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DISCLAIMER

This document was prepared as an account of work sponsored by the United States

~ Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :
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i . BLOOD LIPIDS AND HUMAN ATHEROSCLEROSISx > 4 2

S II. The Influence of Heparin upon Lipoprotein Metabolism.* : /

' By béan M. Graham, Thomas P. Lyon, M. Doy .
- John W, Gofmen, M.D., Ph.D., Hardin B. Jones, Ph.D.,
' Alexander Yankley, i.D. and John Simonton, M.De. ‘
An hypothesis that atherosclerosis is a disease associated with or caused
by an crror.in the metabolism of fat and other lipids has been previously
presented (1). The evidence suppofting this hypothésis consists in the de~
monstratien of the existence of certain special classes of lipoprotein mole=
cules associated with atherosclerosis in several.experimental animél speciesb
and in the human developing or menifesting atheroscleresis (1), (2), (3).
~The further study of these lipoproteins as well asvseveral other lipo=-
protein species has revealsd (3, 4) that essentially all of the bloed lipids
(including fat, sholesterol, cholesterol esters, and phospholipida) exist in the

blood only in the form of structural entitiez within several ef these lipo- et

et e
s

protein molecular classes. Current work is directed toward an understanding

of the factors involved in the defect which results in the abnormal elevation of
such molecules as the Sy 10-20 lipoproteins in certain individuals. Each lipo—‘
protein, which can be identified in its native state'by the ultfacentrifugal
énniysis of serum, presumably has a différent functional role in lipid metabo=-
lism, Its concentration in the blood is the resultant balance between formation
and utilization at any particular steady stete of physiological acFivity.
Physiologic factors already reported to influence serum lipoprotein levels
include (a) dietary intake of fats and cholesterol, (b) thyroid function, (c)
experimental adrenal cortical hyperéctivity (rabbit only), (4) age, (e) eéx, '

(£) pregnancy (3, 5). Several errors in lipid metabolism have now been classified

*From the Donner Laboratory, Division of ifedical Physics and the Radiation
Laboratory, University of California, Berkeley 4, California,

This work in part was supported by the Atomic Energy Commission and by the
United States Public Health Service. ‘
#**In Press in Journal "Circulation".
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by the ultracentrifugel analysis of serum lipoprofeins, Such are manifest in
(a) atherosclerotic state, (b) nephrosis, (c¢) xanthoma tuberosum, (d), biliary
obstruction, (e) acute hepatitis (6), (f) certsin cases of diabetes, (g) hypo-
thyroidism, (h) hypercholesterolemia, (i) xasnthelasma (7). In eddition, there
are certasin bizarre, but characteristic ultracentrifugal lipoprotein patterns
which are seen in presumably normal individuals, but are as yet unclassified.
All individuals show some of the lipoprotein species in the serum. The
individual vériations encountered are derived from two varisbles, (a) the.
number of different lipoprotein species present, (b) the relative ebuﬁdanée of
the different lipoproteins in a single sérﬁm.— A variety of evidence (3)
~ suggests that the typical "normal" of humans shows one or more lipoprotein
species in the range up to 6 Sy units (including the S¢ 2, 8¢ 4, Sf 6flipo- |
proteins). An analogous situstion exists in the rgbbit, chicken and éog, with
minor differences ip the Sg¢ rate of the normally occurring iipoproteins. in
atheroselerosis and certain other lipid metabolié derangements there exist in
addition varying concentrations of lipoproteing in the classes Sy 8, Sg¢ 10,
S¢ 13, S¢ 17, Sp 17-20, Sp 20-40, Sg 40-40,000, In the range S 8 - Sg 40, the
higher members of the group of lipoproteins make their‘appearance in serum only
when apprecisble levels of all lower members are presént. However, the réi%ﬁiVe
abundances of these various lipoproteins are veriable from one disease category
to another. In the range Sg¢ 40-40,000 there are also characteristic patterns
associated with disease states, but lipoproteins of the Sg 40 - 40,000 class
also represent part of the alimentary "lipemia" of normals. Elevation of the
Sg 10-30 range of lipoproteins has been shown to be essentially universally a
part of the development of atheroscleroéis in the human aé well as other species.
However, at least.certain of the higher members may also be involved in this
disease, but &s the variability in concentration in a given individual approaches

the variebility of groups, they have not becn used as a correlative guide.
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As an extension of our studies of the factors involved in the maintenance of .
the levéls of the various serum lipoproteins, it has now been found that heparin
can produce a profound alteration in the 1ipoprotein pattern in a manner which
may prove of value’in the further unéerstanding and management of atherosclerosis.
Heperin, of course, has long been used clinically in the therépy,of thromboem-
bolie discase, but not for any possible influence it &ight have upon metabolic
factors leading to atherosclerosis,

Hahn (8) repo£ted that heparin.abolished alimentary lipemia in vivo, but not
in vi?rd. ﬁeld (9) shéwed that the phenomenon is not restricted to any particular
~vascular bed by perfusing verious body regions with heparinized lipemic plasma,
Recently, anderson (10) has shown that fha turbidity of lipemic plasma msy be |
cléared in vitro by mixing lipemie¢ plasme drawn before heparinizatioﬁ with that
drawn five minutes after heparinizetion. He hypothesized an "anti—chylo-

' micronemic" factor which results from heparin injection and discussed the
poseibility of & heparin-phospholipid complex being a sufface ective agent
responsible for the clearing of lipemic plasma. Waldron (11) reported that other
anticosgulants (sulfonated polysaccharides and protemine fast pink B.L.) produced
effects similar to heparin, and furthermore, that heparin enhances the absorption
of fats froh the intestine as evidenced By lipemia production.,

EXPERLUENTAL

A single injection of sod;um heparin intravenously in the éholestérol—fed
rabbit produces dramatic chenges in thé lipoprotein spectrum, cheracterized in
general by & degcresse in concentration of molecules of the high Sp classes, with
e concomitant. incresge in concentration in those of the lower Sp classes.

The essociation of these two chenges suggests a pfogressive_conVe:§ion of

the higher Sy lipoproteins into thosec of lower Sg¢ rates. An immediate response

is observed within 5 minutes in the lipoproteins of the highest Sg classes, with

{
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successive changes in those of the lower S¢ classes, with méximum»effedt being
observed &t sbout three hours, Subsequently the patterh "reverts" to its initial’
state in approximately 24 hourse
To obtain some evaluation of chronic effects of heparin edministration, a
series of eight rabbits‘were fed one grem of cholesterol dissolved in Wesson'
0il in their Albers food end divided into two groups. One group of four animals
received daily I.V. injections of fifteen mg of heperin, the other group re-
ceived no heparin. _The four ahimals receiving heperin showed levels of the
Sf 10-50 ciass of lipoproteins three to six times lower than did three of the
foﬁr control animals. One of the control animals was of)the'“refractoiy" type,
\developing only low levels of the S¢ 1050 class in spite of cholesterol feedinga
The heparinized and control enimels Weré paired and autopgied between 2-1/2 and
4 weeks. The four heparinized enimals failed to develép gross‘atherosclerosis,
whereas’ three of thé four non-heparinized animais showed moderate atherosclerosis:
The one non-heparinized animel which failed ;9 develop atherosclerosis had also
failed to develop eppreéiable level of the S¢ 10-50 class of lipoproteins. Thus
it eppears that the effeét of heparin in depressing the development of the |
Sg 10-50 lipoproteins is associated with a suppression of atherosclerosis.
Rabbits refractory to development of Sp 10-50 lipoproteins and athero--
sclerosis under co&parable experimentel conditions, are seen in our laboratory
\experience with a frequency no greatér then 1 in 20, 'Thus it appears thet the .
chance of seeing four such rebbits in this single group to which heparin had been
edministered is beyond reasonabie expectation of chsnce (p =€0.01). This effect
i; béing studied further varying heperin dosege and fat and cholesterol feeding.
In the humen, even more striking effects are seen following heparin adf
ministretion, In Fig. 1 is shown the progressive changes in the spectrum of
_ lipoproteins following intravenous injéction of 100 mg of sodium hepearin. This

A patient,'a myocardial infarction survivor, showed initially high levels of
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lipoproteins in the Sg 10-20 class, as well as in the Sp 20-100 class. Within
15 minutes there has been essentially a "wipe-out" of lipoproteins from Sg 20 = |

S¢ 100, associated with an incrcase in the concentration of the Sr 10-20 class.

Then, during the next 6 hours there'has been an overall shift within the
5S¢ 10-20 cless, such that the 8¢ 12-20 lipoprotéins are markedly reduced in con-}
centration below their origfhal level, while\ihe S¢ 10-12 and S¢ 6-10 lipo-
proteins have increased in concentration over the initial level., Progressively
over a period of 24 hours the entire pattern reverted towerd the initial psttern,
elthough there was still a lower S¢ 12-20 level than initially. This §ame‘genera1
effect has been observed in each;df thirty subjects (normals end myocardisl in- |
farctions) studied in this menner, the only veristions observed being in the de-
grec of response and in the ﬁime relationships of the sequence of events which
oceur. Doséges ranging from 15 mg - 100 mg of sodium heperin I.V. have proven
definiteiy effective, although greded dosage in a éingle petient requires further:
eveluation, A |
In vitro attempts.to slter the lipoprotein pattern by heparin addition, have
fziled in all of numerous trials. However, sdmples of plasma from heparinized |
patients heve been found effective.in altering the lipoprotein spectrum of serum
" dram from the seme individuals before heparin admipistration or of serum of
other individuals. Thus it appeafs thet thé injection of heparin resuits in the
in vivo prodtctibn of an "ective principle" capable of producing these conversion:
of liboproteins in vitro. This‘result_ié similar to the studies of the "enti-
chylomicronemic? factor of Anderson. In an effért to elucidate the mechanism of
the effec£ on lipoprotéins, we'ha;e found that the "aétive principle" appéars to
reside in the ultracentrifﬁggl globulin region. The serum albumin fraction and
the low density lipop?otein group both appesr inactive. Globulin fractions from
post-heparin\plasma when incubated with earlier post-heparin plesma appear to

cause further chenges in the lipoprotein distribution in such plasma in vitro,
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Vie have as yet been unebls to dgtect any of the‘"active principle" in serum from
individuals who hed not received heparin, although it is conceivable such a factor
mey circulate et low concentration. | l |
In en effort to determine the effeét of & maintained heparin level on the
serum lipoprotein pattern we have mede some studies of individuals feceiving Te-
- pository heparin (R). Fig. 2 shows the éffect of heparin repository in the seme
petient as studied in Fig. 1 with I.V. heparin; It is noted that in 4 hours with
repository heparin, this pstient has lost essentislly all of her lipoproteins
ebove éf‘iO units, representing in essence & reversion to a "normel" 1ipoprotéin
pettern. After 24 hours there has been & partial return of Sg 10-20 molecules
(50%), but a much lower frectionsl resppearance in the Sg 20-100 class of mole-
cules. (Even afﬁer 2 end 4 days there is a significant depression of the
Sp 19-20 levels) |
.A series of twenty patients hsve rfceived iﬁtravenous heparin et intervels
varying from 2-14:days. There appeared to be no reduction of ability of paiients
to show the response described in Fig. 1, even éfter numerous heparin injections.
4 small proportion of the petients showed depression in Sg 10-20 levels which
persiéted for the fuil 3 to 14 dey intervals between I.V. injections of heparin,
but in ééneral the‘lévels observed 3-14 deys after injection showed no average
trend towsrd reduction. In this perticular series samples were drawn throughout
5ust prior to each new heparin injection. From what has been observed in the 24
hsur period following such injections, we mey anticipste thet averaged over the
entire period between injections, the Sg 10-20 leéel may have been appreciably
lower then its pre~heparin value. In one patient studied over & one month periddf
who had shown 2 meinteined S¢ 10—20 depression for the 3 day interval between
hapérin,injections, showed a slow progressive rise approaching'his original

_ Sf 10-20 levels over a 1 month period after cessation of heparin injections.

R = Lederle Repository ‘Heparin.
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An incidental and unexpected clinical observetion made by Lyon and Yenkley
in the patients réceiving repeated heparin injections was that 22 patients with
moderate or severe angina pectoris reported merked relief from this symptom with
a drastic decreazse in nitroglycerin requirement. Reports on the effect of
heparin in relieving pain of myocardiel infarction and as a coronary vasodilator
have appeared in the 1itereture (12). However, the presently reported responses
in anginag have beeﬁ observed with small single doses of'heparin (20-100 mg) given
at intervals of severzl days. All of seven pstients whose severe angina had been
relieved by the heparin injections complained of return of engina when saline
placeboes were injected instead of hepzrin. Uost of the pabtients in this series
were on a partially fat-restricted Ais% bafere and during the heparin adminis-
tration period. However, the irunedisfe aud Jrawstis affz2s% of neparin was. in

contrast to the slower and less marked rediichion in enging accompanying the

dieting itself. Howsver, six of the patients who responded well to heparin had

" not been on a restricted diete

We are cognizant of the meny difficulties in evaluating objectively efficacy
6f drug relief of angina. However, the striking character of the response in
patients with relatively fixed anginal patterns and nitroglycerin requirements,
plus the loss of reSpqnse'when saline placeboes were used would appear to
militate agaihst the response being in any way psychogenically determined. Ex=-
tended studies of this response are in progress now. We are not zble at this
time to provide any suggestion of a possible relation of the heparin effect on
blood lipoproteins to that in relieving angina pectoris, although such may be

the cases

DISCUSSION

Hepparin appears to act profoundly and rapidly in altering the blood lipo~-
protein spectrum. Shifts among the lipoproteins are observed both in the humen

and the rabbit from molecules of the higher Sf classes to those of successively
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lower classes in times of the order of minutes to hours following evsinéie hepafin
injection. The decrease in concentration of & particular S¢ range of molecules;
accompanied by an increzse in the concentration of molecules in the next iowef

S¢ classes suggests that the former molecules may be ac%ually transformed inté

the latter by the influence of heperin., This eppears to occur in -seversal

' successive stages over a period of hours. This represents one of the first clues

on the possible interrelationships of the various classes of lipoproteins of serum.
Inasmuch as the lipoproteins of the Sp 17-100 classes represent in the human the

me jor glyceryl ester (fat) bearers of sefum, the observed interconversion ac=-
centuaﬁed by heperin, may represent sﬁeps in the normel pathwey of transport and
metabolism of fat. It is appropriate to consider the possibility that heparin

itself, or some substeance of similar properties, may normally be involved in the

phyéiologicsl interconversion of lipoproteins. Thus, in individuals who usually

show high levels of Sp 10-20 end Sg¢ 20-100 lipoproteins there mey be a blockage
in the utilization psthweys of such molecules (possibly due to a deficiency of
heparin-like substance),.such that a piling up in concentration of such molecules
occurs in the blood., In supposedly.normal individuals (especially young adﬁlts
and childfen of both sexes) all these molecules;, if present, are in very low con-
centration, which would be expected if utilizétién pathways Wefe greatly
facilitated in fhesg individuals.

’.As reported by Anderson for the in vitro clearing of alimentary lipemia by
in vivo heparinized plssma, the present work indicates that heparin in free form
does not directly induce eny alterztion in lipoprotein spectrum. However, plasma
from heparinized petients contains a factor that is effective., This factor re«
sidesvin the ultracentrifugaliy determined globulin fraction and induces changes
im vitro which simulate;'at lezst in part, the changes in lipoproteins which
follow in vivoe administration of heparin. Further seerch for such aﬁ active

factor" in the sera of "normal" individuels who show low levels of Sf 10-100
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lipoproteins appesrs warranted; If present, such a factor might be antici?ated
et very low concentratioﬁ, from the negative results of our searches for it ﬁb
dete., Ageain, such a factor might not normally reside in appreciablelconcen-
tration in plasma, but might be calléd forth in response to lipid loading,

Heparin administered to rabbits\ﬁroteéfs the animal from develépment of
atherosclerosis under circumstances which otherwise induce atherosclerosis. Sincé
the protective effect of heparin is accompanied by a suppression of development
of high levels of the Sg¢ 10-50 lipoproteins, the observation strengthens the
previously reported evidence linking these molecules with atherosclerosis, end
further sﬁggesté the value of mainﬁaining low levels of these molecules in pre~
vention of experimentel atherosclepdsis. The effect of lowering the similar
classes of molecules in the human on progfession:of %he clinicel ﬁanifestations
of atherosclerosis is being evalusted (135,

The dramatic relief of angina pectoris by intermittent heparin administration
paraliels the profound effect of this substance upon lipoprotein metabolism.
However, at this time we have been uneble to demonstrate that these twe
simultaneous effects are actually relateds It may be that the relief heparin
provides ip angiga pectoris due to its Qasodilator or io its anti-thrombotic
activity. The effect on angina pectoris is seen with small doses of heparin and
persists much longer thag the anti-coagulant effeet of the doses useds Currently
underlstudy ere the effects of heparin in several diseeases which are marked gy
extreme elevation of lipoproteins of the Sp lO-iOO classes (e.g., nephrotic

syndrome, hypothyroidism and xanthomavtuberosum).
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‘several deys beyond a single injection. | 4
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SUMHARY

1. Heparin administered to rebbits and humans causes profound reorientetion
in the distribution of low-density lipoproteins, characterized by a shift of
lipoproteins of high S¢ rates to those of successively lower Sg rates.

2. Heparin administered to cholesterolefed rabbits prevents the developrent

-of high levels of Sg 10-50 lipoproteins and retards the development of athero=

sclerosis in such animels.

3. Following heparin administration the plasma contains an Mactive prin?

/

~ciple" associated with the ultracentrifugsl globulins, which produces similar

re~orientation of the lipoprotein spectrum in vitro,
4o Heperin sdded difeétly to serum is ineffective in vitro,
5. Intermittent heparin sdministration to patients with severe angina

pectoris results in drematic and uniform relief from his symptom for periods of

N\

The authors wish to express their gratitude to Dr. Sidney White, who

furnished some of the clinical meterial for this research.
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SYNOPSIS

———— a2t e

"The Influence of Heparin upon Lipoprotein Metebolism"

Heperin administered to humans and reabbits causes profound re-orientation in
the distribution of low-density lipoproteins, characterized by e shift of lipo-
proteins of high S¢ rates to those of successively lower Sf rates. The obser-
vations asppear to indicete that this agent hes actually cesused & transformstion
of the former group into the lstter. Heparin administered to the rabbit prevents
the usuel build-up of high concentration of the Sy 10-50 lipoproteins during
cholesterol feeding end retards the development of atherosclerosis. In the
human, accompenying the redistribution of lipoproteins, there was observed a
marked reduction in angina pec¢toris in all patients studied who presented this
symptome The relation between the heparin effect upon lipoproteins and its
effect upon angina cannot be essesséd at presente
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LEGEND for Figure 1 & end b

The Effect of a Single Intresvenous Injection of Heperin on Humen Low=

T - Density Lipoproteins

The accompanying ultracentrifugal flotation patterns show the progressive

. chenges in the lipoproteins.of a 63 year old female patient with coronery artery

disease treated with a single 100 mg dose of heparin given intravenously.

-In all the figures successive frames are teken at 0, 6, 12, 22, 30, and 38
minutes after full rotor speed of 52640 BPM has been raached. Frames 2 and 5 in
Figure 1(b), lower pattern are. ruled, fgf the ecadeculgtion of ;the-Sf rates. gf anypeak
cppeering in these -frames, respectively.’ f These rulings can be used to celeulats
S¢ rates in the correspondlng frames of the other flgures.

All stlpgled areas repreSent the. messure: of the 'S¢ 20-~100 cl&ss of llpO-
proteins; all cross-hatched areas represent the measure of the Sp 12-20 class of
llpoprotelns.

Flg e Time after heparin §f 12-20 (mg?) Sp 20100 (me%
1(a) upper " Pre-heparin ‘ 167 mg% . 530 mgh
pattern - _ , ,
1(a) lower 20 minutes : 239 - 50 (See note below’
peattern ' ' : S
1(b) upper 6 hours - 128 : 52
pattern : . = :
1(b) lower 26 hours 143 : 344,
patﬁern ‘

Note- The sample recorded in 1(a) lower wes ultracentrlfugally concentrated only
to 3/4 the level in the other samples. Hence the measured area from the diegram
was corrected for this in preparing the tebulation of results.

It is seen that while the 6 hour post heparin sample shows an Sp 12-20
level not over 25% lower than the preheperin sample, there is a marked shift
in distribution of the lipoproteins of the Sg 12«20 class towerd the lower:
ranges of this class.
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LEGEND for Figure 2, a through g,
The Effect of Heperin Repository on Humen Low~-Density Lipoproteins

The accompanying ultracentrifugel flotetion patterns show the prbgréssiVe
changes in the lipoproteins of & 63 year old female patient with coronary artery
discase treated with a single 200 mg' dose of repository heparin,

In all the figures successive fremes are teken at 0, 6, 12, 22, 30, and 38
mirutes after full rotor speed of 52,640 RPM has been rcached. Frames 2 and 5
have been ruled in Figure 2 (d) for calculation of the S¢ rates of eny pesk
appearing in thet freme. The ruling of freme 2 in figure 2(d) may be used to
czlculate Sy rates in frame 2 of any of the other figures. Similarly tie ruling
of frame 5 in figure 2(d) may be used to calculate Sp rates in frame 5 of any
other figures. L . ,

All patterns shown represent two different sera run simulteneouzly in the
ultracentrifuge. In each figure only the upper pattern is involved in this
study. The lower pattern is from enother individual and is to be completely
disrcgerded.

All stipéled areas represent the messure of the Sf 20-10P cless of lipoproteins:
all cross-hatched .srces represent the meesure of the Sg 12-20 class of lipo-
proteins, '

nep efommh page gt
Ca) 70 min. 147 18
f 2(e) | 3 hours 102 | 14
‘: 2(a) 4 hours ;2 ‘ 0
~2(e) B 6 hours , 83 18
2(£) 24 hours - 160
| 2(g) 72 hours 107 164,

In addition the figures revecl a great increase in the concentration of lipo-
proteins of the Sp 6-10 and S¢10-12 clesses accompanying the decreese in con-
centration of lipoproteins in the classes sbove Sp 12. The change in concen-
tration of all lipoproteins between S¢ 12 and Sy 100 in four hours efter heparin
edministration is 533 mg %. Assuning a plesms volume of approximately 2500 cc,
this represents a2 aminimum of 13 grams of lipoprotein cleared by the action of
200 mg of heperin in the repository forma v





