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ABSTRACT 

A method for the ultracentrifugal analyses of the high-density 

serum lipoproteins and the serum proteins is described in detail. 

A randomly collected population consisting of 2297 clinically 

healthy humans (1961 males and 336 females) constituted the subjects 

used in this· study. Measurements were made on the concentrations 

of the three high-density classes of lipoproteins (HDL1, of hydrated 

density L045 g/ml; HDL2 , L075 g/ml; and HDL
3

, 1.145 g/ml) and 

of the three protein classes (P 1, a macroglobulin of S rate 19; P
2

, 

the gamma globulin of S rate, 6; and P 
3

, the albumin of S rate 4). 

The means, the standard deviations of the distributions, and 

the standard errors of the means were calculated and recorded for 

the 
1
various age categories in both sexes. 

The Pearson product-moment correlations were calculated, for 

each group, for each component measured with each other kind of 

mac~romolecule measured, including the low-density lipoproteins. 

The results of the calculations of distributions and correlations 

are discussed, and some conclusions are drawn from the findings. 
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L INTRODUCTION 

With the development of ultracentrifugal techniques,' which 

immediately followed the pioneering and developmental work by 

T. Svedberg, 1 many new fields of study have been opened to research. 

One of the most interesting and certainly the most fruitful of such 

fields is the study of macromolecules of biological systems. Of these 

macromolecules the lipoproteins are without doubt the current topic 

of most interest and of paramount importance. Although lipoproteins 
. . 2 

have been known to exist for many years, it was not until ten years 

ago that John W. Gofinan, utilizing ultracentrifuges, developed a 

unique method that allowed for the quantitative analysis of any lipo­

protein species in its natural state. 3 

His method involves two major steps. The first step is prepara­

tive ultracentrifugation, in which the desired lipoproteins are physically 

separated out of a serum sample by being floated to the top of the 

sample tube. This is accomplished by mixing concentrated salt 

solution with the serum so that the resultant density of the mixture 

is greater than the hydrated density of the desired lipoprotein classes 

(sodium chloride and (or) sodium nitrate solutions were used for 

these studies). Under these conditions, in an ultracentrifuge operated 

at about 100,000 g, the desired lipoproteins float to the top in due 

time, while the undesired macromolecules sediment to the bottom; 

the time depends on the speed of rotation, the density differences 

between the molecules and the solvent, the temperature, etc This 

effects a unique separation, which allows for quantitative removal of 

the top fraction containing all the desired lipoproteins. 

In the second major step in the Gofman technique an aliquot of the 

top fraction obtained as above is run in an analytical ultracentrifuge, 

which is capable of furnishing a film record of the analysis and thus 

establishes the precise identities and quantities of the lipoprotein 

species present- in the sample. For more detailed discussions of the 

technique than are given in this text, the reader is referred to other 
3, 4, 5 

papers. 

It is not the purpose of this paper to discuss the virtues of such 

a method, but its importance is quite obvious to those in this 
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field who use such a method; without it our knowledge of lipoproteins 

in biology would be rather sketchy, Ih was through the use of his 

method that Gofman was able to prove conclusively the significant 

relati,onship of the low-density lipoproteins-namely the s~ 0-12, 
0 0 0 -f. 

Sf 12-20, Sf 20- 100, and Sf 100-400 lipoprotein classes -to 

atherosclerosis and other related diseases, 6 "' 11 The cholesterol 

molecule was once considered to cause atheroclerosis, but now it is 

thought to be only incidental to the low-density lipoproteins, Cholesterol 

is only a part of the lipid part of all lipoproteins, and not all lipoproteins 

are implicated in atherosclerosis, The major high-density lipoproteins, 

which are the subject of this paper, are not involved either positively 
12 or negatively, 

Serum lipids of healthy humans are not found in free states, 

but are bound in some way to protein, making up rather stable 

molec"!.lle s known to be the lipoprotein molecules, These lipoproteins 

differ from on.e another only in their hydrated densities, molecular 

weights, and lipid compositions, Lindgren, et aL, utilizing the Gofman 

differential-density separation method, were able to isolate specific 

lipoprotein classes, and have performed lipid analyses to determine 

h 1, .d ' . f h 1 ' 1 d 13 • 14 Th 1· . t e 1p1 compos1t1on o eac c ass 1so ate , e 1poprote1n 

concept, although still questioned by a few, is almost universally 

accepted, A recent paper by Thomas Hayes, also of the Donner 

Laboratory, an~ a member of the Gofman staff, describes a technique 

which enabled him to obtain electron micrographs of the various 

lipoprotein molecules, 15 These photographs (Fig.s, 1- 5) show the 

lipoproteins to be discrete entities, and would appear to definitely 

* 0 0 The Sf unit is used (as, for example, in Sf 0-12) to identify the lipo-

protein class on the basis of its migration rate in a NaCl solution of 

density 1.063 g/ml in a centrifugal-force field created by an ultracentri­

fuge operated at 52,640 rpm at 26 °C, The sub script f d_enote s flotation 

(as opposed to sedimentation, which has positive values) in calculations 

of the S rate, The S unit, known as the svedberg, is defined as --

S = 10-!3 cm/sec/dyne/g', 

.. 
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ZN-ZOS6 

Fig . 1. An electron micrograph of an ultracentrifugally isolated 
fraction of chylomicrons (X 54, 230). 
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ZN-2.057 

Fig. 2. An electron micrograph of an ultracentrifugally isolated •· 
fraction of sp 20-400 lipoproteins (X 54, 230). The polystyrene 
standards (appearing as clumps of grapes) are 880 angstroms 
in diameter. 
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ZN-2058 

Fig. 3. An elect<fon micrograph of an ultracentrifugally isolated 
fraction of Sf 0-12 lipoproteins (X 54, 230). The large 
particles are polystyrene standards 880 A in diameter . 
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ZN-Z059 

Fig . . 4, ·· An elect0on micrograph of an ultracentrifugally isolated 
fraction of Sf 12-20 lipoproteins (X 54, 230). There are no 
polystyrene standards seen in this photograph. 

" 

.. 

( ' 
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ZN-Z060 

Fig. 5. An electron micrograph of an ultracentrifugally isolated 
fraction of the two major high-density lipoproteins, HDL2 and 
HDL3 . The mixture is predominantly HDL3' since only about 
20'?/o of the concentration of this fraction consisted of HDLz 
(X 54, 230). There are no polystyrene standards in this photograph . 
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verify the lipoprotein concept. (T h e Hayes method can be followed 

by others to obtain confirmat ory resul ts . ) This vis u alizati on of 

discrete entities certai nly so lidifies arid reinforces .my thinking on 

this subject. 

In a carefu l analysis following the Gofman method, one finds 

1n the serum of healthy humans a continuum of l ipoprotein classes 

ranging in hydrated densities from 0 . 9-3 g/ml (i n the chylomicron 

class ) to 1.04 g/ml. This r ange inclu des a ll the l ow-density lipo­

protein classes , and was designated by the mor e u sefu l term the 

S~ u nit by Gofman. In addit i on there are also p r esent three more 

lipoprotein species, which h ave h ydrated densiti es 1.045 g/ml, 1.07 5 

g/ml , and 1. 145 g/ml. These a r e known as the high-density lipo­

pr otei ns , and were gi ven the r espective des ignations HDL
1

, HDL
2

, 

and HDL
3 

by d eLalla et a l. 
4 • 16 (The c u t i n the lipoprotein spec t rum 

which divides them into two maj or g r o ups--the low-den s ity and the 

high-density-- i s purely arbitrary, and was u sed for convenience 

only . ) There is no existing evidence proving the presence of 

lipoproteins more dens e than HD~ (hydrated density 1.145 g/ml) in 

healthy h u mans . 

P r i or to t h e Gofman te chni q u e in the stu dy of seru m lipids a 

somewhat ambi g u ou s and overlapping lipid nomenclatur e crept into 

the literatu re . With each diffe r ent meth od a new nomenclatu re was 

introduced, and, as a res u lt of g r oss oversimplications , cau sed con­

siderab l e confu sion . To car r y ov e r any nome nclatu re from one 

method to ano th e r woul d be danger o u s, s i nce not onl y does the meth od 

of extraction d iffe r , b u t the r e is a l so considerab l e overlapping . Until 

a better method is d e v e l oped a ll serum- l ipi d analyses necess i tate the 

u se of the preparati ve u ltracentrifu ge and the d i fferentialt dens i ty 

s eparation method for the stu dy of specific lipoprotei n classes . 

Although it i s withi n th e scope of th is paper to discuss only 

the high-density lipoprot.eins , no lip oprotein stu dy can be compl ete 

u n l ess it includes both the l ow- and the high - d e ns i ty g r ou ps . T h ere­

fore , whenever appropr iate , some l o w- de n s i ty·, lipoprotei n data are 
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included . To those undertaking a lipoprotein study it should be mentioned 

t hat unle ss the entire lipoprotein spectrum is obtained, only part of 

the s t o ry i s revealed. In many disease categori es the enti re story may 

re st i n eith er the low-density or the high-density lipoprotein groups , 

b h h . 1 d 11 , 12 u t in many ot e r categori es bot groups are 1nvo ve . 

Study of the high- density lipoproteins by the method de scribed 

herein a ffo rded the oppor tuni ty for analysis of the serum proteins as 

welL T h e method, not published elsewhere, is described in detail 

u nder t he secti on on Methods . The method utilizes the bottom fracti o n 

of the p repar a t ive sample after all lipoprotein material has been 

fl oate d t o the top and removed . The film re ~ord of the analytical run 

o n an adjusted aliqu ot shows the serum of healthy humans to contain 

three species of proteins ; we designate them P
1

, a macroglob u lin 

norm ally present in low concentration ; P
2

, which includes the gamma 

g l ob uli ns ; and P
3

, the albumins . It is ~ot very likely that P
2 

is any­

th ing other than the serum gamma globulin nor that P 
3 

is anything 

other than the serum albumin, for two reasons . First : the concentra­

ti ons of the two components , are within the limits described in the 

literature for gamma g l ob ulin as P 
2 

and for albumin as P 
3 

i n no r mal 

human s ~rum . Se cond: ultracentr i fugally they a r e migrating with S 

rates compar able to what o n e w ou ld expect , considering the known 

molecula r weigh t of gamma globulin · and albumi n . A simple exper i­

ment wa s conduc ted to show that if one m i xes th e appropr iat e p r opo rti o ns 

of isolated gamma globulin and albumi n and pe rforms the analytical 

u ltracentrifuge analysis on th is m ixtur e , he can reproduce a pattern 

n ot detectably d i ffer ent from an actual protein analys i s of normal 

huma n seru m . F i lm re cords of this experiment are shown in 

Figs , 6 , 7, a n d 8 . Isolat e d immune se r um globulin and albumi n 

prepare d fr om human blood for thi s e xpe riment were furnished by the 

C utter L ab or a t o rie s of B e rkeley, California . These are the fractions 

know n e l e ct r oph o r etically as gamma globulin and albumin r e spectively . 

I n F ig . 6 o ne c an s e e a sing l e component migrating with an S rate of 

3 9 Th1s represe nt s a solution prepare d wi th the Cutte r h u rr.,an a lh u rnin 
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TIME IN MINUTES AT UP-TO-SPEED 

6' 22' 30' 48' 64' 

ZN-207" 

Fig. 6, An actual ultracentrifugal film record of the Cutter Laboratory 
human serum albumin fraction~ also known electrophoretically 
as albumin. The measured migration rate for this component 
when extrapolated to infinite dilution is S = 4, 

.. , 
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TIME IN MINUTES AT UP-TO-SPEED 

6' 22' 30' 48' 64' 

ZN-2077 

Fig, 7. An actual ultracentrifugal film record of the Cutter Laboratory 
human immune serum globulin fraction known electrophoretically 
as the gamma globulin component, The meas ure d mig ration rate 
for this component when extrapolated to infinite dilute is S = 6 , 
There are slight contaminations of at least two macroglobulins 
in this sample , 
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TIME IN MINUTES AT UP-TO-SPEED 

6' 22' 30' 48' 64' 

ZN-2078 

Fig. 8.. An actual ultracentrifugal film record of a mixture of the 
Cutter fractions of both Fig. 6 and Fig. 7 (gamma globulin 
and albumin}. The mixture was made to approximate the 
proportions of gamma globulin and albumin found in clinically 
healthy humans. Compare the 64-minute UTS exposure of 
this plate with the 64-minute exposure of Fig. 13 d which is 
an actual pattern of the gamma globulin and albumin of a 
clinically healthy human. It is n()t possible to tell the difference. 
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I n F ig. 7 one can see a large component migrating with an S rate of 
' 
6.2 . This represents a solution prepared with the Cutter immune 

serum globulin . Now if these two fractions are adjusted in concentrati on 

and then mixed so that the amounts of each are representative of what 

they would be in the average normal human serum sample, and one 

then performs the analytical ultracentrifuge run on this mixture, he 

obtains a film record as seen in Fig. 8 . Except for the absence of P
1

, 

this pattern is not detectably different from any standard human protein 

patte r n obtained by the method described in this text. If one compares 

the 64-minute UTS pattern (d) i n Fig . 9 with the 64-minute UTS frame 

of F i g . 8 , which is a comparison of the actual versus the "mock-up" 

patterns of the P 
2 

and P 
3 

complex (gamma--globulin and albumin 

respectively)', he will note the remarkable similarity . 

With the exception of P
1

, P
2

, and P
3

, no other protein species 

were detectable in normal patients by use of the method de scribe d in 

the text . In certain clinical states, however, this metho d can re ve al 

characteristically different protein patterns and protein species relate d 

to the clinical state i nvolved . 21 
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TIME IN MINUTES AT UP-TO-SPEED 

6' 22' 30' 48' 64' 

ZN-Z079 

Fig. 9. An actual ultracentrifugal film record showing the patterns 
obtained on a complete analysis of one subject only. 
(a) represents the low-density lipoprotein run at solution density 

1. 06 3 g/ ml (prep. type 1) 
(b) represents the first of two high-density lipoprotein runs at 

solution density 1. 125 g/ml (prep type 2) 
(c) represents the second of two high-density lipoprotein runs 

at solution density 1.200 g/ml (prep. type 3) . 
(d) represents the protein run at solution density 1,035 g/ml. 

/ 

+(a) 

+(b) 

+(C) 

+(d) 

" ,, 
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II. SUBJECTS AND MATERI ALS 

A. Selection of Subjects 

The healthy subjects for this investigation were employees of 

the Univer sity of Californi a Radiati on Laboratory at Livermore , 

Cali fornia , all of whom are per i odically given routine physical 

examinati ons . Venous b l ood samples--30 ml from each subject-­

were taken be twee n the hours of 8 .a m . and 3 ·p . m . , without any 

restriction of diet and without the s ubjects ' having any previous 

knowledge of this study . Thu s t he sampling was essentially random . 

There were certain restrictions , howeve r ; no individual was included 

i n the stu dy whose medic a l records showed any of the following 

conditions : 

Acute infection at the time of sampling 

Poliomyelitis with residual deformity 

Surgery involving removal of part or all of any organ 

Any condition requiring that the subject take medications 

such as thyr oid, steroids, etc . 

Cardiovascular disease history 

Cancer history 

Multiple sclerosis 

Pr egnant women and per sons followi ng special diets were 

also excluded . 

The total number o f subject s q u alifying was 2297 , of which 

1961 were mal e s and 336 were females . The i r ages rang e d from 

17 to 65 ye a r s . The 229 7 s amp l es w ere collected and analyzed a t a 

rate of about 20 per week over a 3-year pe riod . T he re were no de l ay s 

i n the analysis of any sample . Whenever the samples were collected 

they were immediately put thr ough the complete analys i s, which 

normally takes f r om 7 to 10 days. 
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B. Materi a l s Used 

The material s u sed for these stu dies are numerou s , and an 

attempt is made here to list a ll the essential items chronologically in 

order of their use . f 

B l ood-collecting mate rials: Tou rniqu ets ; a l cohol ; surgical sponges ; 

b lee ding k i ts consi sti ng of a b Lee ding set and a c ollec t i ng tube (see 

Methods section and F i g . 10 ); l abe l s ; scotch tape ; data sheets to re-

cor d s ub jects' ph ysical and medical data ; and a carrying contai ner 

l arge enou gh to accommodate the above s u pplie s and one day 's colle cted 

samples . 

Serum- separating mate ria l s : A size # 1 or f 2 In~ernational Centrifu ge 

or its equ ivalent; a balance to equal the weight of opposing b u cke ts in 

the centrifu ge ; a data book in which to log the sample s and ass i gn 

identifying numbers to them ; se rum-storage ves!.sels fo r sto r ing se r u m 

in the refrigerator (we u sed riml es s c u ltu re t ubes 15X125 mm ); 

l abels ; scotch tape ; parafil m to stopper th e se r u m sample (corks 

shou l d not be u sed since they can not be washed and rinsed adequ ate ly- ­

a rubber stoppe r is satisfactor y if p ro p er l y washed and r i nsed ); a 

refrigerator ; and refrige r ato r r acks in whi ch to store th e se r a . 

Materia l s u sed in the pre parativ e s etu p step ; A setu p r ack (which can 

be designed by the individu a l) to hold a compl e te " prep " (i n this case 

18 samples at a time--a l oad for a Spi nco 40 . 3 rotor--repre sents a 

compl ete prep ); L u steroi d t ubes t i nch in d i ameter and 2t inches lo ng 

(can be pur chased from the Spinco Division of the Beckman Instrume nts 

Co ., Palo. .Alto, Cal ifornia ; thes e plastic tubes m u st be carefully 

inspected and found free of flaws of any sort and m u st not be le ss than 

2-15/32 no r more than 2- 17/32 inches long ); a l abe l ing pen with ink 

that will permanently mark the L u ste roid t ube so as not to lose the 

i dentity of the sample ; sodium chloride (c p ), sodium nit r ate (c p ), 

d i stille d -wate r source , heavy water (D
2

0 99 . 5% ·:p u re ); "EXAX dr a i ning 

pipet s (3 m l, 2 m l, l ml , 0.5~ ml ); data s hee ts for recording the 

informati on re gar ding the sample s of a particula r p re p (s u c h as p re­

parative run conditi ons, inclu d ing th e amou nt of se r u m u sed in each 

sample , the spe ed and d uration of the r un , etc. ); a Spinco Model 40 . 3 
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rotor and accessories such as Lusteroid tube caps, cap vise and 

wrench, a tube puller , and a Spinco Model LH preparative ultracentrifuge 

(all supplied by the Spinco Division of the B eckman Instruments Co . ) . 

Materials used in the quantitative removal of the lipoprotein concentrate 

after preparative run is completed: A firmly secure table at least 

6 feet long that will not move if accidentally jarred; a light stand as 

shown in Fig . 12 (not purchasable ; this was designed and built by a 

technician on the staff ); a tube puller (furnished with the rotor) for 

removing the samples from the tube sockets in the rotor; eye-dropper 

bulbs and pipets as shown in F ig . 13 (not purchasable ; must be made 

by a glass blower according to the specifications shown); 1-ml volumetric 

flasks, storage vessels in which to store the lipoprotein concentrate 

(we used rimless culture tubes 12 X7 5 mm) ; labels, scotch. tape; 

parafilm to stopper the storage vessels ; and a rack designed to store 

a complete prep of lipoprotein concentrates in the refrigerator . 

Materials needed for analytical ultracentr i fu gation : A Spinco Model E 

Analytical Ultracentrifuge , and either a (1 ) Spi nco Analytical A, (2) 

Spinco Analytical D, or (3) Spinco Analytical C rotor (depending on 

the number of samples to be run simultaneously ); the complete 

assembly of the double- sector analytical cells 12 mm thick (i n place 

of the single-sector, since the latter necessitates a separate baseline 

run ; se e text under "Methods") ; a vise and torque wrench to assemble 

and disassemble the analytical cells (these are supplied with the 

purchase of the ultracentrifuge) ; l-ee tuberculin syringes; blunt-tip 

23- gauge needles 1 em long for use in loading the sample into the 

analytical cell ; sheet film which can be cut to fit the plate holder of 

the analytical ultracentrifuge camera (Kodak super ortho press was 

used by us and found to be satisfactory) . 

Materials for film processing and analysis : A darkroom in which to 

cut, load, unload, and process the film ; darkroom supplies; 

photographic enlarger to blow up the pattern obtained on the film record 

for convenience in tracing this pattern ; an accurate millimeter rule ; 

a planimeter ; and a slide rule and a calculating machine . 
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Materials needed for the setup of the protein run : "EXAX" 0. 2-ml 

blowout pipets, "EXAX 11 1-ml blowout pipets, storage tubes, labels, 

scotch tape and parafilm as mentioned in Section D above , 

Incidentals such as general office supplies, laboratory glassware 

and cleani ng agents , and other standard equipment and supplies neede O. 

to run a research laboratory need not be listed. It is assumed that 

these basic items will be found in a properly stocked and equipped 

laboratory . 

• 
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III . METHODS 

A . Collecting Whole- Blood Samples for Ultracentrifugal Analysis 

Blood samples must be drawn from subjects selected at random , 

excluding persons who are fasting or have recently altered their diet, 

unless the experiment calls for such conditions . 

The blood samples were collected by means of the sampling kit 

shown in Figs . 10 and 11. This kit was developed by us and manu­

factured by Becton, Dickinson Co . (who made the collecting tube) and 

by Cutter Laboratories (who made the bleeding set ). The use of such 

a system allows for complete control over such problems as contam­

ination of the sample by some foreign agent that may alter the final 

results . It will be noticed that the bleeding set has identical needles 

(20-gauge X 1i in. ) at both ends, making it possible to use either one 

of them for the venipuncture . These sets are sterile and pyrogen-free . 

The collecting tube, of 30-ml capacity, is evacuated. The collecting 

tube can be sterile, but for these analyses it need not be . The 

collecting tubes are treated by some process that deposits 3 mg of 

merthiolate in each tube . This will give a final concentration of 

merthiolate , after 30 ml of blood has been drawn, of 1/10,000 . The 

merthiolate is used as a pre seravtive and is capable of pre serving 
0 

blood samples for at least 5 to 7 days at temperatures from 10 C to 

40°C . This would be necessary in case samples of whole blood had to 

be shipped elsewhere . 

The following procedure was found essential for collecting 

samples of whole blood with the above sets : Surgical sponges dampened 

with 70o/o ethyl alcohol are used to wipe clean the area around the site 

where the venipuncture will be made . Samples for this study were 

usually collected from a branch of the cephalic or cubital vein of 

either arm. A tourniquet is applied, the plastic protective cap is 

removed from one of the needles of the bleeding set, and the veni­

puncture is made (see Fig . 11a). If a successful venipuncture is made 

the blood will gradually and continuously flow towards the other end of 

the set (Fig . 1la) . Under these conditions one can proceed by 
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Fig . 10. A blood-sampling kit for collecting 30 ml of whole blood for 
ultracentrifugal analysis. It includes a collecting tube which is 
evacuated, a sterile bleeding set which has a 20-gauge needle 
at each end of a plastic tube, and a wooden protective case for 
use in mailing samples when necessary. The 20-gauge needles 
are kept sterile by a plastic jacket. 

• 
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(a) 

{b) 

(c) 

ZN-Z08J 

Fig. 11. Collecting the 30 ml of whole blood needed for a complete 
ultracentrifugal analysis of the serum lipoproteins and proteins. 
This method was used for every sample represented in the 
data within this text. 
(a) Making the venipunctur epusing any o n e of the two 20-gauge 

nee dl es at either end of the b leeding set. 
(b) Allow the blood to flow d own the plasti c tube t o the other 

needle before inserting it in the diaphragm of the collecting 
tube . 

(c) After b lood has stopped flowing in the collecting tube (30 ml 
blood), removing first the tournique tand then the venipuncture 
needle. 
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r emoving the p l astic protective cap f r om t h e other ne e dle and inserting 

the needl e thro u gh th e diaphragm of the rubbe r stopper in the colle c ting 

tube (F ig. ll b ). If the t ube h as not been tampered with it will have a 

sufficient vacu um to p ermit the collection of 30 ml of b l ood, after 

which the b l ood wi ll stop fl owing . T he t our nique t i s r emoved first, 

the veni p u nctur e needle is removed s econd , and the oth e r needle 

l ast (Fig . 1 ! c ). T hi s b lee ding set is now d i s carded; a new one is 

u sed for e ach sample . 

If a fu ll t ube of b l o o d i s not co llected , then either the collecting 

t ube lo st some vacuu m o r the v enipu nctu re was not adq u ate. One 

solu tion to the f o rmer i s to h a v e h a n dy an empty 30-ml s y r i nge equipped 

with a needle; p i ercing the diaphragm with it and d rawing air from 

the co llecting t ube a llows mor e b loo d to be d r awn. T he problem of 

inadeq uate v eni p u ncture i s so l ve d only b y re p e ati ng the p r ocedu re. 

If syringes and needles a r e u sed instead of the bleeding sets 

they m u st be clean and d ry, and rinsed abso lutely free of soaps or 

dete rg ents , which are known to denat u re lipoprotei ns . If the sample 

i s to b e tran sferre d to another ve sse l it also m u s t be cle an and dry 

and tho roughly ri nsed. 

Th e b l oo d samples mus t b e p rop e rly stoppere d and le ft at 

r oom temperatu res for a t l east Z h our s to a llow for s uffi cient clot 

re t raction" Whole b l ood co llected u nder t hese conditions can be 

stored at temperatu res ranging f rom 10°C to 40°C without any effects 

for se veral days . However , i t is not wise to neg lec t sample s purpos ely, 

and i t is a fa r mor e reliable p r oc e dure to work on th e sample , if 

possib le , the same day it was collected. Keep whole- b lo od sample s 

away from p l aces where tempe rat ure s exceed the above r ange . 

' 
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B . Extracting the Serum from the Whole-Blood Samples 

for Ultracentrifugal Analysis 

An International Centrifuge, size /12, was used for this 

procedure . The blood samples are spun at 2500 to 3000 rpm for 

15 to 20 minutes . This spinning causes the clot to pack tightly into 

the lower region of the collecting tube , allowing for easy decantation 

of the serum which constitutes the upper portion of the tube contents. 

The vessel used to store the serum is an ordinary clean, dry, and 

thoroughly rinsed rimless culture tube 15X 125 mm . Parafilm cut to 

size is used to stopper the serum sample, which can now be stored in 

an ordinary r:efrigerator . We have found that storing samples as long 

as 28 days in refrigerators maintained at temperatures between 0° 

and 4° C d i d not affect the results of the analysis . A 30-ml blood 

sample shoul d yield the 12 to 15 cc of serum needed for a complete 

analysis . 

The necessity for a completely reliable labeling system can not 

be too strongly emphasized. In this type of analysis a new vessel is 

needed at each major step of the procedure. The vessel to which each 

successive transfer is made must not only be clean and dry and 

thoroughly free of detergent , cleaning agent, and soap- - it must also 

be infallibly i dentified by a label that can not become lost in processing . 

In the absence of a foolproof method for proper labeling , there is a 

h igh chance for error that can invalidate all the work on an entire 

series . 

C . Preparative Ultracentrifugation 

The object of preparative ultracentrifugation is to separate out 

of the serum the desired lipoprotein classes . This is done in two 

phases, the setup step (which involves the alteration of the serum 

density ), and the step for the quantitative remGval of the fraction, 

found at the top of the tube following preparative ultracentrifugation, 

that contai ns the de sired lipoprotein classes. 
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1. The P r eparative Setu p Step 

(a ) For preparativ e run (Type 2 '~) at solution density 1.125 g/ml. 

Three m illiliters of ser l,J.m i s m ixe d at room temperatur e with 3 ml of 

d ilue nt of density 1. 2427 ±0 . 0005 g/ml at 20° C in a Lusteroid (plastic) 

t ube i inch in diameter and 2i inches long . The diluent is a solution 

of NaN03 and D 20 (99 . 5o/o pure ) adjusted to a final des i ty of 

1. 242 7 ±0 . 0005 g/ml at 20° C by pycnometry . The resultant density of 

t he m ixt ure in the plastic preparative tub e i s 1. 125 g/ ml at 26 ° . The 

preparative ult racentrifugation is performed i n a Spi nco Model 40 . 3 

rotor whi ch can hold ti.p to 18 indivi dua l sampl es . The rotor is 

centrifuged at 40,000 r pm at 20 ± 2° C i n a Spi nco Model LH Utracent­

rifuge for a pe riod of 23 to 26 hour s . For thi s r otor , wi th a tube 
0 

angle of 20 , the a verage centrifu gal field is 114,000 X gravity at 

40 , 000 rpm . Thi s centrifugati on i nsu res q u anti tati ve flotat i on of two 

high-densitylipoprotein classes , one of hydrated density 1. 045 g/ml 

(HDL1 ), and the other of hyd r ated d e ns i ty 1. 0 7 5 g/ml (HDL2 ). in 

addi tion to a ll the low- ·density lipoproteins . Si nce during this cent ­

rifu gation those mac r omol ec ula r compone nts of h ydrate d densities 

greater than 1.1 25 g/ml u ndergo sedimentation o u t of the fir st 2 ml 

of t ube content , a separation of the d esire d lipoproteins from such 

extraneo u s serum components i s effected (s ee Fig . 14 fo r the distribution 

of lipoprote i ns and prote i ns following p re parative ultracentrifugation) . 

(b ) For prepar ative run (Type 3 ) at solution density 1. 200 g/ml. 

Three m illilite r s of ser u m i s m i xed at room tempe r atur e w i th 3 ml of 

diluent of density 1.3927 ± 0 . 0005 g/ml at 20° C i n a L u stero i d t ube 

(a s desc r ibed in (a ) above ). T he diluent i s a NaN03 solution in D2 0 

(99 . 5o/o pure ) adjusted to a final density of 1. 392 7 ±0 . 0005 g/ml by 

py cnometry. T he resultant dens i ty of t he m ixt u re in the p l astic tube 

i s 1.200 g/ml at 26 ° C . The preparative u t trac e nt r ifu gation is performed 

as in (a ) a bov e u nder exactly the same conditi ons . In this preparative 

:::::: 
P re parative Run Type 1 is re se rve d for the analys i s of the low-

dens i ty lipopr oteins only . This is accompli she d at a density of 1.063 

g/ml. 4 
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run all the lipoproteins that were obtained in (a) are present in the top 

milliliter, together with the third and last high-density lipoprotein class 

of hydrated density L 145 g/ml (HDL
3 

). Under the conditions of this 

p r eparative run all the proteins have migrated down to the bottom 4 m l 

of the tube, again effecting a unique separation of the desired 

lipop!roteins from the undesired macromolecular components (in this 

case the serum proteins ). The bottom fraction of this run, after the 

q uantitative removal of the top 1 ml (as explained below), i s reserved 

for the protein analysis (which also is described in detail in a later 

section ). 

2 . The Qu antitative Removal of the Top Fractions Containing the 

L i poprotein Concentrates 

Car e must be exercised in removing the rotor from the pre­

parative ultracentrifuge, and also in removing the sample tube from 

the rotor, so as not to disturb the lipoprotein concentrate, which is 

found in the top milliliter of the tube contents . This top fraction 

should be rem·ove d immediately upon. com-pletion of the preparative 

r u n. These operations should be carried out at room temperature , 

s i nce appreciable changes in temperatures may cause convect i on 

currents and result in remixing of the tube contents . Illumi nation of 

the tube contents with a light stand such as shown in Fig . 12 reveals 

distinctly the various layers of fractions in the tube . 

The top 1 ml of either preparative run contains all the de sired 

lipoproteins, and is quantitatively removed from the preparative tube . 

For this purpose a pipet is made from 7 -mm o . d . glass tubing drawn 

out to a 1-mm capillary tip at one end and fitted with a small rubber 

e ye-dropper bulb at the other (Fig . 13 ). While an even pressure is 

maintained on the bulb , the capillary tip of the pipet is placed on the 

liquid surface , at the point of contact of the solution meniscus with 

the plastic tube wall . Slow rotation of the tube with simultaneous 

gradual release of the bulb pressure allows aspiration of the lipoprotein 

- -containing top fraction into the pipet with m i nimal distur.bance . 

Aspirati on of large quantities of air should be avoided by maintaining 
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Fig . 12. A light stand used in illuminating the top fraction of the 
preparative tube of Fig . 14 to aid in the aspiration of the top 
fraction containing the lipoprotein concentrate. 

"' 
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Fig. 13. Drawing and specifications of the capillary pipe used in the. 
aspiration of the top fraction of a lipoprotein run after preparative 
ultrac e ntrifugation has been completed (see Fig . 14) . 
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the pipet tip just below the air-liquid interface at all times during the 

operati on . The pipetti ng of 0.5 to l.O ml in this manner will ordinarily 

r emove quantitatively the desired lipoprotein concentrate . Any lipo­

protein concentrate adherent e i ther to the preparative tube cap or to 

the tube wall m u st also be transferred . The material pipetted out of 

t h e preparative tube is transferred quantitatively into a volumetric 

flask of 1.00 ±0 . 02 ml capacity. Pipetting and delivery into the 

volumetric flask is continu ed u ntil 1.00 ± 0.02 ml of tube contents have 

been transferred. A small clinical centrifuge is u sed and is helpful 

in breaking bubbl es , fo r med dur ing the pi petting operation, which, if 

not broken, would interfere with volume adjustment. Since these 

lipoproteins , originally present in a 3 . 0-ml volume , have been delivered 

into a 1. 0-ml volume , a threefold concentration has been achieved . 

The concentrated l ipoprotein solution is then stored at 0 to 4° C, well 

stoppe r ed, until analytical ultracentrifu gati on . 

In some human sera the total lipoprotein content is very high. 

This may result in difficulties in pipetting the top fraction and (or) in 

film analysis . Pipetting difficulties ar i se when the lipoproteins pack 

i nto a pellicle at the top of the preparative t ube . Film-analysis 

difficulties arise becau se the analytical optical system cannot accommo­

date th e very large defle ctions whi c h r es u lt from highl y concentrated 

lipoprotein fractions . In either event the diffi c u lties can be 

circumv ented by u s i ng l ess than 3 . 0 m l of s e rum for the preparative 

step . If the lipopr otein concentrati on i s s u ff i ciently high, it may be 

necessary to use 1. 0 ml (or even less ) of se r um for this step . In 

such cases the difference between th e actu a l serum volume and 3 . 0 ml 

is made u p by the addi t i on of a so lution commonly referred to as 

"mock" seru m . Thi s solu tion i s made u p from sodi um chloride and 

water pycnometered to a fina l density of 1.007 3 ± 0 . 0005 g/ml. This 

closel y approximates the dens i ty of h uman se r um exclu sive of the 

d e nsi ty contr ibution of p r oteins and lipoproteins . 
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3 . Criteria for Preparing the Sample for the Protein Analysis 

In preparing the sample for the protein analysis, the bottom 

fraction of a sample from the preparative run type 3 is utilized after 

the top 1 ml has been quantitatively removed for the high-density 

lipoprotein analysis . It must be kept in mind that this bottom fraction 

must meet the following requirements : 

(a) There should be no leakage from the "prep" tube into the 

rotor , due to a faulty tube , during the course of preparative ultra­

centrifugation. 

(b) The bottom fraction must contain all the solution of the 

preparative run minus only the top quantitative 1 ml which was removed 
' --'-'-

for the high-density lipoprotein analysis . Any extra solution left in 

the pipette used to remove the top fraction must be returned to the 

prep tube . 

(c) Adequate mixing of this bottom fraction is absolutely 

essential because , owing to preparative ultracentrifugation, much of 

the protein material has sedimented and concentrated into a pellicle 

at the bottom of the tube (Flrg . . 14) , with takes several minutes of 

thorough mixing to be finally redissolved . 

(d) Since proteins are known to be labile, and rigorous shaking 

can cause denaturation, it is important that the mixing be done 

gently but thoroughly . The bottom fraction must be worked on as 

soon as possible and kept away from high temperatures that will 

cause denaturation . 

4 . The Procedure for Preparing the Protein Sample for Ultra­

centrifugal Analysis 

(a) Adequate and thorough mixing are absolutely essential and 

can be accomplished by stoppering the tube and gently inverting it 

throu gh 180° continuously until the pellicle at the bottom has com­

pletely dissolved (normally this would take about 2 to 3 minutes) . 

This operation is completed only when the pellicle is dissolved. 

(b ) By use of a 0 . 2-ml "EXAX" blow-out pipette, a 0 . 2 -ml 

aliquot of this bottom fraction mixture is transferred to another 
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l~f---TUBE CAP 

TOP FRACTION 
CONTAINING DESIRED 
LIPOPROTEINS 

BACKGROUND SOLUTION 

BOTTOM FRACTIONS 
CONTAIN SERUM PROTEINS ETC. 
(i.e., ALBUMIN, GLOBULIN, ETC.) 

------- PELLICLE 

ZN-2083 

Fig. 14. An actual photograph of a preparative tube, showing the 
distribution of the various fractions after preparative ultra­
centrifugation has been completed. Compare this with the 
schematic representation of the same tube (right). 
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vessel which already has in it 1.00 ± 0 . 02 ml of distilled water deliverE:d 

through the use of a 1.0 m l " EXAX" blow-out p i pet. This tube should 

now contain a 0 . 2-ml a l iquot of bottom fraction which has been thoroughly 

m ixe d and 1 . 0 ml of distilled water . 

(c) This vessel is stoppered with parafilm (or a clean rubber 

stopper ) and inverted eight times to mix the sample · .thoroughly . With 

each inversion one turns the tube on i ts axis throu gh about 90° to make 

sure any small amount of sample that may "have spattered on the vessel 

wall gets washed into the soluti on while mixing . 

(d ) The density of this run as a result of the above m 1x1 ng (1. 0 ml 

distilled water + 0 . 2 ml of bottom fraction of density 1. 200 g/ml ) is 

1. 0345 ±0 . 0005 g/ml at 26° C . 

This sample i s now ready for analytical ultracentrifugation , and 

is handled exactly as are the lipoproteins . 

D . Analytical Ultracentrifugati on 

The purpose of analytical ultracentrifugation is to quantitatively 

determine the concentration and distri bution of the lipoprotein species 

present. The lipoprotein concentrate obtained in any one of the pre­

parative ultracentrifugal steps outlined above is immediate ly available 

without further manipulation for this determi nation , which is performed 
I 

in an analytical ultracentrifuge (Spi n co Model E) equipped with a 

diagonal-wire phase p l ate , a cylindrical -lens schliere n optical s y stem, 
1

• 
17 

and a camera . An aliquo t of the lipopr otein concentrate is loaded i nto 

the analytical ultracentrifuge cell by m ea ns of a 1-ml t ub erculi n syr ing e 

and 23-gau ge needle . This cell is placed i n an analytical rotor (Spinco 

Model A or C ; A can accommodate two cell s and C can hold up to four 

cells . In any case the rotor must b e balanc e d by an equal cell or a 

dummy cell i n an opposite rptor hole ). The ro to r assembly is brought 

to 26 . 0 ± 0 . 5° C and then ultracentrifuged at 52, 640 rpm. The Spi nco 

r otors mentioned abov e when operated at 52 ,640 r pm d evelop a centri-

fugal field of 2 15, 000 times gravity at a point approximately half-way 

along the fluid column in the analytical cell. Camera expos u res are 
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taken at 0 , 6 , 22, 30, 48 , and 64 m i nu tes from u p-to- speed time 

(UT S ), and a fi l m record is obtained fo r each analys i s . 

F o r s ubs e que nt analysis of'the u ltracentrifugal film rec ord it 

i s essenti a l to know t h e e q uival ent UTS time re p re s ented by the period 

of ac ce l eration . A close approximation u t ilized i s that equivalent UTS 

time i s l /3 the accelerati on tim~. I n the Spinco ModelE ultracent­

rifu ges i n Donner Labor atory at B erk e l ey the acc e l eration period is 

closely mai ntai ned at 5 . 2 m i nu tes , whi ch yie l ds an equival ent UTS 

time of L 7 3 m i nu te s . -. Thus one can consi de r that at the time full 

spe ed is reache d , the e quival ent p eri od of UTS c entrifugation i s 

already l. 7 3 ·m i nute s . 

Fo r film analysis it i s neces sary to make referenc e runs in the 

same ana l yti cal ce ll s u nder s imila r conditions u s ing solutions i denti cal 

with those contai ning the l ipop r otein concentr ate , but free of 

lipoprotei ns . T h e approximate reference solut i ons are as follows : 

(a ) For · P r ep . Ty pe 2- - a sod ium nitra te- sodium chl o ride ­

h eavy water m i xture of density L1 250± 0 .CXXl5 g/ml a t 26° C . 

(b ) Fo r P re p . Ty p e 3 - - a sodium nitrate- sodium chloride­

hea vy wate r m i x t u re of d en s ity 1. 200 ± OJXXJS g/ml at 26° C . 

(c } F or the p rotein analysis-- a sodiu m ni t r ate - sodium chloride­

h eavy wate r m i xtu re of d en s ity 1. 0345 ± 0 .0005 g/ml at 26 ° c (the 

appr opri ate density for p ro tein analysi s ). 

I n o ur labor ato r y we u se a d ouble- s e ctor cell, whi ch consists of 

a centerp iece with two se .cto r s i n it. I n one of the s e sectors i s 

loaded the sample and in the other an equal amou nt of the correct above­

mentioned re fer e nce solution . T h i s p r ovides u s with a film re co r d 

whi ch h as a r eference line a lready s u p e r i mpos e d u po n the patte r n , 

elimi nating t he sou rce of er r or that would be i nvol ved . i n trying to 

p l ace the corr ect baseli ne if it we r e r u n s e parately. Another 

advantage in u sing .the double- sec t o r ce ll i s th at about 15 to 20 m i nutes 

is c u t off the time for complet e f ilm analysi s . The se cell s a r e made 

of e p on and were des i gned a nd fabricated b y a member of the ~Gofman 

staff. The ·.e p on substance u sed i n fab ricating t h e centerpieces is a 
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plastic capab l e of wi thstanding the force of 215 , 000 times gravity 

with no diffic ulty if proper ly fabri ca t e d . Spinco Division of Beckman 

Instruments has a s i milar type double- sector cell availab l e for 

p ur cha$e either in llira1 or epon . Their epon centerpieces: are rated only 

for speeds under 42 , 000 rpm . The Dural centerpiece are capable of 

withstandi ng speeds even greater than 52 , 640 rpm, b u t eventually 

corrode and cause effects tending to a l ter the quantitation . A typical 

centrifuge film representing a complete anal ysis on one s ubject as 

obtained by the analy t i cal ultracentrifu ge , is seen in Fig , 9 . It shows 

four separa te analyses-- (a }, (b ), (c) , and (d )--each with the correct 

reference line superimposed on the pattern . The exposure times are 

given for each frame . The film has an additional str i p which identifies 

the subject and gives information on the condition of the run, such as 

the concentratio n , the patient 1 s number , the cells use d , the temperature 

and date of the run, the · machine and rotor number , and the technician 

maki ng the run . This is followed by six frames of p i ctures made at 

different times . The fo ur patterns seen are as follows : the uppermost 

one , (a) , represents a run on the low-density lipoproteins alone at 

solution density 1. 063 g/ml ; the s e~ond , (b ) represents the first of the 

two high-densi ty runs at solution density 1.125 g/ml ; the third , {c ) 

is the second of the two h i gh-density runs at so l u tion d e nsity 1. 200 g/ml ; 

and the bottom pattern, (d ), is the protein run at solu tion density 1. 035 

g/ml. The p eaks are d eflected u pward in the protein pattern, s i nce 

the proteins are sedi menti ng , in contrast to the lipoproteins , which are 

floating and have their peaks deflected downwar d . 

E . Ultracentrifugal F ilm A nalys i s 

The purpose of film analysis is to determine the exact identity 

and quantity of each species of macromolecules present in the sample 

analyzed . Thi s is accomplished by utilizing the film record .which 

i s provided by the analytical ultracentrifuge, as explained earlier in the 

text. 

l. Theory 

The analytical ultracentrifuge operated at very h i gh speeds (in 
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thi s case 52 , 640 r pm ) develops centrifu ga l fields on the order of 

2 15 , 000 t imes g r avity . Under these conditions macromolecules are 

cau sed to m i grat e e i th er towards the cell base o r towards the solution 

menisc u s , dependi ng on whether the solu te molecules have hydrated 

densities g reater or le ss than the solve nt density . As m i gration 

p ro ceeds each species i n the cell establishes its own boundary region, 

differentiating it from others by the rate at which it migrates- -the 

greater th e difference between the solvent density and the hydrated 

density of the species , the faster the migration. . This assumes that 

all other prope rties remain constant in a system that does not change. 

The analytical u l trac e ntrifu ge makes u se of a complex optical 

system , known as the schlie re n - c ylindrical-len s opti cal method, for 

ana lysis . (Pickel s gives a good desc ription of this method. 
17

) This 

me thod u til izes a slit source of me r c u ry light , a lower collimating lens 

which a ll ows f or par a llel l igh t to pass th rou gh th e analytical cell (the 

light sou rce i s mo u nted s o that these parallel s l its are oriented parallel 

to any boundari es that m9-y be formed by a m i grating rcomponent ), an 

u ppe r condensi ng lens which foc u ses all the parallel slits on a plane at 

which i s plac e d an inclined element (a bar or a wire or a wire phase 

p la t e ), a camera l e ns ·which focu ses the image of the cell on the film 

in the came r a , and a cylindr ical l ens whi c h magnifies effects only in 

t h e vertical direction . A s i mple descri ption i s not pos sible , and an 

adequ a t e one i s ou t of p l ace here , since there a r e several thorough 

manu scripts on the theory of the schlie r en-cyl indrical lens method . 

The u ltimate effect is to p ro d u ce a patte rn on the film of the refractive­

index gradients of bou nda ry regions as a fu nction of d i stance from 

ce nter of r otation . The a u tomatic camera s ystem allows for photographing 

the eve nts in the analytical ce ll, duri ng th e cour se of the run, at almost 

any time d e s i red . T he reference r u n made in a given analytical ultra­

centrifu gal c ell u s i ng the reference salt s olutions provides a baseline 

tracing which rep r esents the r efractive i ndex gradi ents d ue to the 

redi str ib u tion of salt i ons s u p erimposed u pon othe r g r adients s uch as 

compress i onal effects and ce ll -assembly factors . The lipoprotein 

(and (o r} p r ote i n ) r u n in the same analytical cell h as refractive index 
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gradient s due to m i grating lipoprotein (and (or ) protein ) boundaries 

superimposed upon those described above for the reference run . At 

any distance from the center of rotation, the difference between t rac ings 

for the baseline (reference) run and the macromolecules run represents 

refractive-index gradients resulting from macromolecules alone. 

In Fig . 15a is a representation of the sector-shaped analytical 

cell, showing a single lipoprotein species undergoing flotation from 

the cell base towards the center of rotation. In Fig . 15b is shown a 

plot of concentration of this lipoprotein species as a function of dis­

tance from the center of rotation . The optical system actually 

provides a measure of refractive-index gradient , dn/dx, as a function 

of d i stance, x, from the center of rotation . In. Fig . 15c .is shown the 

plot of dn/dx vs x, which correspo ndes to the concentration plot of 

Fig . 15b . In Fig . 16a an actual ultracentrifugal analytical pattern for 

such a system is shown, and in Fig . 16b the correspondi ng salt 
>:< 

reference pattern is represented . The plots in Fig . 15 are represent -

ative of the situati on existing i n the 30-minute UTS exposure of Fig . 16 . 

I n orde r to measure the refractive-index gradients (dn/ dx ) ascr ibab le 

only to macromolecules (if pr esent), it is necessary to superimpose 

the salt reference pattern upon the corresponding macromolecules 

patte r n . With the double-sector cell such a task is not necessary, 

since the reference pattern is obtained simultaneously with the pattern. 

(The details of this superimposition are considered in the section on 

Area Determinations . ) A schematic representation of the 30-minute 

UTS lipoprotein pattern plus the superimposed salt reference pattern 

of Fig . 16 is shown in Fig . 17 . The cross-hatched area i n F i g . 17 

i s a meausre of J (dn/ dx) dx over the boundary re gion of the migrating 

lipoprotein species . Since thi s area represents the increment in 

-·-
-·-In our standard runs , as explained earlier in the text , we use the 

double-s ector cell, which provides fo r both the sample and the reference 

solution to be run simultaneously , yielding a film record with the base­

J.ine already superimposed on the pa_ttern . 
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« DIRECTION OF LIPOPROTEIN FLOTATION 

MU-5990 

Fig. 15. A schematic representation of the events in the cell 
during analytical ultracentrifugation. 
(a) A schematic diagram of an analytical ultracentrifuge 

cell containing a migrating lipoprotein species. 
(b) A representation of the concentration of this li p oprotein 

as a function of distance from center of rotation. 
(c) A representation of the refractive index gradients as a 

function of distance from center of rotation. 
The schlieren- cylindrical-lens optical system of the 
Spinco Model E ultracentrifuge actually provides this 
type of plot on the film record. 



-40-

TIME IN MINUTES AT UP-TO-SPEED 

o' 6' 12' 22' 30' 38' 

(ct) 

TIME IN MINUTES AT UP-TO-SPEED 

0' 6' 12' 22' 30' 38' 

(b) 

ZN- 2.084 

Fig. 16. An actual ultracentrif'[f.al film record of an ultracentrifugally 
isolated lipoprotein (the sf 6 lipoprotein) at solution density 
L063g/ml: 
(a) the pattern run (analytical cell contains the sample) 
(b) the reference run (analytical cell contains baseline solution) . 
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REFERENCE PATTERN AS 
SUPERIMPOSED UPON THE 
LIPOPROTEIN PATTERN 

CROSS HATCHED 
AREA DUE TO 
LIPOPROTEIN - - ----l'-7''/ 

CONCENTRATE 

PILE -up OF 
LIPOPROTEINS 
AT THE MENISCUS 

tf---+--t-BASE OF CELL 

MU-5991 

SCHLIEREN 
REPRESENTA· 
TION OF THE 
REFERENCE 
HOLE IN THE 
ROTOR 

REFERENCE 
EDGE 

Fig. 17. An enlarged tracing of the 30-minute exposure of Fig. 16 
with the base line superimposed. The eros s -hatched area 
represents the ./ (dn/ dx)dx over the boundary region of the 
migrating sp 6 lipoprotein. This area is proportional to the 
concentration of the sf 6 lipoprotein. 
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refractive index across the boundary region, it is proportional to the 

increment in lipoprotein concentration across this same boundary 

region. This increment in lipoprotein concentration is equal to the 

actual lipoprotein concentration in the plateau of the cell, because the 

lipoprotein concentration is zero in that region of the cell centrifugally 

beyond the boundary region . The concentration of the lipoprotein 

measured t"hus in the plateau region must {as is usual in ultracentrifugal 

practice) be corrected fo~ certain effects {as will be seen below) . 

It is also possible and useful to characterize lipoproteins and 

proteins b-~ their migration rates, either under defined conditions or 

under standard conditions . The latter require such data as partial 

specific volume of the various lipoprotein and protein species , and 

the viscosity of the medium used in migration . At present these data 

are not available , so that it is necessary (and satisfactory) to describe 

migration rates under arbitraril y defined conditions . Customarily , 

ultracentrifugal migration rates are expressed in terms of the 

Svedberg, or S , unit (1 S unit= l0-
13 

em/sec/dyne/g). For sedimenti ng 

molecules such as proteins the migration rates inS units are positive , 

but for lipoproteins , which undergo flotation , these migrati on rates 

inS units are negative . The Sf unit , as originated by Gofman, 
6 

is 

used to provide a positive migration rate , since we have 1 Sf unit =-1S 

unit . The determinations of the rate of migration of lipoproteins (and 

{or) proteins) is based upon the application of the Sve dberg identity, 

where 

{dx/dt) s = --'--'----'--
w2 x 

( 1) 

S = migration rate p er unit centrifugal field , 

x = distance of lipoprotein (and{or) protein) boundary reg i on from 

center of rotation, 

t = time of centrifugation at full speed (52 , 640 rpm) with the 

equivalent UTS time of the acceleration period i ncorporated, 

w = angular velocity (2 ;rf, where f is the frequency of rotation) . 
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I ntegrating Eg . (l) yields Eg . (2 ), 

IE l n 
X 2 t 

s w t ] 
0 

(2) 

where x
0 

~~: distance from the origin of the boundary to the center of 

rotation . (For lipoproteins the cell base is the origin and for proteins 

the meniscu s is the origin ). Thus by determination of the position of a 

lipoprotein (and (or ) prot ein ) boundary at any time of centrifugation, 

and the application of Eg . (2 ) i t is possibl e to determine the migration 

rate of that macromolecule species in Sf u nits (or S units in the case 

of protei ns ). 

In the sera of many h ealthy or diseased humans there exists 

either a host of lipoproteins species which give rise to closely spaced 

bou ndar i es or a series of lipoproteins forming an actual continuum 

with respect to their migration rates . This is so of the low-densi ty 

lipoproteins , and the p r oblem of determining the concentration of 

individu a l lipoprotein species is complicated . Figure 18 is a repro­

duction of the analytical u ltracentrifu ge film r ecord of a human low­

density lipoprotein concentrate (Prep Type 1 at solution den'sity 1.063 

g/ml ), showing a broad deflecti on extending ov er a large region of the 

cell , in contrast to the sharp deflection in Fig . 16a. The broad 

deflection is interprete d as being the resultant of some number , 

possibly v ery large, of closely spaced boundaries . This interpretation, 

utilizing the 9-minu te UTS exposure of Fig . 18 for illustrative purposes, 

is schematically represented in Fig . 19 . Resolution of the area into 

ind ivi d ual lipoprotein species is difficult or even impossible . In such 

situations th e analys i s is limited to the determination of the sum of 

the concentrations of all lipoproteins between arbitary flotation-rate 

limits . 

A further complicati on deserves consid eration. The lipoproteins 

e xperience se lf - s lowing in flotation rate as thei r concentration in­

creases ; further , any single lipoprotein species is increasingly slowed 

b y a r ise in the total concentration of all lipoproteins with intrinsically 

l ower flotation rates . 
8 

Second, the Johnston-Ogston phenomenon 
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18. An actual ultracentrifugal film record of a low-density 
lipoprotein analysis, at solution density 1.063 g/ml (pr e p . 
type 1 ), showing a pattern commonly found in human serum. 
The reference run for this pattern would be similar to 
Fig. 16b. I 
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LIMIT B 

MU-5992 

Fig. 19. An enlarged tracing of the 6-minute U. T. S . exposure of 
Fig. 18 with the baseline superimposed; a schematic interpreta­
tion of the broad deflection observed in the anayl s is of a 
continuum of lipoproteins . The observed pattern is inter preted 
as arising from the sumrnation of overlapping deflections due 
to many individually migrating lipoprotein boundaries. Con ­
centrations in such patterns are measured between chosen 
flotation-rate limits (designated here as limit A and Limit B). 

.• 
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operates as a result of these slowing effects. 
18 

The slowing effect 

and the Jolmston-Ogston phenomenon must be considered in the 

quantitative analysis of analytical ultracentrifuge film records. Both 

effects are discussed in detail in Reference 4, but are briefly covered 

below. 

2. Area Determinations [J (dn/ dx) dx] of the Macromolecular Species 

The low-density lipoproteins pose a difficult problem in the 

quantitative analysis of the film record, owing to the continuum type 

of distribution of low- density lipoproteins usually obtained on most 

human sera (Fig. 18). If one desires to determine the area of the 

low- density lipoprotein pattern in groups such as sf 0-12., sf 12-20, 

sf 20-100, and sf 100-400, it becomes necessary to apply both the 

correction for sedimentation vs concentration and the correction for 

the Johnston-Ogstonphenomenon to the area obtained directly from 

the film. Unlike the low.,.density lipoproteins, the high-density lipo­

proteins do not require such corrections, since the order of magnitude 

of the corrections is smaller than the uncertainty in measuring an area. 

The reader is advised to study References 4 and 8 carefully to 

appreciate and fully understand the nature and effect of such corrections. 

The measurement of the film area begins with magnifying the 

film record 5 X (this factor is arbitrarily chosen for convenience} 

with the aid of a photographic enlarger or a projector. A tracing is 

made through the center of the enlarged pattern observed on the tem­

plate, which already has the salt reference line inscribed. Proper 

orientation of the ultracentrifuge pattern with respect to the template 

involves two major f?teps if salt reference runs are not made 

simultaneously. (a) Vertical adjustment by superimposing the s.chlieren 

. representation of the air space (see Fig. 17) for the reference run upon 

that of the analytical run; (b) horizontal adjustment by superimposing 

the reference edge of the salt refe~e~ce run upon that of the analytical 

run. It is essential ~as previously mentioned) that the baseline 

template be obtained from a salt reference run made in the same cell 

and rotor under identical ultracentrifugal operating conditions. If, 

.J 
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however, the double~ sector cell is used, then a tracing is made 

through both the sample pattern and the reference pattern at the same 

time. The enlarged tracing is then subjected to analysis. 

a. HDL1 - -High-density lipoprotein (1.045 g/ml) obtained from 

preparative run Type 2 at solution density 1.125 g/ml 

Figure 20 is an enlarged tracing of the 30...:minute UTS exposure 

of Fig. 9. In determination of this lipoprotein a difficulty is encountered 

which arises from the failure of the 1.045-g/ml lipoprotein (HDL 1 ) to 

resolve itself from the major complex of the low-density group of 

lipoproteins. This complex can be seen migrating just ahead of the 

1. 045- g/ml lipoprotein (30-minute UTS exposure of Fig. 9b ). The 

area representing this lipoprotein is approximated as follows, with 

the aid of Fig~ 20. 

(i). An estimate is made of the 11peak 11 position (maximum 

ordinate) for the 1.045-g/ml lipoprotein. 

(ii) A line is drawn vertically from this 11peak 11 position to the 

salt reference line. 

(iii) The dotted area to the right of this line (Fig. 20) is 

measured with a polar planimeter and doubled. (This 

assumes that the boundary is symmetrical about the 

vertical line. ) 

b. HDL
2

--High-density lipoprotein (1.075 g/ml) obtained from 

preparative run Type 2 at solution density 1.125 g/ml 

Figure 21 is an enlarged tracing of the 64-minute UTS exposure 

of Fig. 9b. This lipoprotein speCies is much more precisely 

measurable, since it is completely resolved as a boundary unassociated · 

with other lipoproteins (see 64-minute UTS exposure Fig. 9b). The 

entire area associated with this lipoprotein boundary region is taken 

as repre sentatlve of the concentration of the 1. 07 5- g/ml lipoprotein 

(HDL2 ) as shown in eros s -hatching of Fig. 21. A planimeter is also 

used to determine this area. 
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MU-16200 

Fig. 20. An enlarged tracing of the 30-minute UTS exposure of Fig. 9b. 
The dotted area actually represents about half the total con­
centration of the high-density lipoproteins of hydrated density 
1.045 g/ml (HDL 1 ). 
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Mu-5996 

Fig. 21. An enlarged tracing of the 64-minute UTS exposure of Fig. 9b. 
The cross -hatched area represents the actual.concentratio'n of the 
high-density lipoprotein of hydrated density 1.075 g/ml (HDL

2
). 
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c. HDL
3

- -High':: density lipoprotein (L 145 g/ml) obtained from 

Preparative run Type 3 at solution density L200 g/ml 

Figure 22 is an enlarged tracing of the 64-minute UTS exposure 

Fig. 9c. This tracing involves the complex of two lipoprotein species. 

These are 'the lipoproteins with hydrated densities of L075 g/ml 

(HDL
2

) an·d L 145 g/ml (HDL
3

}. The lipoprotein with. a lower density 

migrates faster than the one of higher density. The total area of the 

complex, as shown in Fig. 22 is measured with-a planimeter anB the 

concentration of the L 145-g/ml lipoprotein {HDL
3

) is obtained as 

follows: 

(i) The total area is recorded. This area represents the 

concentration of both HDL2 and HDLy 

(ii) The area as obtained fo! HDL2 in the above section from 

·Fig. 21 is subtracted from the total area obtained in Fig. 22. 

(iii) The remainder represents the concentration of HDL3' since 

we have (HDL2 + HDL3 ) '" HDL2 :::: HDL3 . 

d. P 1-- Protein of S rate ranging from 14 to 19 S units (depend­

, ing on its concentration) obtained from the bottom fraction of the 

preparative run Type 3 

The preparation of the protein run is described in "Methods 11
, 

Section IlL Figure 23 is an enlarged tracing of the 30-minute UTS 

exposure of Fig. 9d. This protein is a macroglobulin which was first 

de scribed by Pederson 
1 

, and Mutzenbecker 19 as the S- 20 component. 

It is quantitatively determined by planimetry of the entire dotted area 

of Fig. 23, which is completely resolved as a separate component 

-qnassociated with· other p::;otein species. 

e. _£_2 and P
3
--Proteins of S rates 6 and 4 respectively, known 

in the literature as the gamma globulins and the albumins 

Figure 24 is an enlarged tracip.g of the 64-minute UTS exposure 

of Fig. 9d. Since the two components are seen as a complex, unresolved 

from each other, the following method is used to determine the area 

of each component. 
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MU-5997 

Fig. 22. An enlarged tracing of the 64-minute UTS exposure of Fig. 9c 
The cross -hatched area represents the actual concentration of the 
high-density lipoproteins of hydrated density 1.075 g/ml (HDL

2
) · 

and of hydrated density 1.145 g/rnl (HDL3 ). 
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MU-16199 

Fig. 23. An enlarge<;! tracing of the 30-minute UTS exposure of Fig. 9d. 
The dotted area represents the actual concentration of P 1, a macro­
globulin usually found in most clinically healthy humans. 
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(i) A vertical line is drawn parallel to the meniscus line 

from the "peak" position (maximum ordinate) to the 

reference line, as shown in Fig. 24. 

(ii) The total area is determined by the use of a planimeter 

and recorded. This represents the total concentration of 

p2 + P3. 

(iii) The dotted area to the left of the vertical line is then 

determined separately,; and doubled. This is considered 

as th.e total area due to P
3 

alone (the albumins of S = 4). 

(iv) P
3 

is subtracted from the total area of P
2 

+ P
3

, and the 

remainder is considered to be P 
2 

(the gamma globulins of 

s ,.. 6). 

3. Mathematical Corrections to Be Applied to the Areas Obtained 

Above 

There are five corrections on the [ J (dn/ dx)dx] de~erminations 
to be considered in work with ultracentrifugal films. 

(a) Correction for sedimentation vs concentration. 

(b) Correction for Johnston-Ogston phenomenon. 

(c) Correction due to position in the sector- shaped cell relative 

to the center of rotation. Two effects ar-e grouped into one 

here: the effect of the inhomogeneous force field as the 

distance from the center of rotation changes, and the radial 

dilution (or concentration) effect, as a molecule migrates 

towards the base of lhe cell (or the solution meniscus}, due 

to the sector shape Of the celL 

(d) The adjusted concentration of the serum sample during the 

preparative operations. 

(e) The temperature of the analytical rotor during the analytical 

ultracentrifugation. 

(a) The sedimentation-versus-concentration correction is not 

needed for either the high-density lipoprotein or the protein deter­

minations, since their measurement as single species is unlike the 

situation iri the low- density analysis, in which definite S-rate cutoff 

points are to be made in a continuous-type spectrum of lipoprotein 
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MU-16198 

Fig. 24. An enlarged tracing of the 64-minute UTS exposure of 
Fig. 9d. The total area represents the actual concentration 
of P 2 and P 3, known electrophoretically as gamma globulin 
and albumin. The dotted area represents ~ P 3. 
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species. However, for a more accurate determination of the S rates 

of the high-density lipoproteins and the proteins, one must undertake 

the task of isolating these molecules and perform sedimentation-versus­

concentration studies on them. Such a study is currently under way, 

and although it may appear to be a simple procedure, it is quite 

difficult to isolate all the species--especially the P
1

, which on the 

basis of unpublished evidence seems to be affected the most by such 

a phenomenon. 

(b) The Johnston-Ogston correction is not needed for HDL
1

, 

HDL
2

, and HDL
3 

and P
1 

since the numerical factor involved is 

estimated to be smaller than the uncertainty in measu:dng the area. 

However, a small but significant correction is applied to ,the P 
2 

+ P 
3 

proteins. Formula (7) in Reference 4, as derived by Gofman for use 

·in the low-density lipoprotein analysis, was changed as follows for 

use in the protein analysis .. 

THat formula was originally written as 

RC meas cl3 
f s 

N + RC meas 
f 

(3) 

where .6C is the Johnston-Ogston correction, by which one finds 

ttli~ C = C meas + .6C 
f f ' 

true C = C me as - b..C · s s ' 
meas. · 

and Cf 1s the measured concentration of the faster of the two 

··.compgnents, 

cs!3 is the measured concentration of the slower of the two 

components, 

R :: kS~ (k is the constant of the sedimentation-versus-concen.,. 

traction dependence relation and s~ is the migration rate, 

at infinite dilution, of the slower migrating species), 

and N == s;- S~ (~ is the measured migration rate of the faster­

migrating species and S~:!is the measured migration rate 

of the slower-migrating species). 
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The adjustments to Eq. (3) above for use in the protein analysis 

involved the following assumptions: 

where 

(i) s; and S~ are fairly constant, therefore N is constant. 

s; is taken to be 6. 0 ± 0. 2, and ss 4. 0 ± 0. 2, therefore 

N = 2.0 ± 0.4. 

(ii) A second assumption was made on the basis of a sedimenta- · 

tion-versus -concentration 'study performed on a mixture 
.. . -4 -1 

of P 2 + P 3, which gave a k value of 9.3X 10 mgo/o , 

yielding an S~ of 4.4; therefore R = k S~ or 4.1 X 10-
3

. And 

now Eq. (3) becomes 

.6. c = 

c·meas d p f . = measure 2 , 

(4.1 X 10-3)(Cfmeas)(CS!3) 

2.0 + (4.1Xl0- 3 )(Cfmeas)' 
(4) 

· Equation (4) can be reduced further (if Gfmeas of the denominator is 

considered to be constant at the mean of a normal population) to 

· (P me as )(P me as) 
. 2 3 

.6.G = 500 (5) 

The P 
2 

(or Cf me as) in the protein analysis varies between 5 and 25 

in more than 95o/o of the cases; therefore th~. assumption made above 

that it is constant is justified, since without it the formula would be 

reduced to 

c = 
(P 

2 
me as) (P 

3 
mea_s) 

488 + p meas 
2 

which will not yield a .6.C much different from that in Eq. (5). 

(6) 

(c) The area measured to represent a macromolecular specieE~ 

really represents the concentration of that macromolecular species 

in the plateau region (see Fig. 15b) as measured in the boundary 

region. The area thus measured must, as is usual in ultracentrifugal 
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practice, he corrected for position in the sector- shaped cell due to 

the radial concentration effects {as in the .case of a floating boundary} 

or for radial dilution effects (as in the case of a sedimenting boundary) 

and the inhomogeneous centrifugal field, as shown in 

. . I 2 C. 0!: C ~R R
0

) , 
1 m ~ a (7) 

where C. = initial concentration of macromolecules in the solution, 1 . 

Cm :;: measured concentration, determined from j{dn/ dx)dx 

over the boundary region, 

R 0 = distance from center of rotation to the origin of the 

boundary (the cell base in the case of floating boundaries 

and the solution meniscus in the case of sedimenting 

boundaries}, and 

R = distance from center of rotation to the Ulpeak" position a 
(maximum ordinate} of the boundary. 

('d) The adjusted concentration of the serum sample is recorded 

to serve as a reminder that such an adjustment is necessary for 

these analyses. In standard preparative runs Type 2 and· Type 3, 3 ml 

of serum is .mixed with 3 ml of diluent and centrifuged, after which 

the desired lipoproteins, which have previousiy been in three volumes, 

are concentrated into one volume, and the 1 ml is quantitatively removed. 

A threefold concentration effect has been achieved through such an 

analysis, .1P:erefore the area representing the concentration in the 

analytical cell must be divided by 3 to represent the actual concentra­

tion in the serum of the subject; further, in the protein preparation 

the actual concentration is 1/10 of the original serum concentration, 

therefore the area as obtained from the tracing should be multiplied 

by 10 to yield the actual serum concentration. This correction is 

made in Section 4 below. 
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(e) Correction for temperature (which affects the viscosity of 

the solution) is important for S-rate consideration; the magnitude of 

this effect per degree must be known. We have eluded this problem 

by performing all our analytical ultracentrifuge analyses at 26° ±0.4°C, 

and therefore have standardized all the reading methods to 26 °C. 

4. Conversion of Area Measurements from rom 2 to mgo/o 

After the above co.rrections have been made, the measured areas 

can now be converted to concentration units by using a formula derived 

by Pickels, 
20 

c = A tan 8 1000 

LTMmNE2~n 

where C = concentration in mg% in the original serum sample, 

(8) 

A =area in mm
2 

of the measured macromolecular species, 

I j ( dn/ dx) clx] (corrected both for radial effects and fo~ 
Johnston-Ogston effects if applicable), 

tan e =tangent of the angle of the diagonal wire element with 

respect to the slit image, 

L = optical-level area (distance along the optical P?-th from 

the center of the condensing lens above the rotor to the 

diagonal wire, in rom), 

M = magnification of the cell height (magnification by the camera 

lens system), 

m = magnification by the cylindrical lens system, 

N = factor by which the lipoproteins or proteins have been 

concentrated in the preparative procedure, 

E = linear magnification of the enlarger used in preparing the 

tracing (SX in this text), 

and ~n = specific refractive increment for the macromolecular species 

encountered in the particular solution medium. Table I 

shows the values of .6.n for the various macromolecular 

species as obtained in our laboratory, for use to convert to 

mg% the areas measured in our standard analyses. 
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Table I 

Specific refractive increments of lipoporteins 

and proteins in their respective preparative 

Macromolecular 
species 

All low-density 
lipoproteins 

HDL
1 

and HDL
2 

HDL
3 

pl' p2' and p3 

. solutions 

Specific refractive 
increment ( L:l.n) 

0.00154 (g/100 ml)- 1 

0.00169 

0.00154 

0.00185 

Preparative 
run type (see text) 

1 

2 

3 

derived from 
3 (see text) 
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IV. DATA, CALCULATIONS, AND RESULTS 

" 

The ultimate understanding of lipid-transport systems 1n 

biology requires knowledge of the population distributions of both the 

low-density_ lipoproteins and the high-density lipoproteins, Of equal 

importance for protein metabolism are the population distributions of 

the serum proteins. Through utilization of the method described in 

this text it was possible to obtain the <leterminations leading to the 

data described below, 

A, Biological Distributions 

The mean serum concentrations, the standard deviations of the 

distributions, and the standard errors of the means of HDL
1

, HDL
2

, 

HDL3 , P 1 , P 2 , and P 
3 

on 2297 clinically healthy humans (1961 males 

and 336 females) of ages ranging from 17 to 65 years are shown in 

Tables II through VII. These data are grouped as follows: 

Group 1 
a, males 

17-29'yr;· 
b, females 

Group 2 
a, males 

30-39 yr, 
b, females 

Group 3 
a, males 

40-49 yr. b, females 

Group 4 
a, males 

50-65 yr, 
b, females 

On close examination of Tables II through VII, with emphasis on the 

groups comprised of 90 or more subjects, one finds the following 

interesting facts: 

§ In contras.t to Dr, Gofman'0s findings relating the age trend in 

th 1 d . 1" . 1 1 . . b 1 th t e ow- ens1ty 1poprote1ns, 1t was not poss1 e to prove a an 

age trend existed in the HDL2 and HDL
3 

levels in both sexes, 

§ Although the HDL 1 levels appear to be rather constant with age 

in both sexes, it is possible to prove by a t test that the slight 

differences with age are significant, 

§ A significant change in concentration with age can be 

demonstrated on the basis of the t test for P 
1 

and P 
3 

for both sexes 



-61-

Table II 

HDL 1 concentrations in clinically healthy humans ~ 

as a function of age 

Group Age No. of Mean a . s. D . of s. E. of 
(yr) subjects HDLl distribution means 

A_, Males 

la 17-29 585 23 7 0.3 

2a 30-39 834 24 15 0.5 

3a 40-49 399 25 15 0. 8· 

4a 50-65 143 27 22 1.9 

:B, Females 

lb 17-29 190 21 7 0.5 

2b 30-39 99 22 9 0.9 

3h 40-49 37 23 5 0.9 

4b 50-65 10 25 '7 2.2 

a All values in mg/100 m1 
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Table III 

HDL . 2 concentrations in clinically healthy humans 

as a function of age 

Group Age No. of Mean a s. D. of s. E. of 
(yr) subjects HDL2 distribution means 

A, Males 

la 17-29 585 37 28 1.1 

2a 30-39 834 36 28 1.0 

3a 40-49 399 37 28 1.4 

4a 50-65 143 42 32 2.7 

B l Females 

lb 17-29 190 80 41 3.0 

2b 30-39 99 81 45 4.5 

3b 40-49 37 89 53 8.8 

4b 50-65 10 117 66 22.0 

a / All values in mg 100 ml 
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Table IV 

HDL3 concentrations in clinically healthy humans 

as a function of age 

Group Age No. of Mean a S.D. of s. E. of 
(yr) subjects HDL3 distribution means 

Ap Males 

la 17-29 585 217 40 1.6 

2a 30..,39 834 219 42 1.5 

3a 40-49 399 226 50 2.5 

4a 50-65. 143 224 51 4.3 

B, Females 

lb 17-29 190 228 38 2. s-
2b 30-39 99 235 38 3.9 

3b 40-49 37 241 43 '7. 2 

4b 50-65 10 270 54 18.0 

a All values in mg/100 ml 
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Table V 

pl concentrations in clinically healthy humans 

as a function of age 

Group Age No. of Mean a s. D. of S. E. of 
(yr) subjects pl distribution means 

A~ Males 

la 17-29 585 199 75 : 3. 0 

2a 30-39 834 169 64 2.0 

3a 40-49 399 155 64 3.0 

4a 50-65 143 152 61 5.0 

B,_ Females 

lb 17-29 190 272 77 6.0 

2b 30-39 99 218 79 8.0 

3b 40-49 37 227 85 14.0 

4b 50-65 10 198 51 17.0 

aAll values in mg/100 ml 
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Table VI 

P 2 concentrations in clinically healthy humans 

as a function of age 

Group Age No. of Mean a s. D. of s. E. of 
(yr) subjects P2 distribution means 

A,, Males 

la 17-29 585 1322 297 12 

2a 30-39 834 1345 300 10 

3a 40-49 399 1369 309 16 

4a 50-65 143 1431 328 28 

B, Females 

lb 17-29 190 1347 293 22 

2b 30-39 99 1319 357 36 

3b 40-49 37 1332 244 41 

4b 50-65 10 1324 344 115 

a All values in mg/100 ml 
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Table VII 

P 3 concentrations in clinically healthy ~umans 

as a function of age 

Group Age No, of Mean a S. D. of S. E. of 
(yr) subjects p3 distribution means 

A, Males 

la 17-29 585 4717 480 20 

2a 30-39 834 4634 459 16 

3a 40-49 399 4572 488 25 

4a 50-65 143 4442 507 43 

B, Females 

lb 17-29 190 4618 544 40 

2b 30-39 99 4629 559 57 

3b 40"'-49 37 4465 445 74 

4b 50-65 10 4348 510 170 

a All values in mg/100 ml 
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and for P
2 

in males only; this significance is beyond the lo/o level for 

P
1

, P
2

, and P
3 

in males and for P
1 

in females, whereas the change 

with age of the P
3 

concentration in females is only at the 5o/o l-evel of 

significance. The trend in all cases is for the concentration in both 

P 
1 

and P 
3 

to decrease with age in both sexes, and to increase in P 2 
with age in males. 

§ There is a very distinct difference between the levels of HDL2 
and P 

1 
in males and females. The:le.vel of significance is less than 

1 o/o {p < 0. 0 l ). In both HDL
2 

and P 
1 

the levels of significance for 

females are considerably higher than for the males. 

§ There is no significant provable difference- -at the 5o/o leve 1 

of significance (p = 0.05), at least--between the males and females 

in the concentration of HDL
3

. 

§ The females have significantly lower levels of HDL 1 than the 

males ·.(with p < 0.01) for only the 17-29-yr groups. 

§ It is not pas sible to prove that the levels of P 2 and P 3 for 

females are any different from the levels for males, at least at the 

5o/o level of significance (p = 0.05). 

B .. Lipoprotein and Protein Interclass Relationships 

The low-density lipoprotein spectrum is completed with the 

data in Tables VIII through XIII. The components represented in 

these tables are discussed in greater detail in other papers. 
8

• 9 • 
11 

It is biologically important to know to what extent the factors 

involved in the control of the serum levels of lipoproteins and (or) 

proteins are alike and to what extent they differ. One approach to 

the evaluation of these relationships is through the Pearson product­

moment correlation between the levels of any pair of components-­

either lipoproteins or proteins, or both. Such correlations are given 

in Tables XIV through XVII for the male groups and Tables XVIII 

through XIX for the female groups. 

The correlation coefficients (Pearson , r values) for each 

high-density lipoprotein and each protein on all other macromole­

cular components mentioned in this text for the various groups of 
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Table VIII 

s~ 0---12 lipoprotein concentrations in clinically healthy humans 

as a fun<;:tion of age 

0 Group Age No. of Mean a S. D. of s. E. of 
(yr) subjects S~0-12 distribution means 

A, Males· 

la 17-29 585 322 86 3.6 
~ 

2a 30-39 834 355 84 2.9 

3a 40-49 399 380 84 4.2 

A a 50-65 143 383 75 6. 3 

B, Females 

lb 17-29 190 283 68 4.9 

2b 30-39 99 324 86 8.6 

3b 40-49 37 346 67 11. 2 

4b 50-65 10 437 40 13. 3 

a All values in mg/100 m1 
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Table IX 

sf 12-20 lipoprotein concentrations in clinically healthy humans ... 
as a function of age 

Group • Age No. of a 
S. D. of s. E. of ~ean 

(yr) subjects Sf 12-20 distribution means 

A, Males 

la 17-29 585 40 21 0.9 

2a 30-39 834 51 23 0.8 

3a 40.:.49 399 57 23 1.2 

4a 50-65 143 56 24 2.0 

B, Females 

lb 17-29 190 30 16 1.2 

2b 30-39 99 41 22 2.3 

3b 40-49 37 42 21 3. 5 

4b 50-65 10 93 36 11.9 

a All values in mg/100 ml 
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Table X 

-sf 20-100 lipoprotein concentrations in clinically healthy humans 

as a function of age 

Group Age No. of 
a 

S. D. of s. E. of cf':ean 
(yr) subjects. sf 20~ 100 distribution means 

A, Males 

la 17-29 585 75 41 1.7 

2a 30-39 834 91 54 1.9 

3a 40-49 399 107 66 303 

4a 50-65 143 103 58 409 

B, Females 

lb 17-29 190 44 29 2 0 1 

2b 30-39 99 51 36 307 

3b 40-49 37 65 51 805 

4b 50-65 10 77 48 16 0 1 

a All values in mg/100 ml -
1,,. 
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Table XI 

sf 100-400 lipoprotein concentrations in c,linicaliy healthy humans -~ 

as a function of age 

Group Age No. of a 
S.D. of - s. E. of 

0 Mean 
(yr) subjects Sf 100--:-400 distribution. • means 

A, Males 

la 17-29 585 37 43 1.8 

2a 30-39 834 51 64 2.2 

3a 40-49 399 66 91 4.6 

4a 50-65 143 58 70 5.9 

B, Females 

lb 17-29 190 9 14 1.0 

2b 30-39 99 13 17 1.7 

3b 40-49 ' 37 18 24 4. 1 

4b 50-65 10 32 37 12. 4 

a All values in mg/100 ml 
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Table XII 

Atherogenic :Indices in clinical! y healthy humans as a function of age 

Group 

A, Males 

la 

2a 

3a 

4a 

Age 
{yr) 

17-29 

30-39 

40-49 

50-65 

B, Females 

lb 

2b 

3b 

4b 

17-29 

30-39 

40-49 

50-65 

No. of 
subjects 

585 

834 

399 

143 

190 

99 

37 

10 

Mean a 
A. L 

59 

69 

78 

76 

43 

51 

56 

79 

S. D. of 
· distribution 

20 

24 

29 

26 

12 

18 

19 

22 

S. E. of 
means 

0.8 

0.8 

1.4 

2.2 

0.9 

1.8 

3. 1 

7.4 

a All values in Atherogenic Index {A. I.) units {See references 8, 9, and 

11. ) 
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Table XIII 

. Cholesterol levels in clinically healthy humans ,as a function of age 
( 

Group Age No. of Mean 
a s. D. of s. E. of 

{yr) subjects cholesterol distribution means 

A, Males 

la 17-29 585 206 43 1.8 

2a 30-39 834 226 44 1.5 

3a 40-49 399 240 46 2.3 

4a 50-65 143 239 40 3.4 

B, Females 

lb 17-29 190 19 3 35 2,5 

2b 30-39 99 213 43 4.4 

3b 40-49 •.. 37 227 40 6.7 

4b 50-65 1'0 301 29 9.6 

a All values in mg/100 ml 
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Table XIV 

Pearson product-moment correlations for lipoproteins an:l proteins 

of human serum for Group la 

Males 17-29 yr of age (N = 803) 
r = 0. 07 for 5o/o level of significance 
r = 0". 09 for l o/o level of significance I 

-.) 

s~ o -12 s~ 12-2o s~ 20-1oo s~ l00-4oo 
~ 

A. I. HDL 1 HDL2 HDL3 pl Pz p3 Choles- I 

terol --- --- --- --- -- --- --
HDL 1 0.21 -0.03 -0.03 0.04 0.09 0. 17 

HDL2 -0.27 -0.25 -0.28 -0.21 -0.33 -0. 17 -0.09 

HDL3 0.01 -0.01 -0. 12 -0.07 -0.07 -0.0 l 0.30 0. 14 

pl -0.04 -0.08 -0.05 -0.05 -0.06 0.00 0. ll -0.07 -0.01 

P2 -0.07 -0.09 -0:03 0.00 -0.06 0.05 -0.03 -0.02 0.01 -0. 0,1 

p3 0.03 -0.02 -0.03 -0.01 0.00 0.02 -0.03 0.00 0.21 -0. ?.5 u. o>:; 



Table XV 

Pearson product-moment correlations for lipoproteins and proteins 

of human serum for Group Z.a 

--
Males 30-39 yr of age (N = 562) 

r = 0. 08 for 5o/o level of significance 
r = 0. 11 for lo/o level of significance 

s~ o-12 s~ 12-2o s~ 20-1oo ~ 100-400 
I 

A. I. HDL 1 
HDL

2 
HDL3 pl p2 p3 Choles- -..J 

terol U1 
I --- --- --- --- -- --- --

HDL
1 

0.06 0.02 0.22 0.27 0.23 0. 15 

HDL
2 

-0.20 -0. 17 -0.25 -0.21 -0.29 -0. 08. -0.06 

HDL
3 

-0.03 0.02 -0. 13 -0. 14 -0. 12 -0.02 o. 36 0.08 

pl 0.03 0.01 -0.04 -0.04 -0.02 0.03 0. 05 - -0.06 0.06 

p2 -0.08 -0.02 0.03 0.05 0.01 0.06 -0.01 -0.07 0.06 -0.0;:>. 

p3 0.05 0.01 0.02 0.02 0.04 -0.01 0.06 0.04 o. 19 -0.20 o. 10 

.. 



Table XVI 

Pearson product-moment correlations for lipoproteins and proteins 

of human serum for Group 3a 

Males 40-49 yr of a~~e (N = 387) 
r = 0. 09 for 5o/o level of significance 
r = 0.14 for lo/o level of siP:nificance I 

~ 

~ 0-12 s~ 12 -2o s~ 20-1oo s~ l00-4oo 
0' 

A. I.. HDL
1 

HDL
2 

HDL 3 pl p2 p3 Clloles-
terol --- --- --- --- -- --- -

HDL1 -0.01 -0.04 o. 15 0.41 0.28 0. 12 

H~L2 -0.25 -0.27 -0.26 -0. 18 -0.-31 -0.05 -0. o::, 

HDL
3 

-O.iO -0.04 -0. 18 -0. 15 -0. 19 -0.04 0.41 0.06 

pl -0.02 -0.04 0.00 -0.05 -0.04 -0.03 o. 16 -0.0:0 0.02 

p2 0.02 -0.06 0.04 0.03 0.03 -0.08 -0.03 -0.02 0.02 0.08 

p3 -0.01 0.03 0.03 0.03 0.03 0.01 0.05 0.05 0.2.6 -0.27 . 0. 03 
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Table XVII 

Pearson product-moment correlations for lipoproteins and proteins 

of human serum for Group 4a 

Males 50-65 yr of age (N = 140) 
r = 0. 16 for 5o/o level of significance 
r = 0. 22 for lo/o level of significance 

I 

s~ o-12 5~ 12-20 5~ 20-100 5~ 100-400 A. I. HDL
1 

HDL
2 

HDL
3 pl P2 p3 Choles-

...., 

...., 
terol I -- --- --- --- --- -- --- -

HDL
1 

-0.01 -0.02 0.31 0.55 0.38 o. 24 

HDL2 
-0.26 -0.25 -0.36 -0.29 -0.39 -0. 11 -0. 05· 

HDL3 -0.03 0.01 -0. 16 -0.08 -0. 11 0.04 0.42 0.24 

pl 0.21 o. 18 o. 11 0.02 o. 14 0.08 0.02 -0.01 0.30 

p2 -0. 11 -0.03 o. 17 0.05 0.05 -0. 10 -0. 15 -0.07 0.01 0.01 

p3 o. 13 0.20 0. 09 0. 14 o. 17 0.07 0.00 0. 17 0.30 -0.29 0.28 

~ ;, . 
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Table XVlll 

Pearson product-moment correlations for lipoproteins and proteins 

of human serum for Group lb 

Females 17-29 yr of age (N = 188) 
r = 0. 14 for 5o/o level of significance 
r = 0. 19 for 1 o/o level of significance I 

5~ 0-12 
~ 

5~ 12-20 s~ 20-1oo s~ l00-400 A. I. HDL1 HDL2 HDL3 pl P2 p3 Choles- QCI 
I 

terol ·--- --- -- --- --
HDL1 0.35 0.04 0.06 0.11 0.24 0.22 

HDL2 -0.09 -0.05 -0.27 -0.22 -0.21 -0.23 o. 17 

HDL3 
o. 15 o. 18 0.05 0.14 0. 17 o. 12 0.25 0.37 

p1 -0. 10 -0. 17 -0.04 -0.05 -0. 12 -0.09 0.06 -0.01 -0.06 

p2 -0.03 o. 17 o. 13 0.24 o. 12 0.01 -0. 14 -0.05 0.01 0.01 

p3 o. 14 -0.05 -0. 11 -0. 15 -0.01 0.09 0_.03 0. 25 0.36 -0.32 o. 13 



Table XIX 

Pearson product-moment correlation for lipoproteins and proteins 

of human serum for Groups Zb and 3b combined 

Females 30-49 yr of age (N = 132) 
r = 0. 17 for 5o/o level of significance 
r = 0.23 for lo/o level of significance I 

-J 

s~ 0-12 s~ 12-2o s~ 20-1oo s~ l00-4oo A. I. HDL1 HDL2 HDL3 p1 p p3 Cho1es-
-..J:) 
I 2 

tero1 - --- --- --- -- --- --
HDL

1 o. 24 0. 12 0. 15 0.33 0.26 0.25 

HDL
2 

-0. 17 -0. 18 -0.30 ..:0. 32' -0.29 -0.21 0.07 

HDL3 -0.02 0.03 0.08 o. 10 0.05 -0.03 0.27 0. ,19 

p1 0.00 -0.02 -0.07 -0.04 -0.04 0.04 0. 12 -0. 11 0.04 

P2 -0.04 0.01 0.02 'o. 09 0.01 -0.06 -0.03 0.05 o. 17 -0.03 

p3 o. 12 0.07 0.07 0.05 o. 11 0.04 0.05 o. 18 0.20 -0. 11 o. 18 

( 
i 
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both sexes are found in Tables XIV through XIX. (It was necessary 

to combine Groups 2b and 3b of the female population in order to 

increase the number of subjects; because there were only 10 females 

in Group 4b, no calculations were made for the correlation coefficients 

for ·this group. 

For convenience,· Tables XIV through XIX include the values 

of the correlation coefficients for the 5o/o level of significance (p = 0.05) 

and the 1 o/o level (p = 0. 01) for the ;number of degrees of freedom 

represented by each group. 

The following results are obtained from the data of the abo.ve­

mentioned tables: 

1. HDL 1 versus the Low- Density Lipoproteins, the Atherogenic Index, 

and .Cholesterol 

A moderate positive correlation of the HDL
1 

class with sf 0-12 

is s.ee.n in only the young males (17-29 yr) and in females 17-49 years; 

the p value is less than 0.01. Nq significant relationships were found, 
0 

at least at the p = 0.05 level, between HDL 1 and Sf 12-20. The 

relationship between HDL
1 

and S~ 20-100 and sf 100-400 becomes 

increasingly stronger with age in both sexes, but with no significant 

correlation in 17.,...29-yr-old males and females. This relationship 

is positive and of the order of p << 0.01. The Atherogenic Index would 

therefore be expected to be significantly correlated with HDL
1 

in the 

positive direction, sinc.e the AI is directly calculated from the results 

of the four low-density lipoprotein classes. The correlation of HDL
1 

versus the AI is seen in all groups and at the p < 0.01 level. Since 

the low-density lipoprote~ carry part of the serum cholesterol as a 

moiety, there is thus demonstrated a positive significant correlation 

between HDL
1 

and cholesterol in all groups. 

2. HDL
1 

versus the High- Density Lipoproteins 

HDL 1 shows a moderate negative correlation with HDL
2 

in males 

and females throughages 39 yr for males and 49 yr for females. In 

the 17-29-yr male and female groups we find p <<0.01, and in the 

30-39-yr males and 30-49-yr females, p-= 0.05. No significant 
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correlation, at least at the p ::: 0.05 level, was found between HDL 1 
and HDL

3
. 

3. HDL
1 

versus the Serum Proteins 

No significant correlation, at least at. the p = 0.05 leyel, was 

found for HDL
1 

with any protein component. 

4. HDL
2 

versus the Low- Density Lipoproteins, the Atherogenic Index, 

and Cholesterol 

There is seen tore acsignificatiLinverse correlation between the 

HDL2 class and all the low-density lipoproteins in all groups except 
0 

and sf in 17-2 9-yr females. There is no correlation between HDL2 
0 

0- 12 or Sf 12- 20 lipoproteins in these young females. The inverse 

relationship. for HDL
2 

versus S~ 0- 12 and S~ 12-20 is on the order of 

p << 0.01 in all the male and female groups, except for the older 

females, where p '=' 0.05. The Atherogenic Index would naturally follow 

in the same direction, since it growJ3 out of the low-density lipoprotein 

levels. HDL
2 

versus cholesterol showed a significant inverse relation­

ship in 17- 29-yr males (p < 0. 01), and a positive one in_ the 40-49-yr 

males (p = 0.05). 

5. HDL
2 

versus HDL
1 

and HDL3 
HDL

2 
is inver sel.y related to HDL

1
, as indicated in B2 above. 

There is a strong direct correlation between HDL2 and HDL3 in all 

groups of both sexes, with p << 0.01. 

6. HDL
2 

versus the Serum Proteins 

In 17-29- and 40-49-yr males HDL
2
.is positively related to P 1, 

with p < 0. 01, and in 17- 29-yr females HDL2 is inversely related to 

P 2 , with p = 0.05. · No other significant values, at least at the 5o/o level, 

were found between HDL
2 

and the serum proteins. 

_7. HDL
3 

versus the Low- Density Lipoproteins, the Atherogenic Index, 

and Cholesterol 

In 40-49-yr males and 17- 29-yr females there is a relationship 
0 

between HDL
3 

and Sf 0-12 which is negative for males and positive 

for females, with p ct. 0.03. Only one group showed a low-order positive 
0 

relationship (p <::1.. 0. 03) between HDL
3 

and Sf 12- 20; it was the 17- 29-yr 
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female group. In all the male groups there is a moderate inverse 

relationship between HDL3 and S~ 20-100, with p < 0.0 1. In the 30..,.39-

yr and 40-49-yr male groups this relationship is repeated for the 
. 0 ' 

HDL
3 

,versus Sf 100-400, The 17- 29-yr male group shows a low-

. order inverse correlation between HDL
3 

and S~ 100-400, with p = 0.05. 

However, the 17-29 -yr female group had a low:... order p'ositive 

correlation between HDL
3 

and S~ 100-400, with p:::: 0.05--just opposite 

that of the male groups. The relationship of HDL
3 

versus Atherogenic 

Index would follow along the same direction as in the low-density 

findings, There is a moderate positive correlation between cholesterol 

and HDL
3 

in the 17-29-yr males and females, and in the 50-65-yr 

males, with p < 0.01. In the 30-39-yr males and the 10-;49-yr females 

this positive correlation is only of low order, with p '-"" 0,05. 

8, HDL
3 

versus HDL
1 

and HDL
2 

These data are shown under B 2 and B 6 respectively. 

9. HDL
3 

versus the Serum Proteins 

There is a low-order inverse correlation between HDL3 and P 1 
in the 17- 29-yr male group with p = 0.05. In the 30-49-yr female 

group HDL
3 

is directly related to P
3

, with p < 0.01, and the positive 

correlation with P
3 

is also seen in the 50-65-yr males and the 30-49-

yr female group, but of low- order significance, where p d 0. 03. 

There were no other significant findings, at least at the p = 0.05 level, 

between'HDL
3 

and the serum proteins. 

10. P 
1 

versus the Low- Density Lipoproteins, the Atherogenic Index, 

and Cholesterol 

There is a direct correlation between P 1 andS~ 0-12 lipo­

proteins in the male group 50-65 yr of age, with p '=" Q.03. In the 

17-29-yr-old male and female groups a low-order inverse relation­

ship is noticed, with p ~ 0.03. There were no other significant 

findings, at least at the p = 0.05 level, between 1]
1 

and the low­

density lipoproteins and Atherogenic Index. In the 50-65-yr male 

group there was a direct correlation between P
1 

a.nd cholesterol, with 

p < 0.01. 
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11. P 
1 

versus the High- Density Lipoproteins 

These data are found abG>ve in Sections B 3, B 7, and B 10 for 

. HDL 1, HDL2 , and HDL3 repsectively. 

12. P 1 versus P
2 

and P
3 

In the 30-49-yr female group there is a low-order direct 

correlation between P
1 

and P
2

, with p::: 0. 05. The 17-29-yr male 

and female groups and the 30-39-yr males and females show a moder­

ate positive correlation between P
1 

and P
3

. The level of. significance 

is found to be p < 0.01 for the groups mentioned, exc~pt for 30-49-yr 

females, with p d 0.03. 

13. P 2 versus the Low- Density Lipoproteins, the Atherogenic Index, 

and Cholesterol 

For P 2 versus S~ 0~.12 only the 17- 29-yr and 30- 39-yr male 

groups showed a low-order inverse relationship, with p = 0.05. In 

the 17-29.-yr males P
2 

was found to be correlated inversely with S~ 
12-20, with p = 0.01; and in 17-29-yr-old females P 2 was found to be 

directly related, with p --l 0.03. The 50-65-yr male group showed a 

positive correlation between P
2 

and S~ 20-100, with p ~ 0.03. In the 

17-29-yr female group there was a moderate direct relationship between 

P
2 

and S~ 100-400, with p ~ 0.01. The Atherogenic Index and the 

cholesterol failed to show any significance with P 
2

, at least at the 

p = 0.05 level. 

14. P 
2 

versus the High- Density Lipoproteins 

These data are found above in Sections B 3, B 7, and B 10 for 

HDL
1

, HDL
2

, and HDL
3 

respectively. 

15. P 2 versus P
1 

and P 3 

The data for P 2 vers.us P
1 

are found in Section B 13 above. There 

is a moderate inverse relationship between P 
2 

and P 
3 

for the 17- 29-yr 

male and female groups, and for the 30-39-yr, the 40-49-yr, and the 

50-65-yr male groups. All groups have levels ()f p <;: 0 .. 01. 

16. P 3 versus the Low- Density Lipoproteins, the Atherogenic Index, 

and Cholesterol 

In the 17- 29-yr females there is a low- order positive relation-

ship between P
3 

and S~ 0-12 lipoproteins, with p 2!: 0.05. In the 50-65-yr 
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males there is a low-order positive correlation between P 3 and S~ 12-20 

lipoproteins, with p o~ 0.03. A low-order negative correlation is seen 

between s~ 100-400 lipoproteins and p 3 in the 17- 29-yr female group, 

with p-,~ 0.03. The Atherogenic Index is positively correlated with P 
3 

in the 50-65-yr males, probably owing to the relationship between P
3 

and S~ 12-20 of this group; the value for pis 0.05. In the. 17-29-yr 

and the 50-65-yr males there is a moderate direct correlation between 

P 
3 

and cholesterol, with p < 0. 0 L This direct relation is also seen 

in the 30- 49-yr females, but only of low- order significance, with -

p,! 0.03. 

17. P 
3 

versus the High- Density Lipoproteins 

These data are found in sections B 3, B 7, and B 10 above for HDL1, 

HDL
2

, and HDL
3 

respectively. 

18. P
3 

versus P 1 and P
2 

These data are found in sections B 13 and B 16 above for P 1 and 

P 2 respectivety. 
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'V. DISCUSSION AND CONCLUSIONS 

It is evident from the low magnitudes of the correlation coefficients 

that the metabolic factors involved in the regulation of the serum levels 

of any one of the lipoprotein or protein classes are largely independent 

of those involved in the regulation of the levels of either of the other 

lipoprotein or protein classes. There are, however, some interesting 

facts that have been obtained from the data in this text. They are best 

summarized as follows: 

A. There is a remarkable constancy with age in both sexes for 

the ages 17 through 65, in the levels of HDL2 and HDL
3

. This import­

ant fact suggests-- though with no certainty- -that the so-called "alpha" 

lipoproteins, which are really part of the high-density lipoprotein 

classes (mostly HDL
2 

and HDL
3 

), are not a protective agent against 

atherosclerosis. There is some literature following the school of 

thought that atherogenesis is a direct function of the ratio of the low­

density lipoproteins to the high-density lipoproteins. This would 

infer that at a constant value for the low-density c:lasses a decreasing 

concentration of high- density lipoprotein is representative of an 

increased risk of developing overt coronary disease. It is obvious 
( 

from the mean levels of HDL
2 

and HDL
3 

that they remain rather 

constant throughout the major part of the human life span. (Incidentally, 

there is strong evidence that coronary disease can and does occur at 

normal levels of HDL
2 

and HDL
3

. 
21

) Since it was not possible to 

prove any significant relationship between age and HDL
2 

or HDL3' in 

both sexes from 17 to 65 yr of age and--as has been shown by Gofman-­

there is a distinct and direct age relationship in both sexes in the 

serum levels of the low- density lipoproteins, this evidence. still 

supports the Gofman hypothesis that atherogenesis is a directifunction 

of low-density lipoproteins (S~ 0-12, S~ 12-20, S~ 20-100 and 

S~ 100-400) over a period of time. 8 • 9, 1 

B. The female lipoprotein and protein patterns are character­

istically different from the male patterns throughout the age span 

covered in this text. The females have significantly higher concentra­

tions of HDL
2 

·and P
1

. It is possible that the fallacious concept that 
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"alpha" lipoproteins are protective came from the knowledge that 

females have more "alpha" lipoproteins than males and less coronary 

diseas.e than males. If this concept were correct then at about ages 

50-55 yr-.-at ·which females start having coronary disease as frequently 

as males, and beyond which they have coronary disease more 

frequently than males--they should have lower levels of high-density 

lipoproteins. These data do not show such a trend; ; on th~ contrary 

there is some evidence that in the older males and females the serum 

levels o/the high-density lipoproteins rise. 
21 

This will be very 

difficult to prove, since it is not likely that a clinically healthy pop­

ulation large enough in number between ages 50 and '80 is readily 

available and randomly collectable. 

C. The levels of P 
1 

and P 
3 

decrease significantly with age in 

both sexes for the age span covered in this· text, and it is not possible 

to prove at better than the 5o/o level of significance that such an age 

trend is seen in the P
2 

levels of either sex. The interesting point here 

is that although P 
2 

and P 
3 

are significantly inversely correlated, the 

former remains fairly constant with age while the latter decreases 

with age in both sexes. 

D. It is interesting to note that HDL
1 

is positively correlated 

with S~ 0-12 in you~g males and females, since these subjects are 

characterized by reasonably low levels of S~ 20-400. As the level of 

S~ 20-400 increases as a function of age (ar::d this is seen in Tables X 

and XI), then HDL
1 

becomes more significantly related as the S~ 20-400 

increases while HDL
1 

itself increases slightly in concentration. This 

observation is related to the,. clinical state known as idiopathic (or 

essential) hyperlipemia. These subjects are characterized by a unique 

and characteristic lipoprotein disorder 
11 

in which HDL 1 is grossly 

increased, and so are the s~ 20-400 lipoprotein classes, while s~ 0-12 

is significantly lowered. It is also interesting, to note that HDL 1 is 

correlated inversely with HDL
2 

in only the young males and females 

characterized by low levels of S~ 20;_400. These groups, as seen 
0 

earlier, had positive correlations between HDL 1 and S'f 0-12. It will 
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be seen below that HDL
2 

is inversely correlated with S~ 0-12, which 

is in agreement with the above findings. Why the HDL
1 

remains 

significantly and directly correlated with S~ 0-12 lipoproteins in 

females only and falls off beyond age 29 in males can not be explained 

at this time, It could possibly be related to the changes that occur .., 

during the idiopathic hyperlipemic-type shiftmentioned above. The 

S~ 20-400 levels in males 30-39 yr has already reached 142 mgo/o, and 

this figure increases to 173 mgo/o in the next age decade, but in the 

40-49-y:r females the S~ 20-400 lipoprotein concentrations have only 

reached 83 mgo/o .. The difference between 142. mgo/o and 83 mgo/o is 

statistically significant beyond the p = 0.01 leveL 

E. In general, the HDL
2 

class is significantly correlated inversely' 

with all the low- density lipoproteins in both sexes and in all groups, 

This relationship i.s at the p << 0.01 leveL The only exceptions are 

iri the 17- 29-yr females, where it was not possible to prove at the 

p"" 0.05 level that HDL 2 is related to either S~ 0~ 12 or S~ 12-20. In 

the 30-49-yr females, for HDL
2 

versus either S~ 0-12 or S~ 1z.:...zo, 

the levels of significance were found to be p:: 0.05 and p = 0.03 

respectively. Perhaps an explanation of the lack of correlation between 

HDL
2 

and S~ 0- 12 or S~ 12-20 in 17- 29-yr females only is of metp,bolic 

origin, but at present it can not be seen with these data. 

F, Avery interesting phenomenon is the high positive correlation 

between HDL
2 

and HDL
3 

that is seen in all age groups and both sexes. 

These relationships are significant at the p << 0.01 level, and are 

very similar to the findings by Gofman that correlations between two 

lipoprotein classes are highest when the two classes being tested are 

most closely related ultracentrifugaJly, 11 With the exception of some 

clinical states, wherever either HDL
2 

or HDL
3 

is elevated, it is more 

than likely that the other will also be elevated, and conversely, when­

ever either HDL
2 

or HDL
3 

is lowered it is more than likely that the 

other will also be lowered. 11 • 21 

G. Of equal interest is the definite negative correlation of HDL
3 

with S~ 20-400 in all the age group~ tn the males but not tlie females. 

,, 

1.. 
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0 
This is what was found,. as mentioned above, when Sf 20-400 was 

correlated with HDL
1 

but the direction was positiveo The interesting 

fact here is that when HDL
1 

is tested with HDL
3 

no significant relation­

ship is foundo This may tend to suggest independent ~etabolic functions 

for HDL
1 

and HDL
3

, but a Pearson product-mom.ent correlation is not 

to be taken as a test for such findingso On the contrary, when one 

.looks at the individual values he is more likely to find that S~ 20-400, 

HDL
1

, and HDL3 are really very closely related metabolicallyo This 

sort of approach is being made now, and will certainly be more fruit­

ful in seeking out relationships which tend to get hidden when one relies 

entirely upon the results of a correlation coefficienL 

Ho With the exception of a few scattered significant relationships 

between proteins and lipoproteins, there does not appear to be any 

rea~ on to lean heavily in the direction that lipoproteins and proteins 

are relatedly involved in the same metabolic stateso On the contrary, 

we have seen from unpublished observations that in many metabolic 

disorders characterized by grossly disturbed. lipoprotein patterns the 

protein patterns are normal, and vice versao But it is more than 

chance alone that P
2 

and P
3 

are related, since for every group except 

older females there has been a significant negative relationship between 

P
2 

and P
3

, at the p << 0001 leveL The same holds true for the P 1 and 

P 
3 

relationships 0 In this case even the older females show significant 

correlations for P 
1 

and P 
3 

0 The correlation coefficients for P 1 versus 

P
3 

are all positive and ·are at the c p << OoOl level of significance in 

.all but one group, which was at the p = Oo03 leveL It is interesting to 

note that the ·p 
1 

was shown not significantly correlated with P 2 in all 

groups except the 30-49-yr females- -which coincidentally was the only 

group in which P
2 

versus P
3 

did not show any significance, at least at 

the p = Oo05 level. 
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