
PLASMA CLEARANCE 

similar procedure performed in the SF:RA 
Study of 1956-57 ( 2 ) .  This increase in sensi- 
tivity is particularly evidenced by the fre- 
yuent occurrence of Weakly Reactive (PJR) 
results obtained in the Presumed Kormal cate- 
gory of patients (Table I j . 

Of various factors which have probably 
played an important part in increased sensi- 
tivity Iof the FTA test. one must certainly con- 
sider the introduction and general USE‘ of 
fluorescein isothiocyanate. Other factors ma) 
include use of conjugates prepared from 
higher titered antiserums and incorporation 
of Tween 80 to enhance antigen-antibody 
coupliing( 5). However, regardless of the ac- 
tual cause of increased sensitivity of the FTA 
test, it is obvious that this tends to lower the 
specificity of procedure in terms of syphilis 
iznd seriously affects reproducibility of results. 

Our quantitative FTA test yielded lhigh 
titers in secondary and late syphilis. These 
range from 200 to 25,600 dils. Primary syphi- 
lis, on the other hand, demonstrated low titers 
ranging from 0: to 3200 dils. As has been 
noted, some specimens in this group produced 
;I 1+ reaction as did some serums obtained 
froim nonsyphilitic donors. If one discolunts 
a 1+ (WR)  reaction and reports such read- 
ing as Nonreactive ( N ) ,  as is done in the 
FT‘4-200 test, false positive reports are avoid- 
ed witlhout appreciable loss of ability to detect 
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syphilitic patients. Studies to he reported 
later indicate that the low grade fluorescence 
obtained when testing presumably nonsyphi- 
litic patients ( 1  : 50 and 1: 1001) is probably 
due to treponemal antibodies not associated 
with syphilis. I t  should be noted also that in 
no instance was strong fluolrescence or a 2 +  
Reactive ( R j  result obtained in the Pre- 
sumed Normal group a t  the critical 1:200 di- 
lu tien. 

1. A modified FTA test technic 
designated as FTA-200 is described and 
recommended on the basis of results obtained 
by examining well-documented serum speci- 
mens from various syphilis categories and a 
Presumed Normal group. 2 .  The FTA-200 
test possesses a greater degree of reproduci- 
bility than the FTA test when results were 
compared on duplicate serums. 
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The metabolic fate of a number of adreno- approximately one-tenth the concentration of 
cortical steroids in the peripheral circulation cortisol in adrenal venous blood. Rate of re- 
of man has been described by Pe tersm(1) .  moval of 11-desoxycortisol from plasma and 
Recently Touchstone et al. ( 2 )  reported that rate of appearance of its glucuronide-conju- 
Il-desloxycortisol was secreted by the human gated metabolites in “normal” subjects and 
adrenal in significant quantities, amounting to in patients with liver disease and hypothy- 

*These studies were carried out under grant from roidism are reported here. 
N.C.T. I(C2-3995). Materials and methods.  Patients. Foiur 
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patients with ahsent or suppressed adreno- 
cor t i cal f 11 nc t i o n  wer e s t 11 tl ieci . ‘I’tvo ad re11 X I  - 
e c t o m i A  su1Jject.s ivere given 1 nig of 9-ill1111;i 

tl iior o h yt 1 r ocor t isone a n c l  2 nig ( )  f ciesam e t ha  - 
sone: daily during the study. Adrenal func- 
tion in the remaining 2 subjects was sup- 
pressed by administration of 2 nig of desame- 
thasone daily. S o  attempt was made to limit 
endogenous corticoid secretion in 2 additional 
patients studied, one with primarjr hypothy- 
roidism and another with portal cirrhosis and 
ascites. Each patient was given an  infusion 
of 100 mg of 1 1-desosycortisolo dissolved in 
500 nil of .Sc/, saline intravenously within 30- 
min. period and heparinized samples of whole 
blood were collected. The procedure \\-as re- 
peated with each patient on another occasion. 
substituting cortisol for 1 1-desosycortisol. 
M e  as urr i i i  ( 2  11 t o/ plus  111 (I P or t cr -Sil B ti I’ chso i I I o - 
gcws (PSC’I .  Both cortisol and 1 l-desosycor- 
tisol were estimated as uric-o~jqatrd (“free” ) 
PSC in plasma by a modification(3) of the 
procedure of Peterson et al. ( 4 ) .  by which ei- 
ther may be quantitated with equal accuracy. 
This modification was adapted to the estima- 
tion c f  plasma glucuronidr-con jugatrd PSC’ as 
follows. Free I’SC were extracted from 10 
nil aliyuots of plasma with dichloromethane i n  
the usual manner ( 3 ) . The residue was in-  
cubated for 18 hr a t  45‘C with 5000 units of 
beef liver beta-glucuronidase,ll 1 ml of 1 31 
acetic acid-sodium acetate buffer (pH 4.8 ) 
and 1 ml of 1 yo ethylenediamine tetraacetic 
acid. A reagent blank consisting of 20 ml of 
distilled water and 2 pg standards of authentic 
cortisol and I 1-desoxycortisol‘ dissolved in 20 
ml of distilled water was similarly treated. 
Following incubation, the hydrolysates were 

1 Kindly provided as Florinc.i@ 1 ) ~ .  S .  C. Sutton, 

$ Supplied as i)c.catlron R thvougli coui 
I< K. Squibh 8 Sons. 

Elmer A l p t l r t ,  Merck, SharI) X I)ohme, \Yest Point, 
Pa.  

Q 11-desoxycortisol (dclta-4-pregnene-17 alpha, 2 1 - 
diol, 3,20-dione) was supplied by Dr. Harold TJpjohn. 
] r., Upjohn Co., Kalamazoo, Mich. Cortisol (free 
alcohol) (delta 4-pregnene-11 -be ta ,  17 alpha, 2 1 triol, 
.i,20-dionc) was provided 11) Dr .  Elmer Alpu-t. 
Merck, Sharp 6 Dohmc, LVest Point, Pa. 

1 1  KetodaseO, Warner-Chilcott Labs., Morris 
Plains, N. J. 

evtracted with 80 ml of dichloromethane 
( freshly redistilled) . Emulsions were resolved 
I ) J ~  centrifugation for 5 min at  3000 rpm. T h e  
q ) a r a t e d  dichloromethane extracts were 
washed and evaporated to dryness; steroid 
phenylhydrazones were then prepared and 
yuantitated in the usual manner(3).  

Following infusions of 1 1 -desoxy- 
cortisol and cortisol, plasma PSC concentra- 
tions, expressed logarithmically, decreased as 
a straight line function of time (Fig. 1).  
Based on rate of removal of PSC from plasma 
during initial 150 min. after infusions were 
hegun, the biologic half-life of “free” 1 l-de- 
soxycortisol was less than one-half that  of 
cortisol i n  “normal” subjects. Beyond 150 
min. the average PSC titer after 1 l-desoxy- 
cortisol ( a t  that time 11.2 pg/100 ml) fell 
off a t  a much slower rate, the slope approxi- 
mating that found for cortisol. I n  contrast 
to “normal” subjects the patient with liver 
disease and another with hypothyroidism 
showed a marked delay in plasma clearance of 
both 1 1-desoxycortisol and cortisol (Fig. 2) 
with disappearance rates of the 2 steroids re- 
maining proportional, that  of 1 1 -desoxycorti- 
sol being twice as rapid as that of cortisol. 

Rate of appearance in plasma of glucuro- 
uide-conjugated Porter-Silber chroimogens 
after infusion of each of the 2 steroids dif- 
fered greatly (Fig. 3 ) .  After giving l l -de-  
soxycortisol, a peak concentration was 
achieved rapidly, the mean amounting to 2 16 
11.g 100 ml by the end of 301-min infusion pe- 
riod. with a rapid decline thereafter. At com- 
pletion of cortisol infusions average level of 
glucuronide-conjugated PSC, which was only 
40.6 pgi100 ml, remained essentially un- 
changed for 150 min. Once peak levels de- 
clined, the conjugates of both steroids were 
removed from plasma a t  an identical rate, the 
half-time for each being 102 min. 

Results. 

~~ 

11 Chemically pure cortisol and 11-desoxycortisol 
standards were supplied by Dr.  L. H. Sarett, Merck, 
Sharp 6 Dohme, West Point, Pa. For most studies, 
cortisol was the only standard used since its molar 
;il)sc rbance as a Porter-Silber chromogen is essentially 
identical to that of 11-desoxycortisol(3). Under 
conditions used for color development in the present 
study, tetrahydro-cortisol was essentially equal to 
cortisol in chromogenicity. 
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Discussion. Vnconjugated 1 l-desoxycorti- 
sol disappears from peripheral circulation 
twice as rapidly as cortisol. Its removal 
time, while somewhat shorter than that of 
corticosterone( 5) , approaches that found for 
aldosterone and cortisone( 1 ) , suggesting that 
the longer biologic half-life of cortisol, com- 
pared to that of any of these other naturally 
occurring steroids, is a unique property of the 
cortisol molecule possibly related to hydroxy- 
lation of both carbons 11 and 17, which may 
play a critical role in protecting cortisol from 
metabolic degradation. 

A delay in plasma cortisol clearance has 
been observed in liver disease(6) and hypo- 
thyroidism( 7 ) .  The  present findings indicate 
that catabolism of I 1-desoxycortisol is also 
impaired, and to the same extent, in these 
disorders. 

Rapid appearance of high titers of glucuro- 
nide conjugates after administration of 11- 
desoxycortisol, in contrast to the more pro- 
longed but lower peak levels after infusion of 
cortisol, suggests that this difference in re- 
moval rate of the free form of both steroids is 
related to appearance rate of their glucuronide 
metabolites. Existence of independent en- 
zymatic mechanisms for reduction of both 11- 
desoxycortisol and cortisol, which vary in 
rate as well as specificity, has been demon- 
strated in preparations olf rat liver. A rate- 
limiting step occurs prior to conjugation of the 
molecule with glucuronide and involves satu- 
ration of ring A by additioln of hydrogen to 
carbon 5, thereby forming the “dihydro-” 
metabolite( 8 ) .  Initial in vitro studies with 
incubates of 1 1-desoxycortisol and rat  liver 
homogenates suggested that its A-ring reduc- 
tion was catalyzed solely by a 5-alpha reduc- 
tase, rather than by a 5-beta reductase as in 
the case of cortisol(9). More recent work, 
however, has shown that hydrogen may be 
added to both steroids in either position, al- 

F I  (1. 1. I>isappe: t ra l l~e of iioii-coiij ixgtted plieiiyl- 
liyd raziiir chromogeii from plasma f ollowiiig iiifn- 
sioii of 100 nig of cortisol and 11-desoxyeortisol. 

F LG. 3. Delayed disappearance of nowxmjl l -  
g a t e d  pheiiylhycirazine chromogcrls in 1)ortnl cir- 
rhosis aiid hypothyroidism. 

F T Q .  3. Appearance of glucuroniclc-coiiS ugatctl 
~~lrciiylhydrxziiic chrornogeiis in p1:ismzt followiug 
infusion of 100 mg of cortisol and I1 -dcsoxyc*oi.ti- 
sol. 
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though the reaction does require hydroge- 
nases which are steroid-specific ( 10) . &fore- 
over, 1 1-desoxycortisol is metabolized by such 
in vitro preparations a t  a “considerabljr 
faster” rate than curtisol( 11 ) . Uyith respect 
to 5-alpha reductase activity, rat liver niicro- 
somes catalyze 1 1-desoxycortisol approsi- 
mately twice as rapidly as cortisol ( l o ) ,  a ra- 
tio which agrees well with the relative clear- 
ance of the 2 steroids from plasma in the 
present in z~ivo study in man. 

These observations suggest that the more 
rapid removal of 1 1 -desosycortisol compared 
to cortisol from the peripheral circulation 
should be taken into account in estimating to- 
tal adrenal secretory response to the 1 1-beta 
hydroxylase inhibitor Sr-4885 ( 12,13 ) h5etl 
on periodic plasma levels of free 1 l-desoxycor- 
tisol. 

Szrninrczr~l. The biologic half-life of free 1 1 - 
desoxycortisol in circulating plasma of man. 
estimated as Porter-Silber chromogens. was 
42 min. This may be prolonged to as much 
as 80 min. in the presence of liver disease or 
to 108 min i n  hypothyroidism. Absence of  
an 1 1-beta hydrosyl group accelerates clear- 
ance of 11-desosycortisol from plasma. its 
removal rate being twice as rapid as that of 
cortisol. 1 1-Desoxycortisol is rapidly conju- 
gated to a glucuronide. Concentration of its 
Porter-Silber chromogen inetabolitei; is .5 

times greater than that of cortisol a t  compar- 
able peak levels ; the glucuronide conjugates 
of both steroids disappear from plasma with 
a half-time of 102 min. 

1. Peterson, R .  E., Ann. N .  Y .  Acad. Sci., 1959, 
i s ? ,  846. 

2 .  Touchitone, J .  C., Cooper, I>. Y., Blakemore, 
\\- S ,  J .  Cliiz. Endocrinol. & Metab., 1959, v19, 812. 

3 .  Gold, E. M., Serena, B., Cook, S., ibid., 1960, 
\20, 31.5. 
4. Peterson, R .  E., Karrer, A., Guerra, S. L., Anal. 

I‘hciii , 19.57, v29. 144. 
5.  Migcon, C. J., Sandberg, A .  A., Paul, A. C., 

Samucls, I,. T., J .  Cliiz. Endocritzol. c‘r Metab., 1956, 
116, 1291. 

6. Englcrt, I:., Jr., Brown, H., Wallach, S., Sim- 
ons,  E. I,., ibid., 1957, vl7, 1395. 

7 .  Pctermn, K. E., J .  Cliiz. Znzle\f., 1958, v37, 736. 
8 .  Tomkins, G., Isselbacher, K. J., J .  Am.  Chent. 

.5o(..,  19.<4. ~ 7 6 ,  3100. 
9. Forchielli, E., Rosenkrantz, H., Dorfman, R. I., 

J Biol. Cheiiz., 19.55, ~ 2 1 5 ,  713. 
10. McGuire, J. S., Tomkins, G. M., Arch. Bio- 

c l i p r i r .  and BiophJsicP, 1059, v82, 476. 
11. Glenn, E. M., Richardscn, S. L., B o ~ m a n ,  

€3 J .?  .1fPtaholi\n?, 1959, v8, 265. 
12. Hisscll, G. W., Scott, ,4. L., Farnsworth, W. E., 

l\’inkler, I ,  SPW Y ~ r k  State J .  Med. ,  1959, v.59, 3596. 
1.3. Liddle, G. W., Estep, H. L., Kendall, J. W., Jr., 

\I’illiams, W. C., Jr., Townes, A. W., J .  Clin. En- 
dorrinnl. aizd Metab., 19.59, v19, 875. 

Reccivcrl February 1 ,  1960. P.S.E.B.M., 1960, v103. 
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In roller tube suspensions olf Krebs 2 cells 
(K2)  infected with influenza virus and with 
glutamine and lactate as the only substrates 
high titers of hemagglutinins were obtained. 
but when glucose was added in place of lac- 
tate HA titers were significantly lower ( 1 ) .  
The newly formed hemagglutinins remained in 
or on the cells, and infectivity titers were 

*This work was aided by research grant from 
Nat. Cancer Inst., U.S.P.H.S., and by funds from 
Eugene Higgins Trust. 

very low. The K2 ascites tumor has such 
high virulence that i t  is possible to quantitate 
tumor producing capacity of a cell suspension 
by inoculating mice with serial 10-fold dilu- 
tions. Application of this technic to roller 
tube suspensions of surviving K2 cells has 
made possible a quantitative study of the 
relation between substrate, growth of virus, 
and reduction of tumor producing capacity. 
Results with influenza and n’ewcastle disease 
virus (NDV) will be compared. 


