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ABSTRACT 

The demand for high density lipoprotein (HDL) quantitation has dramatically increased with the 
renewed awareness of the importance of HDL as a negative risk factor for coronary heart disease. HDL 
is usually estimated by specific precipitation of the non-HDL apoB-containing lipoproteins by 
polyanions and divalent cations followed by measurement of cholesterol in the supernatant. A 
common procedure involves precipitation with sodium heparin at 1.3 mg/ml and MnC12 at 0.046 M 
(final concentrations). This method is appropriate for serum but less than ideal for plasma because of 
incomplete precipitation and sedimentation of the apoB-containing lipoproteins. A two-fold increase 
in Mn 2+ to 0.096 M improves precipitation of the apoB-associated lipoproteins from plasma without 
excessive precipitation of HDL. This modified heparin-Mn 2+ procedure gives results nearly identical to 
the results with the ultracentrifugal reference method (cholesterol in the d> 1.063 fraction corrected 
for losses, and the presence of apoB-associated cholesterol). The dextran sulfate 500-Mg 2+ and the 
sodium phosphotungstate-Mg 2+ procedures give results consistently 2-4 mg/dl lower than does the 
reference method. In contrast, a heparin-Ca 2+ method gives results 5-8 mg/dl higher than does the 
reference method. Immunochemical analysis of apoA-I in the precipitate and apoB in the supernatant 
indicates that lower values for the phosphotungstate-Mg 2+ procedure is due to partial precipitation of 
the A-I-containing lipoproteins, while higher values by the heparin-Ca 2+ method are due to incomplete 
precipitation of the apoB-containing lipoproteins. Quantitation of the principal apoproteins of HDL, 
A-I and A-II, represent an important additional index of HDL concentrations and composition. 
Quantitation of plasma A-I and A-II concentrations by radial immunodiffusion indicates that women 
generally have higher HDL concentrations than men (women, A-I, 135 �9 25, A-II, 36 • 6; men, A-I, 
120 • 20, A-II, 33 • 5; mean • S.D., in mg/dl). A-I and A-II do not increase with age in men but show 
a slight increase with age in women. Estrogen increases HDL cholesterol and protein and may in part 
account for the higher HDL in women. The lighter density HDL subclass has a higher A-I/A-II ratio 
than the denser HDL subclass, with women generally having significantly more of the lighter HDL 
subclass. Density-gradient ultracentrifugation in CsC12 gradients indicates that HDL contains sub- 
populations of differing hydrated density which vary in the A-I]A=II ratio. Immunoassay of A-I and 
A-II when used in combination with HDL cholesterol analysis is a powerful tool for studies of HDL 
structure, epidemiology and metabolism. 

I N T R O D U C T I O N  

H i g h  d e n s i t y  l i p o p r o t e i n s  (HDL)  are 
general ly def ined in t e rms  of  one  or more  of 
the i r  phys ico-chemica l  p rope r t i e s ;  i.e., h y d r a t e d  
densi ty ,  f l o t a t ion  charac ter is t ics  in the  analyt i -  
cal u l t racent r i fuge ,  electrophoretic mobi l i ty ,  
and apo l i pop ro t e in  compos i t i on .  The  f r ac t ion  
of p lasma l ipopro te ins  wi th  d 1.063-1.21 has 
been  opera t iona l ly  def ined as the  h igh dens i ty  
l ipopro te ins  (1,2) .  Since HDL have alpha-elec-  
t r opho re t i c  mobi l i ty ,  t hey  are a f ten  a l te rna-  
t ively calied a lpha  l ipoprote ins .  More precisely,  
HDL can be def ined  in t e rms  of a p o p r o t e i n  
compos i t i on  as the  apo l ipop ro t e in  A (apoA)-  
con ta in ing  l i popro te ins  which  are free of  apo-  
l i popro te in  B (apoB)  (3).  However ,  the  HDL 
u l t racen t r i fuga l  f rac t ion  con ta ins  some apoB- 
con ta in ing  l ipopro te ins ,  pr inc ipa l ly  the  Lp(a)  
l i p o p r o t e i n  f o u n d  p r i m a r i l y  in  the  d 
1 .050-1 .090 p lasma f rac t ion  (4 ,5)  and  m a y  also 
con ta in  some non -Lp(a )  apoB-con ta in ing  lipo- 
p ro te ins  (6). Thus ,  if we def ine  HDL (or more  
appropr i a t e ly  the  a lpha  l ipopro te ins )  in t e rms  
of  the i r  a p o p r o t e i n  compos i t i on ,  t h e n  the  

apoB-conta in ing  l ipoproteins in the  d 1.063-1.21 
f rac t ion  mus t  be exc luded  f rom our  de f in i t ion  
of HDL. Fo r  the  purpose  of this  t reat ise ,  HDL 
will general ly be cons idered  s y n o n y m o u s  w i th  
the  a lpha  l ipopro te ins ,  b u t  special  emphas i s  will 
be p laced u p o n  t echn iques  wh ich  op t imize  the  
q u a n t i t a t i o n  of  l i popro te ins  t h a t  con ta in  apoA 
and  are free of apoB. 

HDL CHOLESTEROL Q U A N T I T A T I O N  

With the  new awareness  of  the  i m p o r t a n c e  
of HDL as a negat ive  risk f ac to r  for  co rona ry  
hear t  disease (7-9) ,  the d e m a n d  for  HDL 
q u a n t i t a t i o n  has d ramat ica l ly  increased.  HDL is 
general ly e s t ima ted  by  measur ing  its cho les te ro l  
con ten t .  A pract ica l  a p p r o a c h  which  avoids 
u l t r acen t r i f uga t i on  is the  selective p rec ip i t a t i on  
of the  n o n - H D L  apoB-associa ted  l ipopro te ins  
w i t h  su l fa ted  po lysacchar ides  and  d iva lent  
ca t ions  and  the  m e a s u r e m e n t  of  cho les te ro l  in 
the  s u p e r n a t a n t  so lu t ion .  A c o m m o n  p rocedure  
involves p rec ip i t a t ion  of the  apoB-assoc ia ted  
l ipopro te ins  wi th  sod ium hepa r in  at  1.3 mg/d l  
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TABLE 1 

Heparin-Mn 2+ Precipitation Procedure 
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Standard Method Modified Method 

1. 3 ml plasma 

2. 0.12 ml 5000 units heparin/ml 

3. 0.15 ml 1 M MnCI2.4 H20 

4. Incubate 30 min at 4 C 

5. Centrifuge 1500 X g for 30 
min at 4 C 

1. 2 ml plasma 

2. 0.2 ml combined heparin-Mn 2+ 
reagent (0.6 ml 40,000 units 
heparin]ml, 10 ml 1.06M 

MnC12 .4 H20 ) 

3. Incubate 10 min at 23 C 

4. Centrifuge 1500 X g for 30 
rain at 4 C 

and MnC12 at 46 mM (10-12) .  
This m e t h o d  (Table  I), or iginal ly appl ied to 

serum (10) ,  appears  reasonab ly  specif ic  and  no t  
o f t en  subjec t  to  large errors ,  p rec ip i t a t ing  
general ly less t han  2% of  the  HDL (13 ,14) ,  yet  
p roduc ing  near ly  comple t e  removal  of  the  
apoB-associa ted  l ipopro te ins .  However ,  if this  
p rec ip i t a t ion  m e t h o d  is appl ied to p lasma con-  
ta in ing  EDTA,  it is less t han  ideal, since a b o u t  
10% of  the  p lasma samples  so t r ea ted  have 
supe rna t an t s  wi th  obv ious  tu rb id i ty ,  ind ica t ing  
i ncomple t e  s e d i m e n t a t i o n .  F u r t h e r m o r e ,  a b o u t  
hal f  of  the  samples  wi th  n o n t u r b i d  s u p e r n a t a n t s  
still con t a in  ca. 2 mg/d l  apoB,  leading to  sl ight 
ove res t ima t ion  of HDL choles terol .  A two-fold  
increase in Mn 2+ c o n c e n t r a t i o n  to 92 m m o l  
Mn2+/ l i t e r  improves  p rec ip i t a t i on  of  the  apoB,  
w i t h o u t  subs tan t i a l  p rec ip i t a t ion  of  HDL,  and  
sed imen t s  b e t t e r  the  apoB associated l ipopro-  
te ins  f rom hype r t r ig lyce r idemic  p lasma (14).  
Therefore ,  a more  accura te  and more  con-  
ven ien t  mod i f i ed  version of  the  hepar in  Mn 2+ 
p rec ip i t a t ion  t e c h n i q u e  is r e c o m m e n d e d  for  
plasma,  name ly  a smaller  sample  volume,  2 ml  
ins tead  of  3 ml,  a two-fo ld  increase in the  Mn 2+ 
r e a g e n t  c o n c e n t r a t i o n ,  add i t ion  of  hepar in  
Mn 2+ as a c o m b i n e d  reagent ,  fo l lowed by  
i n c u b a t i o n  at r oom t e m p e r a t u r e  for  10 min  
ins tead  of  30 rain at  4 C (Table  I). A col labora-  
t ive s tudy  by  e ight  l abora tor ies  to evaluate  the  
modi f i ed  hepa r in  Mn 2 + p rec ip i t a t i on  p rocedu re  
also shows the  mod i f i ed  p rocedu re  to be b o t h  
more  specific and more  conven ien t .  By the  
s t andard  m e t h o d ,  32 of  375 (9%) of  the  
samples  had  tu rb id  supe rna t an t s ,  and  72% of 
the  samples  had  de tec t ab le  apoB in n o n t u r b i d  
samples.  On the  o the r  h a n d ,  of  the  p lasma 
samples  p rec ip i t a t ed  b y  the  modi f i ed  proce-  
dure,  only  2% had  tu rb id  s u p e r n a t a n t s  and  on ly  
15% had  de tec tab le  apoB in n o n t u r b i d  super-  
n a t a n t s  (15) .  

W i t h  h y p e r t r i g l y c e r i d e m i c  samples,  the  
dens i ty  Of the  hepar in -Mn 2+ l ipopro te in  aggre- 

TABLE II 

Methods for HDL Estimation in 
Hypertrtglyceridemic Samples 

1. Centrifuge plasma 105,000 x g for 18 hr. Do pre- 
cipitation on the d>l .006  fraction. 

2. Dilute plasma with an equal volume of isotonic 
saline before precipitation. 

3. Perform precipitation. Centrifuge turbid super- 
natants 12,000 X g for 10 min. Determine choles- 
terol on clear subnatant solution. 

4. Perform precipitation. Filter turbid supernates 
with 0.22 #m filter protected by two depth pre- 
filters. Determine cholesterol on clear filtrate. 

gate f r equen t ly  is t oo  low for  it to  sed iment .  
These  l ipopro te ins  thus  r emain  suspended  in 
the  so lu t ion ,  p roduc ing  obvious  tu rb id i ty .  A 
n u m b e r  of  p rocedures  have b e e n  descr ibed  for  
c i r cumven t ing  the  p rob l em of  tu rb id  super-  
n a t a n t s  (Table  II). M e t h o d  1 is expensive  and  
t i m e  consuming .  M e t h o d  2 magnif ies  the  
imprec i s ion  of  the  m e a s u r e m e n t  of  cho les te ro l  

in the  hepar in -Mn 2+ supe rna t an t .  M e t h o d  3 is 
sa t i s fac tory  for  the  ma jo r i ty  of  samples ,  b u t  
requires  h igh  speed cen t r i fuga t ion  (14) .  M e t h o d  
4 removes  essent ial ly  all of  the  apoB-assoc ia ted  
l i p o p r o t e i n s  w i t h o u t  r emoving  apprec iab le  
a m o u n t s  of  HDL (16) .  It  appears  to  be the  
s imples t  and  mos t  c o n v e n i e n t  p rocedure  for  the  
clinical l abo ra to ry .  

Since Mn 2+ in te r fe res  wi th  the  e n z y m a t i c  
cho les te ro l  p rocedure ,  o t h e r  po lyan ion -ca t i on  
c o m b i n a t i o n s  inc lud ing  dex t r an  sulfate  500 
(Pharmacia ,  P isca taway,  NJ 08854)-MGC12 (17) ,  
s o d i u m  pbospho tungs t a t e -MgC1;  (18) ,  and  
heparin-CaC12 (19) ,  a long wi th  an u l t racen t r i -  
fugal m e t h o d  at d 1.063 were eva lua ted  (Table  
III). The  u l t r acen t r i fuga l  a p p r o a c h  was im- 
proved as a re ference  m e t h o d  by  cor rec t ing  the  
cho les te ro l  of  the  d ~ 1 . 0 6 3  g /ml  f r ac t ion  for  
losses (5%) and the  presence  of  apoB-assoc ia ted  
choles te ro l  (average 5.7 mg/dl ,  as d e t e r m i n e d  
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TABLE Ili 

Comparison of Mean HDL Cholesterol by Several Techniques a 

Samples 

Corrected Heparin_Mn2+ Dextran 
d>1.063 Sulphate e Phosphotungstate f Heparing 

Source n fraction b .046 M c .092 M d 500 Mg 2+ Mg 2+ Ca 2+ 

Plasma 
Women 30 61.7 63.9 60.7 58.1 57.4 66.7 
Men 27 44.4 45.7 44.1 43.6 42.8 51.5 
Children 8 52.2 53.0 50.8 48.0 49.0 57.2 

All Subjects 65 53.4 55.0 52.6 50.9 50.3 - 59.2 

Serum 
Women 10 70.0 70.5 66.9 62.4 64.7 75.0 
Men 10 44.7 44.2 42.8 40.0 41.6 53.1 

All Subjects 20 57.4 57.4 54.8 51.2 53.2 64.0 

aResults expressed in mg/dl * 
bcorrected for losses of cholesterol during ultracentrifugation and the presence of apoB~ cholesterol. 
CAccording to the Lipid Research Clinics Procedure (12). 
dAccording to Warnick and Albers (14). 
eAccording to Kostner ( 17~ 
fAccording to Lopes et al. (18). 
gAccording to Srinivanson et al. (19). 

TABLE IV 

Rid Assay for Human Plasma A-I and A-II 

1. 50 ~1 plasma or test sample. 
2. 50 /al tetramethylurea, mix. 
3. 400 #1 8 M urea, 10 mM Tris pH 8.0, mix. 
4. Incubate 30 min. 
5. Add 4/*1 of the mixture to the antibody-containing 

Agarose plate. 
6. Incubate 24-72 hr. 
7. Measure diameter of precipitation rings. 

TABLE V 

Cholesterol and A-I and A-II 
in Ultracentrifuged Subfractions of HDL a 

d 1.063- 1.10 d 1.10- 1.21 

Men Women Men Women 

Cholesterol 9.9 18.6 32.3 36.1 
A-I 10.3 23.8 97.2 104.4 
A-II 2.0 3.9 26.6 27.4 
A-I/A-II 5.1 6.1 3.7 4.0 

aResults expressed in mg/dl. Each number is a mean 
and represents the analysis of six ultracentrifuged 
fractions from six plasma pools. Each pool consisted 
of plasma samples from three or four healthy normo- 
lipidemic adults. 

by  radial  i m m u n o d i f f u s i o n  wi th  ant i -apoB) .  
The  dex t r an - su l f a t e  500-Mg 2+ m e t h o d  consis-  
t en t ly  gave H D L  cho les te ro l  values on p l a sma  
samples  2-4 m g / d l  lower  and  on s e rum samples  

4-8 mg /d l  lower  t h a n  the  H D L values e s t i m a t e d  
by cen t r i fuga t ion .  Similarly,  the  s o d i u m  phos-  
p h o t u n g s t a t e - M g  2+ p rocedure  cons i s t en t ly  gave 
lower  resul ts  t h a n  did the  u l t r acen t r i fuga l  
m e t h o d .  In con t ras t ,  the  hepar in -Ca  2+ m e t h o d  
gave resul ts  5-8 mg /d l  h igher  t h a n  the  centr i -  
fugal re ference  m e t h o d .  Ana lyses  o f  apoA-I  in 
the  prec ip i ta tes  and  apoB in the  s u p e r n a t a n t  
f luid by  i m m u n o a s s a y  suggest  t ha t  lower values 
by  the  p h o s p h o t u n g s t a t e - M g 2 +  p rocedure  are 
due in par t  to increased p rec ip i t a t ion  of  the  
apoA-I -con ta in ing  l ipopro te ins ,  while h igher  
values by  the  hepar in -Ca  2+ m e t h o d  are due  to  
i n c o m p l e t e  p rec ip i t a t ion  o f  the  apoB-con-  
ta in ing l ipopro te ins .  

On  p lasma  samples ,  the  mod i f i e d  he pa r in  
Mn 2+ m e t h o d ,  wh ich  uses  0 .092  M Mn 2+, was 
in exce l l en t  a g r e e m e n t  wi th  the  e s t i m a t i o n  o f  
H D L  c h o l e s t e r o l  b y  the  u l t r acen t r i fuga l  
m e t h o d ,  while the  Lipid Resea rch  Clinic 
hepar in  Mn2+ m e t h o d  us ing  0 .046  M Mn 2+ 
gave 1-to-3 m g / d l  h igher  values.  However ,  on  
s e r u m  samples ,  the  hepar in  Mn 2+ p rocedure  
us ing  0 .046  M Mn 2+ agreed the  best  wi th  the  
u l t r acen t r i fuga l  e s t i m a t i o n  of  H D L  choles terol .  
Thus ,  0 .046  M Mn 2+ appears  a de qua t e  for  pre- 
c ipa t ion  of H D L  f r o m  s e r u m  b u t  a h igher  Mn 2+ 
c o n c e n t r a t i o n  is ne e de d  for  c o m p l e t e  precipi ta-  
t i o n  of  apoB-con ta in ing  l ipopro te ins  f r om 
p lasma,  p robab ly  because  Mn2+ is b o u n d  by  
E D T A  (14,15) .  Yet ,  E D T A - t r e a t e d  p l a sma  is 
prefer red  to s e r u m  for  lipid and  l ipopro te in  
d e t e r m i n a t i o n s  since,  dur ing  clot  f o r m a t i o n ,  

LIPIDS, VOL. 13, NO. 12 



HDL QUANTITATION 

TABLE VI 

Mol Wt, Apolipoprotein and Cholesterol Analyses on HDL Subfractions 
Isolated by Density Gradient Centrifugation a 
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Density of 10-Sx A-I A-II CH A-I/A-II CH/(A-I+A-II) 
Subfraction Mol Wt (mg/dl) (mg/dl) (mg/dl) (Molar Ratio) (Wt. Ratio) 

(Male) 
1.151-1.200 1.2 16.2 3.9 4.1 2.6 0.21 
1 . 1 1 9 - 1 . 1 5 0  1.4 29.3 8.4 11.9 2.2 0.32 
1 . 1 0 6 - 1 . 1 1 8  2.0 23.4 6.3 11.4 2.3 0.38 
1,093-1.10S 2.4 14.6 3.4 7.4 2.7 0.41 
1.083-1,092 3.0 9.9 1.4 5,9 4,4 0.53 
1.077-1.082 3.3 7.3 0.8 4.9 5.7 0.63 
1.063-1.076 3.7 3.9 0.4 3.5 6.0 0.82 

(Female) 
1.151-1,200 1.2 13.2 3.1 3.0 2.6 0.19 
1.119-1.150 1.4 27.9 7.9 10.7 2.2 0.30 
1.106-1.118 2.0 22.6 6.7 11.3 2.1 0,38 
1.093-1.105 2.4 14.4 3.0 6.5 2.9 0.38 
1.083-1.092 3.0 11.1 1.5 5.9 4.6 0.47 
1.077-1,082 3.3 8.4 0.9 5.6 5.5 0.61 
1,063-1,076 3.'/ 4,2 0.5 3.5 5,3 0.75 

aMean values expressed in mg/dl from six healthy normolipidemic adult volunteers (three male 
and three female). Mol wt estimated by density gradient electrophoresis. A-I and A-II determined by 
radial immunodiffusion. HDL of d 1,063-1.25 was placed in a CsC1 gradient and centrifuged in a SW 
41 rotor at 40,000 rpm at 16 C for 72 hr. 

chy lomic rons  can be r em oved  by  the  clot ,  and  
changes  may  occur  in the  l i popro te in  d is t r ibu-  
t ion.  F u r t h e r m o r e ,  se rum con ta ins  heavy meta ls  
t ha t  are k n o w n  to p r o m o t e  au to -ox ida t ion ,  
whereas  E D T A  in p lasma chela tes  me ta l  ions,  
min imiz ing  au to -ox ida t ion .  There fore ,  the  mos t  
appropr i a t e  p rocedure  for  q u a n t i t a t i o n  of  HDL 
choles te ro l  is p rec ip i t a t i on  of  the  apoB-con-  
ta in ing l i popro te ins  f rom EDTA-p lasma  by  the  
modi f i ed  hepar in -Mn 2+ m e t h o d  and de t e rmina -  
t ion  of  the  choles te ro l  in the  s u p e r n a t a n t  frac- 
t ion.  Since Mn 2+ in ter feres  wi th  the  e n z y m a t i c  
cho les te ro l  p rocedure ,  o the r  p o l y a n i o n c a t i o n  
c o m b i n a t i o n s  need  to be cons idered  for  labora-  
t o r i e s  u s i n g  t h e  e n z y m a t i c  cho le s t e ro l  
procedure .  

APOLIPOPROTEIN A-I A N D  A-I I  Q U A N T I T A T I O N  

HDL is usual ly  e s t ima ted  in t e rms  of  i ts l ipo- 
p ro te in  cho les te ro l  c o n t e n t .  The  cho les te ro l  
m o i e t y  is, however ,  only  15-20% of the  t o t a l  
weight  of  HDL. Thus ,  a change in the  HDL 

choles te ro l  could  ref lect  a change in HDL com- 
pos i t ion  or a change in whole  HDL concen t r a -  
t ion,  or bo th .  Assessment  of  the  pr inc ipa l  
apopro te ins  of  HDL, apop r o t e i n s  A-I and  A-II, 
t oge the r  compr i s ing  50% of the  weigh t  of  HDL,  
thus  respresents  an  i m p o r t a n t  add i t iona l  i ndex  

of  a l t e ra t ion  in HDL c o n c e n t r a t i o n  or  c o m p o -  
sit ion. We deve loped  a s imple ye t  precise and  
a c c u r a t e  radial  i m m u n o d i f f u s i o n  assay for  
h u m a n  p lasma A-I and  A-II (Table  I V ) ( 2 0 , 2 1 ) .  
The  d i ame te r  of  the  p rec ip i t a t i on  rings are 

measured  in 0 .1 -mm uni ts ,  using a ca l ibra ted  
viewer. Since usual ly  less t h a n  1% of  the  to ta l  
p lasma A-I and  A-II levels are f o u n d  in the  
d ( 1 . 0 6 3  p lasma f rac t ion ,  quan t i f i c a t i on  of 
to ta l  p lasma A-I and  A-II is r epresen ta t ive  of  
to ta l  HDL A-I and  A-II levels (21) .  I t  has been  

es t ima ted  t h a t  ca. 10% of  the  p lasma A-I and  
3% of  the  p lasma A-II is in the  d > l . 2 1  f r ac t ion  
(21).  However ,  it is l ikely t h a t  mos t  of the  A 
apo l ipopro te ins  f o u n d  in the  d > l . 2 1  f r ac t ion  
were those  t h a t  had  b e c o m e  dissocia ted f rom 
HDL dur ing  u l t r acen t r i fuga t ion .  Analys is  of  
u l t r acen t r i fuged  subf rac t ions  o f  the  HDL pre- 
pa ra t ions  f rom n o r m o l i p i d e m i c  adul t  subjec ts  
ind ica tes  t ha t  m e n  and  w o m e n  have similar A-I, 
A-II and  HDL levels in the  d 1.10-1.21 sub- 
f rac t ion  (Table  V). However ,  w o m e n  have 
a p p r o x i m a t e l y  twice as m u c h  A-I, A-II and  
HDL choe ls te ro l  in the  d 1 .063-1.10 f r ac t ion  as 
men.  Also for  b o t h  men  and  w o m e n  the  
A-I/A-II  molar  ra t io  of  the  l igh ter  dens i ty  HDL 
s ub f r ac t i on  was s igni f icant ly  greater  ( p < 0 . 0 1 )  
t h a n  t h a t  in the  heavier  dens i ty  HDL subfrac-  
t ion.  It  is clear, t he re fo re ,  t ha t  a p o p r o t e i n  com-  
pos i t ions  differ  s ignif icant ly  w i th in  the  HDL 
h y d r a t e d  dens i ty  subclasses. F r a c t i o n a t i o n  of  
HDL on the  basis of h y d r a t e d  dens i ty  by  CsC1 
dens i ty -grad ien t  cen t r i fuga t ion  and  s u b s e q u e n t  
A-I and  A-II analysis  shows t h a t  the  A-I /A-II  
r a t i o  varies wi th  the  l i popro te in  h y d r a t e d  
dens i ty  (Table  VI).  The  A-I/A-II  mo la r  ra t io  of  
H D L  l i p o p r o t e i n s  b a n d i n g  b e t w e e n  d 
1 .106-1 .150 was near ly  c o n s t a n t  a t  2 . 2  + 
0.2. In the  dens i ty  range 1.51-1.25,  the  A-I /A-II  
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TABLE VII 

Plasma A-II in Normal Subjects 
(mean • S.D., mg/dl)  

Number  Plasma A-II 

Age Men Women Men Women 

20-29 27 82 34 • 4 35 • 6 
30-39 53 33 33 • 5 35 • 7 
40-49 55 44 34 • 5 37 • 5 
50-59 35 27 33 • 5 38 • 6 

TABLE VIII 

Plasma A-I Levels in Normal Subjects 
(mean • S.D., mg/dl)  

Number  

Age Men Women Men 

Plasma A-I 

Women 

20-29 50 114 117 • 18 
30-39 77 39 117 • 19 
40-49 77 62 120 • 10 
50-59 55 37 125 • 22 
60-65 4 5 126 • 20 

1 3 2  -+ 26 
135 -+ 26 
137 • 22 
140 • 32 
168 • 23 

TABLE IX 

Plasma HDL-Cholesterol,  A-I and A-II Levels in Normal Subjects a 

Subject group n HDL CH A-I A-II 

All men 192 45 120 33 
All women  188 55 135 36 
Women taking no estrogen b 92 54 130 34 
Women on estrogen 19 61 149 39 
Women on estrogen and progesterone 56 54 140 39 

aNormal subjects refers to a subset of  an industrial populat ion who were selected inde- 
pendent ly  of  their lipid levels. Results expressed as mean levels in mg/dl. 

bRefers to a subset  of women from the populat ion who had taken no medicat ion for 
2 weeks before blood drawing. 

ra t io  i n c r e a s e d  as t h e  d e n s i t y  i n c r e a s e d .  H o w -  
ever ,  in  t h e  d e n s i t y  r a n g e  b e t w e e n  d 1 .077  a n d  
d 1 .105 ,  t h e  A - I / A - I I  r a t i o  i n c r e a s e d  as t h e  
d e n s i t y  d_ecreased. T h e  c h o l e s t e r o l / ( A - I  + A-I I )  
r a t io  d e c r e a s e d  as t h e  d e n s i t y  i n c r e a s e d  in all 
s ix  H D L  s a m p l e s  e x a m i n e d .  G r a d i e n t  gel  e lec-  
t r o p h o r e s i s  o f  t h e  d e n s i t y - g r a d i e n t  f r a c t i o n s  
s h o w e d  t h a t  as t h e  d e n s i t y  o f  t h e  H D L  pa r t i c l e  
i n c r e a s e d ,  t h e  a p p a r e n t  m o l  w t  d e c r e a s e d .  T h u s ,  
H D L  c o n t a i n s  s u b p o p u l a t i o n s  w h i c h  d i f f e r  n o t  
o n l y  in m o l e c u l a r  w e i g h t  b u t  a lso  in  t h e  
A - I / A - I I  m o l a r  ra t io .  H D L  s u b f r a c t i o n s  w i t h  t h e  
s a m e  h y d r a t e d  d e n s i t y  h a d  c o m p a r a b l e  A - I / A - I I  
a n d  c h o l e s t e r o l / p r o t e i n  r a t i o s  w h e t h e r  i s o l a t e d  
f r o m  m e n  or  f r o m  w o m e n .  T h e s e  r e s u l t s  s u g g e s t  
t h a t  t h e  d i f f e r e n c e s  b e t w e e n  H D L  c o n c e n -  
t r a t i o n s  in m e n  a n d  t h o s e  in w o m e n  p r i m a r i l y  
r e f l ec t  d i f f e r e n c e s  in  t h e  re la t ive  p r o p o r t i o n s  o f  
H D L  s u b c l a s s e s  r a t h e r  t h a n  i n t r i n s i c  m a l e -  
f e m a l e  d i f f e r e n c e s  in H D L  s t r u c t u r e  (22 ) .  

T a b l e  VII  p r e s e n t s  t o t a l  p l a s m a  A-I  levels  b y  
age d e c a d e  in  t h e  p o p u l a t i o n  t e s t e d .  A m o n g  t h e  
m e n ,  t h e  o lde r  age g r o u p s  ( 5 t h  to  7 t h  d e c a d e s )  
h a d  s l i gh t l y  h i g h e r  A-I  va lues .  T h e  w o m e n  a lso  
h a d  s l i gh t l y  h i g h e r  A-I  v a l u e s  in t h e  o lde r  age 
g r o u p s ,  w i t h  an  ave rage  a n n u a l  i n c r e m e n t  o f  
0 . 33  m g / d l / y r .  A-I I  d id  n o t  i n c r e a s e  w i t h  age in  
m e n ,  b u t  s h o w e d  a s l igh t  i n c r e a s e  w i t h  age in  
w o m e n  (Tab l e  VIII ) .  H D L  c h o l e s t e r o l  was  
h i g h l y  c o r r e l a t e d  w i t h  A-I  ( I = 0 . 7 2 )  a n d  A-I I  
( R = 0 . 6 0 ) ;  a lso ,  A-I  was  h i g h l y  c o r r e l a t e d  w i t h  
A-II  ( r = 0 . 7 2 ) .  W o m e n  h a d  s i g n i f i c a n t l y  h i g h e r  
H D L  c h o l e s t e r o l  a n d  a p o l i p o p r o t e i n  A-I  a n d  
A-II  levels  t h a n  d id  m e n  ( T a b l e  IX) .  W o m e n  
t a k i n g  e s t r o g e n - c o n t a i n i n g  m e d i c a t i o n  h a d  s igni-  
f i c a n t l y  h i g h e r  H D L  c h o l e s t e r o l  a n d  A-I  c o n -  
c e n t r a t i o n s  a n d  s o m e w h a t  h i g h e r " A - I I  c o n c e n -  
t r a t i o n s  t h a n  t h o s e  n o t  t a k i n g  e s t r o g e n .  T h e  
o b s e r v a t i o n  t h a t  w o m e n  t a k i n g  e s t r o g e n  h a d  
s i g n i f i c a n t l y  h i g h e r  H D L  c h o l e s t e r o l  levels  a n d  
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s o m e w h a t  h igher  A-I /A-II  ra t ios  suggests t h a t  
es t rogen prefe ren t ia l ly  increases the  l ighter  
dens i ty  HDL-2 subclass.  On the  o t h e r  hand ,  
w o m e n  on  c o m b i n a t i o n  con t racep t ives  had  the  
same HDL choles te ro l  c o n c e n t r a t i o n s  as those  
on  n o  med ica t ion ,  bu t  s o m e w h a t  h igher  A-I and  
A-lI  levels, suggest ing t h a t  proges t ins  m o d i f y  
the  es t rogen response  and  p r o m o t e  an  increase  
in the  heavier  dens i ty  HDL-3 subclass (21) .  The  
work  of  Krauss et  al. con f i rms  th is  sugges t ion  
(23) .  F o u r t e e n  w o m e n  s tudied  before  and  a f te r  
14 days of  es t rogen t he r apy  ( e th iny l  es t radiol  1 
pg/kg/day) had a m e a n  A-I increase of  24%, 
whereas  the  HDL choles te ro l  increased by  an 
average of  19%, s u p p o r t i n g  the  c o n c e p t  t h a t  
es t rogen is in par t  respons ib le  for  the  h igher  
HDL 2 levels observed in w o m e n  (20 ,21) .  

There  are m a n y  c o n d i t i o n s  or diseases in 
which  HDL c o n c e n t r a t i o n s  or c o m p o s i t i o n s  are 
a l tered;  e.g., pe rsons  wi th  exis t ing  c o r o n a r y  
hea r t  disease and  those  w i t h  m a n y  of  the  condi -  
t ions  associated wi th  increased  risk of  c o r o n a r y  
hear t  disease have reduced  c o n c e n t r a t i o n s  of  
HDL choles te ro l  (24-26) .  

Q u a n t i t a t i o n  of  A-I and  A-II in 90 male  
survivors of  myoca rd i a l  i n f a r c t i on  (MI)  sampled  
at least  3 m o n t h s  af te r  an acute  MI ind ica ted  
t h a t  MI  survivors had  s igni f icant ly  lower  
( p < 0 . 0 1 )  A-I (112  + 2 mg/dl ,  m e a n  -+ S.E.M.), 
A-II (29 -+ 1 mg/dl )  and  HDL CH (39 -+ 1 
mg/d l )  t h a n  did  a p lasma-choe ls te roI  and  trigly- 
ce r ide -matched  con t ro l  group,  and  the  HDL 
choles te ro l  of  the  MI survivors was s ignif icant ly  
re la ted  to log t r iglycer ide (4 = -0 .442 l ipid 
m a t c h e d  cont ro l s ,  r = -0 .520 MI survivors) .  
These resul ts  are cons i s t en t  w i t h  a relat ive de- 
crease of HDL in MI survivors over  and  above  
t ha t  a t t r i b u t a b l e  to  the i r  increased t r ig lycer ide  
levels. F u r t h e r m o r e ,  the  low HDL cho les t e ro l /  
p ro te in  ra t io  observed in the  HDL of  MI 
survivors suggests a relat ively greater  decrease  of  
the  choles te ro l - r ich  HDL 2 subclass t han  t h a t  of 
HDL3 (24).  

CONCLUSIONS 

Recen t  ep idemio log ica l  s tudies  have empha-  
sized the  i m p o r t a n c e  of  HDL as a negat ive  risk 
fac tor  (7-9). As a result ,  cl inical  l abora to r ies  
have exper i enced  an increased d e m a n d  for  
q u a n t i t a t i o n  of  this  l ipopro te in .  HDL is usually 
e s t ima ted  b y  q u a n t i t a t i o n  of  its choles te ro l .  
Prec ip i ta t ion  t echn iques  for  e s t ima t ing  HDL 
choles te ro l  are used widely.  However ,  they  do  
no t  give equ iva len t  results .  Thus ,  careful  valida- 
t ion  of  specific p rec ip i t a t i on  cond i t i ons  is 
necessary in order  to  ensure  an accura te  esti- 
ma te  of  HDL cholesterol .  

Q u a n t i t a t i o n  of the  pr inc ipa l  apo l ipopro-  

teins of  HDL, A-I and  A-II, t o g e t h e r  compr i s ing  
ca. 50% of  the  weight  of  HDL, represen ts  an  
i m p o r t a n t  add i t iona l  i ndex  of  a l t e ra t ions  in 
HDL c o n c e n t r a t i o n  or  compos i t i on .  The  radial  
i m m u n o d i f f u s i o n  assays for  A-I and  A-II do no t  
requi re  p r io r  e x t r a c t i o n  of  lipids, and  use on ly  
50 pl  of  plasma.  These  assays the re fo re  are suit-  
able for  mass screening.  There fore ,  the  quan t i -  
t a t i o n  of  A-I and  A-II shows par t i cu la r  p romise  
as m e t h o d s  for  c o m p l e m e n t i n g  the  HDL choles-  
terol  p rocedure .  

The  c o n c e n t r a t i o n ,  c o m p o s i t i o n  and  subclass 
d i s t r ibu t ion  of  HDL changes  in response  to  a 
v a r i e t y  o f  phys io log i ca l ,  pharmaco log ica l ,  
pa tho log ica l  and  d ie ta ry  pe r tu rba t i ons .  Thus ,  
the  app l i ca t ion  of  assay m e t h o d s  for  HDL are 
numerous .  The  f u n c t i o n a l  role of  HDL in 
hea l th  and  disease will b e c o m e  clearer  as 
accura te  and  precise assays for  HDL b e c o m e  
widely available.  
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