed representatn e data from studies 1n one of these
subjects a young woman with symptoms suggestive of anorexin nervosa
of moderate degree

It should be pomnted out that the 500 supplemental calories from
carbohydrate delayed somewhat the negatw e mtrogen balance associated
with the known catibolic properties of this sterord but did not prevent
the negative mitrogen balance from developing

The admimstration of cortisone or predmsone to any of the 5 subjects
studied to date has not resulted 1 anv sigmficant change 1n the degree
of esterification of cholesterol or 1n the value for the cholesterol/phos
pholipid rit10 11 natwe serum or m esther the lower density beta or the
hugh denuity alpha hpoprotemn fractions Hyperhpemua or Inctescence
of the serum has not occurred

The factor or factors responsible for the develop of hyper
hol 3 and hyperphospholip 1 some subjects and nalt m
foll d are not clear

others g adr t admimstration

Dose and penod of admmstration do not appear eritical factors for
when hypercholesterolemma oceurs 3t 15 noted promptly usually within
10 days On the other hand in 1 subject the prolonged admmistration
of cortisone 75 mg /day for 2 months did net produce Ty percholesterol

emia
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je there w1s no chinge m the relative distribution of these lipids among
the major lipoproteins

The ad; ration of methyl 50 mg per day for a 12 day
penod (I11) produced the anticipated changes i hpoproten hpid
1e an ncrease m the cholesterol and phospholipid content of the beta
lipoproten fraction 1nd 1 decrease 1n the ~lpha fraction both relatively
and absolutely During this period native serum cholesterol and phos
pholpid values fell to levels approimately 5055 of those characternizing
the conventional diet perrod (I} Simlar reductions n serum cho
lesterol and phospholipid levels following 17 methylnortestosterone ad
mmstration to this subject (LR) while on a conventional diet have been
observed 1n this Inboratory previously (8)

Creatmurit w1s noted following methyltestosterone 1n the presence
of dietary protem

Twelve days after methyltestosterone had been discontinued (perod
IV) glucose was substituted for protemn m isocalonc amounts Over
the ensuing 12 days (period V) serum cholesterol levels ranged some
what lower than during period IV while serum phospholipid concen
trattons were shightly lugher The major portion of the serum cholesterol
and phospholipid could be found 1n the alpha lipoprotemn fraction

A second course of methvltestosterone 50 mg /day was admums
tered (peniod VI) This resulted in marked reduction m serum cho
lesterol and phospholipid to levels approumately 30 and 40% re
spectively of those values noted mn period I These remarkable reduc
tons i serum hipid values were nssociated with an entiely different
lipoproten response from that noted in period IIT when methyltestos
terone was admimstered m the presence of dietary protem There was
10 mcrease i the beta lipop holl 1 or phosphohpid content
durimg methy! d 1on 1 the absence of dietary
protemn and the major proportions of native serum cholesterol and
phospholipd were found 1n the high density alpha Lipoprotem fraction!
It should be kept 1n mind of course that the marked reduction 1 native
serum hpid values was associnted with absolute decreases m the pid
content of both the alpha and beta Lipoprotem fractions an increase m
beta hpoprotem cholesterol and phospholipd content normally ob
served following testosterone admmmstration failed to occur

In the absence of dietary protem methyl d ration
&id not result m creatmuria

When methyltestosterone was discontinued after 8 days and the
subject allowed to resume 1 conventionil diet (penod VII) serum
cholesteral and phospholipid levels rose to those values charactenzing
penod 1 of the study
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DiscussioN

Bovo In your subject LR 70 m whom the fat carbohydrate and protem con
tents of the diet were altered T thnk the changes were made over 1- day periods
and T wonder wh ther you thought this mterval was long enough to stabilize the
hipid levels before admumistermg hormones? Also what 1s 2 mild anorevia neryosa?
Foman T will answer the second question first 1t means that I have seen
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The relative of cholesterol and phospholipid found m the
two lowest density Iipoprotemn fractions were not sigmficantly altered at
1y time durmg the course of the study

Studies 1n two additional subjects reveal sumilar patterns of re
sponse

It 1s worthy of note that stuches eurrently underway m our Liboratory
mdicate that the low serum chol o} and phosphohpd
charactenstic of the protemn free formult diet alone are not dependent
for their expression on the existence of a negatine mitrogen balance
Gradual restoration of protemn to the diet, while the formula 15 Lept 150
calonic by removal of glucose has pernutted the re estibhshment of a
positive mitrogen balance without significant merese m serum choles
terol ind phosphohipid concentrations

The assoctation of a low pratemn diet with reduced serum cholesterol
levels has been reported (19) Not mfrequently evidence of hver
damage 15 present mn these sttuations s mamfest i the clmica] syndrome
Kwashiorhor or by reduced total to free cholesterol ratios or by brom
sulfalemn retention (2}

In none of the subjects studied by us has there been 1ny reduction
1n the degree of esterificabion of the serum cholesterol nor have albumn
and globulin levels been altered by the protein free diet Loss of body
weaght has been hmuted to 1 kg or less durng the period of negaine
nitrogen balance induced by the protein free diet These snbjects have
remained chinically well and actne about the ward

There are obviously a number of questions that will hae to be
answered wn connection with these studies Is the nature or amount of
fat in the formula ertical? Jf the dietary protem 1 the formula were
denved from sources other than milk would the responses observed be
similar® What about mdividual amino acids? Is there a level of proten
mtake which 15 optrmal” m relahon to the nature and amount of fat
and/or carbohydrate m the diet? What happens to serum hpids and
Tipop when gen or other end are ad d n the
absence of dietary protem?

We are brmging these questions under mvestigihion as rapidly as
possible  There will be many other questions 7nd there 15 need for
much more mveshgabon As Ahrens has sard (2) “Our understmd:ng
of the effects of dietary protesn on serum lipid levels 15 fragmentary

The studies which we hwe descubed indicate that dietary altera
tions may alter serum liprds not only durectly but mduectly as well by
modtfying the effects of endocrmnes on lipid metabolism and transport
Both of these effects must be kept m mmd 1s we study nutntional and
ipid mterrelationships
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tion males I think it should be hept fn mind that it has been reported that m
hypercholesterolemic males who have suffered a myocardial mfarction there 15 2
tendency for the scrum cholesterol levels to dechne durng the months following
the ifarct Hammarsten Cathey Redmond and Wolf J Clin Intest (Abstr) 36
897 1957) at the Unwversity of Oklahoma Medical Center are mchned to attnbute
this reduction in serum cholesterol levels during the several months following the
infarct to the establishment of an improved doctor patient relationship and rapport
and related psychosomatic factors Regardless of one s mterpretation of this dechne
in serum cholesterol when seen followng an mfarct 1t 1s concemable that the
admmnsstration of cortisone to such ndividuals may appear to be associated with
a fall n serum cholesterol which really has no direct relationship to the admnistered
adrenocotticosteroid 1 dont say this with respect to the o B hipoprotein changes
1 accept these as sterod induced but I would ke to throw out the question of
whether the decline in serum cholesterol levels might have been observed had these
dividuals not been given d:

Ouver 1 beleve T can answer that questron because these patients whom
I mentioned just now all had a very abrupt and marked rebound m therr Lipid values
1n a matter of 2 week or 10 days following the cessation of AGTH or cortisone

Stasuer It is a matter for further work that after an mfarct the cholesterol
tends to declme This has certainly not been our expenience observing a sizable
number of people over several years There has not been any consistent change m
cholesterol with time

Furman I should Like to make one comment relative to Dr Olivers last state
ment and that 1s of course the sudden cessation of adrenocorticosterords does not
return the subject immediately to the same state as he was m before he began the
steroids He 15 for several days and probably for weeks metabolcally speaking,
quite a different individual

Strisower 1 would Lke to ash a question of Dr Furman regarding hus
studies preceding the admimistration of the vamous cortical sterods Were these
patients on an 1socalonc diet so that when you gave them comn o1l there was
simultaneous Limitation of other hpids 1n the diet?

FurMan  When the patients were placed on the formula contaiing corn ol
the corn a1l was the sole source of fat m the diet and the number of calones pro-
vided by the formula was kept constant throughout the study The calores provided
were those which previous trial and error expenence had indicated would mamtamn
body weight

Zuvenssr T wonder of I may ask Dr Furman or any of the other endocrmol
ogists present whether a pattern seems to emerge about the action of the corticoads
onhpids It seems to me that we might think of corticord action in terms of Seifter s
termunology 1€ release of clearing factor wwhibitor {CFI) and action on the Iver to
mobilize serum Lipsds It seems to me from what we have heard yesterday and ths
morming that this factor acts only on a Liver that 15 depleted of glycogen In your
studies on carbohydrate supplementation of the dict the reason why you donf get
byperbpemia after corticords may be that the hvers are nich m glycogen and the
corticod CFI sequence does not have this effect of bpid mobilization Sumilarly in
some of our work on dogs we get no effect on serum bpids but when the dog 1s

drenal d on DCA (d acetate) and pre
sumably the hver glycogen is depleted one or two doses of cortisone produce
hyperhperua

Furman X would certamly allow that such speculation 1s m order Dr
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much worse cases Actually the young woman with mild anoreva nemvosa was
slightly depressed amenortheie and a little underweight

The format which we employ m our metabolic balance studies 15 such that the
fecal pool peniod 15 usually 8 dajs i length Unne ss collected over 1 2 o 3-day
penods depending on the particular nceds of the sinabion In none of these studies
have we waited less than 2 fecal pool penods or 12 days before making a change
In most instances the serum cholesterol levels will platean by the end of the second
6-day period so that only rarely has 1t been nccessary to wait as long as 18 days
In specific answer to your question 1n most nstances the 12-day nterval 1s suficient
to allow . to become blished following some therap or dietary
manipulation

Boyp It 15 our experfence that upon placing some subjects on a low fat diet
(25 g/day) there 15 a rapid fall in the serum cholesterol duning the first 2 to 3
weeks followed by a subsequent nise Iater producing final serum cholesterol values
about 75% of the inhal level

Furvtan  We have had no exp with I L for fat The
fat mtake 15 constant i all of these studies but we have no evidence that study
prolonged beyond 18 days would permit the rc estabhshment of previous serum
lipd levels

Ornver T have been most mterested 1n this commumication and to see that there
15 an elevating action of predmsone in 2 out of these 5 cases and I would Like pust
to mentton some observations that we have made which appear to contradict this
We have gnen ACTH or cortisone to 30 hypercholesterolemic subjects with coro-
nary discase these were men who had a myocardial infarct a year or more earher
Twelve of these men received between 100 and 200 mg of ACTH datly and there
was depression of the plasma cholesterol of the C/P ratio and of B lipoproteln
holesterol with elevation of the a lipop holesterol ~ Cortisone ad 1
from 50 to 200 mg daily to 18 of these men produced essentially the same changes
Now this does not necessanly conflict with the observations of Dr Furman because
1t should be remembered that our men were reasonably healthy and engaged a full
time employment They certamly had had a myocardusl infarct but that was
something m the past In contrast Dr Furmans 2 cases had anorewa mervosa or
Sheehans syndrome Earher Dr Adlersberg showed that there was elevation of
the plasma chol 1 and the § Lipoy holk 1 1 a group of patients who
were 1ll with some collagen disease such as polyarteritis lupus erythematosus and
theumatic fever These patients had mitially low serum cholesterol levels by the
standards of this country and wath the admunistration of cortisone or ACTH the ESR

yth d rate) and temp came down the panents began to
eat more their weight increased and the cholesterof levels rose  So we may be
dealing with two totally different groups of patients and our observations are not
m contradicton to those of Dr Furman However in hypercholesterolemic men
ACTH and cortisone appear to Iower plasma cholesterol levels

Furaaw I agree with Dr Olier with respect to hus mterprotation of the
changes described m Dr Adlersberg s patients in the sense that they had sufficient
improvement i their sense of well bemny, as a result of adrenocorticosterod or
ACTH therapy to partake of more and more calories As a Tesult thew nutnfion
undoubtedly umproved and under these circumstances one would expect the serum
Irprd Jevels to mncrease

With respect to the studies that Dr
manly of T understand correctly with

Olver has presented which are_concerned
B ol ) P i) mfare
P
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Dr Furman will find of he vanes fat and pratein in his diet on the cholesterol levels
i tuy patients

Fervan T want to pont out that i this presentation we were careful to
mod the temptation to relate our findings to atherogenesis If T understand you
correetly Dr Pick you indicate that a low protein diet 15 more conducnve to athero-
genesis in the chuck than 1s a hugh protemn dict wth the same amount of dictary
fat That of course 1s opposite to what one mught be inclmed to conclude from
these studies We had begun to consder the possibility that the Amencan diet was
a luxus” chet as Dr Ratz describes it not only from the pomt of view of 1ts
abundnce of hpids but also from the pomnt of view of its relative abundance of
protein Maybe the chick and human are different!

Staveer  There scems to be an wea of unclanty concerung the possible rela
twnship between protem intake and at! crogenests m peoples hke the Bantu  Such
peoples habitvally ingest diets that compared to US patterns tend to be low m
total calonies 1n total protemn and ammal protein n total fat and anmmal fat m
refined carbohydrate in cholesterol Gruns are the mamn nutrients foodstuffs of
ammal ongm (meat poultry fish dawy products eggs) are muumally consumed
Inevitably therefore the dictary pattemn 1s a combmation of low protem low fat
low saturated fat low cholesterol Each of these dietary vanables undoubtedly can
be and has been correlated wath the low mmcidence of atherosclerosis and athero-
sclerotic disease m these peoples The problem 15 which if any of these correlations
s sigmficant not only statistically but in a cause and effect way Withm the con
text of these data this cannot be answered It 1s necessary to go beyond these data
to other sources of information 1 order to arme at valid conclusions

Let us reconsider the problem of possible interrelationships between proten
wtake and ath It has been suggested that sce a positive correlation
exists between level of protem mthe and neidence of atherosclerobic disease hugh
dhetary protemn 15 atheroenic low protem 1s antiatherogente This hypothesis fails
to rechon with two important scts of facts one socioeconomic the other ammal
ewpenmental Wath respect to the first it has been amply demonstrated that with
umprovement of econarme conditions increased per eapita come the evoluton of
autntional patterns 1s from grun diets to mcreasing intake of foods of ammal ongn
As a result a concomtant increase occurs m consumption of total protem ammal
protemn total fat ammal {saturated) fat cholesterol Among the economcally less
developed peoples the field exp possibly p a2 diff 1 assess
ment 1e the evolution to either a low protemn high fat high saturated fat diet or
toa hih protemn low fat diet practically never occurs for obvious reasons reflecting
the nature of foodstaffs and thew production Hence 1t 1s most ddfficult to assess
which 3f any of these simultaneous changes may be deciswely related 1m an
etiologic sense to paralle] trends indicating an increased maidence of atherosclerosis

Are there other data sources possibly clucidating this problem? Yes Comsidera
ble evpenmental evidence has been advnced This strongly suggests first of all
that nesther hypercholesterolemsa nor atherogenesis can be mnduced merely by
varying the level of protemn mtike mn anmals on diets low m fat and cholesterol
Under these circumstances hich protemn intake 1s not atherogemic a cardinal fact
demonstrated by Anitschhow almast 50 vears ago Secondly expenments i chicks
and rats demonstrate a defirate effect of varymg protem intake when the diet 13
concomitantly hugh m fat and cholesterol Under these circumstances high protemn
thubite and low proteins hyperchol X and see
Figs 4and B) Ina potentially atherogenic {hugh fat high cholesterol) diet there
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Zilversmit but I want to pomnt ont that i these studies we have not encountered
lactescence of the serum or hypeslipemia in the ordinary sense of the word The
merements 1 lipids which we have observed scem to be limited to the serum
hol 1 and phospholinid comp Perhaps if the period of prednisone ad
ministrition had been several weeks instead of several davs the serum might have
become lactescent or hyperhpemic n the full sense of the word However these
pomts do not negate your suggestions which I think are pertinent It should be
recalled however that the ad) of ad; ds to ammals with
adrenal cortical msufficiency restores liver glycogen Furthermore work by Seidter
and Baeder (Proc Soc Exptl Biol Med 95 747 1957) in rats whose Lvers were
glycogen depleted indicated that these animals could handle the fat load result
mg from lpid mobilizer induced el in plasma tnglycerides as long as there
was no exposure to hepatotouic agents

Ziverssar - Do yon feel that thete 1s a possibihity though that this is related
to glycogen content and that all these events have a common denominator®

Fumvan  Yes T believe there 1s a possibility of this

Foer 1 think that this techmque of combining altered diets with hormone 2d
mimstration 15 very useful Were serum tnglycendes or very low density hpoprotems
measured i the patient who recerved diets hugh in carbohydrate? There has been
considerable evidence to show that when fat 15 replaced by catbohydrate mn the duet,
serum triglyceride and low density lipop mcrease 1 I would
wonder what the effect of corticod admmistration m this situation would be I also
should lke to suggest that i the patient on the low protemn diet who recened
methyl testosterone the failure of redistnit h 1 mn the lpop
fractions could be due to the fact that the cholesterol in the fractions was already so
reduced that there would be little opportunity for redistnbution

Furvan  Tn answer to your first queston Dr Eder we did not determine the
tnglycende content of the four separated Lipoprotem fractions We did determme
however the cholesterol and phospholip:d content of all four frictions and no sig
mficant changes m the cholesterol or phosphohipid content of the low density lipo-
protemn fractions were noted Spot checks were made throughout these studies of
the serum tnglycende concentration and there were no changes of consequence

With respect to your second question concermng the admmstration of methyl
testosterone 1 the absence of dietary protem perhaps 1 did not emphasize enough
that dunng this time there was an absolute reduction in the amount of cholesteral
and phosphohpid found 1n the high density or « lipoprotem fractton There was
2lso an absolute red: in the chol ! and phospholipid found in the fower
density or B hipoprotemn fraction But the relationship of @ to p lipoprotemn re
maied exther unchanged or a slightly greater proportson of the serum cholesterol and
phospholipid was found m the @ fricton  This result was totally unevpected 1
view of what one ordinarily sees when testosterone 15 given in the presence of dietary

Pick I am particularly Interested mn the remarks about the deceense of protem
levels mn the diet with decrease in hyperchol i! I am shahtly

hesitant to come back to atherogenesis and evpenments m chucks but it might b;
of mterest that we have some findings on the relatwonship of fat and cholesterol an

protemn 1 the diet and thew anfluence on atherogenesis If we gwe a high pmte})ln
diet with hagh fat and chol 1 hyperch 1 an: g Im [ 7
anmals are depressed If we decrease protem with the same amount of cholesterol
and fat we get ly enh d ath 1 am very cunous 15 to what
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I was very mterested 1n the effect of predmsonc on serum cholesterol and serum
phospholipids T showed yesterday that preduisone 15 more effective 1 the rabbit m
this respect than cortisone and hydrocortisone It 15 verv difficult to compare results
m persons with normal arculating lipid levels with those obtaned in patients who
are really sick  This was mentioned by Dr Obver and later by Dr Furman Tn
patients with such disorders as lupus Jeukemia and other severe general diseases
these hormones have been admimstered in very large doses over periods of many
weeks and months This 15 not strictly comparable to the short exp per
formed 10 normal individuals

Fually a queston about the Iner OFf course a protemn free diet affects the
function of the hver and this could modify the effect of testosterone on circulating
bpids  Even 1f you fiad no changes in the lver function tests there may be func
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tonal metabolic changes 1n the bver below the level which 15 detectable by these
tests These could explain these observations

Foraaw  Thanh you Dr Adlersberg Ve find patients with hypogonadism
useful for studies of fhus sort because they are particularly susceptible to the Iipo-
Protem changes which one can induce with gonadal steroids and therefore are
useful subjects for screening gonadal steroidal agents The young woman with
anorewa nervosa had her end P carefull luated There was
evidence of dummnution of ovanan function and decreased excretion of unn:
gonadotropin  In addihon there was a shght degree of msulin hypersensitivity and
shght hypoplycemia vnresponsiveness Otherwise there were no observed abe
notmabties i endocrne funchon

I thik your comment relative to the possibility that dietary protem depletion
may alter liver function 15 2 very good one It has occurred to us and this s,
geshon 35 also inherent 1 your remarks that the metabole fate of admimstered
sterods m the hver m the absence of dietary protem might be quite different from
that which obtams when dietary protem 1s provided I would like to pomt out to
the group and this 15 probably an unnecessary remmnder that when we remove
Protem from the diet we dont really m effect, put the subject on a protem free
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fore high protemn fntake is thercfore antiatherogeme low protemn itake 15 athero-
genie

Based on thesc expenimental findings 1t may be suggested that the Bantu exhibit
low levels of serum chol 1 and low rates of atheroscl disease
not because thewr protein intake 15 Jow but because ther fat cholesterol mtake 15
low It may be further hypothesized that sectors of the US population mgestug
diets high 1 total calomes total fats saturated fats cholesterol refined carbo-
hydrate and low (absolutcly or relatively) m prot umque dietary aberration
not among y Awmericns p larly of lower Y

of the ath ) problem because of Jow protem

e a

P P
mtake under these circumstances This 15 an amm for future clmical and ept
demiologic rescarch
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Aoversserc I would Iike to comphment Dr Furman and his group on this
beautiful piece of work Of course those mterested 1 metabolic dnsotders“ }:aw
known for many years that there are close 1 between the
of carbohydrates proteins and fats Tlis work of Dr Furmans fits well into the
present interest in the relation between carbohydrate and hpid metabohsm It was
mentioned yesterday that Albrink and Man found that addition of glicose to &
simple fat loading meal affects the course of alumentary hpema One may menng
brefly the studies of Dole and Gordon on the relation between carbohydrate meta
oltsm and the metabolism of nonesterified fatty acids (NEFA) showing 2 relation
ship between these two metabolic parameters

Now I am a little bit concerned about the selection of patients that Dr Furman
used for lus experment Personally I dont trust a patient with anoreua nervosa
even if she 1s a very mild case Also I would prefer for such a study p:uen'sEn:
endocrnologrcal equilibrium instead of a patient with Khinefelters syndrome 0;
1 must 2dd on the other side that each patient served as his own control andléﬂhke
ably this criticrsm 15 not too valid under these circumstances  But stll I woul I
to see these time consuming expenments performed on more normal persons
szmng fully how difficult it 1s to get them
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Prediction of Estrogenic Side Effects of Steroids in Man
Vicror A Driu. Ricriarp A Epcren anp Donawo I Coon
Drssion of Bialsgieal Research G D Scarle & Ca Chicago Hinots

The effects of the standard estrogens on blood lipids 1n man have
been the subject of farly extensive study and hterature in this area
has been reviewed 1n other papers at this conference One approach to
the study of atherosclerosis has been the preparation of new sterod
compounds that possess the 1bility to alter blood Iipids m the same
direction as the standard estrogens (2) Such steroids possess a rela
tively low degrec of estrogemicaty when compared with estrone as a
standard so that from the experimental view these compounds may be
sad to possess a higher hpid/estrogenic ritio than estrone or ethmyl
estradiol For example SC 6924 (Manvene) has approamately 31%
of the lipid shifting effects of estrone but 1t has only 1655 the estrogenic
actvity of estrone or 029 the estrogemc effect of ethmy! estradiol
Although such a compound can be called 2 weak estrogen one must
be careful 1n predicting possible estrogenic effects 1 man particularly
taking into consideration factors such as dosage which will influence the
estrogenic response In view of the climical trials of such sterouds 1t 15 of
wmterest to explan 1n more detail how such caleulations and predictions
can be made and applied to man

CALcULATION OF RELATIVE ESTROGENICITY

An example of how the low estrogenic potency of Manvene can be
translated 1nto chimcal terms follows
I ethinyl estradiol = 100% (assigned value)
then Manvene = 02% estrogenic patency
(1) 10 mg Manvene <= 002 mg ethinyl estradiol (1 estro
gemcity)
(2) Ethinyl estradiol menopausal dose = 002-005 mg 1-3 times
a day
(3) 10 mg Manvene/day ts within menopausal dose range

It 15 obvious then that the ad of 10 mg of Manvene per day
would be expected to produce an estrogemc response in man Robnson
etal (3 4) and Davis (1) observed that doses of 5 or 10 mg of Man
vene administered orally per day were estrogemc 1 male patients In
these studies the estrogenic effects produced appear to be somewhat
less than those observed with the standard estrogens Nevertheless the
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reguen because he beguns to et lus own body protem under these circumstances

Srrsower  With regard 1o the effect of diet on serum bpeprotesn concentra
tions it 15 pertnent to summanze bnefly the findings of r dachols of the Donner
Laboratory  He studied 5 normal male wdmidvals for penods vp to 2 years on a
ugorously controlled diet tible on whuch the mtake of anumal fat vegetable fat,
snd carbehydzate were vaned with piotem saxying only between Saly namow
tumits Wathont going wto detad this carefully controlled study shaved that a
tugh cwchohydrate mtake (high crrbohydrate low fat et} eauses a specific mesease
m the S420-400 serum hpoprotem class whesess saturated anmnal fats rawe the
§,00-20 serum hpoprotein concentrations  The studses did not support the concspt
that unsatueated fatty acids per se have amy effect on serum bpoprotem distnby
tons  The hypochol } effect of d fatty auds eported in mast
stucies publihed to date appeats to be the result of simultaneous seduction i the
mtahe of suturated fatty eoids and/or of cwbohydrate requred by the socalanc
nature of these mvestigatians

Howaro I would bhe to make 2 comment about the selection of the patients
They were those wha were avatfable for hospitalization from an endocrine chmic and
were sudable for long term metabohe balance studies It would be prefisable
sometimes to use patsents who were more normal endocrmologically Howener the
comment of Dr Adlersbezg that we had been able to use the patients as thew own
contzals 15 an important one  Secondly Dr Boyd rmsed a questwa about the
visability of making chamges m the management at such short imtenals as 10 to
12 days As Dr Furman mentioned fn descnibmg the chart of bpd and bpoproten
data on subject LR 12 days on a new regimen proved Jong enough for the appesr
ance of marked and sigmificant changes almost without exception  However the
gridually mereasing serum cholesteraf values i the o fraction m Penod v {see
Table II} were attnbutable to the withdrawal of methyt i Pestod IV
Thus o this wstance 12 dags for Penod TV proved too short for the development
of mavimal effects although the sigmficance of the changes and the interpretatons
remamn clear
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Predichion of Estrogenic Side Effects of Steroids in Man
Vicror A Dait Ricranp A Epcres  avp Dovawp L Cook
Divssion of Blological Rescarch C D Scarlc & Co Chicago Himors

The effects of the standard estrogens on blood lipids 1n man have
been the subject of fairly evtensne study and Iterature mn this area
has been reviewed 1n other papers at this conference One tpproach to
the study of athcrosclerosis has been the preparation of new steroid
compounds that possess the ability to alter blood hpids m the same
direction as the standwrd estrogens (2) Such steroids possess a rela
tively low degree of estrogemcity when compared with estrone as a
standard so that from the expenmental view these compounds may be
sad to possess 1 hugher lipid/estrogenic ratio than estrone or ethmyl
estradiol  For example SC 6924 (Minvene) has approvumately 31
of the Lipd shifting ffects of estrone but 1t has only 16% the estrogenic
actvity of estrone or 02% the estrogenic effect of ethmyl estraciol
Although such 1 compound can be called a weak estrogen one must
be careful 1n predicting possible estrogenic effects in man particularly
taking 1nto consideration factors such as dosage which will mfluence the
estrogenic response  In view of the chmeagl trials of such sterords 1t 1s of
nterest to explan 1 more detail how such calculations and predictions
can be made and apphed to man

Carcuratiov oF ReLative EstroceENiCTY
An example of how the low estrogenic potency of Manvene can be
translated into clhimeal terms follows
If ethinyl estradiol = 100% (assigned value)
then Manvene = (2% estrogenic potency
(1) 10 mg Manvene <= 002 mg ethinyl estradiol (in estro

genieity)
(2) Ethinyl estradio]l menopausal dose = 002-005 mg 1-3 times

a day
(3) 10 mg Manvene/day 1s within menopausal dose range

It 15 obvious then that the ad 1on of 10 mg of M per day
would be expected to produce n estrogenic response m man Robinson
etal (3 4) and Davis (1) observed that doses of 5 or 10 mg of Man
vene admmstered orally per day were estrogenic m male patients In
these studies the estrogenic effects produced appear to be somewhat
less than those observed with the standard estrogens Nevertheless the

871




370 R I FURMAN R P HOWARD AND L N NQFCIA

regimen because he begns to eat his owa body protew under thes. cucumstances

Strusowen  With regard to the effect of diet on serum hpoprotein concentra
tions 1t is pertinent to summarize briefly the findings of Dr Nichols of the Doaner
Laboratory He studied 5 normil mile mdbviduals for periods up to 2 years on a
ngorously controfled dict table on which the intake of anmmal fat vegetable fat
and carbohydrate were vared with protemn varying only between famly namow
lumts Vrthout gong mto detul this carefully controlled study showed that a
hugh carbohydrate intake (high carbohydrate low fat diet) causes 2 specific merease
m the 5020400 scrum lpop class whereas ted anmal fats rase the
5,00-20 serum hpoprotein concentritians The studies did nat support the conc pt
that unsaturated fatty acids per se have any effect on serum hpoproten distaba
tians  The hypochols ! cffect of d fatty acuds reported an most
studhes publshed to date appears to be the result of simultaneous reduction mn the
mtake of saturated fatty scids and/or of carbohydrate required by the rocalorie
nature of these snvestigations

Howsre I would Ike to make a comment about the selection of the patients
They were those who were avatlable for hospitahization from an endocne chme and
were sutable for long term metabolic balance studies It would be prefersble
somettmes to use patients who were more normal endocnpologically Haoweser the
comment of Dr Adlersberg that we had been able to use the patients as their own
controls 15 an mportant ane  Secondly Dr Boyd rassed a question about the ad
visability of making changes i the smanagement at such short intervals as 10 to
12 dys As Dr Furman mentioned in desenibing the chart of lipid and bpoproten
data on subject LR 12 days on a new regimen proved long enough for the appear
ance of marked and sigmficant changes almost without exception However the
grrdually ancreasing serim cholesterol values in the a fraction m Period V (see
Table I¥) were butable to the withd: 3 hyl m Penod IV
Thus in this instance 12 days for Period IV proved too short for the development
of maximal effects although the sigmficance of the changes and the interpretations
remarn clear
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be projected thus decreasing the total amount of compound admunistered
and thereby the expected meidence of estrogeme side effects

INDIVIDUAT VARIABILITY

The response of a given population will vary over certan hmts
when 4 fixed dose 15 administered  For example Shorr (5) has shawn
that the dose of ethinyl estradiol required to produce an estrous vaginal
smear i the human subject can vary from 003 to 045 mg per day
crally Thus when an “average” dose of a new steroid 1s admmistered
and g effects d the resp may vary from absence
of side effects to marked side effects m a given population

Onat/PARENTERAL RaTIO
If the oral/parenteral ratios of new compounds differ significantly
from 1 this factor must also be taken mnto consideration m caleulating
the dose to be ad! 1 and the fig to be expected

P

Score oF Dost ResponsE Cumves
The slope af the dose response curve for sterods that affect blood
Iipids 15 also 1mportant 1 predicting estrogemaity 1 man  However
at the present time this factor 15 dufficult to evaluate quantitatively as
1t 15 not known how such slope relationships apply to man  An example
of thus relationship 1s given 1 Fig 1

08 SC-8246

2
g
3
g
2
g
g
g
z
3

50

UTERINE 2
WEIGHT 2
40|
(mg) 3 st g924
08/ g
) 5
6 2 <
0] S
:u; SC 6924A8>5C 8246 /8
A8 RATIOS “
8245 '° P e s
6924 22 29 70 s 350
© 30 oG 200
DOSE (pg)

Fic 1 Effect of slope of estrogemc dose response curve on liptd/estrogemc
(A/B) ratios of SC 8246 and SC-6924 Least squares regression Lnes of uterme
weight against log dose ase shown with potencies relative to estrone indicated above
each e A/B rahos for each compound are shown at pomts at which relative
estrogenic potencies are wndicated Vertical line at a dose of 57 ug indicates pomt
at which A/B rahos are 1dentical for each compound
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compound produces some estrogeme side effects 1n most patients Thus
the interpretation of the expenmentnl results and the clinical findings
are m agreement

The estrogenic potency of Manvene (SC 6924) may also be com
pared with other standard estrogens (Table I} In Table I the equva
lent estrogemcity of 10 mg of Manvene 1s compared with the daily
oral menopausal dose of known estrogens When comparson 15 made
with ethiyl estradiol and estriol one would predict that the daily ad
mmstratton of 10 mg of Manvene would produce estrogemc effects

TABLE 1
Probuction oF EsTrRocENICITY IN MAN BY CowvPamsoN oF EQuivaLent Estxo-
GENICITY AND MEenopausaL Dose

Equnalent
estrogencit; Daily oral
Estrogentc potency 10 gmg i menoypausal o/p
Mamene  \fanvene dose standard Ratio
Standard compound (%) (mg ) (mg ) standard
Ethinyl estradiol (100%) 02 002 002-015 ca 1
Estradiol (100%) 043 004 09 -18¢ >10
(= 009-018)*
Estriol (100%) 130 13 012-048 cz 1
Estrone (1007%) 186 018 3 >10
{(=03)
Premann {100%) 48 048 1250 ca 1

o Mamtenance dose
? Result when divided by O/P ratio
¢ As Na estrone SO, (> 092 mg sterod)

Estradiol and estrone are poorly absorbed when admnstered orally
the orl/parenteral ratto being greater than 10 Thus if we dvide
the daily oral menopausal dose by 10 the theoretical amount absorbed
1s quite close to the estrogemeity expected of 10 mg of Mamvene per
day The oril/parenteral ratio may be closer to 15 and if dwision 15
made by this number the results are 1 closer agreement indicatmg that
estrogenic side effects are to be expected when 10 mg of Manvene 13
admimstered orally each day

Lrm PotEncy

The sample caleulations shown are for a given dose of compound
and must be corrected for differences 1 Ipid shifting potency  If the
Ipid effect 15 low more of the compound will have to be gwen to
affect blood Iipids which will result m 1 relative merease mn estrogentc
activity Conversely if Iipid stufting potency 15 ugh a smaller dose cn
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a complete estrogeme response in the female Thus estrogematy wall
have to be decreased further to allow for such a factor Even muinunnl
estrogemerty may be sigmficant for when such steroids are admmstered
over 1 period of weehs or months to man an accumulitive endoerino
logical effect m1y be expected to produce side effects

SunaRY

Liptd shafting sterords with low estrogentc potency have been de
veloped However the dose admimstered to man must be considered
mn predicting the occurrence of estrogeme side effects Sample calcula
tions are presented and the data discussed n the Light of compounds
now available
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As reported m an earher paper at this sympostum SC 846 has
estrogeme effects approumately 08% those of estrone Inasmuch as
this dose response curve 15 parallel to that of estrone the per cent
estrogemcity remains the same at all dose levels (Fig 1) The cune
for the hpid effect of this compound 1s also parallel to that of estrone
Therefore as shown i Fig 1 the Iipid/estrogentc (A/B) ratio remars
1t 114 for all dose levels The situation 1s somewhat different for
8C 6924 (Manvenc) Smce the dose response curve does not parallel
that for estrone the relative estrog y for this compound decreases
from 16 to 009% as the dose 1s mncreased Thus the lipid/estrogenic
e (A/B) mereases from 22 at low dose Jevels to 390 at hagh dose
levels The vertical hine at 1 dose of 57 ug ndreates the pomt at which
the A/B ratios are rdentical for each compound Therefore to the left
of this pomt SC 8246 has the more favorable ratio whereas to the nght
of this dose SC 6924 has the better raho  Chmcnily we are not sure
whether we are working to the nght or to the left of such 1 verhcal line
so that 1t 15 difficult to compare the two compounds and state on the basis
of comparing nonparallel lines that one compound will bave a ficant
advantage over the other We would suspect that we are working
somewhat to the left of the vertical ine but this 15 only supposition
the present time

DIscUssiov

In view of the climieal trials on the effect of new steraids on blood
Iipids that are bemg undertaken 1t was thought of nterest to explam
how the possible estrogenic effects of such compounds may be predicted
m man This s important for although a given sterord hs considerably
lower estragentc potency when compared with standard estrogens such
data must be mterpreted 1 light of the dose to be admmstered to
patients  When one examimes the experimental and chmceal studtes com
pleted to date with SC 6924 and 5C 8246 1t would appear that ench
compound would be expected to be estrogemc 1n man at the Ipid shuft
g dose admantered  Such has been found to be the case so that
the results can be considered m complete agreement

1t would follow that 1n order to decrease estrogeme side effects 1n
man sterords with 1 better Iipid/estrogenic ratio must be developed
Thus 15 not simple to achieve for the mnimal effective dose of standard
estrogens needed to produce a hipid shift 1n man 1s about 5 to 10 times
the menopausal dose of the compound Thus one must immedrately
bave a ratio of 51 ar 10 1 1n 2 new compound 10 order to obtam the
relative menopausal dose level of estrogemcity Further we should

that the 2 1 dose level 1s usually sufficient to produce
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Approaches to the Problem of the Relation of Emotions to
Hormonal Funchion and Atheroscleresis

L N harz | Stasmer! anp R Prex

Cardiovascular Department Medical Research Institute Michael Reesc Hosprtal
Chicago Hhinols

Recently we at the Michael Reese Hospital have been tempted to
go mto the field of emotions 1n relation to atherosclerosis and hyper
tenston Ve have talhed with 2 number of people and scanned the
hterature on this subject trying to onent ourselves So far all we have
are bits of information A complete picture has not emerged Not
enough facts are known to start a myjor study

First of all emotion should be clearly defined It 15 a term used
psychologically and physiologically  Aceording to Websters dictionary
1t 15 a departure from the normal calm state of an organism of such a
nature as to mclude strong feehng an impulsc toward open action and
certan mternal physical reactions It may be any one of the states
designated as fear anger disgust gnef joy surpnse yearning etc

The role of emotions i chromc diseases probably 1s of great mm
portance  Emotions act on the body through the nervous system and
via the hormones Contrarmwise 1t has become clear recently that the
nervous and endocrine systems—under the influence of internal as
well as evternal 1 stimull y alter moods
neuroses and psychoses More unportant smce chrome diseases may
be affected by the nervous system and hormones they may be subject
to the influence of emotions This could apply to atherosclerosts and
hvpertension as well as other chromc diseases

Studies on the relationship between emotions and chromc disease
may mvolve an analysis of the somatic manifestations of emotional states
i health and disease m order to classify the soma m psychosomatic
It may involve the analysis of the effect of long standing disease on the
emotional state of the patient Both of these aspects are however
relevant to the study of the pathogenesis of atherosclerosis A more
drrect approach may mnvolve an analysis of the role of emotions as acute
tnggers 1n makimg the festations of ath I appear This
could be approached by unravelling their effects on (1) tissue metabo
Ism of proteins carbohydrates and lipids (2) blood coagulability (3)

—_

* Estabbshed Investigator Amencan Heart Association 1952-58  As of Apnl 1
1908 Director Heart Disease Control Program Chicago Board of Health
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of d dittomng on these resy ? How easy 15 1t to mduce these
vascular responses and to 7bohsh them relatve to other types of
responses?

6 Do mtermittent hypertensnve episodes lead to persistent hyper
tension and vascular changes?

7 Do ntermittent alterations 1n lipid metabolism lead to athero
sclerotic vascular disease m the absence and m the presence of an
atherogenetic diet?

8 Do mtermuttent alterations 1n the cloting mechanism predispose
to thrombosis and to progressne changes in atherosclerotic plaques
leading to clinically mamifest disease wnd death?

9 Is st worth while to orgamze such studies on an mnterdisciphnary
basis m which the several disciplnes which could contribute to the
analysis are represented and operate as a single team? Is it worth while
to break down the barriers between the psychatrst the mtermst and
the mvestigator? Is 1t profitable to mclude the several basic areas of
science and the several subdivisions of medicine m such a cooperative
enterprise?

10 Fually 1n the present nebulous state of knowledge mn this
area, do we have enough facts to make 1t profitable for any senous
group to undertake a major study?

The Chicago Heart A has established a on
Emotions and Cardiovascular Disease We have met a number of times
and set as our immediate target for the next 2 years the exploration of
the field through a series of conferences among ourselves We have
tepresentatives of the vanous disciplines meeting together so as to get
to understand each other the scope of the problem and the possibthties
of solving 1t We may from time to time muvite someone outside of
Chicago to meet with us for an exchange of views Only after this 2 year
peniod will we consider whether to undertake a major study Whether
we will decide mn the affirmative or 1n the negative we do not know

Finally we would ke to leave you with this thought—too much
has been said on this subject on too httle evidence We should do more
research and less talling!

DiscusstoN

Bovie I would ke to thank Dr Katz for what appears to me to be the
soundest and most reasonable and sensible approach to this problem that I have
been presented with heretofore Congratulations! T would have a question to ask
which actually the speaher may or may not care to answer or attempt to answer
because 1t 15 an unfair one In emotional stress such as that I am under at present
with tachycardia and sweaty palms and not knowing whether 1t 15 due to the alh
tude here or to bemg before this austere group we look at the emotional responses
n average people In some sumilar emotional traumatic episodes we will see i smaoth
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blood pressure (4) heart rate and rhythm and (5) rate of energy ex
penditure of the body These processes altered by emotions may be con
cerned with the possible resulting damage to the vasculature at sites of
predilection  One could also evaluate the distribution of different types
of emotional make up so called profiles m atherosclerosis as compared
to normal persons or persons with other diseases

While all of the foregomg endevors are frmtful and will advance
our knowledge they may not get to the crux of the situation—do emo
tions lead to and perpetuate atherosclerosis and its close ally hyper
tension This 15 what 15 intrigumg us at Michael Reese

Before undertaling any major study 1t would appear to us that a
logical first step would be to outhne a working hypothesis This we
have done with regard to the role of emotions 1 atherosclerosis The
sequence of the hypothesis 15 as follows

1 The regulation of body functions by hormones nd the nervous
system offers a continuous way for the emotions to act chromcally

2  Dufferent emotions ct differently

3 Dufferent personahty types respond differently to the same
emotion

4 The emotions and personality types can be clissed mto  few
major groups

5 Dysfunction of regulation of body actiity engendered by some
emotions—not all—on some p Dty types—not all—acts alone or
via an 1nterplay with other factors to cause vascular disease

6 Dysfunction of bodily regulation engendered by emotions acts
1 a cumulative manner and leaves somatic residues like hypertensive
and atherosclerotic vascular diseases

7 Conditioming and deconditionmg 1n the Pavlovian sense play 2
sigmficant role m the effects of emotion on cardiovascular reactions

8 Recognition of these effects will ulimately lead to correction
of the difficulty to allevaahion of the disease and to its prevention

So much for the hypothesis The question 15 how far s 1t true and
how easy 15 1t to test its various aspects expermnentally and i other
ways This will depend upon the answers to the following questions

1 Can emotional personility types he classed mn a few major groups
for statistrcal study in man?

2  Can emotions be so classed m a few major groups?

3 What exactly 15 the effect of emotions on ammals and on man as
far as the several biological parameters are concerned?

4 Do different emotions operate differently?

5 What s the effect of conditiomng on heart rate blood pressure
heart thythm Ipid metabolism blood clottng etc? What 1s the effect
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diseases it is worth empl that disease and hyp disease
are two different processes closely intertwined and nteracting 1n many persons i
the United States but nevertheless two etolomieally distinct entiies  Extensne

P 1 clinical and epidermiok data support this conclusion Why the
two discases frequently occur in the same person tn countnies Iike the Umited States
1s an important unsolved problem If we clearly acknowledge the fact that these
are two different discases (a fact not at all clear 20 years ago) then we have a
sound foundation from which to build in our attempt to analyze the role of emotions
n the pathogenests and causation of each and in the terrelationships between the
two

Wentnessen  This is a question to Dr Stamler Am I to understand that in
your last yemark you drew 2 clean cut distinction between atherosclerosis as defined
as & lesion of the blood sessels and a coronary accident or a cercbral aceident as
sequeloe of atherosclerosis and thus secondary diseases®

Karz 1 would Lke to say one thing Atherosclerosis 1s one disease while
hvpertension 15 another disease It 1s our working hypothes:s that as far as athero-
sclerosis 15 d hyp 15 an accel As Dr Stamler pomted out
his formal presentation atherosclerosis occurs 1 ammals in hypertension only i the
presence of an atherogenic diet and not when the diet 15 not atherogemc and this
13 appheable to man In the absence of atherosclerosis its sequelae cannot accur

e 1 disease 3s hyp or it 1s I The sequelae fol
lowing these discases lead to climcal manifestations One other thing in the case
of emotion 1t 15 my frm conviction that any kind of emotional stress wathout an
atherogenic diet 1n ‘the past will not cause sequelae since atherosclerosis will not be
present You dont get the scquelae of coronary disease unless you have coronary
disease to begin with

Stamien . One further powt on the cerebrovasculir disease problem A degree
of confusion 1 being created at present by the falure to recogmize an important
fact, ie the cerebral vascular vital statistics from different parts of the world are
2 summation of deaths due to at least three major processes embobsm cerebral
hemorrhage and cerebral thrombosss (plus such I ficant processes
as cerebral hemorrhage due to ruptured congemtal ancurysm) 1t 1s therefore not
correct to regard all cerebrovaseular deaths as having atherosclerosis as the underlying
patholagse process  This 15 i contrast o the situation with respect to coronary

eart disease where 1t 15 proper to equate coronary deaths with atherosclerosis smee
at least 907 of myocardial mfarction deaths exhibit atherosclerosis wath its com
Plications as the underlying pathologic process That 1s not so for strokes

Why 15 this pomt worth emphasizing? Consider the problem posed by some of
the avalable epidermologic data Why 15 1t that the Bantus and the Japanese have
2 low incidence of coronary disease yet a lugh meidence of cerebrovascular dis
ease? If the simple sequence taught to most of us m medical school 15 valid 1e
hyp leads to fied ath with weal of the artenal wall
and eventual hemorthage—if this 1s sn fact the actual sequence of events m the
cerebral cwrculation then why doesnt the hypertension lead to aggravated coronary
atherogenesis with lugh rates of myocardial mfarction 1 Bantus and Japanese
who do have a high Incidence of hypertension and stroke but not coronary di ease
The same emgmatic problem presents itself with respect to middle aged American
women who also extubit a high madence of hypertension and stroke but a low 1n
edence of myocardial infarction 1 would Iike to focus on a few facts that may serve
as a basss for elucdating this set of problems and then suggest a hypothesis First
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muscle behavior evidences of different systemic dieases in certam fndividuals su b
as mugrame headache which 1t a vascular smooth muscle reaction pephic ulcer
ulcerative coliis_ essential hypertension and asthma all of which ase smooth muscle
m different duals subjected to the same I stuation The

psycluatnst also speaks of anorevia nervosa and of evogenous obesity as bemg basi
cally emotional problems We all know that the blood glucose m disbetres and the
blood hpids in Califorma accountants also vary wath stress with emotional problems
Now my question in leading up to this 15 with the general mpresston that I have
essential hyp mnduced by t stress over many years is assoctated
with cercbral vascular ! and hyp d I disease In a large
percentage of these people n 1 Charleston South Carolina community where we
have approumately a 50 50 ratio of Negroes to Caucasians we have obsened
4 tunes the death rate from coronary thrombosis in white males as in exther colored
males or females In contrast to that 1s seen an almost 5 fold difference m the death
rate among the colared over the whte from cerebral vasculer aceidents and hyper
tensie cardorenal disease Do you think that perhaps this ethnie difference mght
be organ specific in reaction to stress® Vhere mn our group the coronares might
be protected and the cerebral and renal vessels mnjuted or vice versa? Would you
care to comment on the ethnic discrepancy or the converse sttuation between these
two ethnic groups?

katz I would Ike to say onc thing and then make a comment The one
thing I would like to say 15 this [ think 1t should be put in the record that when
Dr Watt at the National Heart Inshtute was in Russia on a towr Ye visted 2
laboratory mn which monkeys were bemng studied under frustratng circumstances A
male monkey was separated from lus harem and lus offspring and saw another
male mtroduced 1 his place In another expenment the day was changed from a
24 hour day to a much shorter one  Under both of these ewrcumstances as 1 undix
stand 1t p hyp was produced in these monkeys lasting after the
emotional frustration was removed and the father and fus famly were reconciled
and the normal 24 hour day was restored Tlis 1s sunply to document that there
are ways by which one mught study emotional stresses As to the other question
I'will turn thss over to Dr Stamler

StammER A thorough discussion of the very interesung problems posed by
Dr Boyle would perhaps take us rather far afield I will restran myself and make
only one or two observations  First it should be noted that there seem o be certam
difer nces 1 the epidemiologre patterns of coronary heart disease m Negroes and
whites 1 Chicago and Charleston I sav scem to be because the defimtne fucts
are not yet available to us ¥rom the mortalty data artemoscleroti teart duease
15 at least as common 1n middle aged Negro men as m white i Chicago and more
common i rmddle aged Negro women than white May I call your attention to the
graphs presented by Dr Ruth Pick which document this pomt If one attempts
to armve at a udgment on this epidemologic problem from a review of the htrr)a
ture one comes &t ay quits frustrated The many avalable papers are about equally
dinded as to whether coronary disease occurs less frequently or as frequently
Negroes compared to whites  Aside from shortcomngs an mett odology app:]n;x:; |
many of these reports the disparate findings mught well be sreflecting actual fer
ences 1 different parts of the country at different tunes and under dufferent socio-
economme conditions It 1s hoped that multiple coopesative efforts the years
ahead will clanfy this jmpostant eprdemiologic problem

Second in any discusston of the rale of emotions in th

e etiology of cardiovascular
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disease 1f 1t were not for thrombosis 1 have been skightly surpnsed to hear nothing
much about the effects of endocrmes on thrombosis I would suggest that, if any
extensive observations are gomg to be made which will consume years and years a
great deal of attention should be pad to the mechanism by which we die that is to
say thrombosis My of physiolory 15 pretty din now but I think st was
Cannon 30 40 50 years ago who made the statement and produced the evidence
that of animals got fnghtened thewr blood clotted more quclly “\ow that chviously
15 20 endocrine effect 1 would plead for a few sumple obserations to be made on
thrombosis and the clotting mechansm and 1if the clotting mechamsm 15 gomng to be
mvestigated to get first-class hematologists to do 1t I as ocrate wath some first
class hematologists but I don t understand what they are saying half the ime \Most
of the clotting tests which are now bemng used are of no use You can do a great
deal better one test, for example the thrombm generation test, 1s rarely used but
1t apparently gnes one a great deal more information about what 1s happenmg to
blood than does brealng tubes and seeing when the blood 15 clotted

Rarr  Thaok you very much, Sir Howard In my notes I have weluded hema
tologists among; the people we want 1n this mterdisciphnary cooperative study 1
am sorry 1 did not mention them Ve have added a hematologist to the Chicago
Heart Assoctation Commuttee on Fmotions and we are cooperating at the Michael
Reese Hospital with our hematologsts
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with respect to the data on American men and women although there 15 no sex
differential i death rates for cercbrovascular disease over all there 15 a differental
wn rates for cerebral thrombosis  As with coronary thromboss cerebral thrombosis—
a process having ath as its underlying patholl 1 basis—is more frequent
1 men than women Second the recent pathologic work of Dr Raymond Adams m
Boston has yielded findings ind g that m hyp cerebral | h
the pathology 1s not vessel rupture secondary to atherosclerosis Rather 1t 15 rupture
at the site of a miltary aneurysmal lesion apparently unique to hypertension If this
15 50 then 1t may be hypothesized that in hvpertensive Bantu Japanese and Amen
can women a high mncidence of cerebrovascular disease s recorded because of a
frequent occurrence of this mitliary aneurysmal lesion of hypertension leadin” to
cerebral hemorrhage wrespective of the presence or absence of signtficant cerebral
} ! Thus the epidemiol data would be accounted for I dont know
whether this explanation this hypothesis 1s valid or not It needs to be tested by
further pathologic work m places Iike the Umited States Japan South Afnca I
would very much like to hear the comments of the pathologists en this problem
Houman I will make these comments very brief because this discussion could
g0 on for vears I believe that your basic concept of cercbral vascular accident 15
correct that there are diffe between ath T hyp
and so forth The potential common denomsnator i this discussion 15 the metab
olism of the smooth muscle cells I thmk that this constitutes a large area for frmtful
espenimental studies For example we do not know how 2 single smooth muscle
cell anses and inserts how smooth muscle cells perform work how they mamtan
increased tone how they lead on to hypertension that could lead on to an aggrava
ton of atherosclerosis

We are 2ll fund. 1 d with these h 1 cells m the mner
layers of the artenal wall I purposely said “mesenchymal cells because I think
the d between fibrobl, b and smooth muscle cells has been

overemphasized T am perfectly \vx]hrng to believe that any one of them can become
another and vice versa Thus I would lke to suggest to you—and I am certam
that you have already thought of st—that you stumulate fundamental studies on
smooth muscle

Karz I agree with Dr Hol th muscle 1s an 1mp subject for
research a most neglected one If some of the effort and money spent on the study
of the heart were diverted to a study of smooth muscle of the blood vessels we would
be further ahead This was recogmzed some years ago by the Council on High Blood
Pressure Research of the Amencan Heart Assoctation which set up a 2 day meeting
on the subject of smooth muscle a few years ago At this meeting the need of
further study was stressed Dr Holman I think that was a wonderful statement you
made
MarsorsToN  As [ understand Dr hatz discussion it 1s mamly centered around
emotions m relation to these discases and therefore there are the pormnl emotions
or the normal emotional reactions to situations and the excessive overtones of emo-
tops T wonder how much attention has been durected by cardsolagists to this
phase of the problem 1n thewr treatment of patients with coronary artery disease ;
mean speaifically psychotherapy How much of this hind of work has been done an:
1s bemg done by scentists and mvestigators 1 this field”

Frorey This seems to be the session m wlich all sorts of irevelant matters are
bemg thrown 1nto the hat Perhaps I might be able to throw in gne now sIe:;E
pose that a case could be made ont thit atherosclerosis would not be a very
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Some Aspects of the Endocrinclogical Picture of the South
Afnican Bantu — A Population Relatively Free from
Mortality from Coronary Disease

Avexavoer R P WaLker

Human Biochemistry Rescarch Unit South African Institute for Medical Research
and Council for Scientific and Industriel Rescarch Johannesburg South Africa

IxTRODLCTION

In this paper 1t 1s intended to begin by providing a background of
general mformation on the local Bantu so that afterward the aspects of
their endocrinological preture to be descnbed will be better appreciated
I am doing this first because the Bantu compnse an excellent base line
for etwlogical research on account of their relative freedom from
death from coronary heart disease Secondly while some of the research
contnbutions have been pubhshed overseas others have appeared 1n
less accessible local journals morcover some of my informatien con
cerns studies stll i progress In short I wish to give a very brief ac
count of inveshigations made by vanous research groups on the Johan
nesburg Bantu 1 respect to their mortality from coronary disease the
metdence of atherosclerosis some aspects of their biochemical picture
therr diet and possibly other mfluencing factors Agamst this back
ground 1 will then give spectfic mformation on ther lver disease
Picture estrogen and 17 ketosteroxd excretion patterns and the m
cdence of gynecomastia and then seek to discuss the significance of
these aspects 1n regard to the freedom of these people from death from
coronary thrombosis

The Bantu of South Africa number about nine million thereby greatly

g the white popul of about three million In addition
there are about a milkon Eurafricans and a half mllion Asiatics  Of the
Bantu roughly a third dwell 1n Native Reserve areas about a thurd
work on farms owned by white people and the remainder are urbanized
working mn government and mumicipal departments m mdustry as
domestic servants ete These people therefore may be observed mn
Vvarious stages of transition of diet and manner of life from the pnmitive
bving off the land to the most soplusticated of urban houseboys

MorTtarrry FrOV CoronvaRY HEART DisAsE
In 1946 1n Johannesburg Becker (7) noted only 1 death from the
disease among 362 necropsies on nonwhites (predomnantly Bantu) over
50 years of age More recently from the same aty Higgwson and Pep
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(33) 1 1 more detailed study reported severe atherosclerosis of aorta
and coronary system to be much less common m Bantu compared with
Amencan and Danish hospitalized populations Thus they found oc
clusion of the coronary arteries 1 1650 of patients at 40 to 59 years and
30% m patients 60+ years compared with 128 and 133 respectrvely
found 1n 3100 necropsies of hospitalized American white subjects studied
by Gordon et al (29) at Massachusetts General Hospital Further 1n
the study of Wanscher and co workers (58) on Damish hospitahized
patents over 60 years severe atherosclerosis of aortas and coronines
was present m 58¢5 males and 665% females corresponding Bantu
figures were 19 and 6% respectnvely (33) More recently Anderson
et al (1) have mvestigated the age trend of changes chemical and
pathological 1n comparable series of aortas from Bantn and white
patients 1055 of Bantu agamst 47¢c of white subjects showed aortic
“vleeration with calaification and or wid d 2! t of entire
surface ”
R

d } 1

g g position the workers (1) just cited have
found that 1n groups of aortas graded equally (naked eye assessment)
under conditions where mild to moderate atherosclerosis prevailed mean
percentage composition was smlar for both races Yet in severe athero
sclerosts with sumilar surface mvolvement percentage composition in
the races differed considerably increases m dry weight ash caloum
and cholesterol being much more marked m the white series Since
all these changes m the Bantu (sometimes very marked) occur wathin
4 context permitting only a very low ncidence of fatal coronary ept
sodes 1t may be assumed that in this particular restricted sense lesions
present betoken aging and degenerative changes of little sigmificance to
health. In this connection 1t 15 mteresting to note that Pepler (46)
found medial degeneration 1n the aorta of Bantu to be present i all sub
jects over 10 years the wnner third being most frequently affected

Regardmg the sex bas of atherosclerotic lesions Becker (7) reported
no male predommance In the studv of Higginson and Pepler (33)
severe aortic atherosclerosts with or without marked atherosclerosis of
the coronary artenies was found to be more common 1n females than in
ma}es although the most severely affected of arteries were those of
males

It must be strongly emphasized that the dispanty 1n atherosclerotic
lesions between Bantu and white subjects 15 small compared wath the
very wide dispanity 1n death rates from coronary disease

Before leaving the subject it must be made clear that cerebral
atherosclerosis 1n the Bantu 15 common and occasionally severe 1t 15
responsible for many deaths although the precise mortality rate 1s not
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ler (33) reported that among 1328 necropstes of Bantu adults dying m 2
large local nonwhite hospatal (1500 beds) there were 4 deaths from coro
nary thrombosis 1mong 807 males and 4 deaths among 521 females In
companson at Minnetpolis mong 22 149 postmortems of hospitaltzed
patients cammed out by Clawsen and Bell (21) the death rate from the
disease dunng the period 50 to 69 years was 23 times lgher i males
and 7 times higher 1n females than m corresponding Bantu groups
Among the nonhospital Bantu population current local nformation (2)
mdicates a coronary disease death rate of 6 per 100 000 (not ll venfied
by necropsy) In strong contrast among the total white population m
South Africt the present death rate from the disease 1s about 143
per 100000 (50) the figure for the total population of the Umted
States 15 228 per 100000 (45) Of course the more youthful character
of the Bantu must be taken 1nto account However 1t must be pomnted
out that the occasionally expressed view that the Bantu do not de from
coronary disease merely because they do not lve long enough 1s wholly
meorrect In Johannesburg for example with over half a milhon Bantu
there are approumately 80 000 between 45 to 60 years and 15000 over
60 vears (53) Comprehensive electrocardiograph studies undertaken m
Cape Town (48) confirm the ranty of myocardiil mnfarction m the
Bantu

The above figures concern urban Bantu Among rural Bantu the
disease appears to be even less common Thus 1 many country mission
hospitals coronary thrombosis i a Bantu has not yet been encountered
In termtones north of South Africr eg Uganda ‘m 1958 Trowell and
Singh (52) reported no proven case among 6500 necropstes

There appears to be no obvious sex bias of deaths from the disease
among urban Bantu (33 55) although the number thus dymng 15 too
small to draw significant conclustons et observations by heys (36)
do suggest that 1 populttions (at least m certun age groups) with a
relatwely low compared with a ingh death rate from the disease the
sex ratio tends to become narrower

Briefly then the South African Bantu are a population among whom
coronary heart disease mortality presents no senous public health
problem

THE INCIDENCE OF ATHEROSCLEROSIS

Among these people atherosclerosis certmnly does occur ocea
sionally severely In 1946 from an evimunation of 3000 consecubive
necropsies of nonwhites (predominantly Bantu) ranging from birth to
604 years Becher (7) found atherosclerotic lestons tn 276% lestons
were the duwect cause of death in 04 Later Higgmson and Pepler
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wanous vegetables (pumphin sweet potatoes (Ipomoes batatas) and
greens) The amounts of eggs ment fish and darry produce eaten also
sugar usually e much less than wmong the winte populaton  Brefly
speaking very generally the dict of these people according to accepted
standards lthough usually adequate 1n calones and gross proten 1s
low 1n amimal protein and fat (and cholesterol) high in carbohydrate
and crude fiber high 1n certan muneral salts and vitamms eg  phos
phorus iron vitamun A and thrimme but low 1 others eg  caleium
nboflavin and vitamin D The fat moiety roughly 25 to 60 g per diem
supphes 15 to 20% of calories and 15 denved lrgely from vegetable
sources It should be understood that this pattern of diet 15 common
m fact qualitatively it 1s the pattern consumed by the greater part of
the world s population  The same pattern of diet was consumed by our
forefathers a century or so ago moreover the adoption of such a regumen
frequently 15 forced upon mny countries for hmited perods by wartime
Testrictions
InrFLUENCING FacTons OTmeR THAN DiEr

Some of the possible mfluencing factors other than diet will now

be mentioned very briefly
Hypertension

Becker (6) found hypertensne artenosclerosis to be common oc
curnng m 82% of a series of 3000 routine necropsies on nonwhite
(predommanﬂy Bantu) subjects Hypertensive heart disese was the
most common cardiovascular disease bemng responsible for one third
of cases of congestive fulure and accounting for 6% of deaths m s
senes  Becker stressed that in spite of the fact that the coronmary
vessels are frequently diseased m condition and the myocardium as
frequently gravely damaged ” coronary thrombosis was still very rare

Coronary Vessels

Brink (17) has produced evidence m adult Bantu of a third primary
dwision of the left coronary artery present m three quarters of a small
group of hearts d by the Schl huque  Smger (49)
in Cape Town however has found the same coronary branch anomalies
n white hearts and local opmion tends to the view that the presence of
the abnormnhty 15 of httle etiologtcal mportance 1 the subject under
discussion

Smoking
Smolang 15 common among the Bantu Incidentally Higgmson and
Oettle (32) have noted cancer of the lung to be about half as com
mon among Bantu compared with the population of the Umted States
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known There can be no doubt that the factor or factors protecting
certan population groups from death from coronary heart disease do
not protect correspondingly from death from cerebral thrombosis and
hemorrhage Thus death rate from the latter causes 1n France 1s much
the same as that mn England and Wales Sweden and Denmark yet
death rate from coronary diserse 1 France 1s roughly only a quarter
of that 1n the other countries mentioned (45)

Tre BiocaemicaL Picrure

First 1n regard to serum—whereas observations show that average
cholesterol levels are the same m newborn babies of both races levels
differ significantly at 30 to 40 years when Bantu values reach a plateau
yet those for white subjects continue to show an upward trend (12 57)
The same pattern of changes has been found by Bersohn and co workers
(9) to ch 1ze serum phospholipid chol ol phosph liptd rato
and to a lesser extent beta lipoprotemn concentration mdicated by ultra
centrifuge flotation rates (35) A recent study by Antoms (3) on the
relative concentrations of polyunsaturated fatty acids in sera and plasma
from Bantu and white subjects has revealed the former to have higher
levels of dienoic and tetrenoic acids (hnolerc and arachidomic acids)
An mportant recent observation by Gillman and co workers (28) 1s that
plasma fibrmolysm activity 1s unusually igh 1n the Bantu

In urines Bersohn and Oelofse (10) have reported 2 sigmificantly
higher excretion of total estrogens per 24 hours m young urban Bantu
males compared with young white subjects but thrs aspect will be en
larged upon later

Regardmng stools the ndigenous diet of the Bantu 15 one of gh
residue  yielding with rapid passage volummous stools (54) contamn
ing larger amounts of total fat (54) and according to Antomis and
Bersohn (4) larger amounts of sterols bile acids and total fatty acids
compared with stools from white subjects However there 15 evidence
that the same type of diet evokes sumlar response m white people
(4 26 42 54)

The above and other aspects of the general biochermnical plCEﬂre
that could be described may be regarded as emmently favorable” m
the sense that they are m consonance with a very low death rate from
coronary disease

Tae DIET OF THE SouTH AFRICAN BanTU

The Bantu diet meludes a large amount of cereals supplymng 50 to
90% of the calories Such cereals usually whole groun:{ or hghtly
milled comprise maize (corn) wheat and ‘Raffir corn” ( Safghmg
vulgare) Other items of diet include different types of legumes an
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hepatic conditions namely portal fibrosis and siderosis (abnormal 1ron
deposttion) are present 1n the majonty of adult Bantu males and n a
somewhat smaller proportion of adult females (31)

Biochemically miny workers have noted that the serum protemn
picture 15 characterized by relatnely low alburmn and high globulin
(particularly gamma globulin} fractions such being present m the
majonity of Bantu although the picture at birth 1s normal (13) Ths
abnormality apparently prevailing throughout Ife would seem to
mply hver dysfunction in this particular respect

Excretion of Uninary Estrogens

It 15 beheved that one of the many functions of the liver 1s to mact
vate h produced by the adrenals and gonads (20) In view of
what has been indicated already naturally much interest attaches to
estrogen everetion levels 1 the Bantu This subject 15 being extensnvely
mvestigated at this Institute by Bersohn and Oelofse (10) Their find
mgs on 21 local urbamzed outwardly healthy Bantu males compared
with an equal number of white subjects are summarnized m Table I

TABLE 1
Excretion oF Estrocens Pen 24 Hours B Younc UmeaN BANTU aAND Whrte
SuseCTS
Bantu subjects White subjects
Mean standard deviation Mean standard deviation
¢ of total estrogens ¢ of total estrogens
and range and range
Total estrogens 115+42 80+32
(ug) (50-210) (38-154)
Estradiol 25+ 18(218%) 11:4£09(1397)
{rg) (0-64) (0-31)
Estrone 5526 (4787 ) 43+21(537%)
{ng) (20-113) (17-90)
Estriol 35=14(3047) 26+21(324%)
(ug) (08-64) {04-99)
Number of subjects 21 a1
Age 31 31
{Years) (21-45) (20-48)

Both total estrogens and of the fracttons estradiol are sigmficantly
hagher although not spectacularly so m Bantu as compared with white
subjects Many of the same observations have been made by Bloomberg
and co workers (15) they have noted somewhat more elevated levels
m the Bantu
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Stress

The Bantu have plenty of stresses some simlar to our own but
others peculiar to themselves related to watcheraft taboos ete

Physical Actinty

It 15 generally agreed that the level of physical exercise 15 an 1
fluencing factor in the disease under discusston Although the Bantu
pursue a more active hfe than do white South Africans thetr motor
fitness (eg performance on Harvard Step Test etc ) far exceeds that
of the white population (39 41 44) The explanation 1s not clear How
ever 1t 15 surcly of relevance that muscular exercise mncreases fibrno
lysm actrvity {30 43) the lugh level of the latter mn the Bantu has been
mentioned already (28) Furthermore the recent study of Connell
et al (22) indicating a depression of 17 ketosterords m men habituated
to physical actvity may be apposite 1n the Bantu context and wll be
referred to later

The pnime differences between the Bantu and white populations
therefore would seem to concern their diet and physical actwity

ENDOCRINOLOGICAL ASPECTS

In the previous section i considering factors other than diet 1t
would have been appropnate to have discussed the role of lver disease
for 1t 15 widely beheved and recently has been restated (27 28) that
apart from Bantu diet and actity Iiver disease and Dver abnormabty
1 these people with their ramifications m “over estrogemzation” and
low 17 k Is and m the of gy 12 and other
phenomena have a strong bearing on the infrequency of severe athero
sclerosis and ranty of coronary disease among them The obvions gues
tion that arises 15—how significant 1s the part played by liver disense and
abnormality 1n “protecting” these people? Are the hepatic changes
and their ramifications of primary protective importance? Or on the
other hand do they merely confer additional protection within a context
1n which dret and achivity are the principal protecting factors? Or aré
the two aspects mextricably bound up together? Ones endeavor to
throw light on this problem forms the substance of this contribution

Laver Disease and Abnormality

Among Johannesburg Bantu the inadence of primary carcinoma of
the liver 15 144 per 100 000 (32) and accounts for about 15% of deaths
Amang hospitalized patients eurhosts eecurs 1 2 mean of 9% of males
over 10 years and 5% of females over 40 years (31) Two symptomless
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Data on serum protein fractions wnd certamn precipitation tests have
revealed no greater abnorm1lity in subjects affected with gynecomastia
than m subjects not affected In Bantu subjects with shght or moderate
g a few deter 10ns of total gen and 17 ketoster
oud excretion by Bleomberg and co workers (16) have revealed values
not sigmficantly different from that of Bantu without gynecomastia In
other words the biochemical picture thus far mvestigated appears to
be nonspecific

There 15 no doubt that the type of gynccomastix seen m the Bantu
of Southern Africa differs m several respects from the condition some
times noted i (@) chronic hver disease (20) (b) rehabilitation from
malnutrition and undernutrition (38) and (c) estrogen therapy The
common view that gynecomastia mn the African 15 an expression of
habitual protein malnutnition (18) cannot be accepted as estiblished
Likewise the view that hepatic disease n these people mmpaus the
normal mactivation of hormones thereby leading to mecreased excretion
of estrogens and hence promoting the occurrence of gynecomastra re
quires much further work before acceptance Hepatic disease and ab
rormality are common enough 1 nonwhite people m other parts of the
world but gynecomastia as seen m the African Bantu apparently 1s
ot reported  Possibly 1njury to the liver and to other organs sustamed
by Bantu infants at weaning time and thereafter may provide a sub
strate favorable for the development of gynecomastia 1n later Iife But
the nature of the presumably local precipitating factors 15 not known
although Becker (8) at this Institute has suggested that the estrogenic
and other properties of the numerous herbal preparations used by
these people ment serious mvestigation

CorfMENT

The general context mncluding the factors Bantu diet and actvity
low serum hipuds high plasma fibrinolytic activity a high mcidence of
liver disease and abnormality and “fermmization (elevated estrogen and
low 171 d e g 1a atrophy of the testes) at
first sight would seem to form the basis of an attractive hypothesis
Possibly to account for the ranty of coronary occluston 1n these people
(27 28)  As noted earler the problem requinng elucidation 15—of the
Protection conferred by the above context how much 1s due to diet
and manner of Ife and how much 1s contributed by supermposed hver
disease and abnormality with their varied ramufications? In seekmg
to answer or at least to throw hight on this problem the following con
siderations seem relevant
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Excretion of 17 Ketosterouds

17 Ketosteroids values appear to be shightly lower in Bantu compared
with white subjects On 20 Pretoria urban Bantu males (mean age 26
years) Rannear (37) found a mean of 118 mg per 24 hours which may
be compared with 2 mean of 15 mg reported 1n an American study eited
by Cantarow and Trumper (20) Bloomberg and co workers (15) haie
also found low values 1 urban Bantu values being lowest m patients
with crrrhosis An incomplete local study by Politzer and Louw (47)
however undertaken on probably more sophisticated Bantu mdicates
no sigmficant difference n mean values for both races Low values have
been reported for groups of West Africans (5) and also Indians (25)
The possibility that the greater motor fitness of the Bantu contributes
to depress their 17 ketosterords Ievels cannot be excluded

Gynecomastia

The picture of hver disease and abnormality and of excessive es
trogen excretion 1nd possibly decreased 17 hetosteroid excretion, now
leads to the subject of gynecomastia (enlargement of the male breast}
a phenomenon common among the Bantu Locally Higgnson and
Smmpson (34) have noted a discrete mass 2 em 1n depth to be present
i 2% and some bnormality present 1 33% of necropsies of Bantu
adult males dying in hospital Exceptionally the condition occurs 1
very severe form (1e breasts bemg 10 to 15 cm 1 dameter)

With collaborators I have studied 21 subjects all young men (56)
They appeared 1 good nutntional condition with no evidence of
previous dietary privation  Enlargement generally developng 1n late
puberty usually was bilatera] nontender with no exudate Seven sub
Jects d that the 1 was present i theur fathers and oc
castonally 1 their brothers thus introducing a possible famihal factor
mto the etiology Almost all subjects asserted that they had hindo and
7 mamtamed that they were fathers of children Harr m aullae and
pubes appeared masculine 1n distnbution  Apart from enlarged breasts
body configuration was hikewise masculme In all cases save one the
pems appeared normal Shght atrophy of testes appeared present
a few subjects In all subjects the vowce had broken Seven subjects
had shght enlargement of the Lver but this is not believed to have‘ etio
logical sigmficance due to equal of hef in
Africans without gynecomastia Higginson and Swumpson (34) have
noted no correlation between gynecomastra and hver disease Inct
dentally Higgmson and Oettle (32) have found carcinoma of the male
breast to be no more common among Bantu than in white males
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More apposite Bloomberg; et al (15) found no significant difference 1n
Bantu with and without cirthosis  (b) The supertor motor fitness of
the Bantu cannot be excluded from pliying some part i the levels ob
served af s has been shown on white subjects a habitually high level
of physical activity can depress 17 ketosteroids values very significantly
{22) 1t would seem reasonable to consider that other aspects of the
endocrinological picture lihewise may be affected (¢) Next there 1s
the question of the influence of pattern of diet on metabolism Among
the Bantu we have encountered many abnormalities™ almost certamly
caused by the type of diet consumed moreover there 1s lumited al
though mereasing evidence that white subjects habituated to the same
type of diet also can become marked by these boormalities It would
therefore evohe hittle surpnse to find that the type of diet consumed
by these people 1s partly or even largely responsible for the bio
chemical ¢ndocrinological changes under discussion and studies on
these aspects are already 1n progress (11) Briefly then 1 seching to
pp ponsibihity for the endocrinological changes i the Bantu
caution 13 required before attaching too much blame to hwer disease and
ebnormality

5 It must be repeated that despite the commonness of liver disease
and abnormality i Middle and Far East populations gynecomastia as
seen 1n the Bantu apparently 1s not observed This abnormality would
seem therefore to be a local phenomenon the etiology and sigmificance
of which are still obscure

6 As already indicated evidence suggests that white subjects once
they become habituated fo a Bantu type of diet take on many of the
metabolic features charactenstic of these people Such an adaptation ap
parently 15 not without its reward In Pretorta Gaol a diet of smmlar
Pattern 15 consumed by both Bantu and white prisoners A collabora
ttve study under the leadershp of Prof P ] Kloppers has shown a
closely simlar hiochermcal picture (4 9 11} at that puson (the largest
in the country) no long term v hite prisoner has yet died from coronary
thrombosis

Brefly then 1t 15 suggested that the Bantu are protected agamst
severe atherosclerosis and coronary disease mortality primartly by reason
of thewr diet and manner of hfe and that the protection conferred by
Inver disease and <bnormality 15 supplementary and of much less sig
nificance

SUMMARY
The South African Bantu are a population almost free from mortahty
from coronary heart disease In order to provide a background con
cerning these people brief information has been given on the meidence
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1 In the first place, 1t 15 contended that different populations suf
fering Ittle from coronary heart disease mortakity need not be protected
by the selfsame factors and that different contexts of diet and manner of
Lfe m1y well yield the same end result Thus whatever explanation
accounts for the favorable position of the Bantu need not necessanly
obtun with other equally favored populations

2 Among our forefathers, who consumed a diet similar m many
respects to that of the Bantu angina and coronary thrombos:s were not
the problems that they are today Moreover, 1 certam Scandinavian
countries wartime restrictions :mposed consumption of a det also sumilar
n many ways to that of the Bantu such changes bemg accompamed by
7 lesser degree of severe atherosclerosis and reduction i deaths from
coronary disease (14} It ss hghly tmprobable that protection with
either our forefathers or the Scand was conferred or apprect
ably augmented by a high ncrdence of liver discase and abnormality

3 That subjects with cirrhosis suffer less from severe atherosclerosis
and coronary disease has been noted often in the hterature (23) 4
present day western country possibly affected i this manner 1s France
where mformation suggests (a) that currhosis s as common or more
common than among the Bantu (51) (b) that very severe atherosclero
sis 15 not common (51) and (c) that the death rate from coronary
disease 1s only 38 per 100000 1e about one sixth of that m the Umted
States (45) It would therefore seem reasonable to consider that n
countries such as the present day France and tn varous underprivleged
populations i Africa, the Midide and Far East and clsewhere where
liver discase 15 common that 1t docs contribute a quots of protection
to part of the adult population Part of the protection may well be
related to the elevated fibrinolytic activity reported to oceur m curhotics
(40)
4 Turning now to the aspect of elevated estrogen and low 17
Retosterods levels—such may well be due to the mteraction of a num
ber of mfluencing factors (a) Regarding the role of lwer discase—
while as already noted only a small proportion of Bantu suffer from
arrrhosis the major proportion have portal fibrosis or sideross or show
some biochemical abnormality referable to hepatic impurment At first
sight therefore 1t 1s tempting to ascube much of the responsibility ft;r
changes 1n the Bantu to Iner disease and abnormality However <
though there 15 ample 1nformation that patients with curthosis have
low levels of 17 ketosterord excretion the same certainly does not apply
to elevated levels of total estrogens (24) In the recent study of
Cameron (19) for example total estrogens were found to be withm
normal Itmits 1n 10 out of 12 patients suffering from chromc Iver disease
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DiscussioN

STaviER It 15 a generally accepted traism that the international outlook and
community of science are one of ats cardmal strengths After this presentation I
mow you will agree that the Planmng Commuttee was wise to make this an ter
national conference and to mwite guests from as far away as South Afnca Dr
Walker s faseinating paper 1s now open for discussion

WHTE I want to thank Dr Walker for a most illuminating presentation  You
mdicated T believe at one pomnt that the herbs which the Bantu are prone to con
sume way have contamed estrogens and 1 wonder whether you have actually done
analyses or assays of the estrogen content of the diet since 1t 15 of a vegetable nature

Watker It 15 hoped shortly to mtiate determinations on the estrogen content
of some of their herbal preparations I want to stress that the use of these prepara
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of coronary thrombosis on therosclerosts the biacherical picture the
diet and other posstble influencing factors Aganst this background the
endocrinological aspects described concern lver disease and abnormal
1ty the exeretion of estrogens and 17 & oids and the ph

of gynecomastin Discussion suggests that the relative freedom of the
Bantu from coronary occlusion 1s due prmanly to thewr diet and
actiity and not to liver disease and abnormalty although the latter
may confer additional protection to a small proportion of the adult
population  Ewidence suggests moreover that adoption by white sub
Jects of a diet sumilar to that of the Bantu mmposes an altered metabohe
preture which inter alia appears to be associated with a reduced death
rate from coronary heart diserse
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VWaxer  Fust Dr Holman regarding brealing down the word seventy” of
have used the classifi of lesions d by the Danish warkers
Wanscher ¢t al Nest concerming the lesions you have noted in the aorta from
voung Bantu children—there 1s no doubt from what 1 have stated already that
theroscl severe (ul and ealafi and/or widesp
molvement of entire surface) 15 by no means uncommon among the Bantu  Yet
with rare exceptions patients with severe lesions have not died from coropary
thrombosis  You then mentioned about clotting mechamism and thromboesis Dr
Greig (at the Institute where I work) 1n a recent paper i the Lancet has referred
to the lack of correlation betwcen elesated blood Lipid levels and atherosclerosts and
considers that the former bear on the etiology of thrombosis rather than on the extent
of atherosclerosis In this respect Dr Greig has produced evidence that bet
Lipoprotein inhibuts Ebrinolysts the degree of inlubition depending on the composs
tion of the beta hpoprotem which mn turn depends on the type of fat ingested
In other words if the beta poprotein position 1s favorable and continues to remain
50 as presumably occurs in the case of the white prisoners described then serious
thrombotie episodes are prevented for as stated these lfe-sentence people do
not die from coronary disease In other words if prisoners m altering their diet etc
tender more active their fbrinolysin mechamsm they can well ward off death from
cotonany occlusion despite oceasionally severe atherosclerosis probably bemg present
before entering prison

Fumvay  Possibly you have already answered this queston In view of the
endence of estrogentsm in the Bantu do you find the hpoprotemn distnbution char
actenstic of estrogen effect namely most of the circulating cholesterol and phos
pholipid 1n the lugh density or alpha hpoprotem fraction?

Watker  Furst in the case of the Bantu and white prisoners both of whom
as you will ber have been habitualk a Bantu tvpe of diet for
some considerable time approvimate values for both graups found by Dr Bersohn
are a5 follows Qf the serum total hpoprotewn about one thed 15 alpha and twe-
thirds are beta Lipop Of the choll 1 about quarter 1s attached to

alpha Lpop and the der to beta bpop Wath phospholipd 35 to
407 15 ‘attached to alpha Lipoproten and 60 to 65 1s beta lipoprotemn phospho
Ipd Limited evidence suggests that the rural Bantu prcture conforms to that of
these pnsoner groups but with urban Bantu accustomed to a varying measure of
dietary sophustication  there 15 a trend to approach the picture common to the white
Population ie Tugher levels of cholesterol beanng beta Lipoprotem In the Bantu
and white prisoners the cholesterol phospholipid ratios were 080 and 081 respec
thely Brefly then the blood bpid picture of the Bantu 1s not the same as that
assottated wath the admmstration of estrogen

Stasower  There are many very interestng findings i this paper On one
of your pomts mentioned very brefly I would Ihe a httle elaboraton I am
Tefernng to the changes 1n the serum protems It was stated that the gamma globu
Lins appeared to be elevated albumm 15 decreased but this was unrelated to diet
and 3t occurred 1 preschool chuldren I wonder if you have any evplanation for
these observations such as perhaps the prevalence of some chromc parasiic m
festations or any other chronc disease which we know increases the gamma globulin
fraction  Also could you elaborate a Lttle more on the age distrbution and 1f you
bave the data on the distrby of the other el fobulins®

WALKer  The serum protem picture for both black and white babnes 15 the
same at buth From the penod of about 1 year of age until 2 to 3 years when
the nutntional stuation of chuldren 15 at its worst throughout thexr lfe span 1t 1s 2
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tions 15 widespread although of course diffenng from region to regon  Qur Bantu
minewaorkers come from different African ternitories and some indviduals bnng
ventable p of herbal prep the source of which they are often
ignorant or wont divulge In South Africa we fully realize the wmportance of
knowing more of the position and ph. } 1 action of these prep
The estrogen content of the diet of the Bantu has not yet been myestigated

Warre May I ask one more question  Have you the opportumty to do Lver
function tests®

Warker  Yes whole batteries of liver function tests have been carned out and
there 15 no significant difference between Bantu with and without gynecomastia

Howarp  To supplement Dr Whites question I presume that the prisoners
who were on the Bantu type dret did not have the opportunmty to have any unusual
herbs so that it would seem logseal that the diet was a more important factor than
herbs Is that correct Dr Walker?

Warker  Yes that s correct I believe that the type of diet consumed o the
important factor The pnsoners did not have acecess to medicinal herbs I must
also make it clear that agmficant gynecomastia 15 not a feature of the pnsoners
certamly not more so than nonprisoner Bantu of the same age group

Bovre Would you please give some estimation of the physical actinty of these
prisoners  Are they confined or are they labonng prisoners®

Warker  The white prisoners pursue manual craftwork woodwork cobbling
etc The Bantu do possibly more active work gardemng, shifting soil and the
like but they certanly dont overwork On these black and white prisoner groups
certan motor fitness tests hase been carmed out the Bantu seem virtually in
exhaustible for example when carrying out the Hanvard Step Test, in companson
to the white prisoners Yet the diets of both groups have much the same composizon
and there 15 not a gross difference n habitual actwvity between the groups

Horvan  First I would lihe to comphment Dr Walker on us excellent presen
tation of a very dificult subject I would also Lie to put 1 a plea that you break
down the expression  seventy of lestons 1to different categones or staes Ve have
found from the stud:es 1n Guatemala (1n collaboration with Dr Carlos Tejada) for
example that the children with kwashiorkor may have strnhing fatty streaks The
presence of malnutntion does not preclude the presence of fatty streaks but this
does not mean necessanily that these fatty streaks will progress to chueal diseace 1f
we are going to dissect out the factors mvolved i atherosclerosis and ultumitely
correlate them wath the natural hustory of the disease I think that each step m the
process—(1) fatty streak (2) fibrous plaque (3) complications of lestons and
{4) climcal disease—1s going to have to be recogmzed

To come back to the question that Sir Howard rused namely thromboss
maybe this 15 the mecharusm of conversion of fatty streaks to fibrous plaques and
certamly thrombosis 1s one of the major complicatons The factors go»exr:;ss
thrombosis may have Little or nothing to do with the formation of fatty stre
In the anatomi. material which we have recewved thus far from Dr Wamwnght 1m
Durban South Afnca we have found the usual amount of fatty streaks The
amount of this materal (prncipally aortas) 15 not sufficient to treat statstrcally
and this is especially true of the fibrous plaques and later stages But f we acWP;
the morbidity and mortality statisies showing a greatly reduced nmdencfil ;7
myocardial mfarction among the Bantu and at the same ume accept the d‘:a:
showng the usual amount of fatty streaking 1n the Bantu we must mcogﬂizel 1
factors other than those that imbated the process (atherogenesis) must be nvolver
10 the evolution of these lesions to the final stage of chmcal disease
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Warken  There ate o few data published on hidney function m Bintu children
with kwwshiorhor A detailed study on adults has not yet been undertaken although
iformation on hospitalized Bantu does not indicate widespread imparment

Eper 1 should Iike to ash two questions  The Brst1s what is the sodium chlonde
wtake of the Bantu diet and the other 1s did you measure estrogen excrction on
the white patients?

Watken  The intake of salt by the Bantu differs cnormously from regon to
region Bantu mineworkers about whom [ have spoken before are housed m com
pounds In front of each compound kitchen 1s placed a barrel of salt It has been
observed that laborers from some termtores tahe almost handfuls wath their meals
whereas other groups take Inttle or pone  After discussions with Dr Stamler 1t will
be our endeavor to study various tribal groups mn relation to salt intake hypertension
prevalence of cerebral lesions ete  Estrogen cxcretion levels have been carned out
on both the white and Bantu pnsoner groups Dr Bersohn has found results m both
groups 1o be equally elevated  Since the results obtained are so unusually hagh  steps
are being taken to checl and rechech them I would therefore prefer not to mve the
actual figures at present

Karz 1 would like to ask Dr Walker sf he can fractionate the food matenals
he gues his prisoners to locate the possible estrogenlike material 1n the food or a
possible anticoagulnt matenal Ts there something m the gram they mgest which
s estrogenlike or anticoagulant?

Waxer  The question of the presence of estrogenlike materal 1n the food and
also of components which might be considered anticoagulant wll certamly be
studied once the precise biochemical picture of the pnsoners has been established

Wertnessen  Did 1 understand you correctly to say that cerebral athero
sclerosis 1s marked i the Bantu? Do you find i utopsy matennl atherosclerosis m
the cerebral vessels with aortae sumilar to the one you pictured®

Watken Insuficient work has been done to answer that question satisfactonly
It 15 evrdent from studies by Drs Laune and Woods m Natal that cerebral athero-
sclerosis m the Bantu can be very marked and responsible for many deaths In
Johannesburg on the basis of death certificate data I have calculated that the age
specific death rate from cerebral catastrophes dunng the pertod 45-64 years actu
ally s hagher than the corresponding figure 1 New York mortality from hemorrhage
1s much greater than that from it a ol The d of lesions
10 20rta 1n coronary and m cerebral vessels m the same series of cadavers has not
¥et been undertaken

WerTissen 1 thiok you see what T am seeking namely a genetrc difference
between two groups I am therefore raising the question Is there a possibility that
this race of people happens to respond to graws diferently from the way we do?”
Tdont think you can neglect the important genetic factor here

WALKER That possibility 15 perpetually before us Nevertheless while I agree
that you cannot meglect the genetic factor all our experience with the Bantu sug

gests that racral or genetic differences are not of sigmificance n the subject under
discussion

Rosrvson  Have you observed testicular atropby mn the male Bantu with gyne
Comastia®

WaALkER  Yes a study of testicular atrophy and its correlation with gynecomas
tia has just been completed by Drs Higgmson and Sunpson at Johannesburg The
two conditions are often althongh by no means mvarably associated together

StAMLER  May 1 on behalf of everyone present thank Dr Walker agam for
bis very valuable presentation
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common feature for the albunin to fall and the globulins especially gamma globubn
tonse Thereafter the altered picture persists despite adequate feeding and vanous
reports indicate that this reversed alburmn globulin ratio prevails among from half
to three quastess or more of the adult population Infection during the penod men
toned  cspecially g doubtedly aggravates the position but para
sifism 15 not a factor At Jeast 1t is not the problem prevailing in Central Afnca In
young Bantu children with or shghtly recovered from kwashiorkor the globulns as
percentages of totel serum protein are distrsbuted (electrophoretically) approu
mately as follows alpha 115 beta 13% gamma 26% Among the clder popy
lation eg the Bantu pnsoners Dr Bersohn has found serum globulins as mean
percentages of total protem to be as follows alpha 1 7% alpha2 10% beta
155% and gamma 19% Among the white population speaking, generally reversal
of albummn globulin ratio 1s wfrequent perhaps less than 10% hemng affected beta
and gamma globulin fractions are of course lower

Boyp  If Bantu with gfynecomastia are contrasted with those who do not have
tynecomastta and matched for age and physique do you find any difference m
estrogen excretion m these two groups and does this level of estrogen escretion
correlate with the serum cholesterol level? And one very munor point since estro-
gens elevate the serum copper s there any evidence of the elevation of the serum
copper m Bantu who exlubit gymecomastia®

Watxer  The estrogen levels of our Bantu subjects with gynecomasta have
Leen compared with those of not affected Bantu subjects of the same age groups
but not of the same physique As already related according to Dr Bloomberg
mean ‘alues do not differ significantly among the Bantu with and without gyne-
comastia  As far as 1 am aware a correlation between urmary estrogens and
serum cholesterol level has not been claimed but judging from recent local mforma
tion I am sure that such a correlation obtains at least among differing population
groups In relation to copper Dr Theron at Pretorra has found that serum copper
concentration m Bantu adults male and femal. 1s significantly hugher compared
with corresponding white groups

Maraorston I wonder if Dr Walker would be Jand enough to clanfy agam
the estrogen excretion levels m the two groups of patients As I understand it the
studies on the young white and the Bantu are over all studies made in xormal
mdividuals and m that group the estrogen excretion levels are higher I assume
that this 15 a combination of those patients who have not gynecomastia as well as
those who had breast enlargement Is this correct? And the second questton is )mg
Bigassays on estragens been dene on these patients as well as fractionation studhes’
And the thid question s have estrogen evcretion Jevels been measuted n the
cerebral group of patints? I ask this last question because we have measured the
estrogen levels 1n a group of approumately 95 white male subjects and 45 female
subjects and the estrogen levels appear lower as compared with their normal age
controls

Warxer  Excluding the investigations which myself and collaborators have un
dertaken I have no informabion on gynecomastia present n the other groups of
Bantu studied but nefther ncidence nor extent would seem to have evoked com
ment No bio assays on estrogens have been carned out nor determmation of levels

antu with cerebral lesions
" BS'::MLE\ In relation to the diet during the critical weaning period andl the;
possibility that partially sreversible kidney damage might occur on a n\;h';l onal
fass at this tane and st might be related to the eventual deselopment of hyper
tension are there any data on kidney function in the Bantu?
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Thyroid and Estrogen Treatment of Hypercholesterolemia
in Man

M F Ouwver axp G S Bovp

Department of Cardiology Royal Infirmary Edinburgh and Department of
Bloch Uniersity of Edinburgh Edinburgh Scotland

There can be httle doubt that the circulating Iipids are influenced

by the physiological and pathol 1 of vanous endocrine
glands  Alteration 1n the concentrition of the plasma chalesterol and
the plasma phospholiprds and 1n the distribution of cholesterol between
the major hpog f can be produced by many hormones
These hormonal nfluences have recently been reviewed (1 24 26)
and it 15 clear that both thyroid and estrogemc hormones produce sig
mficant lowering of the plasma cholesterol the C,P ratio and the beta
hpoprotemn cholesterol If 1t can be shown n man that reduction of
hypercholl ! 1s desirable these two groups of hormones may
prove to be of therapeutic value With the ntense interest durmg
recent years in the development of different methods of lowenng hyper
cholesterolerra 1t 15 as well to remember that there 15 still no evidence
that reduction of the levels of the cwculating hpuds fictal s
umdn_atherosclerosis The arguments i favor of lowering hyper
cholesterolemia are based on theoretical deductions and on experimental
data derved from other species It 1s often unwise and misleading to
Project evidence obtained from other species particularly mn the case
of hormonal studies 1nto the sphere of human atherosclerosis Never
theless to assume that the reduction of hypercholesterolemia 1s desir
able m man 15 a wseful working hypothesis which cannot yet be con
firmed or refuted Thus 1t 15 the object of this paper to consider some
of the problems and potentialities of thyroid and estrogenic hormones
mn the treatment of the hyperchol I ted with human
atherosclerosis

Tryrom HorMovES

For many years 1t has been known that thyrod extract lowers the
plasma cholesterol and mcreases the basal oxygen consumption and
heart rate 1 hypothyrod and euthyrod patients (lla 18 84)
Thyroune also reduces the beta lipoprotems (20) and lowers the
Concentration of certain low density hpoprotemns (S, 12-20) as de
termmed by the ultracentnifuge (31) The mncrease m basal metabolism
produced by thyroune makes 3t unstable for admustration to patients

403






THYROID AND ESTROGEN TREATMENT 405

cellent exercise tolerance developed effort angmna and required mitro
glycenne tablets for the frst time for many months When truodo
thyromne was discontinued the angina improved dramaheally The
datly oral admmstration of 100 pg of 353 trnodo ! thyromme to an
other group of euthyrod hypercholesterolemic men with coronary
disease caused elevation of the bisal metabolic rate as well as the ex
pected changes n the circulating lipids (8)

300
PLASMA bl ol ot

CHOLESTEROL250.
my %
200

150 -~ S
40 . LIPOPROTEN,
9, cHancE 3O
N 2
o] o
u -

3
CHOLESTEROL 1O
20

30

Vo
cte roo| & -
RaTIO 090

ama *10
°
! }

©
weor )~ |
" 150 e ot

DOSE TRI 60
JODOTHYRONRE 40
oLy 20
»9 o -+
a4

Fic 1 The effects of the oral admumstration of a small dose of 35 3 truodo-l
thyronne to 6 euthyroid men with coronary disease

InFig 2 the results are shown of the oral admimstration of increas
Ing doses of tnac from 05 to 4 mg daily to 6 hypercholesterolemic eu
yroid men with coronary disease During the admimstration of less
than 3 mg daily there was no sigmficant change m the circulating
hpids and hpoprotems but 3 and 4 mg of trac daly produced sig
Dtficant depression of the plasma cholesterol and the beta Lipoprotem
cholesterol with elevation of the alpha hpoprotemn cholesterol There
%as no sigmficant weght loss and no change m the mean basal meta
Bolic rate In 2 of these 6 men the basal metabohe rate had nsen bv
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m whom the myocardt1l blood supply 1s smpaired by coronary athero
sclerosis  Any mcrease 1 the ovygen requirements of the myocardum
could be expected to result in myocardial 1schemia and lead to the
development or worsentng of angina  Recently several studies have
been made of vartous dernvatives of thyroune m the hope that one
of these analogs would lower hyperchol 1 without el g
basal oxygen consumption

Numerous modificibions can be made to the structure of thyroune
and a luge number of analags are theoretically possible Thyrovme can
be deiodmated by certamn tissues (2) to yield the more thyro active
compound 3 5-3 truoda | thyromne which was first 1solated by Gross
and Pitt Rivers (14) Further derodination will yield various isomenc
duodott and dothyrommes Apart from these modifict
tons to the diphenvl ether nucleus of the molecule the alanmne side
chain can undergo oxidative deamination or oxidtive decarboyylation
Owdative deaminatton of thyrovine gives tetrarodothyropyruvie acid
which on decarbovylation gives tetrasodothyroacetic acid or “tetrac
(15) Swmlarly truodathyroacetic acid or “tmac (27) can be derned
from truodothyronine  Furthermore other halogenated thvronines, such
as tetrabromothyronme (16) and trbromothyronme (10) have been
shown to have thyroxme hke actvity in man

In myvedematous pattents 1t has been shown that triae (17 32 33)
and tetrac (13) reduced the level of plasma cholesterol without mereas
ng the basal metabolie rate Simtlarly 1n euthyroid hypercholesterol
emc men with proven coroniry disease both 3 53 truodo 1 thyronme
(24) and tnac (19 25 33) Jowered certam plasma lipids without
creasmg the metabole rate This apparent dissociation of actions 18
dlustrated m Figs 1-3 The subjects of these studies were men between
the ages of 35 and 55 years They had all sustamed myocardil mfarc
tion (with electrocardiographic confirmation) more than 9 months
before the chnical trral of a thyroid analog and had returned to some
form of full tme occupation

In Fig 1 the results are shown of the oral admmstration of 40 pg
of 353 truodo | thyronine for 5 weeks and then of 60 pg daly for 2
weeks to 6 hypercholesterolemic enthyrord men with coronary disease
There was significant depression of the plasma cholesterol the beta Iipo
protem cholesterol and the G/P ratio with elevation of the alpht
hpoprotemn chelestesol but there was no chinge m weight and none of
the 6 men showed any mcrease m basal metabohe rate The metabolic
rates were recarded under basal conditions wn hospital on two con
secutive mornmngs before and at the end of the course Duriag ths trial
of truodathyronmne two men both of whom had previously had an ev
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lipoprotein cholesterol and of the C/P ratio with elesation of the alpha
Dpoprotein cholesterol However after 4 mg had been admimistered
each day for 2 weeks these hpid values returned towards the control
levels and although there was further shght depression of the plasma
cholesterol when 5 mg were admimstered the circulating Iynds ap
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Fic 3 The effects of the oral admimstration of increasing large doses of tri

todothyroacetic acid in 8 euthyzoid men with coronary disease (reproduced by cour
tesy of the Lancet)

peared to “escape from the effect of triac There was no Joss of werght
and the basal metabolic rates of these 6 men were not sigmficanth
altered Despite this one of the 6 men expenenced an increase 1n the
werdence of effort angma and breathlessness while triac was bemg
ad, d and reg of these P when triac was dis

contmued

Thus of the 18 hypercholesterolemic euthyroid men already men
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the end of the course and one of these men complamed of decreased
exercise tolerance and of more frequent episodes of angna of effort
In a third man who previously had ummpaired exercise tolerance and
no angina the basal metabolic rate actually fell shghtly durng the
course of triac but he developed clissical angina of effort several tunes
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Fic 2 The effects of the oral administration of mcreasing small doses of trl
doth acid in 6 euthyrod men with coromary disese (reproduced by

courtesy of the Lancet)

each day (Fig 4) On withdrawal of tnac both these men e'(penenced
regresston of their symptoms and mmprovement of their exercise toler
ance
InFig 3 the results are shown of the oral administration of mcre:l;
ing doses of trac from 3 to 5 mg daly to a further 6 h}percholestero4
emic euthyroid men with coronary disease A daily dose of 3 er

mg of tnac caused depression of the plasma cholesterol the beta
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results from a discrepancy between the oxygen supply and demand
It 15 readily unds dable that an 1 basal metabolic rate
should be assocrated with the desclopment of angina but the occur
rence of effort angina 1o the bsence of any increase in basal metabolic
rate must be expluned The total orvgen consumption of a panent
represents the arthmetieal sum of the oxygen requirements of all body
tissues and 1t must not be expected that » substance which elevates
the basal metabolic rate will mfluence All tissues umformly  Since the
body 15 composed of tissues of different histologreal structure and func
tion 1t would be surpnsing if thev did react toward a metabohe shmu
Lt 1n the same wav  For example the admumstration of desiceated
thyraid to euthyrotd rats produced a differential response m oxygen
uptake bitween Iner hidney diaphragm sheletal muscle and heart
tissue {12 35) n the hyperthyroid state produced by desiccated thy
roud the greatest increase m metabolie rate of eversed hssues occurred
i the myocurdium  Moreover 1n hypothvrard and euthyrord rats 3-5-3
trodo 1 thyronine and tnac both increased the oxygen consumption
of heart tissue to a greater extent than that of her tissue (3 4 8 9)

The wncrensed frequency of efort angint i patents receving triac
might therefore be related to incrensed oxygen requrements in the
myocurdium  In other words the dissociation of cholesterol depresston
from elevation of the bas1l metabolic rate may be more apparent than
real and 3t could depend partly on madequacy of the basal metabolic
Tate measurement to reflect a selectnne mcrease in the oxygen require
ments of a comparatively small tissue  In addition to the mcreased m
adence of pun depression of the plasma cholesterol could not be mamn
taned over long periods even when the dosage of 353 trnodo-1
thyromne and trac was d It s Iuded therefore that at
present there 15 no thyroid analog swmtable for the long term control of
hypercholesterolemia m patients with clinical coronary disease If some
thyroid analog 15 found to lower hypercholesterolemia without causing
any selective mncrease m myocardul ovygen requirements 1t will have
obvious therapeutic patentialities

Estrocenic HORMONES

In hypercholesterolemic men with coronary atherosclerosss estrogens
lower the plasma chol 1 and beta lipop hol 1 and elevate
the plsma phospholipids and alpha lipoprotein cholesterol (5 7 22
30) This action of estrogens 15 true for synthetic estrogens as well as
for estradiol estrone and estol (23) Ethiny) estradiol and Prem
ann are probably used more widely than other estrogens to lower hyper
cholesterclema ~ The results of the admmistration of vanous doses of
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tioned 4 expertenced reduction of their exercise tolerance on tccount
of cffort angma and breathlessness durng the admmnstration of 3 53
trnodo 1 thyronine or triac  Sumlar aggravation of effort angina has
been observed in 3 patients recewving tnac for treatment of myxedema
None of these 7 patients showed any increase 1n basal metabolic rate
at the time when angina developed m Fig 4 1 typical example
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15 shown Sumlar aggravation of anga without elevation of the brsal
metabohc rate has been reported 1 2 myvedematous subjects by Mackay
etal (19) Although there was no increase wn the incidence of angina 1n
a senes of 10 cases reported by Menzies and Cooper (21) one man who
had evperrenced angma for the previous 134 years died from 2 myo
cardral mfarct on the 17th day of treatment with tnac p
It 1s widely behieved that angmal pamn 1s anovemic nature an
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ence n the degree or the rate of the depression of plasma cholestcrol
or of the C/P ratio whether ethinyl estradiol was admmstered at 2 level
of 200 g darly or 1 mg daily or increased gradually from 200 pg to
1 mg daly The plasmn cholesterol and C/P ratio were reduced m
only 7 out of 12 men who recenved a daly dose of 100 pg of ethinyl
estrachol this 15 regarded as a suboptimal dose level

Of 150 hvpercholesterolemic men who have recerved ethinyl estradiol
m varymg doses the majonty have developed gvnecomastia or depres
sion of hibido (Table I) Attempts to mimmize these femimzing effects
by the simultaneous admimstration of androgens or progestins have not

TABLE 1
The IncioencE oF Fesmrzine EFfects v 150 Men Who Recerveo 200 pg oF
Enuvyt Estraptor. Dty For LonGer THAM 3 Movtas

Men affected
Femumzing feature ()
Gynecomastia 93
Depression of Libido 73
Loss of bbido 42
Testicular pun 3
Penle 1mtation 3

been successful (6 23) Mot only did methyltestosterone fail to relieve
the f

but 1t d the depresston of the crevlating
lipids produced by ethinyl estradiol Although these feminizing side
effects are often quite well tol d 1t 15 ok ly desirable to study

Y

weaklv estrogemc compounds in the hope that 1t will be possible to
dissociate the cholesterol low enng action of estrogens from their femmz
Ing action  Vanous estrogen analogs have been imestigated but so
far ach of this d tion has not been successful

The administration of 3 methovy 16 methy! estratniene 16 17 diol
(\l:m\ene) which 1s a denvahtive of estriol has been somewhat dis
4ppomting  Although 1n a short term study Robinson et al (29) did
not observe any femimzing effects m 7 out of 12 of therr patents
whom the plasma cholesterol was lowered by a dose of 50 mg daily
Davis et al (11) mdicated that over a longer penod the majority of
their patients developed femang effects at doses of 10 to 20 mg of
Manvene daily In our small expenience of the admimstration of Man
Vene to 6 hypercholesterolemic men with coronary disease (kFig 7) 2
of these men showed depression of the plasma cholesterol when 5 my
were administered daily and 2 other men had reduction of their hyper
cholesterolemia at a level of 10 mg daly Two of these 4 men de
veloped mild gynecomastia and mn the Temaming 2 men Manvene
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ethinyl estradiol have already been reported (23) and these studres
suggested that 200 pg duly 15 the optimum dose for most men There
was no significant change m the hematocnit 1t this dose level A dose
Inrger than this 1s not more effective 1 Jowenng the crrculating lipids

1

£,

and 1s probably a d

ge since

effects are more often

g
encountered These comparative dose studies have been elaborated
(Figs 5 and 6) and 1t can be seen that there w2s no sigmficant differ
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to thar date of discharge  None of these men had sustamned more
than onc myocardal anfaret and Yms miarct occurred between §
and 8 weeks before the start of estrogen therapy  Men with o diastohe
blood pressure of more than 100 at rest with disbetes or myvedema
were excluded Men who had experienced effost anging for more than
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Tie 8 The effetts of the oral admimstration of 1 methyl 17 ethung! estradiol 1o
8 men with coranary disease

6 months prior to the wfarct or who had developed congestnve falure
dunag the convalescent penod after the mfarct were ako excluded from
the study Patients who weighed more than 20 Ib_above the standard
Weight for their hetght and age were excluded and vo specific dietetic
mstructions were given to any of the 100 men of this study The men
attended hosputal once every 3 months dunng the first year of the study
and thereafter they attended every 6 months At each visit when they
were seen and exanuned by the same physiaan the blood pressure
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appeared to be mnactve Similarly the admnstration of 1 methyl 17
ethinyl estradiol nd of 4 methy! estratniene 1 o} 17 one has been dis
appomtmng (Figs 8 and 8) since both preparations were mactive n
respect of depression of the circulating lipids femmization was not
produced m any of the 12 hypercholesterolemic men who recened these
substnces [f some estrogen analog 1s found to lower hypercholesterol
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Fic 7 The effects of the oral ad tration of 3 methoxy 16
18 17 dio] (Manvene) to 6 men with coronary disease

thy 1

emma without causing fermmzation 1t will have obyious theripeutc
potentiahiies

Despute the femmzing effects of ethmnyl estradiol this estrogen has
been admmistered to 50 men wnd has been well tolerated over perods
up to 4 years 'These 50 men were matched with 50 other male patients
to whom nert tablets of identical size and shape were admmstered
These 100 men whose ages ranged between 35 and 60 years “en;
discharged consecutively from a male ward m the Edmburgh ﬁ;}a
Infirmary -nd alternate patients recened ethiyl estradtol according
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who died from carcinoma of the prostate after receiving large doses of
estrogens showed less coronary atherosclerosis than a comparable control
group (28) However 1t1s not yet known whether correction of hyper
cholesterolemia 1n man results mn regression of atherosclerotic lesions
not 15 1t known whether mhibition of atherogenesis can mmprove the
prognosis once the typrcal features of atherosclerosis have developed
This observttion that estrogens did not infiuence morbidity and mortal
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Fig 10 he effect of the long term admsmistration of ethiny] estradiol on the
Plasma cholesterol and /P ratio

ity despite continued reduction of hypercholesterolerma and the C/P
ratio s disappomting  although 1t may be mmportant if confirmed It
might be argued that estrogens have worsened the prognosts through
some achion other than on cholesterol metabolism and that these results
do not invaldate the hypothesis that 1t 1s desirable to induce hyper
cholesteroleria  The study here reported 1s small and must continue for
at least 5 years before anv defintte conclusions can be drawn
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and weight were secorded nd ~ specimen ws taken for plasma Iipid
analysis and 1t every 1lternate visit an electrocardiogram was recorded

The first 234 years of this study have now been completed it 13
elear from Fig 10 that ethiny! estradiol reduced the plasma cholesterol
throughout this period The greater effect on the C/P rato emphasizes
that estrogens cause elevation of the phospholipids as well as depression
of the phsma cholesterol Duning these 24 years the wmajortty of the
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men recened 200 ug of ethinyl estradio] each day but 1t ws necessary
after a period of 9 months to increise this dose to 300 pg 1 5 of the
men 1 order to muntan depression of the plasma cholestercl The de
tails of mortality and morbicity m these 100 men dunng this 25 year
study are shown in Tables II and III It 1s apparent that so far t};‘ere x;
no sigmficant difference between the two groups mn respect either of
mortahty or morbihty .

In addition to the verj considerable expenmental evidence bt:a
estrogens may cause regression of atheromatous lesions 1t hasf en
ted that such reg may also pceur m man eutopsies of men

uge
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basal metabolic rate Thus at present these analogs are unsuitable for
the of hyperchol olermia 1n man

Most estrogens cause d of hyperchol 2t in man but
sigmficant depression 1s frequently associated with femimzation So
far 1t has not been possible to d the chol 1 lowering action
o gens from this f g action and thus estrogens are not
suttable for the routme treat of hypercholesterolemia in man Al
though gens produced constant dep of hyperchol 1
and the C/P ratio 1n 50 men dunng a 234 year penod there was no
sigmficant improvement in morbidity or mortality from coronary disease
when contrasted with & comparable control group

As vet there 15 no evidence that reduction of hypercholesterolemia
1n man 15 assoctated with inlubition or reg of the ath lerotic
Process It 15 therefore essential to assess any potentually satisfactory
therapeutic regime w terms of morbidity and mortality rather than
nats ability to lower plasma cholesterol levels
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TABLE II
CoMPLETED 2 YEAR STUDY OF 50 MEN Recetving ETHiNvL EstrapioL anp 50 Men
Recemvine INerT TABLETS

Estrogen Control
group group
{number of (number of
patients) patients)
Morbsdity
Myocardial nfarct 5 5
Acute msufficency 2 2
(prolonged pam  ECG negatie)
Cerebrovascular mcident 3 1
Pulmonary infarct
Thrombophlebitis 5 1
Mortality
Myocardial infarct or sudden death 8 8
Dissecting aneurysm 1 0
Bronclual carcinoma 0 1
Discontinued
Long term anticoagulants 1 2
Breast abscess 1 0
Uncooperative 1 1

‘TABLE III
Tue DISTRIBUTION OF SECOND MYOCARDIAL INFARCTS IN RELATION TO THE ADMINIS
TRATION OF ESTROGEN AND INERT TABLETS

Tume after starting Nonfatal Fatal

estrogen or nert Estrogen Control Estrogen Control
tablets (months) group group eroup roup

03 0 1 B 1

3-8 1 0 1 0o

6-9 0 2 0 1

9-12 0 1 P 1

12-18 3 o 1 o

18-24 1 b M ps

24-30 0 o P 0

SuMMARY

Although various thyroid analogs produced depression of hyper
cholesterolerma without apparently elevating the basal metabolic rate
this cholesterol lowerng action could not long be mamtamed without
mcreasing the dose of the analog up to a level which elevated metabolic
requiements  Moreover the admumstration of these analogs was as

ocrated with an of effort angma and there 1s
expermental evidence that they can increase selectvely the myocardzal
otygen requirements without elevating the gross measurement of the
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duction In serum cholesterol levels without mcrease sn the BMR has often been
credited with stimulating interest in the possble development of thyroid analogs
which would be hypocholesterolemic In euthyroid subjects in doses which would not
increase the BMR I would like to set the record straight and pomt out that the
late Dr John P Peters many years ago indicated that the admimstration of small
doses of desiccated thyroud to patents with myxedema occasionally lowered the
serum cholesterol level without changing the BMR  So much for that pomt

The second point I would like to make 15 that in some of the patients recriving
triac Dr Olwver stated that the fall 1n serum cholesterol was not associated with any
change 1n the BMR In one subject at least at the 4 mg per day dose level there
was a fall 1n body welght This seems to me just another evidence of the crudeness
of our technique for measuning the BMR

The third point T would hike to speak about pertams to the mcrease 1 alpha
Iipoprotein cholesterol We have been interested n the hipid and Iipoprotemn effects
of thyroidal agents in cuthyroid subjects and 1n patients with thyrod dysfunction
In euthyroid subjects who are normocholesterolemic to begm with we have not
seen an increase wm the alpha lipop after trac trat d erther

f methods or by d 1 prep 1 fi followed
by cholesterol and phospholipid analyses of the thus separated fractions  Would
3ou descnbe your method for lipoproten determination® Is 1t a paper chromato-
graphic methad? Are you talking about the per cent of stamable bpds found 1 the
alpha fraction or 15 there an actual increase in alpha hpoprotem as determned
say by elution?

OLvER  We use a filter paper electroph methad wath elution
of cholesterol off the paper and 1its determmnation 1 milligrams per cent We have
19 expenence of admumstration of these analogs to normocholesterolemic subjects
The lack of nise of alpha lipoprotem cholesterol mght be a dose effect since we did
n0t observe such elevation wath large doses of these analogs

WALKer  Was the extent of gynecomastta much the same in all subjects?

Ouver It was mu h the same in all subjects and appeared fully developed
alter about 6 months but 1t was not like the gynecomastia you see i the Bantu
There 15 far less profuse enlargement of breast tisue m companson with your
patients

STaMLER  Is it possible that the development of angma w patients on trac
without an increase 1n BMR might also be due to the stmulating effect of thyrod
Preparations on adrenal medullary secretion with a resultant ncrease in cardiac
metabolism and therefore m cardiac oxygen requirements?

Ourver  This 1s certainly possible

Bovie I hate to get back to the clncal aspects of these studies with estro-
8n but I have had different exp with thromboembolic ph and
mortality from cards lar thrombosis or h hage than n your patents I
Teported 1n 1954 at the Amencan Society for the Study of Artenasclerosis on a
2year study on large doses of estrogen m hypercholesterolemic postcoronary in
farction patients and now we have not a large group but a small group that have
£one 1nto the sixth year of follow up and those mdwaduals are on 1 mg_or more of
ethinyl estradiol and have had no such thrombohe comphcations I might add that
10 this Yugher dose response range there are tremendous blood changes as much
85 25% drop in the vohume of packed red cells a 3-fold decrease 1n plasma or whole
blood viscosity and also a sight prolongation of the separate tube clottng method
'™ titro that might evplain the difference 1 our mortality figures There 15 another
more pronounced hematological change other than en the plasma Lipids that occurs
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Duscusston

Borte I have two questions One in your thyroid evpenments where on
4 mg of tnac yon had s farly marked increase in alpha bipoprotesn cholesterol and
a marked decrease in beta lipop hol I without 2 alteration
1n the chol 1 phospholipid ratto these lipop changes are qualitative ones
and the difference in these shifts i alpha beta cholesterol that you see with estrogen
m which the cholesterol phospholipid ratio does change to a lower value would
suggest thyroid produces a different type qualitatively from estrogen And secondly
on the 200 gamma dose of ethinyl estradio] did you notice any propounced hemo
diluon or blood volume changes with decrease i hematoent red cell counts
and hemoglobmn and decrease m blood viscosity? Please describe the hematologicat
changes associated with this 200-gamma dose as opposed to the 1 mg dose

OLnEer  There was more consistent and marked depression of the C/P raho
with estrogen than with thyroid analog admmstrabon this 15 probably partly due
to the phospholipid elevating action of estrogens There was no change 1
hematocnt at a dose level of 200 pg of ethinyl estradiol but at the 1 mg dose level
there was evidence of hemodilution this became apparent at a dose of about 400 ug

Eper 1 should hke to present some of our data with tnac On 2 dosage '3‘
2 mg per day there were no sigmficant reductions i total serum cholesterol an
there were no conssstent changes 1 ovygen consumption On 4 mg per day the mean
decrease t serum cholesterol in our group was 16% and we found consistent eleva
t10n 1 Oxygen consemption of about 10% There were however oceasional patients
mn whom serum cholesterol did decreas. but mn whom increases m ovygen €os~
umption did not oecur
* m\PVe would conclude that our experience was somewhat different from that of
Drs Olver and Boyd m that basal oxygen consumption did increase more con

entl
sm(‘)’u{zn It may be the case that elevation 1 BMR (basal metabolic rate}
will be observed more readily if the mnttial dose 1s fauly high Starting at 3 mgf
and increasing faly queckly up to 5 or 8 mg may be associated with :iemuon :‘
the BMR at a dose level of 4 or § mg  but with 2 gradual build wp elevation

15 not 50 apparent

the I‘FU);::‘;A:‘ The (ﬁﬁelvahon of Lerman and Pitt Bners ated by I ho'n;vs" Xi:
which the exhibrtion of small doses of tnac to hypothyrord subjects resnlted in
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was that they had in therr pulmonary artemes atheroma m no way different n
degree according to the patholomst than that which might have been seen mn
patients with mtral valvular dise1se in whom hypothyzerdism had not been mduced
We concluded that hypothyroidism in man with its attendant hypercholesterolemua
did not of necessity result in coronary atherosclerosts

Atz 1 would Iie to mike a comment on the develapment of angina pectons
and I am glad that 1 follow Dr Frecdberg bectuse 1 think that the problem of the
angina 15 different from the problem of myocardial mfurction and atherosclerosis
Yam not gong to deal with the latter two

In some 1mmal work done with a special preparation we have found that m
the dog a good index of the oxygen consumption of the myocardium 1s the product
of heart rate and mean blood pressure—measured plammetrically (but I imagine
that the anthmetic average of systolic and diastolic blood pressures would do) 1
put it to you that this product might be a useful index of cardiac oxygen consump
tion in man and probably as good as the data by coronary smus cathetenzation that
has become so popular Now since blood pressure docs not change much ordinanty
mman heart rate alone i your patients on thyraid and thyroid extracts might give
you an idea of the rate of orygen consumption per umt of time Further since
coronary flow 1s lumited under conditions of coronary artery disease coronary flow
might not Leep pace and coronary insufficiency and angina mught result

In the second place basal metabolism does not gve a good 1dea of the otygen
cost of the daily actity of these people Hyperthyroxd people are hyperdynamic
so that the 24 hour-day caloric value could be hiher even though the basal
metabolism did not change

T have a question directed to Dr Bovle about hus comments I would hle to
have 1n the record how many patients he studied how well they were matched not
Just the vague statement that he has studied a small group that he has followed for
many years It seems to me that we arc now i a penod where several groups are
domng elaborate studies The details of how such studies are done are important 1
evaluating the conclusions of the authors

Bovie I have done no age matching controls 1 this series It 15 difficult as
you know to get patients to take fermnizing doses of estrogen for prolonged perods
of tme and I have currently 5 patients that I have followed since the latter part of
1922 and who are still on estragen I lost a large percentage of the group of about
40 patients when I left Bethesda and moved to South Carolna and the others that
Lleft up there have discontinued the drug 1 have resumed another senes which 1s
Tow an 18-24 month senies m Charleston so that this ferruption 15 making 1t a
bttle dfcult to evaluate the number of patients totally treated wath estrogens
chromelly but 1t is a httle over 100 The length of time varies anywhere from 3
months up to as much as 6 years 1 have 2 hvperhpernic patients that have been
on this drug one for 6 years and one for 4 yoars one of which is diabetic tus
diabetes and hyperlipemia are completely normal as long as be 13 on this large dose
of estrogen 1 am basing my decreased maidence of deaths from cardiovascular
thrombosis on what my friends from the Metropolitan Lafe Insurance Company
tell me 15 the Lfe expectancy of a patient who 15 treated post myocardial mfarction
1 think you were 1 attendance at the ASS A meeting 10 1954 and I do not have
with me the statistical data you want now and you should have seen then

Ouver  Dr Boyles group 1s not really comparable with ours and 1t mught be
SIMoneoys to contrast the results It is probably wiser to control this type of mor
budity and mortality study by a comparable gronp than by the known expectancy of
Ufe followmng a myocardial ‘infarct The prognosis followmg myocardial infarction
 too unpredictable for use as a control
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with the Ingher dose These plethoric male coronary patients while on estrogen wall
have a sumilar blood pattern hematologucally to that of a young menstruating female

Rosenvian 1 would Iike to ask Dr Oliver if there were any findings of interest
at the bme of autopsy of those treated pattents wha died and sccondly 3f the cause
of death 1 these pattents was coronary thrombosis

Ouver  There were 8 deaths in the estrogen treated group and we hawe
had 3 autopsies As you know this disease often ends with sudden death at home
or when the pater? is at work and I think we were fortunate to have even 3
autopsies out of 8 deaths I would not Like to mahe 1ny comment at all about
autepsy findings 1n 50 few cases

Manvorston I wonder of Dr Olwer would clanfy agam whether 1t 15 correct
that all of these mep recewved 200 gamma of ethinyl estradiol throughout the entire
penied of the expenment VWhat was the age of these men and how were they
selected for Were they J d? I beheve that Dr Olner intends
to continue to treat these same men for a long pertod of time 15 this correct?

Orven  Of the 50 men 45 have recerved 200 g of ethiny] estradtal through
out but in the remaining 5 men 1t was necessary to increase the daily dose to 300 ug
1n order to maintain the Iiprd depression thus the mnponty recenved 200 pg daly
The age of both groups was comparable and ranged between 35 and 60 years
Alternate patients received ethmyl estradiol and inert tablets After exclusion of
hyp obese myxed, and diabetic patients 100 consecutive pahents
were chosen for the study We wall continue this study for at Jeast 5 years

Freeopere 1 would Like to sk Dr Obver a question and then male 2 comment
First was there any difference 1 the development of angma m the two groups®

Ouwver No

Fi What p ge developed angmna®

Ouver  The assessment of angina m these men was rather dufficult in so far
as both groups bad less angma when they started treatment Thereafter most men
n both groups had angina sometyme duning the 23 years but there was no sign
cant difference between the two groups

Freepserc  The comment 1 would ke to make 15 with reference to the expent
ence which we have had 1 which we have induced hypothyroidism over the past
25 years 1 over 200 patients with Severe intractable angma pectonts due to coronary
artery disease  Ongmally this was accamplhshed by surgrcal total thyrowdectomy and
i the past 12 years with 1131 These patients are mantamed at hypothyrord Jevels
with 2 BMR of —320 to —25% with daly doses of desiccated thyrod of 15 to
20 mg The PBI levels are very low the serum cholesterol levels are hugh and the
§ hpoproten levels are high ~Many contmue to have muld symptoms of hypo-
thyrodism  In the patients with angina pectons due to coronary astery disease
pathologysts cannot tell us whether these individuals have more coropaty artesy
disease of Jess than contro} pattents There Is a group of these hypothyro:d patients
that we have 1 whom coronary artery disease was not expected these are prtients
with mutral or ather valvular dissase wha have angina pectons and congesthve
fulure In 10 of these patients who have died 1 to 13 years (average 7 years) after
the mJuction of hypothyrowdism careful p have been made
These patients were 35 to 65 years of age 6 were male and 4 female In th;
patients examined at the Beth Israel Hospital, the coromary artenes were srud:e)
with the wjection dissection techmque of Dr Monroe Schlesinger Therr cercgr.x
artenes the aortae the pempheral artemies as well as the coronanes showed 2
semarkable freedom from atheroma They showed an absence of intercoronary
artenal collateral circulation The iteresting thing about some of these patients
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Intenm Report on Clinical Experiences with Long Term
Estrogen Administration to Middle Aged Men
with Coronary Heart Disease

J Stamuer! R Pick, L N Ratz A Pick, axp B M Karran

Cardiorascular Department Medical Research Institute Michael Reese Hospital
Chicago Hlinots

I shall first summanze very brefly the background of scientific find
1gs which led us to undertake a long term study on the possible thera
peutic efficacy of estrogens 1n the treatment of human coronary disease
Dr Ruth Pick has already presented the basic epidemiologie and clinteal
facts on the marked 1nsusceptibility of middle aged women to coronary
disease—facts which inevitably led to the hypothests that estrogenic
secretion may be a hey factor protecting the female sex She has also
reviewed our experimental findings demonstrating that estrogens both
prophylactically nhibit and therap lly reverse ath lerotic
plaques m the coronary vessels of chickens fed a hgh fat, high choles
terol diet When this study was imtiated late 1 1952 data were avail
able from other lat 1es d ing a sex diff m serum

hol 1 Lipid Lipop levels and d rating that gens con
vert male cholesterol lipid lipoprotemn patterns into female patterns (1
2 12) As this conference has already heard these observations have
been extensiely confirmed and elaborated In the mtervening years
dd, 1 chnical h has yielded derable further evidence m
dicating that estrogens may protect human beings from coronary disease
(3 8 11 18)—evidence that has been reviewed 1n detail elsewhere (6
18) None of these studies attempted to determme whether estrogens
are effective 1n the treatment of coronary disease

Tt was deemed essential to attempt such an evaluation—focusing not
on estrogen effects on plasma Lpids ipoprotems but on the critical
Queston Will estrogen therapy reduce the recurrence rate of myocardial
infarction and prolong the life span m patients with chmeal coronary
heart disease? This then has been a study—by necessity a long term
mestigation—of the therapy or (if you wall) of the secondary prophy
laus of coronary disease with estrogens

With this as background let us now proceed to our study proper 1ts
detailed objectives problems and findings to date At the onset let us

—_—
* Establushed Investigator American Heart Association 1952-1958 As of Apnl 1
1958 Duector Heart Disease Control Program Chicago Board of Health
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BoyrLe I agree that the number in my senes 1s much too small for this inter
pretation 1n contrast to a large group However I think that another area m which
these two studies should be correlated is the dose response As far as the clincal
symptoms of gynecomastia and other side effects are concerned we see swmar
effects but they are more rapid with the larger dose but m no degree more severe
It tales a longer pertod of time on a smaller dose but this big problem with
hematological changes 1 an entirely different dose response and I think i the
long run will make a farly sizable difference in what happens to these ndiiduals
Tthink side effects of estrogen on hematologieal charactenstics blood viscosity and
congulation are as important as lipid effect in thrombosis

Aprensprre 1 would just ike to ask a brief question  What s your defintion
of hypercholesterolerma® In some of your shdes I noticed cholesterol levels of
250 mg% or so In view of our recent studies we became very conservative m
using the term hypercholesterolemia because of the change in cholesterol levels and
other hipid levels eg phospholiptds with age and sex We decided to use the
upper 5% levels of a given age and sex group for definmg hypercholesterolemia

Ouner  Thank you Dr Adlersberg for bunging up that pont In Bntam
we believe that the plasma cholesterol level 1s a httle lower than mn the United States
Following the study some years ago of 250 healthy subjects from 25 to 75 years
we concluded that the range for our laboratory 1n Edinburgh was between 160 and
220 mg % Since there was no significant nse with mereasing age we have defined
hypercholesterolemia as greater than 250 mg % This figure represents the addition
of two standard deviations to the mean of this healthy group

Aprersseré  Using what techmque?

Otver  The Sperry and Webb mod; of the Sperry Schoenh tech
mque
Stamier I would just hke to add a word to this I think one of the most
umportant problems we face 1s the problem of the evaluation of normaley If one
takes the approach of examming chmecally healthy Americans one mvarbly finds
a mean serum cholesterol level of 1bout 240 mg ¢ mn mddle aged males with
about 20 to 257 of subjects having values above 270 mg% If one defines as
normal people who are clnrcally free of disease and as normal biochemical levels
the values found 1n such persons  then 1pso facto these are normal values If one goes
beyond such a single measurement and takes into consideration the emerging data
on the correlation between level of chol 1 and nsk of d dial
mfarction (from the findings of the Cooperative Lipoprotein Study the Frammng
ham Heart Study and other epidemologic studies) one must conclude that the
upper Iimits of normal for serum cholesterol should be set at 225 or 2%0 or even
200 mg9 This latter approack duces a time d mto of
standards of normaley It poses the problem of the prognostic or nsh sigmficance
of given chol 1 levels It i the d What 15 an optimal serum
cholesterol level for optimal freedom from atherosclerotic disease over an optimal
Ufe span?

Apversserc 1 would Like to say that one cannot compare as 2 whole the popu
Iation 1n Edinburgh wath that 1n New York City Chicago or Johamnesburg 1n regard
to circulating normal” hipids  Ope has to establish normal values for a specific

Tati up lving under the prevailing chmatic social economic and nutn
population group g P g that
tional conditions whether ethnic factors play a part nobody knows I beheve
for purposes of determining what 15 normal and abnormal 1n hpid Ievels! onlc c;r;fr:!
sumply refer to 2 population group studied by somebody else under completely du

ent condstions
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This selection of mortality as an end pomt in the evaluation of
therapy for coronary heart diserse was a cnitically 1mportant decision
Of course we have been following a multiphicity of other phenomena
m the treated and placebo pat hest pun  elect drograpt
patterns serum cholesterol ipid hpoprotein levels patterns of employ
ment work physical actty familial relationships  psychological ad
Justment ete  For theripeutic evaluation however the decisive crtical
end pomt was set as the cffect of estrogen on survnal rate Recurrence
rate of nonfatal myocardial infarction was designated a second auulary
end pomnt It was further decided to evaluate the death rates from all
causes from cardiovascular renal diseases and from recurrent myo-
cardial infarction

Another problem was that of estrogen dosage In essence a decision
had to be made between two alternatives—to study the effects of low
dosage or high dosage estrogen therapy ‘The latter was elected The
cbjective was therefore set of gving 1 high enough dosage of hormone
to obtan typical estrogen effects on serum hpd hpoprotemn patterns and
secondary sex charactenistics

The ongmnal design provided that all patients should be men under
50 with a single proved myocardial mfarction within the precedmng
12 month penod uncomplicated by hypertension other heart or systerme
disease eg diabetes hepatic thyroid or renal disease These provisos
soon proved to be quite unrealistic  There was a pauaity of such “pure”
cases In additton another problem arose Patients were bemng obtaned
by referral from the medical staff of the Michael Reese Hospital Many
of these patients did not meet the aforementioned ngid eritena  Some
had had more than one infarct a few were cases of chronic coronary
msuﬁicxmcy with or without angmna pectons others had expenenced
ther myocardial infarction more than a year previously some had
duabetes or hypertension Since 1t was essential both to bwld up an ade
quate case series and to maimntun rapport with the physicians at the
Michael Reese Hosprtal 1t was decided to accept these “complicated”
Patients and to randomize them separate and apart from the “pure”
cases The study therefore mnvolves Seres” (“pure ) and “Off senes”
("mmphca!ed") patients with both Series and Off series divided 1into
placebo and treated groups—ie four groups m all However patients
with congestve heart failure persisting after recovery from the acute
attack were excluded fram the study The total case load of 276 patients
was ulnmately achieved only through the splendid cooperation of the
Departments of Medicie of several Veterans Administration Hospitals

mn the Chicago area and throughout the Midwest (see Acknowledg
Tents )
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emphasize that this 15 an mtenm report 1t 15 not possible at this junc
ture to give a definiive answer as to whether estrogens are or are not
efficacious m the treatment of coronary disease

Two broad objectives were set i launching this study late 1n 1952
(1) to evaluate estrogen therapy (2) since 1t was imperative to have a
control (placebo) group to utihze the control group to extend under
standing of the natural history of coronary disease At the onset certam
major questions of design presented themselves As the study evolved
additional problems of design arose  Our mtial decistons were to evalu
te estrogen therapy in middle aged males (under age 50) with cluucal
coronary heart disease 1€ with defimte myocardal infarction® Our 1n
ttral design invols ed three groups a placebo group an estrogen group and
an estrogen androgen group Dunng the first year of the study (1933}
the estrogen androgen group was abandoned for several reasons This
combmnation mn the mitial dosage utihzed (125 mg of mixed conjugated
equine estrogens plus 100 mg of methyltestosterone orally) was found
to have estrogenrc effects on the secondary sex charactenistics Thus
femlmzmg effects were not avorded Further the estrogen androgen
combination yielded androgenic effects on the serum liptds hpoproteins
whereas the objective was to comvert the male mnto the female pattern
In addition we became increasingly concerned with the possible hepato
tovic effects of long term androgen admmstration Fnally 1t soon
became clear that 1t was no simple matter to acquire the prerequsite
number of patients for two groups let alone for three groups For all
these reasons the estrogen androgen group was put on estrogens only
As the data are presented the consequence of this will be apparent m
that the estrogen group 1s somewhat larger than the placebo group In
all other respects, patients senally entering the study were randomly
assigned to the two groups on a double blind basis

From the beginnmng a defintte minimum therapeutic objective was
set It was agreed that estrogen treatment with dosages producing
feminizing side effects would not be justified m coronary disease unless
a well controlled study demonstrated that the mortality rate 1 the
estrogen group was at least one half or preferably one third of that m
the control group OF course this mortality experience—m order to
be meanmgful 1 a disease with a natural history such as coronary
disease—had to be accrued over a several year period And of course
this medically significant result (xf 1t were obtamed) also had to be
statistically i with tolerabl fid Limts
"7 Ultumat lacebo and treated groups each contuned a few cases of
ceg:nalx”ymh:;ﬁyd:s}:;sg ncmmfestmg atself nfr .-mpgma pectons or chrome coronaty
snsufficiency wathout proved wfarction
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Two other cardinal problems in such a long term study are evaluat
g adherence to the drug and evaluating lost patients (patients who
drop out of the study) With respect to adherence two objective en
tena were fortunately utthzable—devclopment 1 patients on high
dosage gens of g ta and of f hol 1 Lipnd
lipoprotemn patterns particularly a fall 1n cholesterol /phospholipid
(C/P) ratio and a mse mn alpha bpoprotems These objective enitera
permitted an evaluation of adherence to the drug regimen by individual
patents and n effective challenge to “cheaters” protesting therr mno
cence The statistical handling of lost patients 1s discussed below m
the course of presenting the data to date With this mformation on
design as background the data as of March 1938 follow

In accord with the expenence of many other nvestigators studying
middle aged males with coronary heirt disease our patients as a group
exhibited control pretreatment levels of serum cholesterol and beta
lpoprotems that were lugh compared with those for age matched
Amencan males free of clincal coronary disease (Figs 1 and 2) The
differences are more gross when the companison 15 made with Central
Americans Bantu or Navioes (47 10 13-15 17) A discussion of
the theoretical sigmficance of these findings 1s beyond the scope of this
paper (¢f 6 14 15)

The pretreatment values of the four basic groups for serum total cho-
lesterol phospholypid C/P ratio and lipoproteins are summarized in
Figs 3 and 4 Note the similanty of the findings on the four groups
They are mndeed lghly comparable with respect to these parameters
Other control data bearng upon this problem of matching of paired
grgups treated and placebo are presented mn subsequent figures and
tables

At this juncture before proceeding to the effects of estrogen therapy
2 word may be m order concermng an ntniguing theoretical problem
posed by the lated chol 1 Iipop data Among the
placebo patients on whom multiple cholesterol hpoprotein determma
tions have been accomphshed at mtervals over several years a few con
sistently exhubst alpha lLipoprotein concentrations well over 200 mg %
te they have alpha lipoprotein levels 1n the female ringe considerably
higher than those of most males { patents #% 11 7631 117652 11 7638
12223 117676 Table I—cf Figs 2 and 4) These alpha hpoprotems
n placebo patients are 1 the range observed 1n the men on large dosage
estrogen therapy It has been implied that such “female lpoprotem
Patterns are “good” in terms of protection agaimnst coronary disease
Yet these men have suffered a myocardial mfarction prior fo age 50
With respect to cholesterol levels a few placebo patients consistently
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A major concern was to do everything concetvable to assure maxi
mum matching and comparabihity of the paired groups The distmction
between Series ind Off senies and the randomized assignment of patients
to a group on 2 double blind basis aumed to achieve this purpose Ex
tensive auxthary data medical and sociological were collected on each
patient and analyzed on a group basis to assess comparability of the
groups and possible sources of bias Information was obtamed on race
nationihity religion occupation herght and weight therapeatic reg:
men, mcluding diet and anticoagulant therapy both of which we at
tempted (with success) to hold to 2 mmumum m these patients De
termmations were also made of pretreatment serum cholesterol phospho
hpid, and hipoprotemn levels In addiion an assessment was made of
the nature of the acute episode of myocardial infarction Based on ab
sence or presence of complications during the mitial 4 to 6 weeks follow
g onset of the attack patients were classified mto good or poor nsk
1e patients whose acute infarction was uncomplicated by shock friction
rub arrhythmia congestive heart fallure extenston of the mnfarct or
other major complications were classified as good risk patients Those
with comphications were classified as poor rsk Al patients with more
than one nfarction were also classified poor risk  Inadeq nforma
tion was available concerning the acute episode m a few patients those
were designated unknown rish  Clear cut data are now available dem
onstrating that long term prognoss 1s relted to occurrence of complica
tions during the acute attack Based on these multiple enitena repeated
nalyses of paed groups and subgroups have generally revealed them
to be closely matched and highly comparable (see subsequent figures)

The following other procedures were adopted at the outset a patrent
with an acute myocardial infarction would not be accepted for estrogen
therapy until at least 2 months after onset of the attack—re a post
mfarction treatment and convalescent period of at least 2 months
Tmally m order to allow 1 time period for the effects of hormonal
therapy to become operative the d was mad d requir
ing re evaluation for reasons the data will clarify—that any episode
occurring during the first 2 months of treatment would not be counted
as a statistically meamngful event Smce this deciston had been made
for the estrogen treated group, 1t obviously had to be apphed to the

lacebo group Hence bised on this mmttal decision no patient was
scheduled to become a statistical member of the study—so to speak—
until 1t least 4 months after onset of hus acute attack However the
occurrence of certam unforeseen events durmg the mtial 2 months of
lugh dosage hormone admimstration made 1t essential to evaluate this
pertod carefully (sce below)
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Two other cardinal problems 1n such a long term study are evaluat
mg adherence to the dmg and evaluating lost patients (patents who
drop out of the study) With respect to adherence two objectine cnt
teria were fortunately utillizable—deselopment 1 patients on high
dosage gens of gy i and of f hol 1 hpad
bpoprotein patterns particularly a fall 1 cholesterol/phospholipid
{C/P) ratio and a nse 1 alpha hpoprotemns  These objective entena
permitted an evaluation of adh to the drug reg by individual
patients and an effective challenge to “ct N ¢ thewr mno
cence The statistical handling of lost patients 1s discussed below 1n
the course of presenting the data to date With this mformation on
design as background the data as of March, 1933 follow

In accord with the expenence of many other mvestigators studymng
middle aged males with coronary heart disease our patients as a group
edubited control, pretreatment levels of serum cholesterol and beta
lpoproteins that were high compared with those for age matched
Amenican males free of cliuical coronary disease (Figs 1 and 2) The
differences are more gross when the companson 15 made with Central
Amencans Bantu or Navajos (4-7 10 13-15 17) A discussion of
the theoretical significance of these findings 15 beyond the scope of this
paper (of 6 14 15)

The pretreatment values of the four basic groups for serum total cho-
lesterol  phospholipid C/P ratio and lipoprotems are summanzed m
Figs 3 and 4 Note the similarity of the findings on the four groups
They are indeed aghly comparable with respect to these parameters
Other control data bearing upon this problem of matchmg of pared
gr‘t:;xps treated and placebo are presented in subsequent figures and
tables

At thus Juncture before proceeding to the effects of estrogen therapy
2 word may be m order concerming an mtrguing theoretical problem
posed by the lated chol 1 hipop data  Among the
placebo patients on whom multtple cholesterol hpoprotein determina
tions have been accomplished at mtervals over several years a few con
sistently exmbit alpha hpoprotem concentrations well over 200 mg %
1e they have alpha hpoprotemn levels in the female range considerably
higher than those of most males (patients % 117631 11 7652 11 7688
12222 117676 Table T—cf Figs 2 and 4) These alpha hpoprotemns
1 placebo patients are m the range observed 1n the men on large dosage
estrogen therapy It has been mmpled that such “female” hpoproten
patterns are “good” 1n terms of protection agamst coronary disease
Yet these men have suffered a myocardial mfarction prior to age 50
With respect to cholesterol levels a few placebo patients consistently

e Ty
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exhubit serum cholesterol levels under 200 mg % (patients ## 11 7676
12158 12 200 12210 Table J—cf Figs 1 and 3) Patent # 117676
has umformly had both a low serum cholesterol and a lngh lpha Iipo
protem level These are exceptions to the general rule that chmcal
coronary disease 1n men under 50 15 associated with hypercholesterol
emia It should be emphasized that these “exceptions to the rule are
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Fic 1 Serum lipids in rmddle aged normal males and males with coronary
heart disease For sources of data on normal Central Amencans South Afncan
Bante Navajo Indians and Bostonians see refs 4 5 7 10 13 17‘ We atedm
debted to these authors and therr pubhshers for p to rep the ;:a
m this and the following figure In this and subsequent figures the numbers at de
top of the bars are the actual values where more than one vanable 15 plot!;
separate scales are used for each vanable (an this case each set of 3 bars) n order
to facilitate chartmg

few and far between Yet here they are What about these patlent]s"
1 present them as fascmating theoretical problems A detalled metabolic
and general medreal workup of 3 of these patients failed to uncover sn\;
abnormalities that would help to account for therr having a myocardia
infarction prior to age 50 despite low serum cholesterol levels i
Now to the matter of estrogen dosage At first a smgle oral daily
tablet of 125 mg of mixed conjugated equine estrogens (Premarn)

was given The control group of course recerv ed a daily placebo tablet
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TABLE 1
Seruat COLESTEROL AND ALPHA LiroPROTEIN DATA 1N PrAceso Pamnts Cow
sisTENTLY Exauisering Hicst ALpiia Lirorrotery LEVELS OR
Low CrotesTEROL LEVELS

Number of Serum Numberof  Alpha

Patient cholesteral cholesterol [oF 4 lipoproteln  Iipoprotein
number determinations (mg§ ) Ratio determmations  {mg %)

117631 16 265+ 338 090=010 7 25277
117652 17 219+ 34 090011 7 210 = 81
117688 n 250 = 43 080011 3 254+ 81
12222 4 U717 093 =00l 2 23+ 4

117676 14 198+ 18 086009 6 U TT
12-158 18 17924 086012 6 135 = 50
12-200 1 199+ 15 088010 5 140 = 50
12 210 11 192 x 68 0932030 5 140 == 30

® Standard deviation of the mean

throughout  As already 1nd d our objective was to f clmx
cally and to induce typieal g effects on chol hosphol

C/P ratio and ~lpha Lipoproteins No such changes were ‘obtamed with
the lower dosages 125 and 25 mg /patient/day (Fig 5) They did
occur n a lugh percentage but not in all patents given 4 mg of
Premann per day The mitial and mamtenance dosage was therefore
m June 1954 set at 10 mg  All patients previously on lower dosage were
put on 10 mg At that tme  Patients entening the study from June 1954

W HORMAL NAVAJD INDIANS
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Fic 2 Serum lipoproteins in middle aged normal and coronary heart disease males
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on were started on a dosage of 10 mg when assigned to the treated
groups This aspect of the evaluation of the study design 1s emphasized
for reasons that will be apparent later

In agreement with the findings of Drs Olwver and Boyd (9) 1t has
been our expenience that the earher patients whose dosage was mcreased
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stepwise and the later patients whose dosage was 10 mg from the outset
sumlarly attained tvpical feminine patterns of C/P ratio and alpha lipo
proten With Premanm d red 1 serum chol 1 levels
was not consistently observed Some patients mamfested a fall 1n
cholestero]l others did not with the higher dosage levels of Premarin
Phospholipids umformly rose and tended to remain at higher levels
with consequent lowering of the C/P ratic  Alpha lipoprotemn levels
rose marhedly and p d at f levels throughout months and
years of estrogen Admimstration (Figs 5-7 Table 11} Alpha lpo
protern proved to be the most sensitive index of estrogen effect The
data on repeat lipoproten levels at 6 month mtervals do not wdicate

w. CONTROL

3% B L2S MG/DAY
2 B 25 MG/DAY
0 K 40 MG/OAY
38 R 10 ME/ORY

.
- 250 238 284 }; o 22

m Z 22 oso o,

P Z Z o8 o %
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8 1 1 8
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Fic 5 Effects of vanious estrogen dosages on serum pids and hipoprotemns
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Fic 6 Senal effects of estrogens (100 mg/day) on serum Lpide—senes
Patients
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any tend, for the deselop of tolerance or adiptation to the
hormone

Now to the datr on sunnal The findings on patients entering the
study before June 1951 are presented n Table 111 Altogether there
were 93 such patients 37 plicebo and 56 treated the Itter all receivmg
hormone At an 1mtinl dosage level less than 10 mg The data are pre
sented for several matched paurs of subgroups Smce the total number
of patients 15 small these subgroups have been poaled together mte

= conTROL
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Fic 7 Senal effects of estrogens (100 mg/day) on serum hpoprotems—
Senes patients

the two mam groups placebo and estrogen trented The datt on com
parability of these two groups wre presented mn Table IV They we
sumlar in age heyght weight and per cent of cases with more than one
nfaret prior ta anset of the study They are closely matched with re
spect to duration since the first infarct (643 and 638 months respec
tnely) and duration under study (538 and 549 months respec
tvely) The estrogen treated group has a lower per cent of Of senes
Pattents 2 lower per cent of poor nisk patients and a lower mean serum
chalesterol level—differences which may perhaps gne the estrogen
group a better prognosis As 1s apparent from Table Il the death rate
51 fact lower in the estrogen group and i virtually all estrogen sub
groups compared with therr matched pairs  However these results are
clearly not statistically signsficant at this juncture

A shightly Jarger group of patients—101 m all 40 placebo and 61
estrogen treated—have. been under observation for at least 314 years
The data on comparabilty sumvnal and mortahty are presented m
Fig 8 These two groups are highly comprable—based on every one of
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TABLE III

DeaTit DATA As o MarcH 1 1958-—PATIENTS ENTERING STUDY BEFORE
May 31 1954

Coronary
CVR and un
known? deaths
CVR deaths  after 1st 2
m Ist 2 months
NonCVR  months of (“vabd”
Total deaths deaths treatment deaths)
Group Ne and % and % and % and %
All 93 18(194%) 3( 32%) 1 11%)  M(157%)
Al placebo 37 10(270%)  0( 0 %) 0(0 %)  10(270%)
All estrogen 56 8(143%) 3( 54%) 1( 18%)  A( 77%)
Seres placebo 20 4(2009)  0( 0 %)  0( 0 %)  4(200%)
Series estropen 36 6(167<5) 2( 56%) 1( 28%) 3( 91%)
Series placebo
good nisk 18 4(2225)  0( 0 %) o0 <)  4(232%)
Senies estrogen
good sk 27 3(111%) 2 74%)  0( 0 %) 1 40%)
Sentes placebo
poor sisk 2 o 0 %) o 0 %) ol 0 %) 0( 0 %)
Seres estrogen
poor nisk 5 2(400%) a0 %) 1(200%) 1(250%)
OFff series
placebo 17 6(353%) 0( 0 %)} oo ) 6(353%)
Off series
estrogen 20 2(100%) 1( 507) 0( 0 %) 1 53%)
OF senes
lacebo
ﬁooa nisk 5 0(0%)  00%) 00 0(0%)
Off sertes
estrogen
goodgnsk 11 o0 %) 00 %) 0( 0 %) oo )
Off sertes
lacebo
{im nsk 10 6(600%) O( 0 %) 0{0 <)  6(600%)
Off senies
troge:
poor ek 7 20286%)  L(143%)  0(0 %) 1{167%)
11 good risk
RET m arem oam oom)  AIT4%)
Al good nsk
estragen 58 3(7op)  2(53m) 00 %) 1287)
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TABLE III (conttnued)

Coronary
CVR and un
known? deaths

CVR deaths after 1st 2
m Ist 2 months
Non CVR months of { vahd"
Total deaths deaths treatment deaths)
Group N and © and and % and ¢

All poor nsh

plicebo 12 6(500%%) o0 9) 0 0 %) 6(500%)

All poor nsk

estrogen 12 4(333%) 1( 83%) 1( 83%) 2(200 )

@ N is the number of patients

All CVR (cardiovascular renal) deaths and deaths dunng the first 2 mos of
treatment subtracted from the denommator as well as the numerator for calculation
of per cent vald deaths

All placebo unknown nish — 2 patients no deaths

Al estrogen unknown nsk — 6 patients 1 death

? Here and in subsequent figures deaths due to unknown causes are assumed to be
coronary or cardiovascular renal deaths

TABLE Iv
Basic INFORMATION ON PATIENTS Wio ENTERED TiE STUDY BEFORE MAY 31 1954
Placebo Estrogen
Senics 549 617
OF sertes Pl 367
Risk
Good 629 687
Poor 33% 1%
Uslknown 5% 1y
Number of multiple mfarcts 7 8
Age at first infarct 40 41
Months postinfarct #1 613 638
Months on study 538 549
Serum cholesterol 256 238
C/P rato 090 087
Height 67 mches 68 mches
Veight 1621b 16615
Number of lost patents [ 2
Total number of deaths and (<) 10 (2707 ) 8 (14 3%)
Number of non CVR deaths and (¢ ) 0 3(54 %)

Number of CVR deaths durng first
2 months and () 0 118 ¢)
Number of coronary CVR and
unknown deaths after first
2 months (“valid deaths)
d (9) 10 (270%) 4017 %)
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the several critena utihzed The only differences are n lost patients
and mortality The placebo group expenenced a patient drop out rate
of 15% 1n 8% years the estrogen group 38% * This sizable difference
15 undoubtedly a consequence of the estrogen induced side effects
gynecomastia decrease 1 hbido and potency ¢ In contrast to the vr

o0 o o oF oeATH
PATIENTS DEATHS  RATE
=8 - 69%
€ 7 nsy

90
«0 ° 225%

80 S = All Placeba patients
T e - [ == All Estrogen pat ents

~ = All Estrogen patients
except non C\'/’; deaths

% SURVIVING

s7 3 534
a0 9 228%

S ~ = Al Placebo pat ents.except
S non CVR deaths and
S deathsin| t 2months
—*= All Estrogen patients except
non CVR deaths and
deaths in Ist 2months

80

2 & 1z 18 24 %o 36 4z
MONTHS ON STUDY

T Sara’ %[ Mamen
SIS
BEEGE

T S
[ e R
O

:

Fic 8  Survival dunng first 31 years of study (data as of March 1958) ‘The
data 1n the upper night hand comer are on the 3 groups—reading from above down—
all estrogen patients except non cardiovascular renal deaths (58 patents) all estro-
gen patients (61} all placebo patients (40) As the tabulation at the bottom of the
graph indicates there were no non CVR deaths 1 the placebo patients there were
3 non VR deaths m the estrogen patients Survival curves are plotted based on
all deaths CVR deaths only and CVR deaths after the first 2 months of trestment

tually umversal occurrence of these side effects 1 estrogen treated
patients none of them complaned of toxic effects eg anorewa nausea
vomiting diarrhea malase This freedom from touc effects with large
doses of Premanin 1s different from the expenences with ethinyl estradiol

The findings with respect to patient losses nonfatal recurrences, and

3 Based on tracing 2 hugh per cent of these lost patients no deaths are recorded

among these 6 and 23 cases respectively
4 No fenunizing effects on vorce or on fat distnbution were noted
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deaths for all 276 patients are summarized in Tables V and VI The
mean duration smnce first infarct was 473 and 49 0 months for placebo
and estrogen groups respectively the mean duration under study 359
and 377 months respectively It rate of fatal my dial
wfarction over all death rate and death rate due to coroniry and

oo ae b ™
AT ENTE e maTe
15 e 70%
a7 4 5%
151 3 nex

— — Ali Pla ebo pat ents

g 80 —— AlI E t ogen pat ants
> All Est age_pat ents
2 ex eptnon-CVRdeaths
3 100 Ty

N e T e e st . M2 s 444
> 138 s 6%

—x— All Placebo pat ents except
non CVR deaths and
80 deaths tn st 2 months
—o— All Estrogen patients except
fion VR dekths and "
deaths in st 2 months

e T e T T
= LY [ S i PO gl yehing oiodl [P i Rd 73 gl S
o amlE o [EE Sl &
| Pypoetenen| rbarct |/ reha o gl / ~d% £y R % %
= = 2
15 ul:zl;l o “ [ { o‘ }
5 - wl o1 = |

Fic 9 Survival dunng first year of study (data as of March 1958) The data
m the upper night hand corner are on the 3 groups—reading from above down—
all placebo patients (115) all estrogen patients except non cardiovascular renal
deaths (147) all estrogen patents (151) As the tabulaton at the bottom of the
graph indicates there were no non CVR deaths i the placebo patients there were
4 non CVR deaths m the estrogen patients Survrval curves are plotted based on all
deaths CVR deaths only and CVR deaths after the first 2 months of treatment

cardiovascular renal causes were all essentially similar 1 the estrogen
and placebo groups and subgroups These over all data combimning
experiences on patents studied for both relatively bref and relatively
prolonged peniods of time do not imdicate a posiive therapeutic effect
of estrogen (cf also Fig 9)

One other aspect of these data needs emphasis Before June 1954
te before the mitial dosage became 10 mg of Premarmn coronary and
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ctrdiovascular renal deaths duning the first 2 months of treatment were
rare Infact only 1 case occurred among 56 patients ( Tables 111 and IV
Fig 8) In contrast such deaths became disturbingly frequent—8 cases
among 101 patients a rate of 79% compared with 25% for the placebo
group—after the nstitution of an mtal Premarin dosage of 10 mg
(Tables VI and VII Fig 9) This dufference 1n the frequency of this
phenomenon 15 sizable enough to call attention to 1t and sound a warn
mg Its mechamsm 1s not clear Possibly 1t 1s a chance phenomenon,
although that 1s unlikely Perhaps 1t 15 related to known effects of es

TABLE v
Losses AND NONFATAL RECURRENCES—(DATA s oF Octoper 1957)
Group® N Losses Nonfatal recurrences®
All placebo 119 23 193% 17/12 143%
All estrogen 157 43 2749 20/18 126%
Series—placebo 63 14 206% 573 74%
Senes—estrogen 97 a1 216% 12/10 12.45
SPIG 56 13 232% 3/2 549
SEG 66 14 212% 7/5 106%
0s Pl 51 9 176 12/8 235%
OSE 60 22 367% 8/8 133%
All G-P1 75 15 200% 5/4 677
Al G-E 91 19 209 97 99%
All PPl 38 5 132% w7 2897
Al PE 56 19 339% 10/10 17 9%

4 S PI G 1s the senes placebo good nisk group S E G 1s the senes estrogen good
nsh group OS Pl is the off senes placebo group OS E 15 the off senes estrogen
group All G-Pl 15 the all good nsk placebo group All G-E 1s the all good msk
estrogen group All P Pl 1s the all poor nsk placebo group All P E is the all poor
nsk estrogen grou

% In tghe cg:lurgn on ronfatal recurrences the 17/12 value and others simlar
to 1t rep 17 nonfatal of m 1 {nf; in 12 patients 1€
some patients had muluple nonfatal recurrences The per cent is based on the
total number of recurrences eg 17/119 = 14 3%

trogens on clotting phenomena (demonstrated with large mtravenous
doses) or on water electrolyte balance In amy case this experience
has led us to recommend—to those physicrans planming to use €s
trogens—that a start be made with lower dosages with a gradual build
up to igher ranges if so desired

Thus statement should not be misconstrued Our group 15 not advis
g estrogen therapy for coronary disease We are merely relaying our
experience and based on 1t, urging caution upon those who are electing
to use estrogens at this juncture

Our asse%ssment of kh]e data accumulated to date 15 that they still leave
unsettled the problem of the possible efficacy of estrogens m the Jong
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TABLE VI
DeaTit DATA-—ALL PATIENTS AS OF \farcH 1 1938
Coronary
CVR and
unknown
deaths after
CVR deaths m  1st 2 months
Non CVR st 2 months ( vabd
Total deaths deaths of treatment deaths)
Group M and ¢ and and % and 7
All 276 40(145%) 4(149) 12( 439) 24( 92%)
All placebo 119 15(126%) 0(0 ) 3( 259) 12(1037)
All estrogen 157 25(15 9%} 4(25¢) 9( 577) 12( 83%)
Sertes placebo 68 8(1185 ) 00 7) 3( 44%) 5( 77°%)
Senes estrogen 97 18(1869) 2215} 7 72%) 9(1025
Senes placebo
good nsk 56 5( 897) o0 <) 1( 187) 4( 73<)
Senes estrogen
good msk 66 10(1529) (30%) 4( 61) 4( 675)
Senes placebo
poor nsk 9 2(2225%) 00 <) 1011 1%) 1(1259 )
Sertes estrogen
poor nisk 24 6(2507 ) 0{0 %) 3{1257) 3(143¢)
Of senes
placebo 51 T(137°%) 00 ) o0 ¢} 7(137¢)
OF senes
estrogen 60 (1179) 2(33%) 2( 337) 3( 54%)
Of sertes
Placebo
good niskh 19 0{ 0 %) 0(0 ¢) (0 ) o{ 0 <)
Of senes
estrogen
good nsk 25 1{ 40%) {407} o0 9 {0 )
OF senies
Pplacebo
poor rsk 29 7(2419) 0(0 %) oo 9) (2419 )
OF senies
estrogen
Poor nsk 32 5(1567 ) 131¢) 1 31) 3(100¢ )
All good nisk
placebo 15 5( 67%) 00 ) 1( 137) 4 549)
All good nsk
estrogen 91 11{1219) 3(337) 4{ 447) 4( 489)
All poor nsk
Placebo 38 9(237¢) 00 ¢) 1( 269) 8(216%)
All poor nsk
estrogen 56 11(1969) 1(187) 4 717) 6(118 )

N 15 the number of patents
Non CVR deaths and deaths i the first two months subtracted from the de
nommator as well as the numerator m calculating per cent “valid” deaths
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term treatment of coronary heart disease The survival curves for the
estrogen treated group on therapy for 334 years are suggestne of a
favorable therapeutic effect However they are not conclusve since
the numbers of both patients and deaths are too small The over all
data on all patients are not encouraging However the penod of follow
up 15 still too brief It 15 anticipated that a clear cut answer should be
forthcommg by 1960 In the ntennm we wish to emphasize that no
definitn e evidence 15 available warranting the incorporation of estrogens
mn the general therpeutic armamentrum for chnical coronary disease
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Studies with Manvene!
Wornsm D Comen Norio Hicano anp Rocer W Roemison

The Medical Duvision and The Research Laboratory The Memoral Hospital
Worcester Massachusetts

Estrogen admimstration to middle aged men with coronary heart
disease has been pl d d side effects
which sharply limit ats appheation to large numbers of male patients
In an attempt to avord these distressing symptoms synthetic analogs
of both steroidal and nonsterordal estrogens have been used n attempts
to find a substance that retains lipid shifting potency and yet lacks
estrogemcity One of these estrogen anilogs synthesized m the labora
tones of G D Searle and Co 3 methoxy 16a methyl 13 5(10) estra
triene 168 178 diol (Manvene) showed lpid shifting and antathero
geme effects in the chick but only shght estrogemc actvity when tested
mn the mouse uterne growth or rat vaginal smear assays (1) The com
pound was free of serious side effects mn toxicity studies (1) thus allow
g its use m clinical tnals (2) The outcome of a 6 month period of
therapy with oral Manvene 1s the basis of this report

MaTeRIsL avD METHODS
Chimcal Material
Forty nine middle aged males who had recovered from myocardial
mfarction were selected for study Twenty mne patents were dvided
into three groups and placed on 25 50 or 100 mg of Manvene dailv
for 6 months For companson 20 patients were placed on 100 mg
daly of oral, mixed conjugated equine estrogens {Premarm)
Estrogenmic side effects mn both the Premann and Manvene groups
were graded according to the schema of Table I

Biochemical Methods

Total serum chol 1 Iipid phosphorus and 1 content
of the o and f Lipoprotemns after preparative ultracentrifugal separation
were determmed by the standard methods of this laboratory (3 4)

ol

ResuLts
At 1 month of therapy both 5 and 10 mg dosage levels of Manvene
and 10 mg of Premarin had shown similar lowering effects on the C/P
_
I This work was supported by grants from G D Searle and Co and the Worces

ter District Chapter Massachusetts Heart Association
Cholesterol Phosphobpsd
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ratio But beyond 1 month the Premann group showed a sustained de
crease nearly double that of the 5 and 10 mg Manvene groups There
was a smaller decrease in the subjects treated with 25 mg of Manvene

Comparable effects were seen m the  /a lipoprotein cholesterol ratios
during therapy Agamn the Premann treated group showed a greater
response than did the Manyene treated groups

TABLE 1
ScorinG or Estrocesic SE EFFecTs

Side effects 2 months 6 months
Breast tenderness

Shght 1 1

\oderate to severe 2 2
Breast hypertrophy

Shight 3 2

Moderate to severe 4 4
Depresston of sex functions

Slight to moderate 1 1

Complete 2 2
Maxtmum possible score 8 8

Total 18

The graded side effects denved according to Table I are shown m
Fig 1 for all groups The mean side effects score of the Premann group
was 108 range 8-14 The mean score of the 25 mg Mamene group
was 24 and that of the combimed 5 and 10 mg group 66 Analysis of
the individual to Manvene was carried out by constructing a
scattergram to determime whether this substance 1s in fact 1 non
estrogenic ipid shifting agent

In the upper portion of Fig 2 the mdnidual responses of the
Premarin group are shown i a scattergram using as a measure of
hipid shifting effects the sum of the percentage decreases of the f /a
Iipoprotein cholesterol ratios at 2 and 6 months of therapy plotted
agamst the sum of the estrogenic side effects scores evaluated at the
same time In all but one patient there was excellent serum Ipd re
sponse accompanied by significant side effects

The corresponding scattergram of the Manvene treated groups 15
shown m the lower portion of Fig 2 In contrast to the Premarin group
only 9 Manvene treated patients showed both extensive serum lipid
changes and severe side effects Twelve patients had hitle or no side
effects rccompamed by mummal serum Lipid changes There were 8
patients showing 2 dissociation 5 of whom were constdered to be favor
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able because of sigmifi serum lipid resp with shght side effects
Analysis of data from a prehminary study of igher Manvene dosages
(2) showed that 50 mg of this drug produced serum hpid changes
very smilar to those obtained with 10 mg of Premann This Premanin/
Manvene “potency ratio” of 5 15 sumlar to that of estrone/Manvene m
terms of the C/P ratio lowenng effect m cholesterol fed chicks also
found to be about 5 (1)

MUMBER OF
PATIENTS

[ 25mg manvene mean score 24
94 1l 50n0101g MANVENE MEAN S ORE 66
[} 1o Mg PREMARIN MEAN SCORE 108

SCORE.

Fic 1 Side effects scores of patients treated with Premarm or vanous dosages
of Manvene Scores are sums of side effects noted at 2 and 6 months of therapy

e studzes of diff gens using the immature mouse
uterus test reyvealed that Manvene had only 03 to 3% of the estrogenic
actmity of Premarin (1) This relative lack of estrogemicity has not
been borne out by the results i men since the side effects scores of
Patients on 5 or 10 mg of Manvene daily were often sumilar to those
of the 10 mg Premann group The Ingh meidence of estrogeme side
effects 1n the 50-mg Mamene group P d the 1on of this
dosage beyond 2 months

The conventional biologie tests for estrogenic actvity have failed to
predict the estrogenic potency ratio of Premann/Manvene m men
Tt 15 suggested that the response of the vaginal epithelim of healthy
Post menopausal women might be used for the crude estimation of
estrogenteity of new Lipid shifting compounds related to the steroidal




446 W D COHEN N HIGANO ANDR W ROBINSOV

estrogens before these substances are admumstered to men A silar
lack of correspondence between estrogenic potency m human bewngs
and 1n expenmental anunals has been reported by Brown and Brad
bury (5)

PREMARIN
siomg N 20

TIO 20 d6 MONTHS
|
3 3
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u g
o o 2 4 6 8 o 2 " L3
8 MANVENE
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x
g o
o 2 4 € L] o izZ 14 6

SIDE EFFECTS SCORE
Fic 2 & p tidual hipid shifting and estrogene side
effects of Premarin and Manvene

Stanary

Estrogemic side effects and serum hpid changes were studied m
middle aged men with coronary heart disease during a 6 month lherap‘y
period with different doses of Manvene 2 new estrogen analog l/]i
though significant lipid shifting effects were noted at 5 and 10 mg dla ly
these were not comparable with those of 10 mg of Premann  Anal )Sl;
of scattergrams of dividual estrogemec and hpoproten responses o
both Manvene and Premarm treated patients revealed a favorable dis
socration of these effects i 5 of the 29 men in the Manvene groups
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Hormonal Treatment in Arferiosclerotic Disease®
] Marvonston ] Lewis O Ruzaa O Macmsov anp R Jacoss
California Foundation for Medscal Rescarch Beverly Hills Californa

I would Lke to outhine briefly the expenment as we will report 1t
We started to study this disease about 4 years ago 1n menopausal female
subjects so that we did the hormonal and hipid excretion levels in meno
pausal females About 18 months ago we started to study male subjects
and 1n this group we studied the lipid and hormonal excretion levels
aswell We have some results 1n the menopausal females with estrogen
thertpy which we would like to report here We would like to tell you
a Ittle bit about our approach as far as the male expermment 1s con
cermed Dr Adlersberg suggested that after each survey of the htera
ture all the vanous population groups are so different and so we
thought that we should take a look at the death rates mn our hospital
Briefly 1 will show you also the death rates i our hospital other than
m those patients who re mvolved m our particular expenment This
experiment 15 being conducted 1n two hospitals There 15 a chme 1 the
Cedars of Lebanon Hospital where the large majonity of the patients are
Jewsh, and we have several clinics 1n the Los Angeles County Hospatal
Since the majonty of patients come from the County Hospital we sur
veyed the death rate i the females These patients were classified as
to age at the time of their first infarct—the age was appr ly 66
and among those who died 69 years of age (Tables I and II) There
were 400 females who were surveyed by our Chief Climctlan Dr Oscar
Magidson The Negro patient m our hospital dies at approumately age
60 (Table III) Thus 1s the mortahty 1n the first 6 weeks nd the over
all mortality 1n females for this year was 56%-—for the first infarct a
bttle over 41% for patients with subsequent mfarct—53% and the
Negro as recorded here has a very high mortality of 685 These figures
are so dufferent from those reported from other hospatals that we thought
you ought to see them (Table IV) Ths 15 the mortality by age group
and for the first myocardial mfarction to 6 weeks Under 65 years of

1 The nvestigations described w this paper were aided by grants from the
United States Public Health Service (H 2198 2701) and the Lasker Foundation

2 We would Iike to acknowledge with grateful thanks the work of Dr Hamy
Sobel who n the early phases of this project, contnbuted many important adeas
w the planning of the expenments and did some of the early hpid and hormonal
excretion levels on some of the patients heremn reported The majonty of the hpid
studies were made under the direction of Dr John W Mehl
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age the mortality 1s a httle over 26% at 65-75 years of age the mor
tality rate 1s over 41% and over 75 years of age 58% Table V shows
the very high death rate during the follow up period At the end of
6 weehs 56% of our females are dead and at the end of 3 months 60%
and at the end of 15 months 72% but obviously as Table V' shows
most of the deaths occur durmng the first 3 months

TABLE I
AGE OF PATIENTS AT TIME OF FIrsT MyOCARDIAL INFARCTION
Cases Age (years)
All eases 666
Lne patients 660
Deaths 692
Negro 602
TABLE II
ArL FsT ATTACKS — AGE AT TIME OF FIRST INFARCT
Total
Age Number Per cent per cent
4045 3 19
46-50 2 13
51-55 12 77
56-60 21 134 243
61-65 23 147
66-70 35 224 614
71-75 27 173
75-80 24 154
81-85 8 51
86-90 1 07 100
666 156 100
TABLE I
MontarLry DUrmG THE FInsT Six WEEKS
Cases Per cent
All female myocardial infarctions fiscal year 1955-1958 562
Furst myocardial nfarctioa 417
Subsequent myocardial infarction gg g

Mortality Negro patient st MI

Tables VI and Figs 1 to 6 summanze our results i studres of serum

hol ol phospholtpids beta lipop and the S fractions m
vartous chimcal and age groups These findings generally tend to sup
port the much more extensive work already done i this field by others
We would hike to present certain observations on the hipids \wh:z.:hlarf
of considerable mnterest We begmn by d rating the well
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correlatton between cholesterol and phospholipids 1n women Table VI
sumply shows that the serum cholesterols in infarcts are higher than m
the well controls and distinctly depressed in the sich controls (Table
VII) The phospholipids are higher m the infarcts than i the well and
agan distinctly depressed in the sich controls (Table VIII) The
C/P ratios are about the same in these clinical groups Table IX

TABLE 1V
MorraLrry BY AGe Crours For FIRST MyocAmpiar INFARCTION To Srx WEEKS
Per cent
Acge (years) Number of cases mortality
Under 65 42 266
65-15 48 416
Over 75 36 584
TABLE V
MoraLrry (AL Causes) 1o Exp o 15 Montas
Time Number dead Per cent dead
06 weeks 181 562
7 weeks-3 months 196 600
46 months 209 645
7-9 months 220 675
10-12 months 230 710
13-15 months 230 720
TABLE VI
Serunt CHOLESTEROL 1IN PosTMENOPAUSAL WOMEN
Well Sick Myacardial
controls contrals nfarcts
we sc MI p valaes
Age n x n = n @® WCSC WCMI SCMI
To 55 14 293 § o212 12 282 001 — o005
56-65 15 273 5 9252 21 283 — — —
S8ormore 11 263 5 26t 36 286 — — -
All ages 43 o277 18 236 69 285 005 — o002

Number of cases
® Geometnic mean 1 mg ¥

shows the serum cholesterol m men higher m the mfarct than m the
well and lower 1n the sick controls than mn ether of the other two
groups Table X shows that the serum phospholipids 1n men are higher
1 the nfarcts than 1n the well and still lower n the sick controls prob
ably due to inamtion These sich controls are pabents who have a
Vanety of diseases other than cardiovascular Table NI shows the C/P
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ratios n man and they tend to be higher 1n the nfarcts than 1o the well
controls and agam they are lower m the sick controls Table A shows
that the percentage beta serum lipoprotemn m men 1s hugher 1 the Mls
than 1n the well controls and about as low 1n the sick as 1 the well con

trols  The correlation of cholesterol and phospholipids 15 positve m
women ({Table Alll) and also 10 men (Table AIV)
TABLE VI
SEAUN PHOSTHOLIPIDS 1N POSTMENGPAUSAL WOVEN
Well Sick Myocardeal
controls controls Infarcts
wC sC MI pyalues
Age ad X2 ne  xb ne ®  \WCSC wCMI SC-MI
To 55 14 273 8 217 12 264 00 -— 002
50-65 13 284 5 236 21 287 -— - —
68 or mare 11 282 5 261 36 251 -~ — —
Al ages 43 272 18 235 69 280 005 — 001
¢ Number of cases
® Geometric mean m mg %
TABLE VIII
CHOLESTEROL/PriospHOLIPID RATIO 1v POSTMENOPAUSAL WoOMEN
Vel Sick Myocardial
controls contrals nfarcts
we sc ML palues
Age né x? o xb ns x WCSC WCMI SCMI
To 55 4 107 8 097 12 107 —
56-85 18 103 5 107 21 099 -— - -
66 ar mate 11 093 5 100 36 102 —_ 002 —
All ages 43 102 18 101 69 102 — ol
@ Number of cases
¥ Geometnie mean C/P ratio
TABLE Ix
SERUM CHOLESTEROL IN MEN
Well Sick ‘Myocardial
controls controls mifarcts
we sC (L p values
Age e x ne 2 ne  ®  WCSC we-Ml SCMI
_ 002
39 18 233 9 192 7 254 005
33.59 22 239 29 184 35 256 0001 @ — 000}
60 or more 10 199 31 184 37 242 — o0t 000!
All ages 50 228 69 185 79 249 0001 002 0001

@ Number of cases
» Geometric mean 1 mg %
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We then studied the uninary excretion level of estrogens ketosteroids
and corticoids 1 postmenopausal women and n male subjects with
myocardial mfarction  The preliminary results have been published
elsewhere (Geratries 12 297 1937}

Using small doses of estrogen given to male and female subjects we
have studied the hpid changes observed under treatment others have

TABLE \
Servne ProsrroLies v \eN
Well Sick \fyocardual
controls controls nfarcts
wC sC i p values
Age 1 nt  x nt  x» WCSC WCMI SC-MI
To 39 18 231 9 191 7 281 00l — 0001
4009 22 243 29 207 35 241 o001 — 001
6ormore 10 217 31 199 37 237 — — ool
All ages 50 2341 60 201 79 2i1 0001 ~—  0OL
¢ Number of cascs
® Geometnic mean 1n mg §”
TABLE \I
Senuvar C P RaTIo 1 MEN
Well Sk, \fyocardial
controls controls mfarcts
we sC AL p values
Ave n ¥ n x @ WCSC WOMI SCMI
e m ¥ » oz n = WESC WCM SCMI
To 89 18 101 9 101 7 097 —
40-59 22 093 29 083 35 106  — 005 0001
Sormore Jo 092 31 093 37 102 — 005 —
Al ages 50 098 69 092 79 104 — 005 0001
¢ Number of cases
* Ceometric mean C/P ratio
TABLE XII
Senun LIPOPROTEDNS IN MEN
Well Sick Myocardial
controls controls nfarcts
we sC MI p values
Age n =2 n n ¥ WCSC WCM SCMI
To 39 18 77 9 T4 7 8 - 002 o001
40-59 21 77 24 78 34 8l — — ool
Sormre 9 74 31 76 36 80  — 001 o001
All ages 48 77 61 76 11 8  — 0001 0001

Number of cases
¥ Mean per cent p Jipoprotemn
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noted that estrogen lowers cholesterol and the C/P ratio but they have
generally used much larger doses Figure 1 shows the pre and post
trestment levels of cholesterol phospholipids and C/P ratio 1 post
menopiusal women receving only 10 pg of ethinyl estradiol daly for
pertods of up to 28 months The (A) curve represents findings dunng
the first 2 months the (B) during the 3 to 6 months and (C) 7 to 28
months The fall 1o cholesterol 15 greatest 1n those whose mitial level 1s
high In the phospholipids the proportional increase under treatment

TABLE XHI
CORRELATION OF CHOLESTEROL WITH PHOSPIOLIPIDS 1N VW OrEN

Well Sick All Myocardiat

controls controls controls nfarcts

Age ne o w e )
To 53 12 4058 6 4092 18 4080 10 4060
56-65 13 4093 4 4087 17 4088 15 4088
66 or more 6 4094 5 4097 11 4091 20 4095
All ages 31 4082 15 4087 46 4085 45 085

o Number of cases
® Correlation coefficient
TABLE \IV
CORRELATION 0F CHOLESTEROL WITH PHOSPHOLIPIDS IN MEN
Well Sick Myocardzal Al
controls controls nfarcts cases

Age ne I ne i ne ° n® ™
To 39 15 4085 9 4019 7 4083 31 4077
40-59 18 4052 28 4072 33 +047 79 4070
60 or more 5 +082 20 4069 32 4063 66 +072
All ages 38 4073 66 4066 2 41059 176 +071

6 Number of cases
® Correlation coeficient

was greatest and earliest in those patients whose mmtial level was low
In the C/P ratio those with a low ratio before treatment stayed the same
while those with a high ratio fell under therapy With these low doses
the change was progressive over 8 months with no tendency to escape
during longer periods of observation (up to 44 months)

Figure 2 shows the changes m cholesterol m men under ethmyl es
tradiol ‘The dosages used prior to the hpid levels reported here ranged
from 10 to 200 g the median bemg 100 pg Figure 2 shows that the
changes i men are both quicker and more marked than in women with
much smaller doses If the pret level of cholesterol was hugh
1t fell under therapy 1f Tow 1t tended to rise under therapy The ma
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mum changes are found after 3 months The phospholipids (Fig 3)
show the same thing but the maximum change 1s not observed untl
after 6 months Those with high phospholipids fall under therapy those
with low phospholipids tended to nse Estrogens therefore tended to
bring both cholesterol and phospholipids to normal” levels regardless of
therr pretreatment levels The C/P ratio (Fig 4) under estrogen therapy
tends to reach a value of somewhat less than 09 no matter what 1t was
before treatment These effects of estrogen are consistent with the view
that 1t mty have a homeostatic effect This study shows that small doses
have 2 marked “normihzing” effect on the hpids  Cholesterol and C/P
Tato rose 1 untreated male MIs The changes of the per cent beta

st oo aoch en oh10d 1af oo trptpa 1

oy

gt

265300 w60 T35 %0 RO
Bf  th py ef th py Bt oy
Fic 1 Effect of smll doses of ethinyl estradiol on the blood lipids m post
P women wil dial

Itpoprotem under ethmyl estradiol are shown mn Fig 5 Note that the per
cent of beta lipoprotein under treatment 1s brought to low normal levels
very quickly The comparison of the rate of change in the various hpids
and hipoprotems ndicates that the per cent beta lipoprotem changes
occur earlier and more markedly than do the changes 1n cholesterol but
this 15 not shown m Fig 5 as such

In Fig 6 we have studied the effects of estrogen on the 0-12 S,
fraction There 15 httle change under 3 months therapy treatment for
more than 3 months tends to reduce the amount of this fraction 1n those
patients who had high levels mmally The findings m the 12-20 S,
fraction (Fig 7) are of a sumlar nature to those shown m the previous
figure—no change m the first 3 months with a lowering of high values
with treatment longer than 3 months In the case of the 20-100 S,
fractions (Fig 8) we find that even short term therapy reduces the level
if mitially elevated With prolonged therapy the amount of this fraction
tends to reach essentrally normal levels no matter what the pretreatment



456 MARMORSTOY, LEWIS xuzags MACISON Anp JACORS

value may have been Fxgure 9 shows the §, 100400 on the &
therapy T findings are essentinlly the same as those i the S¢ 20-]

We would Ike to mention oy current chmeal trigl of treatmen
women with smap doses of ethiny] estrag;o] The chnica traal 1n pe
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menopausal women yqg divided mto two experiments  In the eaxlyl
phase of our work the v omen were not assigned fo treatment or contml
groups by 2 randomzed method In thys €ipenment pasl;r;eu;pius:;
women with myocardia] infaretion whose hormones and blgo i1
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levels had been studied were placed on continuous estrogen therapy
with small doses of 10 pg of ethinyl estradiol For controls the hos
pital populations were searched m an effort to find women with myo-
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cardal nfarctions whose chief chimcal charactenisties matched those of
our patients under treatment Their age range was from 45 to 80 The
dose was the same 1n all patients The patients were not mcluded mn
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this report unless on treatment at least 2 months The treatment patients
are now being seen i our clinics every 3 to 4 weeks The control un
treated myocardial patients are bemng seen every 4 weeks and are re
cewving placebos  As mn the random senes certan disease states such
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as diabetes hypertension hypo or hyperthyrmdmm nephrosts and

xanthomatosis were excluded
The tune of mnfarction was within 2 years in all cases except 1 par

which was 3 years The secondary matehing was on time of infarct the
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controls having remamed alive long enough to have “mmtiated treat
ment” after the same nterval of time as the treatment patent There
are 54 matched pairs or 108 patients 1n this expeniment Of these 54
purs there were 16 pawrs m which the control was the first to die and
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there were 6 paws m which the treated patient was the first to die this
difference carrymg a P value of 002

In the second experiment men and women recovering from myocardial
mfarction at the Los Angeles County and at the Cedars Hosprtals were
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assigned to treatment i four groups by the statistical office using strat
fied randomization Most patients were started on approumately 30
g of ethinyl estradiol and wathin 2 or 3 clincal visits were placed on
100 pg and n some cases mcreasng to 200 pg  depending on ndwidual
tolerance Some patients were placed on Manvene (Searle) or Premann
and today the numbers of patients under treatment are as follows
There are 286 male patients of which 137 male patients are on treatment
and 76 patients on placebos In the new female randomized chmcal
tnal there are 31 females on treatment and 33 on placebo  The
untreated patients are g placebos in all This 15 3 re
port of 18 months study in the male and females No conclusion can as
yet be reached as to the difference n the occurrence of second and
third mfarets and 1n the death rate of the treated versus the nontreated

patients
Drscussian oF Pavers ny Das STasen Rosmvsow anp Marnionston

Bovue  Several questions bnefly and a few comments for my good frend
Dr Stamler 1 would bhe to knaw from Ins shides if the follow up was 3 years
data You have 3 years data follow up on top but on the 6 year observation have
you any comment sbout the fate of those before 1854 As you semember the
smaller dose of estropen 25 my of Premarnn as you have shown earher wathout
the cholesterol or hpid shnfts present Iimagne that some of these patients hase been
‘pot on gher dusage ¥ was wondenng if you had any comment on your longer
term obsenations 1 am fully cogmzant of the fact that the longer you run this
stady the more people drop out because of side effects It 1s very difficult for us
to talk men nto becoming women I know that this 3 2 preblem that all of vs
seem to encounter But one specific question you mentioned i closing that 8 out
of the 12 deaths were on estrogen 3 would Dhe 1o Jnow whether they were 10 the
poor nsh group or in the good nisk group  As you sud the mdivnduals dispensing
the medication have no sde as fo which patient would receve 1t And I certawly
have not had this death rate acutely m the first 2 months if T wathheld estrogen
from somebody in congestive fasdure severe angna edema or polycythema I am
wondenng of thers was any selectton made In separating these patients from the
severely poor msh vessus the good msk patients and of s affected your 8 aut of
12 deaths on treatment dunng the first 2 months Thirdly I sould ke to know
sf you bave any data more recently as to the response m cholesterol phosphalipid
rabo hpoprotein changes m the patents with lugh §,20-400 1 contrast to those
with high S,0~12 or 6~20 Dr Marmorston brought this pant out showtag the
very rapid drop in serum hpids or serum hpaprotems above S, 20-400 which 1
bosically m hne with what we are thmking, & tnglycende diseate with secondary
passive cholestero] defect as opposed to those wath hugh § (or 5,0-20) whsch
have essential hyperchol k and handle triglycendes nonmally I brng ths
out because from my ewpenence m classifying these pabents pror fo freatment

ding to ther hp dustrib as I p d 1t n Chicago at the
Amencan Heart meetmg in November the different types of hpoprotemn patterns
seen with only the common denominator of elevated serum cholesterol levels  that
smarked and dramatie response of those individuals with the very low
sns as contrasted to those with the Jugh density f kipoprotewns or
arate these patients prior to treatment

you have very
Qensity hpaprote
the S;YO—EPO of Cofman end if you would sep:
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mto 2 groups jou would find a very dramatic difference m therr response to estro
gen both as to dose response level rapidity of response and also the sometimes
5 to 10-fold drop m bpid lesels in one group with practically neghgible drop m
serum B Lpoprotein levels in the other So the 2 major different types of §
hpoproteins should be difierentiated and will clanfy results on the degree rapidity
and extent of alteratton in the serum Dipoprotemn if these patients are classified prior
to onset of therapy

To Dr Robinson 1 would ke to ask if he has any comments to make on some of
the other effects be they fornard or sideways Estrogen in large doses causes de
creased erythrocytes n the hematological changes edema or salt and water re
tention  and wrethnbs anoreda GI disturbances testicular atrophy and loss of
aggressiveness in the male which were not included in hus table of grading side
effects

STAMLER  With respect to Dr Boyles questions The graph on patients under
study for 34 years dealt overwhelnungly with subjects who started on the lower
dosage and were stepwise over a period of months elevated to the 10-mg darly
dosage of estrogens The study yrelded no meamngful data on episodes during the
penod of lower dosage because 1n no case was the period of lower dosage of ade
quate duration to permut the occurrence of enough episodes to allow evaluation
Withm a matter of months all these people were put on the 10-mg dosage regumen
The evaluation represents an analysis of their survival pattem on that dosage With
respect to the question the massive 1 of lipid hipop ata
we can only state that 1t has not yet been subjected to detaled statstical and
analytcal treatment beyond what his been presented here  That remams a task
for the future

SamueLs  Dr Robinson wall you answer the last question®

RosmvsoN  We were prnmanly d in the fe side effects
of Mamene As such we have used breast tendemess breast hypertrophy and the
depression of sex actvity as the mam things to be scored In any patient who 15
placed on estrogen therapy of any sygmficant dosage for any prolonged pemod of
tme there are these other secondary or associated changes that Dr Boyle men
toned Ve have not summanzed these secondary effects for Manvene but they cer
tamly occur with high dosages of Premarmn or stibestrol when given over a long
period of time in other patients that we observed

Borie I merely asked thys question for one reason m that you brought out the
difference m the responses m the gastromtestinal tract between Premarmn and ethiyl
estradiol where there are qualitative differences m degree of side effects Certan
systems might be mvolved or not mvolved that 15 why I was wondenng if these
other things might also be considered as side effects to see if other quabtative
diff such as headaches penpheral edema urethritis occur This might
show some qualitative differences 1 side or really forward effects of estrogen

Roprvson Tt is very difficult for me to answer at this tme I would be glad to
see 1f we can re-evaluate our data i the hght of what you have sad

Daus I enjoyed Dr Robinsons paper and was grahified to know that hus est
mate of the Iimd potency of SC-69.4 did agree with ours Dr Robmson also found
the chmical doses to be estrogemc 1n man This result agrees with the expenmental
findings  Although we speak of the steroids with 1% of the estrogemaity of estrone
as having a weak effect less they can be m man if
dosage 15 hugh enough As caleulated 1 an accompanying paper 10 mg of SC 6924
admmstered orally each day should be estrogeme in man I think there 15 a fauly
close agreement between the expenmental ammal and man m this regard
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RopmsoN  Mansene was defimtely estrogenic in men  As we decreased the
daily dose from 50 to 20 10 5 25 mg of Manvene we observed progressively less
lipid and estrogenic effects There was a dissocsation m only 5 patients who had good
Lipid changes and mmimal estrogemc side effects Those were the patients who
were most encouraging to me

SanurLs  Were these paticnts tned with other estrogens to be sure that they
could respand Dr Robinson?

Rosrvson  This same group of patients had been on estrogen treatment alter
nated with periods of observation on placebo tablets with 4 compounds over a perod
of about 2 years

Sanuris It scems when the response of breast tissue 1s being used as a gauge
of estrogenic action you have to be sure that 1n the males there 15 adequate tissue for
response

Katz T want to make sure that we do not get so concerned about refinements
that we miss the pomnt that a pharmaceutical house must da several things to jushfy
climeal use of estrogens should they ever tumn out to be uscful chmcally as they
have not been so f1r In short there must be a really sharp distinction between the
antiatherogenic action and the estrogenic action the former must be retaned while
the latter 1s absent or rumimal In other words what I would like to say 1s that a
chnician wants an estrogen which 15 atherogenic but does not decrease libido  does
not cause breast enlargement or have other side effects Its benefictal action must
be judged by a sigmficant increase n the hife of patients who have had chnical mant
festations of coronary disease Lest Dr Stamler forget to repeat 1t I want to pomt out
that when we picked 10 mg of Premann m our study we did so to be sure that
we would get an c¢flect Our studics must not be considered 1s defining the mimr
mum dose of Premtnin that might have an effect

StanaEr  The pomt Dr Ratz made 15 extremely important 1t ments emphasis
especially since Dr Dnlls remarks touched on it As one of the graphs 1 our
formal presentation showed for all treated patients as a group an estrogenic effect
on Ippids and bpoprotems was obtamed with the 40-mg dosage of harmone
However 1n a few patients presumably taking that dosage for several weeks these
effects were not obscrved The dosage was therefore mncreased from 40 to 100 mg
per day 1p order to get effects m 100% of patients No intermediate dosage between
40 5nd 100 mg was stadied

WentHesseN I would Like to congratulate Dr Marmorstons statistical group
on therr presentatton It brought out one pomt that mterested me greatly I
would like to find cut af Dr Stamler saw it wn hns work as well The pomt 18 as Dr
Marmorston put 1t that ethinyl estradiol tends to normalie the lipid levels High
values fall low values nse I would Ike to ask 1€ this was seen mn the Chicago study
as well

Stanagr  We have not yet made a detailed analysis of the response pattecss
of wndividuals or subgroups based on smitsal hpid hpoprotein levels ~Therefore all
that can be sud at this time on this paint 15~ first all patients on estrogen mam
fested a rie 1n o ipoprotem to a level in the female range be that normalization
JF you will—this being of course a debtable question Secondly all tended to
develop cholesterol phospholipid ratios below untty Those who manifested C/P
fatios above nmty prior to therapy almost myariably exhibited a dechne to w\:a\ues

below umtv Those who were below unity to begm with stayed there cthex"
they went down fusther cannot be stated ot this pomt since that specific statistical

lysis remains to be accomplished
“ay{ls::nmzssw 1 would Itke to suggest that the two groups might get together
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on just this tiny powt because Premann happens to be an excreted estrogen  Ethinyl
estradiol tries to mumic the secreted estrogen There 1s a great deal of hterature
that indicates that the phamacology of the natural estrogens estradiol estriol
estronc estrone sulfate 15 quite different when you get down into specific detadls
‘The apparent dhfference 1n response brought out here might be a lead to the pharma
cology of these substances i man

Howarp I have two comments First, when Dr Stamler read his report I
wondered whether he made a shp of the tongue because I think he said that a
combination of androgens and estrogens 1n man was manably estrogenic m respect
to lpids and hipoprotems It 1s the etperience of Dr Furmans group that we have
hnd to go up to ratios of about 11 (eg 20 mg Premann 25 mg methyltestoster
one) before we got an estrogemic effect 1 this respect Secondly 1 wanted to endorse
Dr Robunsons potat of view that before chmcal tral with respect to hipoprotem
effects estrogens really should be tested mn the menopausal or castrate woman
because ammal assay does not accurately portray the estrogemic potency mn man
The substance Premarn contams equibn and estrone as sodwm sulfates Using
castrate women and urmary gonadotropin assays it has been my experience that
it takes approvimately 25 mg per day of Premarm to suppress the high gonado-
tropm titer FEstrone sulfate 15 somewhat weaker and equilin sulfate 15 actually
stronger only 06 to 12 mg per day being required for gonadotropim suppression

Stamier  That defimtely was a shp of the tongue What should hive been
stated was that 1n the small group on 135 or 25 mg  estrogen dosage plus 10 mg
of methyltestosterone femimzing effects on secondary sex charactensties were ob
served ot on the Lipid hipoproteins  The latter in fact remamed masculine with both
combined therapy and estrogen alone at this dosage Thank you for correcting that

Oue other pomnt Premarin contamns chiefly estrone plus estradiol equilin and
equlemn In our hmted experience with a few women m whom vaginal smears
have been done femmntzation effects were obtmned at the 125 or 25 mg dosage
Tevel

Gooo  Bemng a pediatncian this 15 a hitle bit out of my Ime but I would
like to ask three questions although they may be entirely wrelevant The association
between pulmonary infecthon and cardiac reserves 1s well recogmized The effect of
estrogen on the phagocytosis of particles by the reticuloendothebal system par
tculatly i wmcreasing the uptake of substances such as radioactive chromm and
carbon particles 15 well documented and has received considerable attention mn the
field of mfectious diseases For this reason I would like to ask whether or not the
statisties which are presented by Dr Stamler are vahd f one considers the posst
bility that estrogentc therapy may change the mcidence of pulmonary mfection 1
wonder if you have statistics whether or not there was any increase or decrease m
the madence of pulmonary mfections i your two groups {treated vs placebo)
which may have upset the statistical data utihzing tota] loss of life as the cnterion
for companson

The other problem 1 question 15 whether or not estrogenic therapy 1s assoclated
with merease m the meidence of carcmoma of the breast or other such entibes
particularly n the female

STAMLER  We of course have been very mtngued by the known stmulating
effects of estrogen on the reticuloendothelial system As Dr Ruth Pick pomted out
yesterday this mecharusm has been hypothesized as one among several which might
be responsible for the defl 1 effect of estrogens
i the coronanes of chicks No data are available to test this hypothesis

With respect to the occurrence of pulmonary mfection or other mfections as a
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causc of death in the two groups let me ph that di lay renal
deaths were minimal in either group as one would anticipate in a group of men
with chcal coronary disease In fact no ifectious disease death occurred 1n exther
group

Now with respect to the last question concerniag breast malgnincy this of
course 55 one of the banes of onr evstence It 15 a problem that 1s checked on 1
all follow up examinations of patrents There have been none Moreover clincians
who have vast expenience treating, prostatic carcinoma with estrogens reassure us
that this 15 m fact not a problem since they have not observed breast caranoma
m males on long term esttogen therapy  Our expenence with females 1s mimmal
May I therefore refer that to Dr Marmorston

Marvionston  This 15 a very important question and one which we are very
much aware of 1n the County Hospital where there are two medical schools and
a great many clmcians who have now heard about the use of estrogens n cardiae
conditions This questton comes up 2ll the time Some clmie patients ask these
questions— Doctor 1s there any danger that I may have a breast cancer from
this therapy? We have been paying a great deal of attention to this question
because we give small doses of estrogen to females with myocasdial mfarction over a
long period of time I have discussed this question with several emment men i the
field of cancer The general impression is that there is absolutely no evidence that the
gving of gens for pausal symp has d the d of breast
cancer Dr Emerson D1y of the Strong Clnc told me that they had 23 000 patients
a year and he has seen no evidence whatsoever that there 15 any connection In
our own patients there 1s as yet no greater madence of breast cancer 1 the treated
patient than in the untreated

Roerson I think the longest expenences with estrogen therapy i females have
been Dr Fuller Albmghts at the Massachusetts General and Dr Gordans in $an
Francisco treating P They produced 1 periods every month for
as long as 20 years in postmenopausal women In Albnghts senes veported by
Henneman there were S patients with ovanan carcmoma ome with endometrial
carcinoma and gne with carcinoma of the cervix in a 20 year perod which was
Interpreted as no greater than anticipated i this period of time and perhaps even
lower than the expected mcidence 1 think Dr Gordans espenence is sumlar In
erdentally I have observed no case of caranoma of the breast or uterus mn any
female I have treated with estrogen

Jacoss 1 would Like to show some of the results we have obtamed from the
frachonation of unnary estrogens using the Brown procedure Dr Vvalker reported
earbier hus zesults using the same procedure on the South Afnican white 2ad
Bantu I hope I shall quote Dr Walkers figures properly here

TABLE A
Unanany Estrocens {ng /24 br )

Cabforra males

South African (age 40-55)
(young males) Well Myocardal
Estrogen Bantu White Controls xniarcn
stradiol 25 11 24 28
Faone 55 43 23 a3
Estriol 35 26 AT —
e 80 102 22
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The California males aged 40-55 years were of two classes well controls and
patients who suffered a frank myocardial infarction at least 6 months prior to the
investigation

Smce we found no difference In the urimary estrogen levels as measured by mouse
uterine weight response in well controls and patients with myocardial infarctions
we looked into the fractionation of the estrogens Bauld has reposted that patients
with a myocardial infarction handle a test dose of estradiol differently from the way
controls do  Bauld found that 60 of the recovered dose was estriol i the controls
whereas 75% of the recosered dose was estriol in the myocardial mfarction patient
Of the endogenous estrogens we found 45% of the unmary estrogens was estriol
m the controls and 52% was estno} in the male myocardial infarction patients This
18 not statstically different

In the females we have studied the following values were found

TABLE B
Urinary EsTrocENS (g /24 hr }
Estrogen Vell controls Myocardial nfarcts
Estradiol 06 05
Estrone 06 08
Estriol a7 39
39 52

Here the estriol represents 705’ of the unnary estrogens wolated from the well
controls and 75% of the estrogens from the patients with myocardsal infarction In
our studies to date we have not been able to find any difference m the way the
two groups of people handle theur estrogens

Samvers  The charman would say he would senously doubt the sigmificance
of 60% versus 75¢ n such measwrements I also think that sick controls are
better than well controls for tlus type of companson since sichness itself effects
sterord metabolism

Frorex Dr Samuels ladies and gentlemen I have a feeling there 1s a shght
conference paralyns commg over the meetng and 1 wouldnt dream of mereasmy,
2, except that Dr Samuels very kindly this moring asked me 1f 1 would lke to
say something about what we are domg Now when m such a position I usually
shuffe my feet and I said I would think about 1t and hoped that he would forget
duning the course of the day that he had ever made such a propositon but he seems
to have a good memory and I thought I did not want to be so rude as to say no”
0 T will inflict a few shdes upon you if you can put up with it—pictures not graphs
which will perhaps relieve those who would be confused by figares Can I say
first of all that this work has lttle to do with the subject of the conference but
Tam going ta show you a hitle stamed liptd m some cells Now there are n Oxford
2 number of us working on the artenies I hope Dr Holman wll approve of artenes
aad particnlarly of a specal part of the artery the endothebum  Actually 1 have
had an interest 1n the endothehum for a very long hune because T wrote my PhD
thesis on endothelium and looking through 1t the other day I was rather gratified
to see that nobody had solved the problems that I hadn t succeeded 10 solving 30 odd
vears ago T wall show you some slides which T think perhaps show something new
We have I thisk been able to demonstrate that in lesions m the aortic walls of
Tabbits fed cholesterol you do find sudanophil matenial i the endothelal cells
overlymg the plaques Now this endothehum was actually dissected off wath a httle
glass ke by my colleague Poole This work 1s bemng done with Poole and Sanders
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In a piece of endothehum taken off the top of one of these esperimental plaques
you can see (L1l be glad of Dr McMilans views on this) that in these cells there
15 a collection of sudanophil matenal The sudanophil droplets as far as I can
see are mside the «cJt because they form around the nucleus It does seem that
bprds will mn fact appear i the endothelal cells of cholesterol fed rabbuts and
that may have some corselation with the work done by Dr McMallan and the late
Dr Duff when they put collodal thonum iotide into amymals fed cholesterol and
found that 1t accumulated in the endothelium over the plaques but not in pormal
endothelum  Now I am going to suggest that this possibly means that endothebum
15 1n some way damaged when the rabbits have a high blood cholesterel It 15 odd
that 1t 15 only over the plaques that this phenomenon 15 seen 1t 15 not seen m the rest
of the aorta Something scems to hippen to the endothehum and we are mterested
m the phystology of the endothelum Viell now I am gong to show yon what
happens to endothel, when 1t is d d mech lly Cunously enough we
know estriordinanily Iittle about the properties of artenal endothelium  We know
very httle mdeed about its physiolozy We do not know whether it sceretes some
people suppose 1t secretes cement substance  We have very httle hnowledge of its
capacity to regenerate

We scraped off some endothelum from the rabbits aorta and we watched i
over 100 ammls what happened as regards regeneration At 24 houss after opera
tan you can see an area from which the endothelum was scraped There are Lttle
dots which we think e very Iikely to be platelets but you will notice that there
15 no big thrombus Ve never saw a big thrombus in these ammals but just a few
platelets with an odd cell or two sitting among them and at this stage there 1s 3
very thin protog £lm ding from the endothelium as though 1t 15 gong
to grow over the area wiich 15 denuded Five days after operation a remarlable
phenomenon begns to appear Giant multinucleated cells are found which are not
scen tn the norml rabbit aorta  You may occaswonally see a binucleate one but we
have never seen anythmg Iike s and I do not think Dr McMallw has esther
At 4 months there 15 moderately normal endotheltum wath large cells at the growing
edge Even at 316 days the defect onmnally 15 to 25 cm long was still not
covered In other words endothehum 1n the rabbits aorta after mechameal damaoe
15 very slow 1n covenng a rclatnely shght defect In 5 rabbits Jolled between 410
and 499 days after opera on the endothehum had completely covered the denuded
area_but cven after that penod of tme which 15 2 fair span in a rabbits Ide you
still have mull leated cells You can the dama,ed area quite well just
by scemg this type of pattern  Alsa at 499 days we could see rather large endo-
thehal cells with inflammatorv cells undemeath them Some of them are mono-
cytes and some of them are polymporphs 1 other words even at 499 days after a
clewn mechamenl dimage you can stll have inflammatory cells sn the wall of an
artery Now I am just puttmg it to you when you are considesing all these hormones
and 50 on that the astery 15 a rather pecular organ I do not know of any other
situation that with such a relattvely tnvial mpury takes so long to beal and it may
not be without sigmficance m man because a German patholoyist named Sinapius
(I doubt sf he 15 known 1n this country he 1s only known to me and a few others
in England} published work i which he followed the merdence of multnucleated
cells m the human aorta by methods similar to thase which we used Now children
up to 3 years old there are no multinucleated colls but as time passes you get an

number of multnucleated cells which are very sl.rmh‘;] to lho:; ::}:l:h;:
the rabbit  Sinapms has not been able to correlate them wi o

mmglh:v do oceur aroundp atheromatous pliques and Dr MeMdlan and i cat
leagues have m fact also allustrated these multnucleated cells
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