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and 2 or more bags to permit comparison in 
terms of a standard plasma. It has been 
demonstrated that under these conditions 
dialysis of the free cortisol through the mem- 
brane is rapid. Dissociation of the steroid- 
protein complex, and therefore equilibrium 
is achieved. Specific activity in each com- 
partment is equivalent. Then, by direct 
measuring the radioactivity in each compart- 
ment, an accurate determination of relative 
total binding capacity may be made. 

The procedure has practical significance. 
Sandberg and Slaunwhite( 3) reported that 
diluted pregnancy plasma has a higher bind- 
ing capacity than normal. but Daughaday’s 
data from undiluted plasma, dialyzed against 
a control plasma, revealed that number of 
available binding sites was approximately 
the same(2). The difference is readily re- 
solved because the former authors were a t  
least partially measuring total capacity while 
the latter was determining free binding sites 
almost exclusively. Thus, the higher con- 
centrations of cortisol which occur in preg- 
nancy plasma were occupying some of the 
available sites in the latter incubations, and 
the amount of free sites (and possibly free 
cortisol) was equivalent. 

The physiologic significance of the steroid- 
protein complex remains undetermined. €’re- 
sumably. the complex may be physiologically 
inactive; in this case, it  might act as a buf- 
fer against excessive concentrations of ster- 
oid. On the other hand, the slow rate of dis- 
sociation in vz‘tro would mitigate against its 
being a reservoir of readily available steroid. 
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Tt is possible, however, that the organism 
has a more efficient method of dissociating 
the complex or that the complex may be ef- 
fective in certain systems as an entity. Fi- 
nally, if one considers synthesis of this pro- 
tein as an artifact of pregnancy (and it has 
been demonstrated to be elicited by estrogen 
in both males and females), it may have no 
“role” whatsoever 2nd the higher levels of 
corticoids found in the plasma in pregnancy 
may reflect nothing other than holmeostatic 
response to lack of available unbound steroid. 

Simultaneous dialysis of 2 di- 
luted plasma samples in the same system a t  
37°C is an acceptable method for measure- 
ment of the relative amounts of corticosteroid 
binding protein present. Dissociation of the 
steroid-protein complex in undiluted samples 
is slow even a t  37”. The kinetics of binding 
do not permit attainment olf equilibrium a t  
4 , even when the plasma is diluted. The 
differences noted by previous investigators 
in comparison of pregnant and non-pregnant 
samples are explainable by this incomplete 
equilibrium. 

Summary. 
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our laboratory for some years. The excel- 
lent reproducibility of replicates suggests 
that the technic measures a definite fraction 
of total cholesterol. The possible relation- 
ship between atherosclerosis and high values 
for this fraction, designated “readily extrac- 
table” cholesterol (REC) , has been empha- 
sized ( 1 , 2 ) .  Although concentration of this 
REC fraction increased in most subjects as 
total serum cholesterol increased, the marked 
individual variations suggested that other 
factors may be involved. We wish now to 
report on 4 additional factors which affected 
its coacentration: (a) cholesterol and tri- 
glyceride content of whole serum and chylo- 
micra (“chylomicra” as used here represents 
material rising to the surface when serum is 
centrifuged in a refrigerated centrifuge at  
20,000 X g for 2 hours), (b)  addition of 
sodium salts of fatty acids and of bile salts 
to the serum prior to lyophilization, (c) addi- 
tion of crystalline human serum albumin to 
the serum prior to lyophilization, and (d) 
moisture in the chloroform. 

Methods. The “readily extractable” cho- 
lesterol (REC) of whole serum was deter- 
mined by the technic described by Forbes 
et al. ( 1) .  Triglycerides of serum and infra- 

nate were determined by a modification of a 
procedure described by Van Handel and Zil- 
versmit (3) .  Two 3 ml aliquots of the chloro- 
form extract were evaporated, and 0.5 ml of 
01.4% alcoholic KOH was added to one tube 
and 0.5 ml of alcohol to the olther, followed 
by heating at  60-70°C for 30 minutes. Two 
ml of water and 0.1 ml of 10 N H2S04 were 
then added, foillowed by 0.5 ml of saturated 
KIO+ After 7 minutes, 0.5 ml of M NaAsO2 
was added, and each tube diluted to 10 ml 
with water. One ml aliquots were trans- 
ferred, 10 ml chromotropic acid (prepared as 
described by Van Handel and Zilversmit) 
added to’ each, and the solutions heated in a 
boiling water bath away from direct light for 
30 minutes. After cooling, color was read 
at  570 mp. Total cholesterol content of se- 
rum and infranate were determined by a 
minor modification of a previously described 
procedure (4).  

Results. Part (a).  Effect of cholesterol 
and triglyceride content of serum and chy- 
lomicra: E,xperimental results are shown in 
Table I. Considering average serum choles- 
terol and triglycerides, there was a general 
tendency for REC concentration to’ increase 
as concentration of these 2 fractions in- 

TABLE I. Ranges of Triglyceride and Cholesterol Concentrations of Whole Serum and Chylo- 
inicra and Whole Serum 4 4  Readily Extractable ’’ Cholesterol (REC). 

~~~~~ ~~~~ 

Whole serum ranges Chylomicron ranges 
Whole serllili 

S o .  of S o .  of Cholesterol Triglyceride Cholesterol Triglyceride REC ranges 
r -7 _ _ _ ~  ” g  % ________ subjects sera 

47 

28 

3 

3 

9 

Heterogeneous groups” (arraiiged in order of increasing triglyceridemia) 
54 164-3 6 2 51-172 0-3 7 0-65 14-44 

(275) ( 113 ) (7) (21) (29) 

(325) (234) (15) (50) (38)  

(330) (373 j (23) (87) (72) 

(531) (674) (190) (274) (244) 

(517) (1334) (196) (691) (430) 

(433) (3239) (384) (3060) (347) 

(606) (337) (31) (31)  (544) 

52 169-584 18 4-3 0 0 0-6 8 0-1 9 8 16-71 

31 18 4-466 309-492 0-18 12-203 2.1-336 

1 2  3 3 0- 765 539-9 60 33-429 1 t i4495 59-556 

7 385-600 1100-1460 12  1-3 85 492-793 3 83-502 

Familial hyperlipeiiiic subjects 
14 263-913 1280-9630 195-865 1145-9280 112-840 

Nephrotic syndrome subjects 
13  312-1019 10 0-6 2 0 0-104 0-1 0 5 165-959 

++ Includes normals, subjects with arteriosclerotic heart diseasc with and without myocardial 

( >, mean values. 
infarction, as h ell as a variety of other conditions. 
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against total cholesterol (Fig. 1) a n d  tyiglyccridch 

(E’ig. 2 1 .  

creased. However, there was such marked 
individual variability from this generalization 
that it appeared that factors other than total 
cholesterol and triglyceride probably affected 
REC concentration. To emphasize this vari- 
ability, REC values on sera with total serum 
chclesterols between 400 and 600 mgC/c 
(chosen arbitrarily for illustration) are 
plotted against total serum cholesterol in 
Fig. 1. Familial hyperlipemics and nephrotics 
consistently showed a high percentage of to- 
tal serum cholesterol in the REC fraction. 
The heterogeneous group showed wide varia- 
bility and differences could not be correlated 
with the disease condition. Similar wide- 
spread distribution is shown when RE(‘ val- 
ues are plotted against total serum triglycer- 
ides in Fig. 2. Turning attention to chylo- 
micron values, REC concentrations rose in 
general as the amounts of triglycerides and 
cholesterol in chylomicra increased. How- 
ever, it was particularly interesting that. i n  
the singular instance of the nephrotic sub- 
jects, REC concentration was consistently 
very high even though amounts of cholesterol 
and triglycerides in chylomicra were small. 
A possible explanation for this finding is pre- 
sented in the discussion. 

Part (b)-Effect of addition of sodium 
salts of fatty acids and of bile salts: Mache- 
boeuf and Tayeau(5) showed that addition 
of soaps to serum increased ether extracta- 
bility of lipids. We consequently decided to 
determine what effect, if any, addition of so- 

S F: K I JM ( ‘ 1 i o LES TE KOL 

dium salts of various fatty acids to the serum 
prior to lyophilization would have on RE(: 
values. The effects of sodium cholate and 
sodium glycocholate were also studied. Ex- 
perimental results are shown in Table 11. 
Sodium butyrate exerted no definite effect, 
but with lengthening of the carbon chain. 
activity became quite evident. Sodium 
stearolate, even a t  a concentration of only 
0.470, caused approximately 70% of total 
serum cholesterol to appear in the REC frac- 
tion. Sodium cholate was practically inac- 
tive but sodium glycocholate showed some 
effect. Since commercial sodium glycochol- 
ate was used, it was possible that impurities 
in the preparation may have accounted for 
the effect noted. 

Part (c )  -Eff ect of addition of crystalline 
human serum albumin: Since addition of so- 
dium salts of long chain fatty acids mark- 
edly increased cholesterol extractability, a 
study was carried out on the effect on REC 
values of addition of crystalline human serum 
albumin to the serum prior to lyophilization. 
If the presence of non-albumin bound free 
fatty acids in the serum were a factor in 
producing elevated REC values, then their 
removal by combination with added albumin 
would be expected to lower REC concentra- 
tion. Experimental results are shown in 
‘Table 111. Albumin caused a very marked 
drop in REC values of all sera with high 
REC concentrations. A definite drop was 
also noted in some sera with low REC con- 

TABLE 11. Effect of Various Surface Active 
Agents on ( Readily Extractable’ ’ Cholesterol. 

Ch oles terol extracted 
froin lyophilized sera 

‘I’ut :11 ill prcsence of various Sixbstancc 
( 4 1  I 01 cs-  additives added 
trrol 0 iiig 2 nig” 5 ing 1 0  ingx 

I-- -mg % \ 

255 29 29 27  25 Nabiityrate 
265 24 4 2  46 235 Nacaprylatc 
265 24 50 196 243 Nalaura te  
247 33 167 246 - S a  stearolate 
266 32 94 111 186 Stearolicacid 
272 24 43 41 57 Naglyeocholate 
272 24 39 36 32 Nacholate 

mg aclded/.5 in1 of seiwin. 
All sera were incubated for 3 hr  at, 37°C after ad- 

cl i  tioxi of the respective agent and before lyophili- 
xation. Control tubes wcre similarly incubated. 
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‘L‘ABLE Ill. Effect of Addition of Albumin t o  Serum 011 RE(: Concentration. 

C2iolestorol 
7- 7 

REC values following addj tion of diff crent 
amounts of albumin to  serum 

Ch ylo - 
R t m m  iiiicroii 0 iiig 20 nigh 40 nig” 80 nig“ 100 mg* 

--mg c x  -, f -mg %---------- 7 

279 G 30 

357 27 66 
465 85 392 
475 50 123 
467 187 264 
391 98 188 
858 136 860 
810 0 752  

(247-306) ( 2 2 - 3 8 )  
26 22 1 9 16 

(30-32) (20-26) (1 7-80) (13-20) 
37 33 

123 
- 52 39 
- 60 55 55  
97 66 
- 676 230 117 
I 76 45 39 

- - 
- - - 

__ 

- - 

Avg of 6 sera with normal REC 
values 

Sera  f rom various subjects with 
clevztect REC values b u t  es-  
eluding those with rieplirotic 
syndroiiie 

N cphro tic syiulrome 
,? ,, 

* nig albumin/.5 ml of serum. 

centrations but in no case did REC value 
drop to zero. 

Part (d)-Effect of traces of moisture in 
the chloroform used for REC extraction: 
The results (Table IV), revealed that mois- 
ture (.02% H,O) exerted no definite effect 
on REC values of most sera with low REC 
concentrations, but markedly increased i t  in 
sera with high REC concentrations, empha- 
sizing the importance of using anhydrous 
chloroform. The dried zeolite used for cho- 
lesterol and triglyceride determinations is an 
excellent drying agent for this purpose. 

Discussion. In  view of the increase in 
REC obtained when soaps were added to 
sera with low REC concentrations and the 
decrease in REC when serum albumin was 
added to sera with high REC concentrations, 
it  appeared that presence of non-albumin 
bound free fatty acids markedly affected cho- 
lesterol extractability from lyophilized sera. 
Albumin bound iatty acids apparently 
played no role. 

TAEIJE IV. Effect of Moist Cl i lo~ofor~i l  on  RECl 
Vduc. 

Avg REC value using 
Chlorof 01’111 

So.  of Avg total Ailhydrous containing 
sera cliolesterol chloroform .02% water  

f - - - - - -  nig yo -7 

9 290 28 47* 

4 4.14 7 0 350 
( 2 3 7-394) (21-36 j (22-167) 

( 359-508) (50-122) (317-378) 

* Avg exdiidiiig 167 value was oiily 32. 
( ), range. 

( ), range. 

The fact that most of the cholesterol of 
the nephrotic sera was “readily extractable” 
while little of i t  could be accounted for by 
chylomicron cholesterol seemed particularly 
interesting. Shafrir (6) found that colncen- 
tration of free fatty acids (FFA) in nephrotic 
sera did not differ significantly from that of 
normal sera, but because of the low albumin 
content, only 35.7% (12 sera) was albumin 
bound as compared with 77.6% in 10 nor- 
mal sera. In both cases, the remaining FFA 
was presumably bound to lipoproteins. If 
one assumes that lipoprotein bound free fatty 
acids would affect REC concentrations in a 
manner comparable to additioa of long chain 
fatty acids to normal sera, an elevated REC 
concentration in nephrotic sera would be 
expected. 

In  a few sera from the familial hyperlipe- 
mic group the amount of cholesterol present 
in chylomicra was higher than the REC frac- 
tion. We do not believe this to be due to ex- 
perimental error, although such cannot be 
excluded. The presence of high density lipo- 
proteins in chylomicra, as suggested by Lind- 
gren et aE. (7) ,  may be a partial explanation 
since previous work showed that ul-lipopro- 
teins contribute little, if any, cholesterol to 
the REC fraction (8). 

The tendency for REC concentration to 
increase with an increase in triglyceride con- 
tent of the sera can probably be accounted 
for in 2 ways: first, an increase in chylo- 
micron cholesterol and second, an effect of 
lipoprotein bound FFA. Shafrir (6)  observed 
a definite tendency for the percentage of total 
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FFA bound with albumin to be reduced with 
an  increase in total serum lipids. A concomi- 
tant increase in non-albumin bound free fatty 
acids along with an increase in serum tri- 
glycerides in accordance with the results 
herein presented would be expected to lead 
to an increase in REC values. The observa- 
tions that traces of moisture in  the chloro- 
form used for extraction increased REC val- 
ues in sera with high KEC concentrations. 
but seldom in sera with low REC values sug- 
gests that the moisture effect may also be re- 
lated to the amount of non-albumin bound 
free fatty acids. although we have no direct 
evidence that such is the case. 

Sumwzry. A study has been conducted on 
factors which affect the “readily extractable” 
cholesterol concentrations in serum. The re- 
sults showed that ( a )  in general. REC values 
increased as trislyceride and cholesterol con- 
tents of the serum and chylomicra increased. 
but a notable exception was high REC values 
in nephrotic subjects in whom chylomicron 
contents of cholesterol and triglyceride were 
low, (1)) addition of the sodium salts of long 
chain fatty acids to serum prior to lyophiliza- 
tion markedly increased cholesterol extracta- 
bility, (c) addition of crystalline human se- 
rum albumin to sera with high REC concen- 

trations markedly reduced REC values; the 
albumin also reduced REC concentration in 
most normal sera but in no case did i t  com- 
pletely disappear, (d)  traces of moJsture in 
the chloroform used for the extraction had 
little or no effect an most sera with low REC 
concentration but markedly increased i t  in 
sera with high REC concentration. It is 
suggested that the concentration of non-al- 
bumin bound free fatty acids may play a 
major role in  regulating REC concentrations 
in  various sera. 
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Production of species-specific antibodies in 
animals injected with cells of various inam- 
maliari cultures has been described ( 1-4). 
These antiserums agglutinated erythrocytes 
of the same animal species ( 1 , 2 ) ,  or were ef- 
fectively cytotoxic in zlitro for cells of ho- 
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mologous lines (3,4). These and other find- 
ings( 5 )  substantiate the validity of immu- 
nologic identification of the species of mam- 
malian cells in continuous culture. 

Extreme sensitivity of the antigen-anti- 
body reaction in indirect hemagglutination 
suggested application of the technic to de- 
tection and ineasureinent of antibodies to 
cultured mammalian cells. This preliminary 
report describes methodology of an indirect 
hemagglutination test used for detection of 
anti-HeLa antibodies in serum of immunized 


