Prasma 17-OHCS witH Al'-HYDROCORTISONE

Although the fasting state may facilitate ab-
sorption of vit. B;2(6) from the gastrointes-
tinal tract, absorption occurred independent
of the fasting state in our patients.

The action of oral preparations containing
both intrinsic factor and vit. Bis cannot a
priori be attributed to their intrinsic factor
content, since as has been shown above, re-
mission may follow the use of the vit. By,
alone.

Studies on vit. By, metabolism in this
group of patients are still in progress. Pre-
liminary results in some of these patients sug-
gest that remission occurs without a rise of
the serum vit. By, level above relapse levels
(less than 20 ppg/ml),

Summary. 1. Hematologic and clinical
remissions were induced 11 times in 8 pa-
tients with pernicious anemia in relapse, and
in 1 patient with non-pernicious megaloblastic
anemia, by small oral doses of purified vit.
By» without added intrinsic factor. The ef-
fective dosage range was 5 to 16.8 ug per day.
2. Unequivocal failure occurred in 1 case of
relapsed pernicious anemia. 3. These results
further confirm the suggestion that in perni-
cious anemia there is a quantitative rather
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than a qualitative change in gastric secretion,
and that variations in the amounts of intrinsic
factor remaining in pernicious anemia pa-
tients may be responsible for varying re-
sponses to oral vit. By2. 4. A trial period of
vit. By, alone should precede any study with
a vit. By, plus intrinsic factor preparation.

1. Hall, B. E., Brit. Med. J., 1950, v2, 585.

2. Glass, G. B. J.,, Boyd, L. J., Rubinstein, M. A,
and Svigals, L. S., Science, 1952, v115, 101.

3. Glass, G. B. J., and Boyd, L. J., Blood, 1953,
v8, 867.

4, Meyer, L. M,, Sawitsky, A., Cohen, B. S,, Krim,
M., and Fadem, R., 4m. J. Med. Sc., 1950, v220, 604.

5. Ungley, C. C., Brit. Med. J., 1950, v2, 905.

6. Chalmers, J. N. M,, and Hall, Z. M,, ibid., 1954,
v2, 1179,

7. Spies, T. D., Stone, R. E., Lopez, G. G., Milanes,
F., Toca, R. L., and Aramburu, T., Lancet, 1954,
v257, 454.

8. Conley, C. L., Krevens, J. R, Chow, B. F,
Barrows, C., and Lang, C. A, J. Lab. Clin. Med,
1952, v38, 84.

9. Goldhamer, S. M., Am. J. Med. Sc., 1936, v191,
405.

10. Campbell, D. C., Hall, B. E.,, and Morgan,
E. H, J. Lab. Clin. Med., 1949, v34, 1590.

Received November 30, 1955. P.S.E.B.M., 1956, v91.

Al.Hydrocortisone: Plasma 17-Hydroxycorticosteroid Concentrations

Following Oral and I. V. Administration.*
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During the past year the Al-steroids have
been employed clinically to a considerable ex-
tent. These compounds are synthetic deriva-
tives of hydrocortisone and cortisone, differ-
ing from the parent steroids by the insertion
of a double bond in the 1-2 position of the
steroid nucleus.  Al-hydrocortisone (AL4-

* Supported in part by a grant-in-aid from Upjohn
Co., Kalamazoo, Mich.

t This work done during tenure of American Heart
Assn, Research Fellowship.

1 The authors are indebted for technical assistance
to Doris F. Tippit, Mary C. O’Brien and Tiona L.
Hughes.

pregnadiene-118, 17a, 21-triol-3,20-dione)
has been produced under various commercial
names: metacortandralone, prednisolone, del-
ta-cortef, hydeltra, meticortelone, and sterane.

Clinically, the Al-steroids appear to be
3 to 5 times as effective as the parent com-
pounds(1-3). A similar ratio has been found
for glucocorticoid activity (liver glycogen de-
position, eosinophil response)(3,4). How-
ever, results of in vitro studies of anti-inflam-
matory potency have not been reported. It
is possible that the apparent advantages of
the A-steroids over the parent compounds are
attributable to differences in absorption or
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metabolism which permit more efficient util-
ization of the former steroids. This possi-
bility has been investigated in the present
study by measuring in human subjects the
influence of oral or I. V. Al-hydrocortisone
administration on plasma 17-hydroxycorti-
costeroid (17-OHCS) concentrations.

Materials and methods. Normal young
adults were the subjects used in all the fol-
lowing studies. In the study of oral admin-
istration each of 9 subjects was given a dose
of 45 mg Al-hydrocortisoned orally. Plasma
samples were obtained before and at I, 2, 4,
6. and 8 hours after administration of the
test dose and 17-OHCS concentrations deter-
mined by the method of Nelson and Sam-
uels(5.6), using hydrocortisone as the refer-
ence standard. In another group of 6 sub-
jects each was given a dose of 40 mg free
hydrocortisone orally and plasma samples
were obtained for 17-OHCS determinations
at 0, 2. 4 and 6 hours. In a third group of
11 subjects each was given 100 mg free hy-
drocortisone orally, and plasma samples were
obtained at 0, 1, 2, 4 and 8§ hours for 17-
OHCS determinations. In the study of 1. V.
administration each of 8 subjects was given
a dose of 0.5 mg, kg A'-hydrocortisone intra-
venously as a 125 ml infusion over 30 min-
utes. Plasma samples for 17-OHCS concen-
tration were obtained 1. 2. 3, and 4 hours
after administration. From these data a re-
gression line of best fit was determined by
the method of least squares and the 17-OHCS
half-life value calculated from the slope of the
line.

Results. To determine whether the Al-
steroid was measured quantitatively by the
Nelson and Samuels technic a comparison of
the color development with the phenylhydra-
zine-sulfuric acid reagent was made using
standard hydrocortisone and Al-hydrocorti-
sone. The resulting absorption curves for the
two steroids were similar over a wave length
range of 340-480 my, differing in that the

§ C. T. Delta-Cortef® supplied through courte-
sy of Dr. C. J. O’'Donovan, Upjohn Co., Kalamazoo,
Mich.

IC. T. Cortei® supplied through courtesy of
Dr. C. J. O’Donovan, Upjohn Co., Kalamazoo, Mich.
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FIG. 1. A'-hydrocortisone vs hydrocortisone: A'b-
sorption curves using phenylhydrazine-sulfuric aeid
reagent.

curve for hydrocortisone had a greater den-
sity throughout (Fig. 1). After a correction
factor for background influence was applied
the density values at 410 mp. were essentially
superimposed. The density values at 410
myp for different amounts of steroid (Fig. 2)
were shown to be the same for Al-hydrocor-
tisone as for hydrocortisone. Also, recovery
following chromatography was almost the
same, averaging 70% for Al-hydrocortisone
and 76% for hydrocortisone.

In Fig. 3 is shown a comparison of mean
plasma 17-OHCS values at various time in-
tervals following the oral administration of
Al-hydrocortisone and of free hydrocortisone.
Following 45 mg Al-hydrocortisone the peak
17-OHCS concentrations were greater than
those following 40 mg free hydrocortisone,
but less than those following 100 mg free
hydrocortisone. In those subjects given 40
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FIG. 2. Athydrocortisone vs hydrocortisone:
phenylhydrazine-sulfuric aeid color development
(410 my) directly and after column chromatog-

raphy.
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FIG. 3. A*-hydrocortisone vs hydtocortisone:
Plasma 17-OHCS concentrations following oral ad-
ministration.

mg free hydrocortisone orally the plasma 17-
OHCS concentrations were at or below con-
trol levels by 6 hours. A similar decline is
seen in the curve representing the plasma 17-
OHCS concentrations following the adminis-
tration of 100 mg hydrocortisone orally, a
return to normal values occurring by 8 hours.
In contrast, the Al-hydrocortisone curve falls
more slowly; at 8 hours the mean 17-OHCS
concentration is still well above the control
value—and is significantly higher than the
corresponding value following 100 mg hydro-
cortisone (p <.01).

The influence of intravenous administra-
tion of Al-hydrocortisone on plasma 17-
OHCS concentrations is indicated by the
half-life data in Table I. The mean half-life
obtained in 8 subjects was 192 minutes. In
contrast to this, data reported from this lab-
oratory(7) and elsewhere(8,9) for the mean
half-life of hydrocortisone indicate that this
is significantly less, ranging from 90 to 115
minutes. Thus, intravenous administration
of Al-hydrocortisone produces a more pro-
longed elevation of plasma 17-OHCS than
does the intravenous administration of hy-
drocortisone.

Discussion. It has been shown that orally
administered Al-hydrocortisone, in doses
roughly equivalent to those of free hydrocor-
tisone, caused plasma 17-OHCS elevations
both of greater magnitude and longer dura-
tion than did the latter steroid. When the
dose of hydrocortisone was increased 215
times the magnitude of 17-OHCS elevations
. became greater than that following A!-hydro-
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cortisone. However, even following the ad-
ministration of this larger dose, these eleva-
tions disappeared more rapidly than those
following the Al-steroid. In addition, the 17-
OHCS half-life in subjects receiving Al-hy-
drocortisone intravenously was more pro-
longed than in those receiving hydrocortisone.
These observations indicate that no appre-
ciable differences in absorption exist but that
the metabolism of Al-hydrocortisone proceeds
at a rate slower than that of hydrocortisone.

Results of in vitro experiments(10,11) are
in accord with this interpretation. The bio-
logically active adrenal corticosteroids con-
tain the A%-3-ketone structure in ring A, and
in their metabolism this ring is reduced at
carbons 4, 5,-and then 3. The Al-steroid
must first undergo saturation of the 1-2 dou-
ble bond to form the A* compound. Only
following this is the A%*-3-ketone reduced to
form the tetrahydro steroid and subsequently
conjugated.

These data from both iz vive and in vitro
experiments lend support to the possibility
that differences in the rate of metabolism may
account for the equivalent clinical effective-
ness of smaller doses of the delta forms than
of hydrocortisone or cortisone. To date, Al-
hydrocortisone represents the only steroid

TABLE I.

Plasma 17-OHCS Half-Life Values following In-
travenous A'-Hydrocortisone.

Normal Half-life

patients (min.)
D.C. 217

- F.B. 189
T.H. 141
E.H. 205
J.K. 185
J.N. 232
1.0. 171
A.D. 197

Mean 192 + 10

Plasma 17-OHCS Half-Life following Intravenous

Hydrocortisone.
Author No. Mean half-life
reference normals (min.,)
Done(7) 9 90 + 7.4
Brown (8) 1 111 + 5.3*
Peterson(9) 18 115

# (Qaleulated from author’s individual 17-QHCS
data.
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which has been reported to have a hali-life
longer than that of hydrocortisone. Others
studied include tetrahydro-hydrocortisone, 20-
hydroxy-hydrocortisone, cortisone, and cor-
ticosterone(8,9); each of these has a half-
life shorter than that of hydrocortisone. Of
the steroids mentioned only cortisone, hydro-
cortisone, and A'-hydrocortisone have a A*-
17, 21-dihydroxy-3,20-keto configuration and
are potent glucocorticoids. Among these 3,
the glucocorticoid potency and the hali-life
are related in such a way as to suggest that
glucocorticoid potency is inversely propor-
tional to the rate of metabolism.

Summary. The influence of oral or intra-
venous administration of A'-hydrocortisone on
plasma 17-OHCS concentrations was studied.
With comparable oral doses Al-hydrocorti-
sone produced 17-OHCS elevations of greater
magnitude and longer duration than did hy-
drocortisone, Also, the half-life of the Al-
steroid was longer than that of hydrocorti-
sone. It was concluded that a slower metabo-
lism of the A! form occurs and postulated
that this might contribute to the greater clin-
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ical effectiveness of this steroid.
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Differences in size of the pituitary gland re-
lated to sex have been described in some spe-
cies, the female gland being larger and heavier
than that of the male. Similarly, the gonado-
trophic potency of injected hypophyseal ex-
tracts from males is greater than those pre-
pared from female pituitaries(1,2). Castrated
male guinea pigs with grafted ovaries showed
a greater stimulation of the mammary glands
and other sexual structures, than intact fe-
males(6). The same was true in castrated
male mice bearing ovarian and vaginal grafts.

* Aided by grants from Minn. Division of Amer.
Cancer Society and institutional grant from American
Cancer Society.

There was a continuous non-cyclic stimula-
tion of the wvaginal tissue(5). However,
Harris and Jacobson(3,4) have demonstrated
that hypophysectomized female rats bearing
male hypophyseal -grafts from newborn don-
ors, had normal estrous cycles, became preg-
nant and delivered- their ‘young at term. This
would indicate that thé characteristic cyclic
gonadal function of the female, as compared
to the non-cyclic of the male, would not be
related to the sex of the pituitary, but rather
to a sex difference in some other structure.
Since functional pituitary grafts can be placed
in hypophysectomized mice by means of a
rather simple one-stage operation, we have



