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Mineralocorticoid Effects of %-Fluorodeoxycorticosterone 
in Adrenalectoinized Rats.' (25726) 

A large number of 9~-halogenated deriva- 
tives of hydrocortisone, corticosterone. I 1p- 
hydroxyprogesterone and 1 lp, 17~-dihydrosy- 
progesterone and of corresponding 1 1 -ow 
steroids have been prepared from 1 lu-hydroxy 
intermediates( 1.2). In addition to glucocor- 
ticoid effects, many of these compounds have 
shown high levels of mineralocorticoid and 
survival activity( 2-7). So far. however. no 
biological data seem to be available for 9lL- 
halogenated steroids lacking oxygen functions 
a t  carbon 1 I .  From this standpoint. our tests 
with 9~-Buorodeoxycorticosterone acetate for 
mineralocorticoid effects in rats are believed 
to be of interest. The  steroid was synthesized 
directly from corticosterone acetate by Berg- 
strom and Dodson (8 ) .  

il//uterials and methods.  Male Sprague- 
Dawley rats (150-200 g)  fed I'urina Chow for 
about a week were adrenalectomized and 
maintained with sucrose cubes and tap water 
overnight. Approximately 24 hours following 
operation, the animals were injected subcu- 
taneously with deosycorticosterone acetate 
(DCA) or with various doses of 9~-fluorode- 
oxycorticosterone acetate ( 9 ~ - F - D C A )  in Ma- 
zola oil. Brisk heating readily dissolved 9n- 
F-DCA in oil. All animals received in addi- 
tion a subcutaneous injection of 2.5 ml iso- 

* T h e  authors  thank Jane t  1,. LYallen for technical 
assistancc and D. W. Calhoun and Dr. V. A.  Drill 
for  helpful criticism and review of manuscript. 

tonic saline. Four-hour samples of urine were 
collected in nietabolisni cages and analyzed 
for N a  and K content. The DCA-like prop- 
erty of 9 ~ - F - D C A  was evaluated by its in- 
fluence on Na excretion and the ratio of Na,' 
K. After preliminary tests, 9u-F-DCA and 
DCA were tested simultaneously in a 4-point 
comparative assay with 14 rats/point, and 
relative potencies were calculated by  the 
method of Irwin as discussed by Pugsley(9). 
All measurements of urinary electrolytes have 
been converted to logarithms. Repeated 
standardization tests have revealed that this 
adjustment gives statistically suitable re- 
sponses, with relatively constant standard er- 
ror values over a wide dosage range of DCA. 
Analyses for urinary Na and K were done on 
Keckman flame photometer. 

Results. Data  from several initial tests 
with 9a-F-DCA are summarized in Table I, 
together with those of 65 untreated animals 
for convenient reference. DCA as a reference 
standard a t  10 pg'rat in each test produced 
N a  retention and a reduction of ratio of 
Na/K.  A small K excretion accompanied 
these urinary changes. I n  these data, 9u-F- 
DCA produced greater effects on electrolytes 
over the range of 1-500 pg/rat than did the 
standard dose of DCA. However, 9a-halo 
steroid was less effective a t  dose of 0.3 p g  
than 10 p g  of DCA, to suggest a potency of 
at least 10 but less than about 30 times rela- 
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tive to DCA. Results of simultaneous assay 
with 2 doses each of DCA and 9~-F-DCA are 
shown in Table 11. Using N a  excretion as in- 
dex of DCA-like activity, a relative potency 
of 12 was calculated for 9~-F-DCA,  with 95y0 
limits of 6.1 to 23.7. No  coinsistent pattern 
of effects on K excretion was seen with the 
compounds. Fig. 1 shows data on N a / K  A 
relative potency of 14.3 (95% limits = 9.1- 
2 2 . 5 )  was obtained using response index of 
Na/K for 9a-halo steroid. From these limits, 
it follows that potency of 9~-F-DCA is sig- 
nificantly greater than that of DCA, with P< 
0.05. Parallel regression lines in the Figure 
were drawn in accordance with the pooled 
slope of DC'A and 9u-F-DCA. A chi-square 
test for parallelism of dose-response curves in- 
dicated validity of the assay( 9) .  

Discussim. Our study demonstrates that 

9~-F-DCA is a potent mineralocorticoid. The 
steroid possesses 12 and 14.3 times activity of 
DCA by response indices of Na  retention and 
reduction of Na/K, respectively. It appears 
to possess, therefore, an  interesting level of 
activity as found in other mineralocorticoids 
such as aldosterone ( 10, l l )  , 19-nor-deoxycor- 
ticosterone ( 12) and various synthetic %-halo 
corticosteroiids(2,3,5,11,13,14), Its closest 
structural relative in the series of 9 ~ h a l o  
steroids can be considered to be 9~-fluorocolr- 
ticosterone acetate, which possesses 26.2 times 
the potency of DCA (95% confidence inter- 
val = 10.9-66.0) according to Na  retention 
tests of Fried and Eorman in rats( 2,s) .  Other 
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14.3 (!)5% liiiiits = 9.1-22.5) 1~1:itivr to  1K"A; 
caonipositc slop1 for  the 2 steroids 0.42/1 O-foltt 
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data on life maintenance activity in adrenalec- 
tomized animals also suggest a strong DCA- 
like property for this steroid(4,6). These 
data show that N a  retaining activity may be 
increased by 2.2-fold with introduction of oxy- 
gen function a t  carbon 11 of 9u-F-DCA (po- 
tency ratio = 26.2/12 for 9a-fluorocorticos- 
terone acetate/9u-F-DCA). However, the 
potency of 9~-fluorocorticosterone acetate is 
not significantly greater, statistically, than 
that of 12 reported above for 9~-F-DCA.t  It 
would thus appear from progression of miner- 
alocorticoid activities, from DCA, 9~-F-DCA 
to 9~-fluorocorticosterone acetate, that 9 ~ -  
halogenation is more influential in increasing 
activity than 1 1p-hydroxylation. 

t ,4 t value of 1.4 corresponding to P =. 0.15 was 
computed with data fcr 9a-fluorocorticosterone ace- 
tate(2,S) and for %-F-DCA from our study. 
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Fried and Borman speculated on possible 
role of 9u-halo modifications in glucocorticoids 
( 2 ) .  Data were presented to demonstrate 
parallelism between glucocorticoid activity 
and electronegativity, or ability of 9u-halo 
substituents to strengthen acidity of adjacent 
1 18-hydrosy radicals in steroids. However. 
that 9u-F-DCA is 12-14 times as potent as 
DCA would suggest other factors besides the 
influence of electronegativity must account 
for increased mineralocorticoid effects with 
9tL-halogenation. 

Szimvzary. The mineralocorticoid effects of 
9 (1 - fl uo rod eos y cor t icos t e r on e acetate were in - 
vestigated in adrenalectomized rats. A quan- 
titative 4-point assay gave potency estimates 
of 12 and 14.3 for the steroid relative to DCA, 
as judged by reduction of urinary Na  escre- 
tion and the ratio of S a  K q  respectively. 
Thus. addition of a 9u-fluoro radical can in- 
crease mineralocorticoid activity in a steroid 
lacking oxygen function a t  carbon 11. These 
and other published data suggest that 9a-halo- 
genation plays a singularly important part in 
high DCA-like activity of various 9(~-halo cor- 
ticosteroids. 
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Intestinal Absorption of a hlodified Heparin.* (25727) 

B. SALAFSKY A N D  7’. A.  LOOMIS 
Dept .  of Yhar i i iacology ,  School of ‘$1 fd ic ine ,  UnivcrJit y 01 Washington, Seut tk  

Schanker ct  ul.( 1) and Hogben t’t ul .  (2 )  
have shown that intestinal absorption of man> 
drugs is in part dependent on the state of 
ionization of the drugs. Drugs which are 
weak organic acids or bases were more com- 
pletely absorbed from the gastro-intestinal 
tract in p H  ranges which favor the unionized 
radical. Loomis(3) has shown that sodium 
heparin is absorbed from the duodenal lumen 
of the dog a t  p H  4 but not a t  higher pH. IVar- 
ner ( 4 )  believes that glucuronic acid carboxyl 
groups of chondroitin sulfate protonize be- 
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tween p H  5 and 2 thereby reducing ionization 
of the complex. A similar situation may exist 
for g1uc:ironic acid carboxyl groups of he- 
parin. If ionization is an  important factor in 
regulating absorption from the intestine, then 
suitable modification of ionizing potentialities 
of heparin may enhance absorption in the 
physiological pH range. The  current study is 
an attempt to accomplish this by esterification 
of heparin. A modified heparin has been pre- 
pared and evidence presented indicating that 
it is partially methylated and has undergone 
partial desulfation. It retains its original an- 
ticoagulant action and significant absorption 


