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BLOOD LIPIDS AND HUMAN ATHEROSCLEROSIS** 

> 

II. The Influence ,'of Heparin upon Lipoprotein MetabOlismo* 

By Dean M. Graham, Thomas P. Lyon, M.D., . 
John W. Gofman; M.D., Ph.D., Hardin Bo Jones, Ph.D., 

.Alexander Yankley, M.D. and John Simonton, M.D. 

An hypothesis that atherosclerosis is a disease associated with or caused 

by an error in the metabolism of fat and other lipids has been-previously 

presented (1). The evidence supporting this hypothesis consists in the de-

monstrati~n of the existence of certain special classes of lipoprotein mole

cules associated with atherosclerosis in several experimental animal species 

and in the human developing or manifesting atherascler~sis (1), (2), (3). 

The further study pf these lipoproteins as well as several other lipo

protein species has revealed (3, 4) that essentially all of the blo0d lipids 

(including fat, eholesterol, cholesterol esters, and phospholipidi'l) exist in the 

blood only in the form of structural entities within several of these lipo- _.-.j·.~"···-~··· ~" 
~v·r-·-

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 Sr 10-20 lipop~oteins in certain individuals. Each lipo• 

protein, which can be identified in its native state by the ultracentrifugal 

analYsis of serum, presumably has a different functional role in lipid metabo-

lism, Its concentration in the blood is the resultant balance between formation 

and utilization at any particular steady state of physiological activity. 
I 

Physiologic factors already reported to influence serum lipoprotein levels 

include (a) dietary intake of' fats and cholester.ol, (b) thyroid function, (c) 

experimental adrenal cortical hyperactivity (rabbit only), (d) age, (e) sex, 

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

'-----------
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by the ultracentrifugal analysis of serum lipoproteins. Such are manifest in 

(a) atherosclerotic state, {b) nephrosis, (c) xanthoma tuberosum, (d), biliary 

obstruction, (e) acute hepatitis (6), (f) certain cases of diabetes, (g) hypo

thyroidism, (h) hypercholesterolemia, (i) xanthelasma. (7). In addition, there 

are certe_in 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 variations encountered are derived from two variables, (a) the. 

number of different lipoprotein species present, (b) the relative abundance of 

the differ-ent lipoproteins in a single serum.. A variety of evidence (3) 

s'uggests that the typical 11 normal11 of humans shows one or more lipoprotein 
I 

species in the range up to 6 Sf units {including the Sf 2, Sf 4, Sf 6 lipo-
c 

proteins). An analogous situation exists in the rabbit, chicken and dog, with 

minor differences in the Sf rate of the normally occurring lipoproteins. In 

atherosclerosis and certain other lipid metabolic derangements there exist in 

addition varying concentrations of lipoproteins in the classes Sf 8, Sf 10, 

Sf 13, Sf 17, Sf 17-20, Sf 20-40, Sf 40-40,000. In the range Sf 8 - Sf 40, the 

higher members of the group of lipoproteins make their appearance in serum only 

v;hen appreciable levels of all lower members are present. However, the relaltfve 
) 

abundances of these various lipoproteins are variable from one disease category 

to another. In the range Sf 40-40,000 there are also character.istic patterns 

associated with disease states, but lipoproteins of the Sf 40 - 40,000 class 

also represent part of the alimentary "lipemia" of normals. Elevation of the 

Sr 10-30 range of lipoproteins has been shown to be essentially universally a 

part of the development of atherosclerosis in the human as well as other speciese 

However, at least certain of the higher members may also be involved in this 

disease, but as the variability in concentration in a given individual approaches 

the variability of groups, they have not been used as a correlative guide. 
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As an extension of our studies of the factors involved in the maintenance of . 

the levels of the various serum lipopr,oteins, it has now been found that heparin 

can produce a profound alteration in the lipoprotein pattern in a manner which 
I 

may prove of value in the further understanding and management of atherosclerosiso 

Heparin, of course, has long been used clinically in the therapy.of thromboem-

bolic disease, but not f'or any possible influence it might have upon metabolic 

factors leading to atherosclerosis. 

Hahn (8) reported that heparin abolished alimentary lipemia in vivo, but not 

in vitro • Weld (9) showed that the phenomenon is not restricted to any particular 

vascular bed by perfusing various body regions v:ith heparinized lipemic plasma_

Recently, Anderson (10) has shown that the turbidity of lipemic plesma may be 

cleared in vitro by mixing lipemic plasma drawn before heparinization with that 

drawn five "minutes after heparinization. He hypothesized an "anti-chylo

micronemic" factor which results from heparin injection and discussed the 

possibility of a heparin~phospholipid complex being a surface active agent 

responsible for the clearing of lipemic plasma. Waldron (11) reported that other 

anticoa~lants (sulfonated polysaccharides and protamine fast pink B.L.} produced 

effects similar to heparin, and,furthermore, that heparin enhances the absorption 

of fats from the intestine as evidenced by lipemia production. 

A single injection of sodium heparin intravenously in the cholesterol-fed 

rabbit produces dramatic ohenges in the lipoprotein spectrum, characterized in 

general by a ~sre~s§ in concentration of molecules of ~he high Sf classes, with 

a concomitant in£!~~§§ in concentration in those of the lower Sf classes. 

The association of these two changes suggests a progressive conversion of 
- " 

the higher Sr lipoproteins into thosG of lower sr rates. An immediate response 

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



successive changes in those of the lower Sf classes, with maximum effect being 

observed et about three hours, . Subsequently the pattern "reverts" to its initial' 

state in approximately 24 ho~s. 

To obtain some e~aluation of chronic effe~ts of heparin administration, a 

series of eight rabbits were fed one gram of cholesterol dissolved in Wesson 
) 

oil in their Albers food and divided into two groups. One group of four animals 

received daily I.V. injections of fifteen mg of heparin, the other group re-
j . 

ceived no heparin. The four animals receiving heparin showed levels of the 

Sf 10-50 class of lipoproteins three to six times lower than did three of the 

four control animals. One of the control animals was of the "refractory" t!pe, 

,developing onlY low levels of the Sf 10~50 class in spite of cholesterol feeding, 

The heparinized and control animals were paired and autopsied between 2-1/2 and 

4 weeks. The four heparinized animals failed to develop gross atherosclerosis, 

whereas'three of the four non-heparinized animals showed moderate atherosclerosis, 
/ 

The one non-heparinized animal which failed to develop atherosclerosis had also 

failed to develop appreciable level of the Sf 10-50 class of lipoproteins. Thus 

it appears that the effect of heparin in depressing the development of the 

Sf 10-50 lipoproteins is associated with a suppression of atherosclerosis. 

Rabbits refractory to development of Sf 10-50 lipoproteins and athero-· 

sclerosis under comparable experimental conditions, are seen in our laboratory 

"-experience wi,th a frequency no greater than 1 in 20. Thus it appears that the 

chance of seeing four such rabbits in this single group to which heparin had been 

administered is beyond reasonab1e expectation of chance (p = ( 0.01). This effect 

is being studied further varying heparin dosage and fat and cholesterol feedingo 

In the human, even more striking effects ere seen following heparin ad-

ministration. In Fig. 1 is shown the progressive changes in the spectrum of 

lipoproteins following intravenous injection of 100 mg of sodium heparin. This 

patient, a myocardial infarction survivor, showed initially high levels or 
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lipoproteins in the Sf .10-20 class, as well as in the Sr 20-100 class. ~ithin 

15 minutes there has been essentially a 11 wipe-out" of lipoproteins from S£_20-

Sf 100, associat6d with an increase in the concentration of the sr 10-20 class •• 

Then, during the next 6 hours there has been an overall shift within the 

~ Sf' 10-20 class, such that the Sf 12-20 lipoproteins are markedly· reduced in con

centration below their origfnal level, while.the Sf 10-12 and Sf 6-10 lipo-
. ' 

proteins have· increased in concentration over the initial level, Progressively 

over a period of 24 hours the entire pattern reverted toward the init:i,_al pattern, 

~lthough there was still a lower Sf 12-20 level than initiallyo This same general 
\ 

effect has been observed in each of thirty subjects (normals c.nd myocardial_in

farctions) studied in this ·manner, the only variations observed being in the de-

gree of response and in the time relationships of the sequence of events which 

occur. Dosages ranging ~rom 15 mg- 100 mg of sodium heparin I.V. have proven 

definitely effective, although graded dosage in a single p£tient requires further 

evaluation. 

In vitro attempts to alter the lipoprotein pattern by heparin addition, have 

f&iled in all of numerous trials. However, sdmples of plasma from heparinized 

patients have been found effective in altering the lipoprotein spectrum of serum 

· drawn fr_om the same individuals before heparin administration or of serun1 of 

other individuals. Thus it appe~rs that the injection of heparin results in the 

·in vivo production of an "active principle" cepable of producing these conversion: 

of lipoproteins in vitro. This result is similar to the studies of the "anti• 

chylomicronemic11 f~ctor of Anderson. In on effort to elucidate the mechanism of 
i 

the effect on lipoproteins, we have found thct the 11 octive principle11 appears to 

reside in the ultracentrifug§l globulin regiona The serum albumin fraction and 

the low density lipoprotein group both appear inactive. Globulin fractions from 

post-heparin plasma when incubated with earlier post-heparin plasma appear to 

cause further ch£nges in the lipoprotein distribution in such plasma in vitro, 
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We have as yet been unable to detect any of the "active principle'' in serum from 

individuals who had n~t received heparin, although it is conceiveple such a factor 

may circulate at low concentrationo 

In an effort to determine the effect of a maintained heparin level on the 

serum lipoprotein pattern we have made some studies of individuals receiving re

pository heparin (R). Fig. 2 shows the effect of heparin repository in the same 

patient as studied in Fig. 1 with I.V. heparin. ~t is noted that in 4 hours with 

repository heparin, this patient has lost essentially all of her lipoproteins 

above Sf 10 units, representing in essence a reversion to a "normal" lipoprotein 

patternc After 24 hours there has been a partial return of Sr 10-20 molecules 

(50%), but a much lo'ltver fractional reE.ippe£lrance in the Sr 20·~100 class of mole-

cules. (Even after 2 and 4 days there is a signifi0ant depression of the 

gf 1;;}-20 level.) 

A Series of twenty patients have received intravenous heparin et intervals 

varying from 2-14 days. There appeared to be no reduction of ability of patients 

to show the response described in Fig. 1, even after numerous heparin injectionso 

A small proportion of the patients showed depression in Sf 10-20 levels which 
' 

persisted for the full 3 to l4 day intervals b~tween I.V. injections of heparin, 

but in general the levels observed 3-14 days after injection showed no average 

trend toward. reduction. In this pe.rticulsr series samples were drawn throughout 

just prior to each new heparin injection. From what has been observed in the 24 

hour period following such injections, we may anticipt:te"thc::t averaged over the 

entire period between injections, the Sr 10..20 le~el may have been appreciably 

lower than its pre-heparin value. In one patient studied over a one month period: 

who had shown a maintained Sr 10-20 depression for the 3 day interval between 

heparin injections, showed a slow progressive rise approaching his original 

Sf 10-20 levels over a 1 month"period after cessation of heparin injectionso 

·a- Lederle Repository:Heparin. 



An incidental and unexpected clinical observation mode by Lyon and Yankley 

in the patients receiving repeated heparin injections was that 22 patients with 

moderate or severe angina pectoris reported marked relief from this symptom with 

a drastic decrease in nitroglycerin requirement. Reports on the effect of 

heparin in relieving pain of myocardial infarction and as a coronary vasodilator 

have appeared in the literature (12). However, the presently reported responses 

in angina have been observed with small single doses of heparin (20-100 mg) given 

at intervals of several days~ All of seven patients whose severe angina had been 

relieved by the heparin injections complained of return of angina when saline 

placeboes were injected instead of hcpsrin,, Most. of the pa l:.:i.ents in this series 

' were on a partially fat...orestrir.'!ted r:i~s~ b;;Ji'.'o.:-e: <:l!:1d. ri::cir!B the heparin adminis-

tration period. However, thG ~-F.L:rtedl..<ots ~Ll<'~ -.:ir&t!)i-1"\.;:~:.; 8~'f::;ct :;£' heparin was. in 
" 

contrast to the slower and le.ss !7Jd~'kS(! :·eri:1ct:!_on i11 e:1gin::: a~:c~o;npanying the 

dieting itself. Howeve!'", si:!!: of -c.ha· pati~:rf:n who re;.-;?ond8d welJ.. t,o heparin had 

· not been on a restricted diet~ 

We are cognizant of the mcmy difficulties in evaluating objectively §fficacy 

of drug relief of anginas However, the striking character of the response in 

patients with relatively fixed anginal patterns and nitroglycerin requirements, 

plus the loss of response when saline placeboes were used would appear to 

militate against the response being in any way psychogenically determined~ Ex-

tended studies of this response are in progress now. We are not eble at thin 

time to provide any suggestion of a possible ~elation of the heparin effect on 

blood lipoproteins to that in relieving angina pectoris, although such may be 

the case. 

DISCUSSJON 

Hewarin appears to act profound~ und rapidly in altering the blood lipo

protein spectrum. Shifts among the lipoproteins are observed both in the h~~n 

and the rabbit from molecules of the higher Sf classes to those of successively 



lower classes in time:Jof the order of minutes to hours following e single heparin 

injection. The decrer.se in concentration of a particular Sr range of molecules' 

accompanied by an increase in the concentration of molecules in the next lower 

' Sf classes suggests that the former molecules may be actually transformed into 

the latter by the influence of hepo.rin. This appears to occur in -several 

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 Sf 17 .. 100 classes represent in the human the 

major glyceryl ester (fat) bearers of serum, the 9bserved interconversion ac-

centuated by heparin, may represent steps in the normal pathway of transport and 

metabolism of fat.· .It is appropriate to consider the possibj,lity that heparin 

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

physiological interconversion of· lipoproteins. Thus, in individuals who usually 

show high levels of Sf 10-20 end Sf 20-100 lipoproteins there may be a blockage 

in the utilization pathways 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 adults 

and children of both sexes) all these molecules; if present, are in very low con-

centration, which would be expected if utilizction pathways were greatly 

facilitated in these individucls~ 
' ' 

As re:ported by Anderson for the in vitro clearing of alimentary lipemia by 

in vivo heparinized plasma, the pres~nt work indicates thet heparin in free form 

,~, dOEfS qot directly induce any alteration in lipoprotein spectrum. However; plasma 

from heparinized potients contains a factor that is effec.tive. This factor re• 

sides in the ultracentrifugclly determined globulin-fraction and induces changes 

i~ vitro which simulate, at least in part, the chenges in lipoprotein~ which 

follow in vivo administration of heparin4 Further search for such an "active 

:factor" in the sera of 11normal11 individuals who show low levels of Sr 10-100 
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lipoproteins appears w~rrc.nted. If present, such a factor might be anticipated 

at very low concentration, from the negative results of our searches for it to 

date. Again, such a factor might not normally reside in r, ppreciable concan-

tration in plasma, but might be called forth in response to lipid loading. 
' -· 

Heparin administered to rabbits protects the animal from development of 

atherosclerosis under circu.'llstances which otherwise induce atherosclerosis. Since 

the protective effect-of heparin is accompanied by a suppression of development 

of high levels of the Sr 1()-50 lipoproteins, the observation strengthens the 

previously reported evidence linking these molecules with atherosclerosis, and 

further suggests the value of maintt:ining low levels of these molecules in pre• 

vention of experimentel atherosclerosis. The effect of lowering the similar 

' classes of molecules· in the human on progression of the clinicel manifestations 

of atherosclerosis ·is being evaluated (13). 

The dramatic relief of angina pectoris by intermittent heparin administration 

parellels the\profound effect of this substance upon lipoprotein metabolism. 

However_, at this time we have been unable to demonstrate that these tww 

simultaneous effects are actually related. It may be that the relief heparin 

provides in angina pectoris due to its vasodilator or to its anti-tl~ombotic 

activity. The effect on angina pectoris is seen with sm~ll doses of heparin and 

persists much longer than the anti-coagulant ef:'fect of the doses used.. Currently 
I 

I , 

under study are the effects of heparin in s~veral ~iseases which are marked by 

extreme elevation of lipoproteins of the Sr 10-100 classes (e.g., nephrotic 

syndrome, hypothyroidism and xanthoma tuberosu~). 
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1. Heparin administered to rClbbits and humans causes profound reorientation 

in the distribution of low-density lipoproteins, characterized by a shift or 

lipoproteins of high Sr rates to those of successively lower Sf rll.tes. 

2. Heparin administered to cholesterol-fed rabbits prevents the development 

of high levels of Sf 1~50 lipoproteins and retards the development or athero• ( 

sclerosis in such animals • 

.3. Following heparin administration the plasma contains an ''active prin

ciple" associcted with the ultr£lcentrifugal globUlins, which produces similar 

re-orientation or the lipoprotein spectrum in vitro. 

4. Heparin added directly to serum is ineffective in vitro. 

5. Intermittent heparin administration to patients"with severe,angine 

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

several days beyond a single injection. 
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Hep~.rin ~idministered to hu'llans end rabbits causes profound re-orientation in 
the distribution of low-density lipoproteins, characterized by a shift of lipo
proteins of highSr rates to those of successively lower Sf rates. The obser-

f vations r.pp&ar to indicate th6t this agent has actually caused a transformation 
of the for~er group into the l&tter. Heparin administered to the rabbit prevents 
the usual build-up of high concentration of the Sf 10-50 lipoproteins during 

~ chol&sterol feeding and retards the development of atherosclerosis. In the 
human, accompanying the redistribution of lipoproteins, there was observed a 
marked reduction in angina pectoris in all patients studied who presented this 
symptom. The relation between the heparin effect upon lipoproteins and its 
effect upon angina cannot be assessed at presento 

THE AUTHORS 

Dean M. Graham, B.S. Research Associate in the Division of Medical Physics 
Donner Laboratory 
University of California, Berkeley, Cr:lifornia 

Thomas P •. Lyon, :IA.D. Research Associate· in the Division of Medical Physics 
Donner Laboratory 

· University of CC:lifornia, Berkeley, California 

John W. Gofman, M.D., Ph .. D.. Associate .Professor· of Medical Physics 
Donner Laboratory 
University of California, Berkeley, California 

Hardin B. Jones, Pr..D.Associate Professor of Medical Physics and Physiology 
Assistant Director of the Donn~r Laboratory 
University of California, Berkeley, California 

Aluxander Yankley, M.D. Visiting Physician, Santa Clara County Hospital, 
San Jose, C~lifornia 

John B. Simonton, M .. D. Research As.eociate in the Division of Medical Physics 
Donner Laboratory 
University of California, Berkeley, California 



( 



~END for Figure 1 a and b· 

The Effect of a Single Intravenous Injep,!.,:i:.Qn of Heparin-on Human Low-

•• .J '"i l; Density Lipopro~eins 

The accompanying ultracentrifugal flotation patterns show the progressive 
changes in the lipoproteins,of a 63 year old female patient with coronary artery 
disease tr0ated with a single ~00 mg dose of heparin given intravenously • 

. In all the figures successive frames are .taken at o, 6, 12, 22, 30, and 38 
minutes after full rotor speed. o£ 52640 RPM .has been reached. Frames 2 ·and 5 in 
Figure l(b), lower pattern are. ruled,. f.~ ·tHe ~a1~ulg,,t;.io1;l of ~the 1.~f·r~t?s. \?,f anypeak 
eppearing in these frames, respect1vely/, These rulings can be used to calculate 
Sf rates in the corresponding fra!lles of the other fig~es. 

All stippled_ areas represent the. me&sure of the Sf 20-100 clasEj of lipo
proteins; all 9ross~hatche§! areas represent .the measure of the Sf 12-20 class of 
lipoproteins. 

Figur.§ Time after heparin ~f 12-20 (mg%) ~f 20-100 {mg%} 

l(a) upper Pre-heparin 167 mg% 530 mg% 
\ 

pattern 

l(a) lower 20 minutes 239 50 (See note .below 
pattern 

l(b) upper 6 hours 128 52 
pattern 

l(b) lovrer 26 hours l43 344 
pattern 

Note; The sample recorded in l(a) lower was ultracentrifugally concentrated only 
to 3/4 the level in the otherc samples. Hence the measured area from the diagram 
was corrected for this in preparing the tabulation ~£ results. · 

It is seen that while the 6 hour post heparin sample shows an Sf 12-20 
level not over 25% lower than the preheparin sample, there is a marked shift 
in distribution of the lipoproteins of the Sf 12•20 class toward the lower 
ranges of this class. 
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LEGEND for Figure 2, e through g. 

The Effect of Heparin Repository on H~~an Low-Density Lipoproteins 

The accompanying ultracentrifugel flotation patt~rns show the progressive 
changes in the lipoproteins of D 63 year old female pa.tient with coronary artery 
di.~B.::se treeted with a singlet 200 mg' dose of repository heparin. 

In all the figures successive frames are taken at o, 6, 12, 22, 30, and 38 
minutes after full rotor speed of 52,640 RPM has been reached. Frames 2 and 5 
have been ruled in Figure 2 (d) for calculation of the Sf rates of any peak 
appearing in thet frame.. The ruling of frame 2 in figure 2( d) may be used to 
calculate Sf rates in frame 2 of any of the other f~gures. Similarly ile ruling 
of frame 5 in figure 2(d) may be used to calculate Sf rates in frame 5 of any 
other figures. 

All patterns shown represent two different sera run simultaneoualy in the 
ultracentrifugee In each figure only the upper pattern is involved in this 
study. The lower pattern is from another individual and is to be completely 
disregard~d • 

. 
All stippled areas represent the measure of the Sf 20..1~ class of lipoproteins; 

all cross-hatched .areas represent the measure of the Sf 12-20 class of lipo
proteins. 

Figll£:e Time after heparin £f J-2-20 (~2 ~f 20-lOC) ( :ng%) 
2(a) Pre-hoparin 197 mg , 357 mg% 

2(b) 10 min. 147 lB 

2(e) 3 hours 102 14 

2(<i) 4 hours 21 0 

2(e) 6 hours 83 18 

2(f) 24 hours gl 160 

2(g) 72 hour, 107 164 

In addition the figures revecl a great increase in the concentration of lipo
proteins of the Sf 6-10 and Sfl0-12-clessas accompanying the decreese in con
centration of lipoproteins in the classes above Sf 12. The change in concan- . 
trat:ii..on of all lipoproteins between Sf 12 and Sf 100 in four hours E:fter heparin 
edministrotion is 533 mg %~ Assu~ing a plasm~ volume of approximBtely 2500 cc, 
this represents a minimu~ of 13 grams of lipoprotein cleared by the action of 
200 ~g of heparin in the repository form~ 




