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thc corticostcroids-has becn achieved 
by Hogg et al. ( 4 ) .  Byrnes and associates 
havc found txro of thcse steroicls to bc 
~ i ~ o r cpotent than tllcir nonmcthylatcd 
analogs both in glycogen-depositing ac- 
tivit!- and in sodium-retaining activity 
as tested in thc rat (5 ) .  

The present report ( 6 )  reprcwnts thc 
initial use of thcsc steroids in t~l-o addi- 
tional species-man and the dog. We 
have studied in nornlal human subjects, 
in paticnts with Addison's disease, and 
in adrenalecto~llizcd clogs the compara- 
tivr pharrnaco10,gy of hydrocortisone-. 
( F ) ,2-methylhyc1rocortison~ (methyl F ) ,  
9-a-fluorohydrocortisonc ( F F ), ancl 2-
melhyl. 9-u-fluorohydrocortisone (methyl 
FF) .  In  the dogs, additional observations 
xrcrc made on thc cffects of desoxycor-
tirosterone (DOC) and aldosteronc. 

In human subjccts, the oral adminis- 
t ra~ion of singlc closes of methyl FI: 
(0.025 lo 1.0 m g ) ,  F F  (0.2 to 1.0 m g ) ,  
methyl F ( 10 to 400 mg) and F ( 100 
m g  induced retcntion of sodium and 
lev of pq~,i\,ium. Xlorr precise assays 
of ~ h r w  properties, performed 111 aclrcna-
lectornizccl dogs by a method previously 
rcportcd 7),are sunlrnarizrd in Table 
1. In brlef, the 2-mrthyl compounds are 
many t l m o  rnorr potent than t h e ~ r  11011-

mcthxlatcd analogs. hlcthyl FF is scen 
to be mort, potent than aldostcronc, and 
thu\ to bc thr nlost active sodium-reta~n- 
ing and potassium-losing strroid knoxvn 
'31 the Drrscnt timr. 

Thc lnrt hanisnl ~\herebv the mcthvl- 
ated hteroicls affcct cation excretion was 
in\ estigatecl in dogs. Methyl F F  ancl, to  
a lessrr drgrce, methyl I: Fverc capable 
of producing decreases in sodium excrc- 
tion dcspite concomitant increases in 
gloni~rular filtration ratc, indicating that 
these steroids increase the reabsorption 
of sodium bv the renal tubules. 

The decreasc in circulatirlg eosino-
phils that follows the administration of 
stcroids may bc uscd as onc index of 
their '~glurocorticoicl" activity. Obscrva- 
tions in both man and the dog indicated 
that the mcthylatcd stcroids wcre only 
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Fig. 1. Plasma 17,2 1-dihydroxy-20-keto- 
steroids (unconjugated) levels following 
intravenous injection of F and methyl F. 
'The steroid concentration 10 minutes 
after injection is represented at "100-per- 
cent" concentration and "zero" hour. 
Curves are averages of three steroid toler- 
ance tests in each of three subjects. 

follo\ving treatment. Eosinopcnia per-
sisted much longer, however, with use of 
the mcthylated steroicls. 

Whereas the direct biologic effects of 
a singlc oral close of hyclrocortisonc ordi- 
narily disappear in less than 24 hours, 
the cffects of the 2-mcthyl dcrivativcs 
Irere found to persist for approxinlately 
48 hours in our studies in human sub- 
jects. Studies ~l-ere accordingly designed 
to detcrminc ~l-hcther this prolonged ac-
tion of the mcthylatcd stcroids could be 
rclatecl to a slower ratc of rnctabolic in- 
activation by the body. 

Following administration of F and 
rncthyl F to human subjccts, blood levcls 
wcrc determined at various intervals 
using a modification of thc method of 
Silbcr ancl Porter ( 8 )  for measuring di- 
chloromethane-soluble 17,2 1-dihyclroxy- 
20-ketosteroids. I t  lras consistently found 
that rncthyl F was removed from the cir- 
culation at a slower ratc than F (Fig. 1 ) . 
This was truc whether the stcroids were 
administcrcd by vcin or by mouth. 

Following the administration of F to 
human subjects, one can account for 

slightly more potent than the nonmcthyl- approximately 30 percent of the aclmin- 
atcd conlpounds during thc first 4 hours istcrcd close by the determination of 

Table 1. Relative effectiveness of various steroids on excretion of Nal and K f  in the 
adrenalectomized dog, using DOC as a standard. The figures in parentheses represent 
95-percent confidence limits. Ratios of potency are adjusted for molecular weight, and 
dosages are compared on an equimolar basis. 

Sodium 	 Potassium 
Steroid 


Effect Potency Etiect Potency 


DOC Retention 1 Loss 1 

Aldosterone Retention 39 (26-61) Loss 29 (20-41) 

Methyl FF Retention 49 (19-100) Loss 155 (75-353) 

FF Variable Loss 5.5 (3.1-10.7) 

Methyl F Variable Loss 1.0 (0.5--2.1) 

F Loss Loss 0.04 (0.026-0.063) 


17,21-dihydroxy-20-kctosteroicls in the 
urinc, using the method of Silber and 
Portcr ( 8 ) .  The  principal product thus 
mcasurcd is tetrahydrocortisone glucuro- 
nide. By way of contrast, following the 
administration of methyl F one can ac-
count for no more than approxirnatcly 
5 percent of the administered dose using 
the same chenlical methods. 

I t  is suggested that the presence of the 
2-methyl group altcrs the susccptibility 
of thc steroid to cnzymatic attack so that 

~ ~ ~ ~ ~ ~thc processes by which F is metabolized 
opcratc less eficiently, and othcr proc-
csscs assume greater prominence. ,4s a 
result, removal of the mcthylated stcroid 
from thc circulation proccccls slo~rly, and 
during the rnetabolisrn of the stcroid the 
17,21-dihydroxy-20-keto configuration is 
lost. T o  some dcgree, the enhanced po- 
tcncy as )re11 as the prolonged action of 
the 2-methyl stcroids might be cxplained 
by the slolrer rate at which the body 
mctabolizcs them to inactive forms. 
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Oral Phosphatase Levels 

and Caries Activity 

Oral phosphatascs in human saliva are 
thought to be principally of bactcrial cell 
origin (1-4) and in part of glandular 
origin (acid phosphatase from the paro- 
tid glands, 3) .  The  significance of these 
er~zymes in saliva is not clear, yet corre- 
lations have bren s u ~ ~ e s t r d  bctween their 
titrrs and certain oral debilitirs (5,6, 7 ) .  

Lactobacilli show little phosphatase 
activity (2, 4 ) ;  h o ~ c v r r  Bray and King 
( 8 )  drnlonstrated high degrees of phos- 
~ h a t a s e  activity in 14 groups of organ-
iqms that are conlmonly found in the oral 
environment. Fitzgerald ( 4 )  has sug-
gested a possible caries-activity test based 
on the titer of phosphatases in saliva. 

Our  experiment (9)  was conducted to 
determine a possible relationship between 
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Table 1. Statistical analysis of data ob- 
tained from phosphatase activity in the 
whole salivas of 26 caries-free and 26 
caries-active persons. 

Caries- Caries-
Activity free active 

Alkaline* 
Range 0.06- 1.98 0.06- 1.98 
Mean ( 2 )  0.58 0.68 
S. 	D. ( G )  0.66 0.50 

Dev. - Z 1 - . 2 - 0  =0,61-
(T 	 GXI - Xz 

Acid* 
Range 0.90-12.60 2.40-13.80 
Mean ( 2 )  5.65 7.61 
S. D. ( a )  	 4.1 1 3.30 

Dev. - TI - F2 - C _ 
1.9 

ci G2, -z2 

* Uniti of phoiphatase per 100 ml of whole salixa. 

caries activity and phosphatases found in 
whole stimulated saliva. Analyses for 
both acid and alkaline phosphatase \rere 
performed on a randomly selected group 
and on caries-free and caries-active indi- 
viduals. 

Fifteen milliliters of paraffin-stimu-
lated saliva \rere collected from each of 
100 naval recruits ranging in age from 
17 to 20 years. Acute cases of gingival 
infection were eliminated from this 
other~rise randomly selected group. Sim- 

M s  per 100 ml saliva 

units per 100ml saliva 
Fig. 1. Phosphatase activity in whole sa-
livas of 100 randomly selected naval per- 
sonnel oi age ranging from 17 to 20 years. 
(Top)  Acid pohsphatase: mean, 4.72 ; 
range, 0.60 to 13.8; standard deviation, 
+ 3. (Bottom) Alkaline phosphatase: 
mean, 0.57; range, 0.12 to 1.92; standard 
deviation, 2 0.405. 

iIar saliva samples were collected from 
26 caries-free and 26 caries-active indi- 
viduals \rho had had no dental restora- 
tions. T h e  caries-free group Tras selected 
by clinical and radiographic examina-
tion. T h e  caries-active individuals \rere 
selected clinically on the basis of the ex- 
istence of ten or more carious lesions. 

T h e  colorimetric method of Seligman 
et al. ( l o ) ,  as adapted for saliva tests by 
Chauncey ( 3 ) ,  Tras used for phosphatase 
determinations. T h e  Coleman junior 
spectrophotolneter at an  optimum \rave- 
length of 525 m y  and 10 by 75-mm 
cuvettes were used. 

T h e  mean acid phosphatase activity 
in \\hole salivas of 100 randomly selected 
persons was 4.72 units/100 ml, ~ r h i l e  that 
for alkaline phosphatase was 0.57 units/ 
100 ml (Fig. 1 ) .  T h e  mean acid and 
alkaline phosphatase activities in whole 
salivas of 26 caries-free individuals \rere 
5.65 units/100 ml and 0.58 units/100 ml, 
respectively. T h e  caries-active group 
sho~red  mean phosphatase activities of 
7.61 units/100 ml (acid)  and 0.68 units/ 
100 ml (alkaline). 

Statistical analysis of the differences 
in the mean acid and alkaline phospha- 
tase levels for caries-free and caries-active 
groups did not reveal significance. The  
probability of obtaining the observed 
differenccs in the mcans for acid phos- 
phatase Tras 7 percent or less; for alkaline 
~hosphatase ,  it was 54 p e r c ~ n t  or l ~ s s  
(Table  1 ) .  

Tha t  oral phosphatases are predomi-
n a t ~ l y  of bacterial cell origin seems lye11 
established (1-4). Ros~bury  (6 )  and 
others (4, 7 )  have asc r ib~d  possible roles 
to phosphatases in saliva that are based 
solply on k n o ~ r n  activity characteristics 
of these cnzyrnes isolated from o t h ~ r  tis-
surs (bone, l i v ~ r ,  kidney, serum, and so 
forth).  T h e  mpre existence of a phos-
phatase associated with the hactcrial cell 
does not, however, preclude the action of 
this enzyme according to previously ac-
cepted theory. Thus it becomes impor- 
tant to look on the oral phosphatasrs as 
entities and to characterize them accord- 
ing to thr sprcific oral debility in hrhich 
they are suspected to be taking part. For 
instance, recent tests in this laboratory 
sholred that acid phosphatase of the paro- 
tid secretion Tras inhibited by tartrate, 
~ r h i c hhas been s h o ~ m  to inhibit prostatic 
phosphatase ( I1) . This ~ r o u l d  immcdi- 
ately bring to mind specific correlations 
rcgarding tests for cancer of prostate 
gland. I-Io~rever, characterizations of 
both parotid and prostatic enzymes he- 
come essential brfore conclusions may he 
d r a ~ m .  

T h e  faiIure to correlate the presence 
of phosphatases in saliva wit11 certain 
oral debilities (dental caries, calculus 
formation, periodontal disease, and so 
forth) probably results from the fact that 

these enzymes are present in so many of 
the organisms normally present in the 
mouth that any association is obscured. 
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Possible Function of Serum 

Proteins in Tissue Culture 

I n  a recent article by Eagle ( I )  it \\.as 
found that, ~ r i t h  the exception of the 
necessity of serum proteins, completely 
defined chemical media are possihlr that 
support both growth and multiplication 
in c ~ r t a i n  lines of mammalian cells. T h e  
pos\ibiliry that the serum protcins con- 
tribute as yet u n d e t ~ c t ~ d  elemcntst r a ~ ~  
or vitamins is being investigatrd by him 
( I ,  p. 503). 

Although t h ~  presence of such trace 
elements or vitamins is certainly a possi- 
bility, there is another alternative that 
I f ~ e l  should be considcrcd. Both from 
the work dcscribed and ~ r h a t  is k n o ~ r n  
about protein chemistry and function, it 
secms that the essential substances could 
be proteins, perhaps certain of the serum 
proteins themselvrs. 

From the results givrn in thc paper 
( I ,  p. 503) it appears that the activities 
of the protein fractions were determined 
by the extent to ~ r h i c h  denaturation 
cou!d not occur in the fractionation pro- 
cedurr. Exhaustive dialysis ~ r o u l d  re- 
move most of the salts and other im- 
purities, and this is knolrn to rrnder 
many proteins unstable and susceptible 
to structural changes (2, pp. 21 1-213; 
3 ) .  Alcohol is a denaturing agent for 
many proteins (2,p. 207; 4, p. 173),  and 
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