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to be no explanation for the increase or dis- 
position of phospholipid molecules during in- 
fection. The matter is further complicated 
by reason of extensive hyperplasia concomi- 
tant with virus replication. In this regard 
Levin ( 7 )  cited previous experiments indicat- 
ing that phospholipid metabolism is stiniu- 
lated during certain conditions associated 
with hyperplasia. 

The decreasing specific activity noted in 
noninfected epithelium and connective tissue 
might be due either to lack of uptake or to 
an increased turnover rate. On the other 
hand, the elevated specific activity (gradu- 
ally decreasing with time) of infected tissues 
could be due to an increased synthesis of 
phospholipid compounds or a normal rate of 
synthesis with deposition in areas of com- 
pounds where there is little turnover. 

Summary.  Xormal control and fowlpos- 
infected chick scalp were separated by tryp- 
sin into connective tissue and epithelium. By 
appropriate technics the infected epithelial 
tissue was separated into surface epithelium 
and follicles. Comparison was made between 
normal epithelium and connective tissue and 
between normal and infected tissues with re- 
spect to certain lipids and incorporation of 

P32 into phospholipid. Distinct differences 
in phospholipid and total, free, and esterified 
cholesterol were found between normal epi- 
thelium and connective tissue. The above 
components were increased 2-  to 3-fold at  
some interval of time in both infected epi- 
thelium and connective tissue. The specific 
activities of phospholipid P from all tissues 
were approximate a t  3 days but that of nor- 
mal epithelium and connective tissue fell ap- 
proximately 50% a t  5 and 7 days. In  con- 
trast the incorporation of P32 in infected tis- 
sues was 1.5 to 1.7 times that of normal con- 
trols. 
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The high levels of cortisol in the plasma of 
pregnant and estrogen-treated patients have 
been attributed to an a-globulin named trans- 
cortin by Slaunwhite and Sandberg( 1) and 
referred to as corticosteroid binding globulin 
by Daughaday r t  nZ.(2) .  These authors 
have disagreed on whether binding capacity 
is elevated during pregnancy( 1 )2 )3). These 
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findings have made pertinent the develop- 
ment of procedures to determine reliably and 
accurately the binding capacity of plasma. 

The protein responsible for binding has 
not been isolated. The binding process has 
been studied by ultrafiltration (4),  single bag 
equilibrium dialysis a t  4”C(  l ) ,  ‘‘two1 bag” 
equilibrium dialysis a t  4OC ( 2 ) ,  and electro- 
phoresis (5,6). Furthermore, Slaunwhite and 
Sandberg have indicated that the binding is 
not readily reversible ( 1 ) . This has broad 
implication oa the physiologic significance of 
binding in pregnancy and other conditions, 
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Their conclusions, however, were based upon 
determinations at 4”C, and time required for 
equilibrium to be achieved a t  4°C has not 
been determined satisfactorily nor is the ef- 
fect of temperature completely clear. 

This report (describes a procedure for de- 
termination of binding capacity in terms of 
standard plasrna, relates the equilibrium 
achieved a t  the various temperatures in an 
appropriate time interval, and determines 
the reversibility of binding, thereby clarify- 
ing its physiologic significance. 

Matevials and methods. Rationale of pro- 
cedure: Witholut extensive purification of 
the cortisol bi iiding globulin, knowledge of 
a number of adsorptive sites, or removal of 
endogenous hormone already “bound” to the 
protein, an absolute determination of bind- 
ing protein concentration cannot be made. 
Nevertheless, if an unknown quantity of 
binding protein is compared by diaIysis with 
a standard preparation, a comparative deter- 
mination can ble made. 

Accuratcy in comparison requires equili- 
brium with similar specific activities and lev- 
els of free cortisol in all compartments. Un- 
der these coriditions amounts of bound radio- 
activity repr esmt concentrations of binding 
protein in accordance with mass action. The 
procedurte repcrrted here utilizes a “2-bag” 
clialysis technic: under colnditions permitting 
complete equilibration of dialyzable compon- 
ents. 

Cortisol-4-C’14 (4.1 6 pc/mg) was purified 
by paper chromatography and stored in etha- 
nol at 4’3C:. E’ools of plasma obtained from 
healthy individuals were diluted 1:s or as 
indicatedl. Seamless viscose cellulose dialysis 
tubing 96 inch in inflated diameter was used 
in all experimtmts. Sterile salt-poor human 
serum albumin was employed as a 1.0% sor 
lution in .897& saline which was the diluent 
in all cases. Penicillin was added to a final 
concentration of 3,000 unitsjml to prevent 
bacterial action. This antibiotic: has been 
demonstrated not to affect binding ( 1).  
When cortisol was added, final ethanol con- 
centration newr exceeded 01.2 5%. 

For dialysis, 10 ml of diluted or undiluted 
plasma vvas uwd in each compartment. After 
dialysis, the contents of each dialysis bag 

TABLE I. Effect of Temporature on Equilibra- 
tion: 72 H r  of Dialysis at Indicated Temperature 
after 90 Min. of Equilibration of Radioactive 
Steroid in Original Compartment. Volume changes 

between compartments were less than 5%. 

Counts/min. 
Plasma Original Added com- 

Temp. Exp. dilution compartment partment 

4” A 1:2 273 70 
B 1:2 264 44 
C 1 :5  230 1 0 1  

37” A 1:5 164 171 
B 1:5 161 156 

and a 10 ml aliquot of the serum albumin ex- 
ternal compartment. were extracted 3 times 
with 1.5 volumes of redistilled methylene 
chloiride. The extracts were evaporated un- 
der a fine stream of air and an aliquot of an 
ethatnol solution was plated on tared 3 cm 
alurninum plancliets. Radioactivity was 
measured at  infinite thinness in a Nuclear- 
Chicago windowless gas flow counter to a 
probable error of 3%. Recoveries ranged 
from 81 to 93%. 

Results. I. Effect of temperature on rate 
of dialysis (Table I) : To permit “complete” 
adsorption to occur, .05 pg of radioactive 
cortisol were added to 101 ml of diluted 
plasma, and kept a t  4°C for 90, minutes. A 
dialysis bag containing an identical amount 
of plasma was then placed in the vessel and 
dialysis carried out for 72 hours. Both com- 
partments were extracted and radioactivity 
content determined. 

Ad  4 ” C, regardless of plasma dilution, very 
little cortisol left the original compartment, 
indicating either that the steroid was firmly 
bound or that dialysis had not yet reached 
equilibrium. At 37°C equal amoiunts of ra- 
dioactivity were found in each compartment. 
Clearly, equilibrium was achieved at  this 
temperature and the steroid binding is re- 
versible. 11. Rate of dissociation of bound 
cortisol a t  37”: Two plasma samples were 
obtained from a healthy male before and 
after 4 days therapy with dexmethasone 
( .7!j  mg every 6 hours) given to lower endo- 
genous plasma 17-hydroxycorticoid levels. 
To 33 ml of the first (normal) plasma was 
added .5 pg of cortisol-4-@14 and this mix- 
ture was dialysed against 50 ml of 5% albu- 
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TABLE 11. Diffusion of Cortisol-4-CI4 from Equili- 
hrated Normal Plasma t o  Treated Plasma at  37".  

CPM/lO nil 
Normal Treated 

Time (hr ) plasnia plasma Ratio S : T 

min at  37 ' for 24 hours. Aliquots of plasma 
and albumin were then extracted. The re- 
mainder of the plasma was divided into 
three 10.0 ml portions. These were individ- 
ually dialysed against 10.0 ml portions of the 
second (treated) plasma for periods of 2. 4 
and 8 hours. At these times dialyses were 
extracted and amount of radioactivity in each 
compartment measured. Similar experiments 
done with cortisoi in 5% albumin revealed 
almost complete equilibrium in 2 hours and 
ruled out the membrane as a limiting factor. 
The data indicate that dissociation of corti- 
sol from undiluted plasma even at  37 is a 
slow process with mass action markedly fa- 
voring binding. 111. Effect of cortisol concen- 
tration on binding (Table 111) : Non-radio- 
active cortisol was added to 10.0 ml aliquots 
of diluted pooled plasma. Amounts added 
simulated increases of 12.5 and 25 pg/lOO ml 
plasma. Altered plasmas were equilibrated 
in test tubes at  room temperature for 8 hours 
to assure complete binding, then transferred 
to dialysis bags. These 2 altered plasmas 
and 2 control 10.0 ml samples in dialysis 
bags were assembled in a flask containing 

TABLE 111. Effect of Simulated Variable Cortisol 
Levels on Equilibrium of Dialysis a t  3;" : 8 IIr  of 
Equilibration, 18 H r  Preliminary Dialysis with an  
Additional 30 H r  after Addition of 0.3 pug of Cor- 
tisol-4-C1*. Total volumes of plasma, compartments 
extracted were all 10.0 -e .1 ml. HRA conipartnieiit 

equal 80 ml. 

Counts/min. 
Compartment Exp.1 Exp.2 

1 0  ml aliquot HSA 110 120 
Plasma (diluted 1 : 5 )  211 314 

300 328 
301. 323 
318 lost 

f 9  

" + '25+? 
" + .5 

80.0 ml of albumin solution and dialysed at  
37°C for 18 hours. Next, 0.3 pg of cortisol- 
4-C14 were added to the albumin compast- 
ment and dialysis continued a t  the same tem- 
perature for 30 hours. The objective was to 
determine if the nonradioactive colrtisol 
would irreversibly saturate some of the bind- 
ing sites or diffuse equally among all the 
plasma compartments. The experiment was 
performed in duplicate. 

Equal binding of radioactive cortisol oc- 
curred in all compartments. As expected, the 
albumin medium contained much less hor- 
mone. The implication from this isotopic di- 
lution experiment is that binding is reversible 
a t  37°C and that in spite of the load of 
simulated endogenous cortisol, relative total 
binding capacities remained constant. IV. 
Effect of cortisol concentration and protein 
concentration on binding (Table IV): To 
confirm the previous observations and to 
demonstrate the applicability of the proce- 
dure, a third series of experiments was de- 
vised. First, 1 : 5 and 2 : 5 dilutions of plasma 
were compared ; presumably they would rep- 
resent approximately 2-fold differences in 
concentrations of binding protein. To  one 
of the 3 compartments of each system, non- 
radioactive carrier was added in amounts 
ranging from 0.5 to 4 pg and representing 
biologic plasma levels of 12.5 to 50.01 pg/lOO 
ml. 

The compartments were equilibrated inde- 
pendently a t  37°C for 8 hours, then as- 
sembled as described in Table IV and dia- 
lyzed for 18 hours at 37°C to establkh equi- 
librium. Finally, 0.1 pg of radioactive corti- 
sol was added to the albumin compartment 
and dialysis continued for anolther 30 hours. 

It is apparent that the non-radioactive cor- 
tisol diffused to all compartments, and that 
even at  37°C significant binding occurs. In 
almost all cases the 2:l binding ratio is 
present, the 2 low ratios probably reflecting 
experimental error. Correcting for volume 
changes, calculated distribution ratio is 1.8 
and observed ratio is 1.9 A 0.3 (mean I+ 
standard deviation). Thus, binding does oc- 
cur a t  physiologic temperatures, and equili- 
brium is obtained regardless of endogenous 
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TARTLE IV. Effect of Variable Cortisol Levels and1 Biiidiiig Protein Coiiteiit in the System: 
TTRA Comycirtmeiit 20 nil (10 ml Extracted), Cortisol-4-CT4 Added t o  HSA Comp:irtnient. Vol- 
I I I I I ~ S  of yl:ismn 1 :5 extracted = 10.0 .1 nil. Yolumes of plasma 2 : s  extracted Z= 11.0 2 .2 ml 

2,O 

1.1 
in  all vases. ('alculated c.oiic.rntr:ition ratio = = 1.8. Observed ratio z 1.9 f 3." 

---- ~ - - -  
mg nou-radio- 
x t i v e  hteroid ( 'PM CPM 

P1:isnt:i I ,001 E xi'. Clo inp  rtnieiit :id (1 rd (total) (bound) Ratio 

I. 1 

2 

3 

4 

1 

2 

3 

4 

HSA 
P 2:5  
P 1 : 5  
HSA 
P 2 : 5  
P 1 : 5  
HSA 
P 2:5 
P 1:5 
HSA 
P 2:5 
P 1 : 5  
HXA 
P 3 : s  
P 1 : 5  
€MA 
P 2:5 
P 1:5 
HSA 
P 2:5 
€' 1:5 
IISA 
I' 2:5  
P 1 : 5  

- 79 
348 269 
21 8 1 39 

353 2 74 
204 125 

328 227 
212 111 
111 
278 156 
175 74 

298 197 
303 113 

252 150 
198 101 

106 
265 149 
181 7 1  
100 
266 156 
210 110 

- 79 

- 92 

- 

- 92 

- 97 

- 

- 

1.9 

2.2 

2.0 

2.1 

1.8 

1.5 

3.0 

1.4 

+ Meaii stand. dev. 

plasma levels of cortisol because the protein- 
steroid complex is dissociable. 

Discussion. Two dialysis methods for 
study of the protein binding system have 
been published. Slaunwhite and Sandberg 
(1)  erriployetf a single bag of diluted plasma 
dialyzed at. 4°C for 72 hours, performing the 
experiment in duplicate with one microgram 
of non-radioaictive cortisol in the second sys- 
tem. These conditions do not permit com- 
plete equilibrium with similar specific ac- 
tivities in bcilth compartments. The technic 
tends to measure binding capacity of the 
unoccupied binding sites. Nevertheless, the 
dilution of plasma permits some dissociation 
of the steroid-protein complex, and differ- 
ences in totail binding capacity may be de- 
tected. 

Daughaday, et a L ( 3 )  employed a 2 bag 
dialysi,s on undiluted plasma at  4°C. If 
equilibrium is achieved, this system may be 

employed for determining relative binding 
capacity of various specimens. But at  4' 
equilibrium with undiluted plasma is not ob- 
tained and observed binding represents for 
the most part free rather than total binding 
sites. Endogenous cortisol levels of sam- 
ples may not be equivalent whereas free sites 
may be equal. In  this situation, a plasma 
sample may have a total binding capacity 
greater than the standard but it might not 
be demonstrable if only the free sites are 
determined. 

An ideal method would determine quan- 
titatively the total number of sites and 
amount of either bound or free sites. Since 
the ratio of free and bound sites is not easy 
to determine, the next preferable procedure 
would determine number of total binding 
sites relative to a standard. 

The procedure reported here utilizes di- 
luted plasma, dialysis a t  37°C for 48 hours 
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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. 

SERUM CHOLESTEROL 

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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