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The therapeutic usefulness of cortisone and 
hydrocortisone prompted a search for agents 
possessing anti-inflammatory actions similar 
to these steroids but producing a lower inci- 
dence of undesirable side effects. Efforts in 
these laboratories led to the development of 
two new steroids, Meticorten (Al~~-pregna- 
diene-17~, 2 l-diol-3,11,20-trione) and Meti- 
cortelone ( A1,4-pregnadiene-1 lp, 17~,’2 14rid- 
3,2 O-dime) , which differ from cortisone 
and hydrocortisone in possessing an addi- 
tional double bond between C1 and Cz in the 
A ring( 1-3). Their effectiveness in the treat- 
ment of rheumatoid arthritis was first demon- 
strated by Bunim et al. (4). 

The glucocorticoid potency of Meticorten 
and Meticortelone was found to be 3 to 4 
times greater than that of cortisone and hy- 
drocortisone by 3 different bioassay methods. 
Further comparison of the adrenwortid ac- 

~ 

* Meticorten and Meticortelone, Schering Corp. 
brand of prednisone and *prednisolone were used. 

t The authors wish to sthank Mrs. Shirley W. 
BolIes, Miss Janet MaIey and Mrs. Alide Tali for 
valuable technical assistance. Mr. Gordon B. Thorn- 
as carried out statisticaI analysis of data, and man- 
bers of the Chemical Research Division provided the 
steroids. 

tivities of the new steroids and their parent 
substances included 1) the life maintaining 
action in adrenalectomizd rats and 2 )  the 
degree of hypercorticism induced in intact 
rats by prolonged steroid administration as 
well as the regression of these changes after 
cessation of treatment. The results of elec- 
trolyte excretion studies will be reported sep- 
arately. Preliminary biological data have 
been reported previously( 5,6).  I t  is the pur- 
pose of this paper to present in detail the 
biological work carried out with Meticorten 
and Meticortelone. 

Methods. 1. Eosinophil response. The 
procedure employed was based on the meth- 
ods of Speirs and Meyer(7) and Rosemberg 
and co-workers( 8). Steroids were screened 
in adrenalectomized CS7 brown, male mice$ 
at a dose of 24 pg without pretreatment with 
epinephrine. Preliminary potency estimates 
were performed with 3-fold dilutions of Meti- 
corten and Meticortelone (6, 2, and 0.67 p g )  
and cortisone and hydrocortisone (12, 4, and 
1.33 pg). The potency was calculated on 

$ Obtained from Roscoe B. Jackson Memorial 
Laboratory, Bar Hanbor, Me. We wish to thank the 
members of our Pharmacology Department for per- 
forming the adrenalectomies. 
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HYDROCORTISONE AND CORTISONE AT DOSES 
REQUIRED TO SUPPRESS GROWTH 

logarithmically transformed counts as de- 
scribed by Finney (9). 2. Liver g lyogen 
deposition. Liver glycogen deposition was 
assayed in adrenalectomized male rats$ by 
the methods of Olson et aZ.( 10) and Pabst 
et al.( 1 1 ) .  Glycogen was estimated by the 
anthrone procedure of Kahan ( 1 2 ) .  3 .  Thy- 
mus involution. The assay was patterned 
after that described by Stephenson( 13)  using 
intact, immature, female, litter-mate rats 
which had been rested for 1 week after ship- 
ment from the breeder. The steroids were 
dissolved in cottonseed oil and injected sub- 
cutaneously 3 times daily for 2 consecutive 
days. 1 On the morning of the third day, the 
animals were sacrificed and their thymi 

Q -411 rats, both intact and adrenalectomized, were 
obtained from Charles River Breeding Laboratories, 
Brookline, Mass. 

'! Personal communication from Dr. Stephenson 
indicating this change in his published procedure. 

weighed to the nearest milligram. 4. Life 
maintenance and growth. Adrenalectomized, 
male rats weighing 50-70 g received 14 daily 
subcutaneous injections of Meticorten, Meti- 
cortelone, cortisone, hydrocortisone and de- 
soxycorticosterone acetate (DCA) suspended 
in 1 part of ethanol and 9 parts of 50% aque- 
ous propylene glycol. The animals were 
given tap water and Purina Lab Blox ad 
libitum and were weighed at  3-day intervals. 
The number of rats dying during each 24- 
hour period was tabulated until all completely 
operated animals had succumbed. Animals 
surviving for more than 3 weeks following the 
last injection and showing growth rates simi- 
lar to those of the normal controls were elim- 
inated from the experiment because of prob- 
able functional adrenal tissue. 5. Effects of 
chronic administration of steroids on growth, 
organ weights and peripheral blood elements. 
The degree of hypercorticism induced by pro- 
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longed steroid treatment and the reversibility 
of the resulting changes were studied in in- 
tact, growing rats. Suppression of somatic 
growth was selected as an easily defined physi- 
ological response and served as the basis for 
comparing the effects of the 4 steroids, Meti- 
corten, Jieticortelone, cortisone and hydro- 
cortisone. Twenty-two groups of intact, male 
rats, weighing approximately 125 g ,  were 
housed 5 animals to a cage. They were main- 
tained on stock Purina Chow diet and tap 
water and were weighed daily for the first 11 
days and every other day thereafter. Each 
animal in a given cage received 1 of 5 treat- 
ments (Meticorten, Meticortelone, cortisone, 
hydrocortisone and diluent). After a 5-day 
observation period, the animals were injected 
subcutaneously daily for 19 days with saline 
suspensions of the appropriate steroid, rested 
for 3 days, and injected again daily for 8 
days. The initial dose of 2 mg was adjusted 
periodically to insure the desired plateaued 
body weight. The injection schedule is in- 
dicated in Fig. 1. A 2-week recovery period 
was observed after the last injection. At 
various intervals, groups of animals were 
withdrawn from the experiment for autopsy. 
Tail blood was obtained before autopsy for 
the hematological examination, and an addi- 
tional blood count was performed during the 
recovery period, 

Results. Preliminary assays by the eosino- 
phi1 method showed Meticorten to be 3.0 
tinies as potent as cortisone (95% fiducial 
limits 1.6-5.4). Meticortelone exhibited 3.3 
times the activity of hydrocortisone (95% 
fiducial limits 1.6-6.6). This potency ratio 
was confirmed by the liver glycogen deposi- 
tion method (Table I) and by the thymus in- 
volution method (Table 11). The results of 
the cross-potency assays were in satisfactory 
agreement with the values expected from the 
potency ratios of Meticorten and Meticorte- 
lone and their respective standards. In gen- 
eral, the results of the 3 bioassay methods 
were remarkedly concordant in spite of the 
relatively large inherent error of the individ- 
ual assays. 

In the life maintenance test (Table III)? 
too, Meticorten and Meticortelone were ap- 

TABLE I. Summary of Liver Glycogen Deposition 
Assays of Meticorten and Meticortelone in Adren- 

aleetomized Male Rats. 
~ -~ 

Index 
Ref erelice 95% ofpre- 
standard Substance Potency fiducial cision 

100% assayed (%) limits (A) 

Cortisone Meticorteri 326 
226 
260 
359 

W’t’d mean* 286 

Meticortelone 1240 
829 

W’t’d mean 1010 

Hydrocorti- 179 
sone 248 

W’t’d mean 220 

Hydrocor- Meticortelone 422 
tisone 386 

Wt’dmean 395 

Meticorten 220 
83 

Wt’d mean 141 

Meticorten Metieortelone 231 

190- 570 
102- 457 
125- 500 
193- 665 
214- 384 

810-2120 
461-1721 
702-1456 

103- 310 
164- 376 
158- 306 

225-1670 
235- 658 
260- 599 

144- 335 
32- 165 
52- 380 

128- 484 

.44 

.42 

.48 

.46 

.45 

.32 

.46 

.40 

.44 

.3 1 

.38 

.30 

.41 

.36 

.30 

.48 

.39 

* Weighted mean. 

proximately 4 times as potent as cortisone and 
hydrocortisone and seemed about as active 
as DCA. Meticarten and Meticortelone were, 
however, less effective than DCA in enhanc- 
ing the body weights of immature, adrenalec- 

TABLE 11. Summary of Thymus Involution ,4s- 
says of Meticorten and Meticortelone in Immature 

Female Rats. 

Index 
Reference 95% ofpre- 
standard Substance Potency fiducial cision 

100% assayed (%) limits (hj 
~ ~~ 

Cortisone Meticorten 325 

Rydrocorti- 314 
sone 255 

Wt’d mean* 269 

Meticortelone 1410 
611 
900 

W’t’d mean 923 

Hydrocor- Meticortelone 164 
tisone 339 

440 
W’t’d mean 318 

Meticorten Meticortelone 174 
248 

W’t’d mean 216 
- ~~ 

* Weighted mean. 

217- 577 

167- 629 
179- 363 
197- 367 

940-2100 
391- 956 
600-1420 
570-1490 

46- 398 
64-2330 

234- 859 
196- 515 
110- 280 
167- 359 
160- 292 

.258 

5 2 6  
2 9 8  

.3 19 

.344 

.316 

.750 
1.012 

.538 

288 
.347 
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TABLE 111. Survival of Adrenalectoniized, Iinniature Male Rats Treated for 14 P a ~ s  v i th  
Meticorten, Meticortelone, Cortisone, Hylrocortisone and Desoxycorticosterone Acetate. 

Da.ily S o .  of Mean surviral KO. of Mean surviral 
I Exp. I 3 7-- Exp. I1 \ 

dose, pug Treatment” rats in (1q-s Treatment* rats in clays 

180 
90 
45 

480 
240 
120 

120 
60 
30 
15 

PC-4 13 
18 
1i 

F 11 
11 
10 

A’F 1 
9 

10 
9 

C 5 

21.5 & 1.20t 
13. i  -i 1.02 

9.1 2 .81 

19.5 t .a 
14.9 . i O  
13.0 & 1.12 

15.6 1.29 
14.1 & 1.94 
10.3 k 1.24 

8.0 2 . 9 i  

8.2 * 1.59 

DCh 14 
14 
13 

13 
13 

E - 
I 

A’E 12 
12 
IS 

C 13 

21.4 & .79t 
13.9 -I 1.19 

8.0 -+. .i6 
13.3 f 1.26 
12.2 f 1.09 
9.8 -1- 1.09 

18.3 f .68 
12.0 1.14 
3.4 & ..57 

5.8 -C- .41 

* Treatment groups are indicated by the following letters : 

t Stand. error of niean. 

DCA = clesos!-corticosteronc 
acetate, F = hydrocortisone, A’F = Meticortelone, E cortisone, AlE = Meticorten, C = 
controls. 

tomized rats. Twelve days after initiation of 
treatment, animals receiving 90 pg of DCA 
daily had gained 20 g whereas a daily dose of 
120 p g  of the ll-oxygenated steroids pro- 
duced only the following weight increases: 
cortisone 7 g;  hydrocortisone 12 g ;  Meticor- 
ten 17  g: and Meticortelone 12 g. 

Changes in body weights observed during 
and after prolonged steroid treatment are 
plotted in Fig. 1. The daily dose required to 
suppress growth in young male rats may be 
estimated to be 4 mg for cortisone, 2.5 mg for 
Meticorten and 2 mg for hydrocortisone and 
Meticortelone. However, the effects of all 4 
steroids on body weight were transient. This 
is clearly evident from the “escape” which oc- 
curred during the 3-day rest period and from 
the prompt resumption of growth a t  the ter- 
mination of treatment. 

The mean absolute and relative organ 
weights obtained at different intervals during 
the experiment are presented in Tables IV 
and V. All 4 steroids produced striking de- 
creases in the absolute and relative weights 
of the thymus confirming the thymic involu- 
tion observed in the shortdterm experiments 
described above. Meticorten and Meticorte- 
lone also suppressed the absolute and rela- 
tive weights of the spleen, whereas in the 
cortisone and hydrocortisone groups, the 
spleen weights remained proportionate to the 
body weights. The absolute weights of the 

adrenals were more than 50% below the con- 
trol values a t  the end of the injection period, 
in contrast to the slight reduction of the rela- 
tive adrenal weights. All 3 organs resumed 
growth after cessation of treatment and 
showed signs of over-compensation 2 weeks 
after the last injection. The absolute weights 
of the liver, kidney, testes, seminal vesicles, 
thyroid and pituitary were only moderately 
decreased in the treated animals (Table IV),. 
while the relative weights of these tissues ac- 
tually exceeded those of the controls, with 
the exception of the seminal vesicles (Table 
V). In  general, Meticorten and Meticorte- 
lone exerted a greater effect on organ weights 
than cortisone and hydrocortisone. Two 
weeks after cessation of treatment the organ 
weights had returned to essentially normal 
levels. Histological examination of the tis- 
sues revealed no pathological changes beyond 
the expected involution of lymphoid tissue 
and atrophy of the fascicular and reticular 
zones of the adrenal cortex. 

The mean hematological data are presented 
in Table VI. The most striking change noted 
in the peripheral blood elements was the 
rapid and profound decrease in the percent of 
lymphocytes with the concomitant increase in 
polymorphonuclear leucocytes in the animals 
treated with Me ticorten and Meticortelone, 
and to a lesser degree, in the cortisune and 
hydrocortisone groups. The total number of 
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ThRT,E TI. Changes in Peripheral Blood Elelnents of Male Rats Treated with Meticorten, 
Meticortelone, Cortisone and Hydrocortisone. 

Hematocrit, Lymphocytes, Polymorphonuclear 
Treatment" % Total WBC/mm* % leukocytes 

CS 
A'W 
E 
F 
A'F 
C 

A'E I1 
E 
F 
A'F 
C 
AlET 
E 
F 
AIF 
C 
ATE** 
E 
F 
n lF 
C 

47.5 -c .864t 
84.4 * 1.641 
59 f 3. i4 
60 5z 4.93 
.31.2 +_ 1.11 
61.5 3- 4..5.3 

49.6 2 1.00 
50 t t  
50 t t  
51 t t  
49 t +  
45.4 -e 1.118 
47.6 2 1.46 
49.6 -C .61 
45.4 k .i3 
49.6 ~f: ..X 
46.8 2 1.91 
53.6 -I 1.89 
52.4 t 12.5 
53.0 & 1.72 
49.4 3; 

20,850 & 2,083 

16,520 & 2,478 
15,978 1,669 
16,7.?0 1,286 
23,140 2 6,358 
19,620 2 493 
21,250 2 1,448 
14,484 1,178 

1 6 3 0  2 2,803 
18,400 2 1,385 

20,870 f 4,445 
20,110 2 2,669 
14,190 2 3,390 
13,420 2 1,336 
20,370 f 1,949 

15,340 f 2,636 
17,390 f 1,765 
15,980 f 1,502 
16,500 -e 1,909 
20,080 6,444 

19,100 2 4,843 

~~ 

78.9 k 1.63 

46.8 +- 5.19 
73 1.64 
66 2 8.26 
40.4 -F 7.7 
i9.6 -4 2.34 
41 -c- 11.94 
65 2 7.00 
5 8 . 4 2  8.22 
10 +- 1.60 
81.2 +- 2.32 

73.2 I-fI 4.77 
80.4 rt 2.81 
58.4 2 19.25 
60.6 A 6.60 
78.6 4.72 

79.4 4 4.12 
80.4 2 5.35 
79.6 f 4.28 
63.8 2 4.54 
79.2 4 3.90 

18.6 k 1.5'76 

52.5 1 4.74 
25 2 1.80 
32.4 t 7.94 
58.4 8.14 
14.6 1.51 

58.8 z t  10.77 
34 -C i .00 
50.8 -C 6.98 
90 1 1.60 
16.4 2 2.35 

25.8 2 4.86 
17.6 & 1.95 
39.6 & 10.36 
38.4 -t- 7.11 
20.4 & 4 3 3  

19.2 k 3.99 
17.6 k 4.93 
20.4 & 4.41 
33.8 * 4.22 
18.6 & 3.39 

~ ~~ ~ ~ ~ ~ ~ ~ - 

* Treatiiiciit groups nre indicated by following letters: C = controls, n'E = Meticorten, 

t Neniis mid stand. der. of iiieaii for 10 r;tts/group on day 5 and for 5 ratsigroup for subse- 

$ Bled at start of iii.jechtioiis. I( Bled on day 35 at end of hi. 
t t Means 

I3 = cortisone, F = hylroc*ortisone, A'F == Meticortelone. 

yueiit blwdiiigs. 

!I Bled 011 dar 42 oiie irk after last ini. 
$ € 3 1 ~ 1  011 day 21. 

++  Bled on day 50 2 wk after last inj. 
for less than 5 rats. 

leukocytes was variable, and the hematocrit 
did not show any outstanding or consistent 
changes. I t  is of interest that the inverted 
lymphocyte, pol ymorphonuclear leukocyte ra- 
tio began to return towards normal values 1 
week after cessation of treatment. Two weeks 
after the last injection, all but the Meti- 
corten-treated animals had normal blood 
counts. 

Discussion. The introduction of a second 
double bond in the -4 ring of cortisone and hy- 
drocortisone produced a 3- to 4-fold increase 
in the glucocorticoid activity of Meticorten 
and Meticortelone. Since completion of our 
experiments, similar findings have been re- 
ported for Meticortelone by Stafford et al. 
(14) and for Meticorten by Ferrari et aZ.( IS). 
Increases in glucocorticoid activity also were 
observed in this laboratory for Al-corticos- 
terone and Il-desoxycorticosterone. Com- 
pared to cortisone (100%) by the liver gly- 
cogen assay method, the following activity 
ratios were found: A'-corticosterone, 294% 
(95% fiducial limits 197-440) ; corticos- 

terone, 119% (80-1 77)  ; Al-desoxycorticos- 
terone, 7.8% (4.9-12.4) ; desoxycorticos- 
terone, 1.8% (1.1-2.7). Potentiation of the 
biological activity of compounds possessing 
the h1.4-configuration had been noted previ- 
ously by Huggins e t  al. (16) in the androsta- 
diene series. They found A1s4-androstadiene- 
3 ,  17-dione more effective in promoting uter- 
ine growth in hypophysectomized rats than 
either the A' or A4 analogues. 

Cnsaturation in both the A and B rings of 
cortisone apparently does not enhance glu- 
cocorticoid activity. Thus the A6 analogue 
of cortisone acetate was found in this labora- 
tory to possess only 53% (fiducial limits 39- 
78) of the activity of cortisone acetate in the 
liver glycogen assay. This observation con- 
curs with the studies of this compound by 
Higgins et al. ( 17). 

Glucocorticoid activity greatly exceeding 
that of the natural hormones and of Meticor- 
ten and Meticortelone has been demonstrated 
for 9a-halogenated steroids( 18), and for ster- 
oids methylated at  Cz or possessing both 
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modifications( 19). However, both types of 
chemical alterations, alone or in combination, 
resulted in greatly enhanced mineralocorti- 
coid potency( 19,20) whereas A1-dehydrogena- 
tion did not affect electrolyte activity. In un- 
published experiments in this laboratory, it 
was found that Meticorten and Meticortelone 
failed to produce sodium retention in adrenal- 
ectomized rats. Similar findings have been 
reported recently for both steroids(l4,21) as 
well as for Al-desoxycor ticos terone ( 2 2 ) . 
Likewise, the introduction of an additional 
double bond between C1 and C:! in 9a-fluoro- 
hydrocortisone greatly enhanced glucocorti- 
coid but not mineralocorticoid activity( 14, 
23). 

Meticorten and Meticortelone were more 
active than their parent substances in main- 
taining the life of young, adrenalectomized 
rats (Table 111). This observation is at vari- 
ance with that of Swingle7 who found that 
Meticorten and Meticortelone had only one- 
fourth the activity of cortisone and hydrocor- 
tisone in maintaining adrenalectornized dugs. 
Similar species differences between rats and 
dogs have been reported in life maintenance 
stud,ies with %-halogenated corticoids (20, 
24). I t  will be noted that the daily amounts 
of steroids required to maintain our rats were 
considerably higher than the doses of corti- 
sone used by Leatham and Wolf(25). This 
difference may be attributed to the high pro- 
tein diet employed by these investigators 
which is known to have a beneficial effect on 
the survival of adrenalectomized rats. 

The manifestations of hypercorticism in- 
duced by prolonged steroid administrations to 
intact rats were more marked in the Meticor- 
ten and Meticortelone groups than in the ani- 
mals treated with cortisone and hydrocorti- 
sone. The suppression of growth and the 
changes in organ weight during treatment and 
their subsequent return to normal values were 
in general agreement with the findings ob- 
tained with cortisone acetate( 26-28) and with 
Meticorten (1 5) .  The fact that in the presnt 
study the relative adrenal weights were not 
suppressed to the same extent as reported in 

~~ 

7 We wish to thank Dr. Swingle for making the 
results of his study available. 

the literature may be attributed to differences 
in dose, length of treatment, initial body 
weight of the animals and to the pair-feeding 
of the controls carried out by most investi- 
gators. 

Higgins and co-workers(l7) noted a fall 
in the total leukocyte count of 10,300 cells 
per cu mm during cortisone treatment, the 
control count being in the neighborhood of 
16,000. As shown in Table VI, the total 
white cell count of our controls ranged from 
18,400 to 20,840; and the lowest count ob- 
served in the treated rats was 13,420 in the 
Meticortelone group 1 week after the last in- 
jection. No explanation for this discrepancy 
can be offered. 

Summary. (1) Meticorten and Meticorte- 
lone, 2 new steroids, were studied in animals 
to assess their adrenocortical activities. (2 ) 
Glucocorticoid properties were assayed by the 
eosinophil response in adrenalectomized mice, 
by the liver glycogen deposition in adrenalec- 
tomized rats, and by the involution of the thy- 
mus in immature rats. (3) By all 3 meth- 
ods, the glucocorticoid activity of Meticorten 
and Meticortelone was found to be 3 to 4 
times greater than that of cortisone and hy- 
drocortisone. (4) Meticorten and Meticorte- 
lone were more active than cortisone and hy- 
drocortisone in maintaining the life of imma- 
ture, male, adrenalectmized rats. ( 5 )  Pro- 
longed administration of Meticorten, Meticor- 
telone, cortisone and hydrocortisone to young, 
male rats produced the following biological 
changes: a) suppression of somatic growth, 
b) decrease in thymus, spleen and adrenal 
weights on an absolute basis as well as per 
100 g body weight, c) increase in the relative 
weights of liver, kidney, testes, thyroid and 
pituitary and inconsistent changes in the 
weight of the seminal vesicles, d) inversion of 
the lymphocyte/plymorphonuclear leukocyte 
ratio in the circulating blood without consis- 
tent changes in total white cell count or hema- 
tocrit. (6) Meticorten and Meticortelone 
were more potent than cortisone and hydro- 
cortisone in affecting organ weights and peri- 
pheral blood elements. (7) The changes in- 
duced by prolonged administration of the 4 
steroids were readily reversible after cessa- 
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Distribution of Fetal Hemoglobin in Layers by Centrifugation. (22430) 

Y. M. BROMBERG! E. RABINOVICH, A. ABRAHAMOV, AND M. SALZBERGER. 
(Introduced by B. Zondek.) 

Departments o f  Obstetrics-Gynecology and Pediatrics, Hadassnh University Hospital, 
Jerusalem, Israel. 

Hemoglobin of the fetal blood is of 2 va- 
rieties, that can be differenti~ed by the alkali 
denaturation technic( 1). At birth, 50 to 
00% of hemoglobin is of the alkali resistant 
fetal type. while the remainder is of the nor- 
mal adult type(2). I t  is not known, how- 
ever, whether fetal and adult hemoglobins are 
distributed evenly inside the fetal red blood 

cells. In  order to study this problem washed 
erythrocytes of the cord blood were centri- 
fuged and fetal hemoglobin concentrations of 
the upper and lowest layers were compared. 

Material and metlzod. Two samples of 
blood, 20 cc each, were taken from the cord 
of 29 normal newborns and added to 0.05 cc 
of sodium heparin (Abbott, in which 10 mg 


