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guinea pigs. 1 .  The active material resided in 
the alcohol soluble fraction and was absent 
from the protein and acetone soluble fractions. 
2. The anti-inflammatory effect did not ap- 
pear to be mediated by the adrenals. 3. Feed- 
ing egg yolk and yolk alcohol solubles resulted 
in an elevation of serum total lipids with no 
increase in cholesterol to phospholipid ratio. 
Inactive yolk fractions caused elevations of 
serum total lipids, phospholipids, cholesterol, 
and cholesterol to phospholipid ratio. 4. 
Serum levels of total N and non-protein N 
were unaffected by yolk alcohol solubles. 

The authors wish to express their thanks to  Drs. 
John R. Allen and Joseph C. Street for their assis- 
tance in preparing egg yolk fractions and conducting 
the anti-inflammatory assays. 
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 hydrocortisone and Hydrocortisone : Plasma 17-Hydroxycorticosteroid 
Concentrations in the Dog Following Oral and Intravenous Administration. 
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Al-Hydrocortisone ( A1p4-pregnadiene-l 1 p, 
1 7 ~ ,  2 l-triol-3,20-dione) has received consid- 
erable attention as a potent synthetic ana- 
logue of hydrocortisone ( A4-pregnene-l lp, 
17a, 2 l-triol-3, 20-dione) . Clinical studies 
have indicated hl-hydrocortisone to be 3 to 5 
times as potent as the parent steroid(1-3). 
Evaluation of glucocorticoid activity (liver 
glycogen deposition, eosinopenic response, 
thymus involution) has shown a similar ratio 
(4). Introduction of unsaturation at the 
C1 position of the steroid A-ring could con- 

ceivably alter the rates of absorption and/or 
metabolism of the compound. In the present 
study, this possibility has been examined ex- 
perimentally in the dog by determining the 
changes in plasma 1 7-hydroxycorticosteroid 
( 17-OHCS) concentrations as a function of 
time following oral and intravenous adminis- 
tration of A1-hydrocortisone and hydrocorti- 
sone. Subsequent to this study, a similar eval- 
uation of A1-hydrocortisone in the human has 
been reported ( 5). 

Materials and methods. Male mongrel 
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dogs weighing 15-20 kg were used in these 
studies. The animals were fasted for 16-18 
hours prior to the steroid administration and 
food but not water was withheld during the 
blood sampling period. In experiments in- 
volving oral administration, the preparations 
tested were as follows: (a )  hl-hydrocorti- 
sone: 5 mg ( 5  expts) . 20 mg (4  expts) , and 
40 mg (4 expts): ( b )  hydrocortisone: 10 mg 
(4 expts). 20 mg (23 expts). and 40 mg (4 
expts) . Following administration of the com- 
pressed tablets. 3-6 blood samples (25-45 ml) 
were collected over periods of 2-5 hours from 
the esternal jugular vein without anesthesia. 
For the intravenous studies. the steroids were 
administered as the free alcohols ( 1  mg(rn1 
in lOy/c ethanol-isotonic saline) and as the 
2 1-hemisuccinate sodium salts (equivalent to 
1 nig of free steroid ml in isotonic saline) by 
a rapid infusion into the antecubital vein at  
a dose of 2 nig kg. During a 3-4 hour period. 
7-8 blood samples were collected. Plasma 1 7 -  
OHCS concentrations were determined by a 
modification of the Nelson-Samuels pro- 
cedure( 6.7.8). In order to avoid frequent 
occurrence of cloudy solutions in the spectro- 
photometric step. it was necessary to partition 
the residue from the chloroform extract of 
dog plasma between 70% ethanol and Skelly- 
solve B. The 70% ethanol extractables were 
then carried through Florisil chromatography 
as described by Nelson and Samuels( 6) .  The 
spectrophotometric procedure was modified 
to include a direct correction for non-specific. 
acid-produced chromogens( 8) similar to that 
originally recommended by Porter and Silber 
(9) -  

Results. Before applying routine 17-OHCS 
procedures in studies involving A1 -hydrocorti- 
sone, it was necessary to know the reactivity 
of this steroid with the phenylhydrazine-sul- 
furic acid reagent as well as its behavior on 
Florisil columns. The absorption spectra of 
the phenylhydrazine-sulf uric acid chromogens 
obtained from ill-hydrocortisone and hydro- 
cortisone are shown in Fig. 1. Absorptivity 
a t  the maximum is less for a'-hydrocortisone 
than for hydrocortisone and there is a slight 
shift of the maximum toward longer wave- 
lengths due to the effect of the unsaturation 
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I.'] (;. 1. Absorption spectra of phenylhydrazine- 
sill furic w i d  cliromogens from A1-liydrocortisone 
; t i i l l  Iiydrocortisone (aM calculated on basis of ster- 

oid conc. in reaction mixture). 

at C,. Routine measurements for both ster- 
oids were made at 410 mp. By the procedure 
employed (8) ,  the calibration curves at this 
wave length obey Beer's law over a wide 
range. and hl-hydrocortisone is 87% as chro- 
mogenic as hydrocortisone. Recovery of A1- 
hydrocortisone from Florisil columns was 
slightly but consistently less than hydrocor- 
tisone. With a typical batch of Florisil, re- 
coveries (mean t s.e.m.) were as follows: 
1'-hydrocortisone, 88.1 t 1.1% (35 sam- 
ples); hydrocortisone, 90.4 t 1.4% (14 
samples). For these reasons, the steroid ad- 
ministered was used as reference standard for 
chromatography and spectrophotometry. 

To interpret data following intravenous ad- 
ministration of the steroid hemisuccinates, the 
behavior of hydrocortisone-2 1 -hemisuccinate 
during Florisil chromatography was examined. 
Sone of the ester was eluted by either 2% or 
2 5 % methanol-in-chloroform. Further elu- 
tion with 40% methanol-in-chloroform recov- 
ered about 30% of the ester. Therefore, even 
though some of the ester was extracted from 
plasma, it was removed during chromatogra- 
phy and only free 17-OHCS were measured. 
Previous studies have shown that neutral es- 
ters such as the acetate and cyclopentylpro- 
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FIG. 2. Plasma 17-OHCS conc. (mean S.E.) vs. 
time following oral admin. of A1-hydrocortisone 

and hydrocortisone. 

pionate also are not eluted from Florisil in the 
1 7-OHCS-containing 2 5% methanol-in-chlo- 
roform fraction (8). 

Mean plasma 17-OHCS concentrations as 
a function of time following the oral adminis- 
tration of Al-hydrocortisone and hydrocorti- 
sone are shown in Fig. 2. At a dose of 5 mg, 
Al-hydrocortisone produced elevations in 
plasma 17-OHCS concentrations of about 
70% of those obtained with 10 mg of hydro- 

cortisone. At the 20 mg level, Al-hydrocorti- 
sone gave plasma 17-OHCS levels which were 
higher at the maximum and which remained 
higher throughout the experimental period. 
At the 40 mg dose, the higher maximum val- 
ues and prolonged elevations were even more 
striking. In  addition, although 20 mg of 
A'-hydrocortisone produced maximum plasma 
17-OHCS concentrations of only about 60% 
of those observed after 40 mg of hydrocorti- 
sone, the response curves crossed after about 
4 hours. This indicated a difference in the 
rates of removal of the 2 steroids from the 
circulation. 

Plasma 17-OHCS half-life values obtained 
following the intravenous administration of 
A1-hydrocortisone and hydrocortisone as the 
free steroids and as the sodium hemisucci- 
nates are shown in Table I. Typical first or- 
der regression curves (method of least 
squares) are shown in Fig. 3. The mean 
half-lives of Al-hydrocortisone and hydrocor- 
tisone were 71.3 and 52.1 minutes respec- 
tively. When administered as the sodium 
hemisuccinates, the mean plasma 17-OHCS 
half-lives were 79.7 and 67.0 minutes respec- 
tively. Therefore, Al-hydrocortisone is re- 
moved from the circulation more slowly than 
hydrocortisone in the dog. 

Discussion. The data presented indicate 
that orally administered Al-hydrocortisone 
produced greater and more prolonged eleva- 
tions of plasma 17-OHCS in the dog than did 
equivalent doses of hydrocortisone. The half- 
life of intravenously administered Al-hydro- 
cortisone was also longer than that of hydro- 
cortisone (ratio 1.37). Further, a comparison 
of the ratios of plasma 17-OHCS concentra- 
tions one hour after oral administration shows 
the following: 10 mg (assuming linearity of 

TABLE I. Half-Lives of nl-Hydrocortisone and Hydrocortisone in the Dog. 

Half-life (min. =t stand. dev.) 
[-n1-Hydrocortisonc-, r-Hydrocortisonc-, 

Dog Alcohol Hemisuccinate Alcohol Hemisuccinate 

500 69.1 k 2.1 89.8 2 6.4 51.0 k 2.2 59.7 * 5.4 
503 70.4 2.0 - 45.1 3- .9 - 
505 76.2 & 3.9 72.8 k 3.0 59.2 3- 1.4 87.3 f 2.8 
508 69.3 k 1.6 - 53.1 2 2.0 57.7 3- 2.2 
502 - 76.4 -c 3.1 - 63.1 -c 2.2 

Mean +, S.E. 71.3 3- 1.7 79.7 5.2 52.1 2 2.9 67.0 2 6.9 
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response between 5 and 10 mg), 1.42 ; 20 mg. 
1.28: and 40 mg. 1.73. Similarity of these 
ratios to the ratio of half-lives suggests that 
there is no appreciable difference in the rates 
of absorption of A1-hydrocortisone and hy- 
drocortisone from the gastrointestinal tract of 
the dog. I t  therefore appears that the higher 
and more prolonged elevations of plasma 17- 
OHCS following oral administration are a re- 
flection of the reduced rate of metabolism of 
the A'-steroid. 

II'ith the intravenously administered 
steroid hemisuccinates. the plasma 1 7-OHCS 
half-lives were greater than observed with the 
corresponding iree alcohols (Table I ) .  These 
values are not half-lives of the administered 
esters since only free 17-OHCS are measured 
by the analytical procedure. Apparently, hy- 
drolysis of the hemisuccinates proceeds at a 
rapid but finite rate and the procedure deter- 
mines the intermediate in a series of consecu- 
tive reactions such as: steroid hemisuccinate 
+ 1 7-OHCS+ metabolite( s) . Jakoby and 
Tomkins( 10) have studied the metabolism of 
prepan-2 1-0L3,20-dione-2 1 -hemisuccinate by 
rat liver preparations and have reported that 
hydrolysis of the ester. followed by reduction 
of the C3 carbonyl, analogous to the scheme 
above, represents the main metabolic path- 

way. However, they also observed consider- 
able reduction of the Cs carbonyl without 
prior hydrolysis. The Al-hydrocortisone and 
hydrocortisone hemisuccinates probably be- 
haved similarly. The somewhat larger stand- 
ard deviations obtained (Table I) when the 
data are fitted as a first order regression 
(Fig. 3)  indicate that the plasma 17-OHCS 
half-lives so obtained represent the simplifi- 
cation of a complex series of consecutive reac- 
tions. I t  may only be concluded that intra- 
venous administration of the steroid esters 
results in somewhat lower but, due to continu- 
ing hydrolysis of the esters, more prolonged 
elevations of plasma 17-OHCS. 

Metabolism of corticosteroids containing 
the A4-3-ketone structure proceeds via reduc- 
tion of first the C4 unsaturation and then the 
C:! carbonyl to produce tetrahydro derivatives 
which are subsequently conjugated ( 1 1 ) . Al- 
ternatively, some reduction of the CX, car- 
bony1 may also occur ( 12,13,14). The longer 
half-life of A1-hydrocortisone may reflect the 
rate of an additional reduction a t  C1 prior to 
the normal metabolism or may reflect a 
change in the relative proportions of the alter- 
native processes. The recent studies by Lid- 
dle and Richard( 15) and by Silber and Mor- 
gan( 16) have shown that alteration of ring A 
or substitution of fluorine a t  C9 of the hydro- 
cortisone molecule results in a reduced rate 
of metabolism. These investigators have sug- 
gested, on the basis of urinary excretion 
studies, that changes in the steroid molecule 
alter its susceptibility to the usual enzymatic 
attack on ring A. Glenn* has observed that 
the 2-methyl-, 9~fluoro-,  and Al-derivatives 
of hydrocortisone are metabolized at a mark- 
edly reduced rate, when compared with hy- 
tlrocortisone, in a microsome-supernatant 
ir;iction of rat liver. Hence, it appears that 
enhanced potencies of these steroids are re- 
lated to a reduced rate of metabolism in the 
animal. Final evaluation of the processes in- 
volved awaits further experimentation. 

Summary. The effects of orally and intra- 
venously administered hl-hydrocortisone and 
hydrocortisone on plasma 17-OHCS concen- 
trations in the dog have been studied. hl- 

* Unpublished data. 
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Hydrocvr t isone produced higher and more 
prolonged plasma 17-OHCS elevations than 
did equivalent doses of hydrocortisone admin- 
istered orally. The half-life of hl-hydrocor- 
tisone was found to be 1.37 times that of hy- 
drocortisone. Intravenous administration of 
these steroids as the hemisuccinates gave 
lower but somewhat more prolonged eleva- 
tions in plasma 17-OHCS concentrations than 
the corresponding free alcohols. It was con- 
cluded that A1-hydrocortisone was metabo- 
lized more slowly than hydrocortisone and 
suggested that this may explain, at least in 
part, the enhanced potency of the A*-steroid. 

1. Runim, J. J., Pechet, M. M., and Bollett, A. J., 
J .  A m .  Med. Assn., 1955, v157, 311. 

2. Spie.. . T. D., Stone, R. E., Lopez, G. G., Telle- 
chea. C .  -M. D., Tom, R. L., Reboredo, A., and 
Suarez. K. M., ibid., 1955, v159, 645. 

3 .  Spies, T. D., Stone, R. E., and Spies, H. A., Jr., 
G .  P., 1955, v12, 73. 
4. Thorn, G. W., Renold, A. E., Morse, W. I., Gold- 

fien, -4.. and Reddy, W. J., Ann. Znt. Med., 1955, v43, 
979. 

5. Ely, R. S., Done, A, K., and Kelley, V. C., PROC. 
Soc. EXP. BIOL. AND MED, 1956, v91, 503. 
6. Nelson, D. H., and Samuels, L. T., J .  Clin. En- 

docrinol. and Metab., 1952, v12, 519. 
7. Eik-N&, K., Nelson, D .  H., and Samuels, L. T., 

ibid., 1953, v13, 1280. 
8. Kelley, V. C., Done, A. K., Ainger, L. E., Ely, 

R. S., Forist, A. A., and Collins, E. J., J .  Pediatrics, 
1956, v49, 26. 

9. Porter, C. C., and Silber, R. H., J .  Biol. Chenc, 
1950, ~185, 201. 
10. Jakoby, W. B., and Tomkins, G., Science, 1956, 

v123, 940. 
11. Tomkins, G., and Isselbacher, K. J., J .  Ant .  

Ckem. SOC., 1954, v76, 3100. 
12. Glenn, E. M., and Recknagel, R. O., PROC. 

soc. ExP. BIOL. AND MED., 1955, v89, 153. 
13. Recknagel, R. O., and Glenn, E. M., ibid., 1955, 

v89, 156. 
14. Glenn, E. M., Siu, P. M. L., and Recknagel, 

R. O., ibid., 1956, v91, 332. 
15. Liddle, G. W., and Richard, J. E., Science, 

1956, v123, 324. 
16. Silber, R. H., and Morgan, E. R., Clin. Chem., 

1956, v2, 170. 

. 

Received August 27, 1956. P.S.E.B.M., 1956, v93. 

Titration of Influenza Virus and Viral Antibodies by Preserved Human 
Erythrocytes.* (22760) 

CHARLES D. Cox AND E. C. PIRTLE 
Department of Microbiology, University of S .  Dakota School o f Medicine, Vermillion 

Procedures for titration of influenza viruses 
and their antibodies by use of chicken and 
human erythrocytes in tube hemagglutination 
(HA) and hemagglutination inhibition (HAI) 
tests have been well established ( 1-8). Most 
of the presently used tube HA and HA1 titra- 
tions are read by the pattern method( 5 )  and 
employ freshly washed chicken or human 
erythrocyte suspensions. Flick (9) reported 
the use of formalin treated human erythro- 
cytes in studying the hemagglutinating capa- 
city of influenza A virus; however, these cells 
exhibited spontaneous agglutination and could 
not be read by the pattern technic. Previous 
work in this laboratory( 10) has demonstrated 

*This investigation was su,pported in ptut iby re- 
search grant from National Microbiological Institute. 

effective preservation of sheep erythrocytes 
for use in various serological systems. This 
report describes the preparation and use of 
preserved human erythrocytes in the titration 
of influenza viruses and their antibodies. 

Materials and methods. Diluent used in all 
serological tests consisted of 0.137 M NaCl, 
0.01 M Na2HP04, and 0.003 M KH2P04 in 
distilled water, the pH being 7.2 t 0.05. 
Blood group 0, Rh+ human erythrocytes 
were used in all tests. Those used as fresh cell 
suspensions were obtained by bleeding into 
an equal volume of Alsever’s solution, and 
before use they were washed 3 times in 40 
volumes of diluent and resuspended to a final 
concentration of 0.5%. Egg-adapted depart- 
mental strains of the type A (PR8 and I.443), 




