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for example that of lactalbumin hydrolysate 
(7), may be due to presence of ammonia. 
This may also account for the apparent vari- 
ations observed in susceptibility of tissue cul- 
ture cell systems to virus infections. Since 
ammonia tends to accumulate in the medium 
during cell growth, the age of culture media 
becomes a significant factor in cell suscepti- 
bility to infection. Preliminary studies indi- 
cate that the primary source of ammonia in 
fresh medium is glutamine. Inasmuch as 
glutamine has been shown to be required for 
virus synthesis in some systems(8) and 
markedly to change the type of CPE ob- 
served in others (9) careful consideration 
must be given to incorporation or exclusion 
of this material in all systems. 

Of particular interest is the mechanism by 
which this inhibition is effected. Since addi- 
tion of the ammonium salts must be made 
prior to or simultaneously with the virus in- 
oculum for maximum protection, one would 
suspect an interference with virus adsorption 
to the host cell or a direct virucidal effect. 
Experimental evidence seems to rule out 
these explanations and consequently some in- 
tracellular mechanism must be suspected. An 
understanding of this inhibition may shed 
new light on the process of virus replication 
with possible applications to viral chemo- 
therapy. Studies are now in progress to ex- 
plore the mechanism involved as well as the 
effect of ammonium ions on other virus-cell 
systems. The effect of various other inor- 
ganic ions and the smaller organic amines is 
also being investigated. 

Summary. Ammonium ions in trace 
amounts were shown to exert a very marked 
protective effect upon a tissue culture system 
infected with influenza virus. The ions in- 
hibited viral synthesis as well as viral CPE 
and the effect was apparently not due to in- 
terference with virus adsorption or to a di- 
rect inactivation of the virus. It was also 
shown that the tissue culture system pro- 
duced sufficient ammonia during growth to 
render itself insusceptible to the virus. 

Addendum. Since the preparation of this manu- 
script a paper has appeared, Eaton, M. D. and Scala, 
A. R., Virology, 1961, v13, 300, in which inhibition 
of both influenza and Newcastle disease viruses by 
ammonia in Krebs 2 cells was reported. The results 
and conclusions given by these authors are very 
similar to those presented here. 
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Structure-Activity 'Relationships of Adrenocorticoids. (26654) 

I. RINGLER, S. MAUER AND E. HEYDER (Introduced by Earl H. Dearborn) 
Experimental Therapeutics Research Section, Lederle Laboratories Division, 

American Cyanamid Co,, Pearl River, N .  Y .  

The past 8 years have heralded significant of chemical substituents on hydrocortisone, 
advances in syntheses of cortisone and hy- this communication describes the influence 
drocortisone analogs possessing quantitative of 1,2 unsaturation, 6~-methylation, 9a-fluor- 
and qualitative differences in metabolic ac- ination, 16a-hydroxylation and 16n,l 7u-ke- 
tivities. Though it is not possible to predict talization, alone and in combination, on liver 
accurately the qualitative metabolic effects glycogen deposition and thymus involution in 
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an attempt to quantitate the increments and 
decrements in biological activity induced by 
these chemical modifications. 

Materials and methods. In a 5-day bio- 
assay, liver glycogen deposition and thymus 
involution were simultaneously determined in 
adrenalectomized, immature (40-60 g Sher- 
man strain) male rats. Animals were main- 
tained with Purina Lab Chow and 1% NaCl 
drinking fluid ad lib. Six concentrations of 
test steroids were assayed in parallel with 6 
concentrations of hydrocortisone. using 4 rats 
per group. Twenty-four hours after adrenal- 
ectomy the rats were injected subcutaneously 
with steroid suspended in 0.2 ml of carboxy- 
methyl-cellulose vehicle ( 1 ) , excluding ben- 
zyl alcohol. Control animals received ve- 
hicle only. Steroid was administered daily 
for an additional 4 days. The rats were 
fasted 1 5  hours before and 7 hours after last 
injection to insure maximum depletion of 
liver glycogen. Animals were then anesthe- 
tized with sodium pentobarbital and livers 

quickly excised, weighed and hydrolyzed in 
30% potassium hydroxide( 2 ) .  Thymi were 
removed and weighed on Roller-Smith torsion 
balance. Liver glycogen was measured by 
the anthrone method of Seifter el a l . ( 3 ) .  
Data were statistically analyzed by fitting 
straight lines by the method of least squares 
and computing the corresponding equation. 
Potency estimates were combined by the 
method of Wilcoxon and Haynes (unpub- 
lished). 

Results. Modification of the hydrocorti- 
sone molecule by either introduction of a 
double bond at  the 1,2 positions, 9~-fluoro, 
6~methy1, 16~-hydroxy or 1 6 ~ ,  1 7u-isopro- 
pylidenedioxy, or combinations of these 
structural constituents endows the steroid 
with distinct biological potencies (Table I). 
For the majority of the steroids studied, the 
relative potencies calculated for liver glyco- 
gen deposition and thymus involution com- 
pared favorably, suggesting that potency es- 
timates from various assays of glucocorticoid 
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TABLE 11. Action of Functional Groups on Adrenocorticoid Potency. 

Substituent 
16a,17a- 

A1 6a-methyl- Sa-fluoro- 16a-hydroxy- acetonide- 
Parent steroid 
(Potency = 1) 

Biological potency relative to parent steroid 
LGD T I  LGD TI  LGD T I  LGD T I  LGD T I  

Hydrocortisone 
16a-hydroxyhydrocortisone 
Hydrocortisone, 16a,l7a-acetonide 
Al-hydrocortisone 
A1-16a-hydroxyhydrocortisone 
~1-hydrocortisone-16a,17a-acetonide 

4.1 2.3 
2.2 4.3 
6.5 7.7 

9.5 5.8 
2.7 4.0 
5.0 6.4 
2.0 4.3 
2.2 1.7 
1.9 1.7 

6.1 5.6 
8.0 

7.0 6.4 
3.2 6.9 
6.8 3.0 
2.5 1.9 
1.0 1.7 
2.5 3.5 
1.5 2.1 

- 
2.0 2.2 - .- 

.2 
- 

.6 
- 

3.2 7.4 - .- 

6U-methylhydrocortisonc .9 1.8 
6a-methy1-16a-hydroxyhydrocortisone 1.8 1.8 
6a-methylhydrocortisone-l6a,l7a-acetonide 2.5 2.1 

1.1 2.4 - -  

9a-fluorohydrocortisone 
9a-fluoro-16a-hy droxyhyclrocortisone 
9a-fluorohydrocortisone-l6a,l7a-acetonide 

2.1 2.9 
.8 1.6 

2.3 2.4 

1.5 1.8 
.4 1.8 

1.1 2.1 
-7% 

E. 
m 

6. 
0 s 

6a-methyl-9a-fluorohydrocortisone 1.8 2.6 
6a-methyl-9a-fluoro-16a-hydroxyhydrocortisone 1.7 1.3 
6a-methy1-9a-fluorohydrocortisone-l6a,l7a-acetonide 1.4 2.4 
n'-Ca-lIlc t.liylfiydrocol.tisoiie - - 
~1-6a-methyl-16a-hydroxyhydrocortisone - - 
~1-6a-methylhydrocortisone-16a,17a-acetonide - - 
A'-9a-fluorohydrocortisone - - 
~'-9a-fluoro-16a-hydroxyhydrocortisone - - 
Al-9a-fluorohydrocor tisone- 16a, 1 7a-acetonide 
~1-6a-methyl-9a-fluoroliydrocortisone - - 

- -  

Mean 2.3 2.8 

0 w 

w E. 1.9" 2.5" 
2.5 2.5 

.8 2.5 

2.9 2.9 - -  
p, s a 1.2" 1.6" 

.8 1.4 

.7 2.1 - -  

2.5 2.1 
a -- 
- - 
1.3 2.8 

2.4 2.9 3.3 3.9 .3 2.1 3.2 

LGD = liver glycogen deposition; T I  = thymus involution. * Acetate. 
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mean increment for 12 steroids with ranges 
from 0.8 to 6.5. Substitution of a methyl 
group in the (L position at carbon 6 enhanced 
the ability of parent steroids to induce gly- 
cogen deposition approximately 2-fold (range 
0.4-9.5). Fluorination at  carbon 9 resulted 
in a 3-fold increase in activity (range 0.8- 
7.0). Although the addition of a hydroxyl 
group at  the 1 6 ~  position decreased the gly- 
cogenic potencies of the various corticoids 
studied by approximately 0.4 (range 0.1- 
1.3), formation of the 1 6 ~ .  17~-isopropyli- 
denedioxy derivatives increased it some 2- 
fold (range 1.1-3.2). 

The thymolytic potency of the steroids in- 
cluded in this study was increased in all 
cases by introduction of a double bond in 
positions 1 !2, 6~methy1, 9a-fluoro and the 
16~,17~-acetonide. Data in Table I1 demon- 
strate that an u hydroxyl group at  carbon 16 
depressed the action of corticosteroids by 
one-third. 

Discussion. Though not conclusive. these 
data suggest a possible means of predicting 
the effects of structural modifications on the 
biological activities of corticosteroids. Thus. 
introduction of a double bond at  positions 1. 
2 or 6~-methylation, or 16a, 17~-ketalization 
increases glycogenic and thymolytic activity 
2- to 3-fold. The presence of a 9a-fluoro 
group enhances activity 3 to 4 times. 160, 
Hydroxylated steroids were 0.3 to 0.4 times 
as efficacious as the nonhydrosylated parent 
steroids. 

In  comparing increments of biological ac- 
tivity, one has the impression that they are 
greater for either Al,  6~-methyl or 9a-fluoro 
substituents on hydrocortisone and 16~-hy- 
droxy hydrocortisone than on more complex 
substituted steroids. It is thus apparent that 
modification in biological activity induced by 
a specific permutation of the steroid is gen- 
erally dependent on presence of other activ- 
ity-influencing groups. 

Presentation of enhancement factors for 
numerous functional groups has previously 
been outlined by Fried and Borman(5). 
They have tabulated a series of enhancement 
factors, which, when multiplied by the bio- 
logical activity of the parent steroid, results 
in a numerical figure indicative of activity of 

T .4 HTIE I TI. Adrenocorticoid Activity-Enhance- 
ment Factors. 

Liver 
k'uiic+oii:il glycogen Thymus Anti-in- 

group deposition involution flammatory 

$)a- Fluoro 10 * 3.3 3.9 7-10" 
1 Ikhydro 3-4" 2.3 2.8 3-4* 
(ia- XI eth?.l 2-3 * 2.4 2.9 1-2 * 
1 h-Hydrosyl .4-.5* .4 .3 .l-.2 * 

* Fried aiicl Borinan (5) .  

the substituted steroid. Some of these en- 
hancement factors( 5 )  are presented in Table 
111 with those recorded in this publication. 

\\'ith the exception of the enhancement fac- 
tor for the 9a-fluoro substituent, the data are 
in agreement. 

Application of the indicated enhancement 
factors to steroids not possessing either 1 lp, 
1 7 ~  or 21-hydroxyl functions has not been 
fully studied. However, it has been recog- 
nized in this laboratory that ketalization of 
the 1 6 ~ ,  17~-hydroxy groups of 1 l-keto 
adrenocorticoids does not potentiate biologi- 
cal activity. 

Summary. The influence of 1,2 unsatura- 
tion, 6~-methylation, 9~-fluorination, 1 6 ~ -  
hydroxylation, and 1 6 ~ ,  17~-ketalization 
alone and in combination on glycogenic and 
thy moly tic activity has been simultaneously 
assessed in immature adrenalectomized rats. 
Good agreement between glycogenic and thy- 
molytic relative potencies was observed. Un- 
saturation at positions 1,2 or 6~-methylation, 
or 16~,17~-ketalization increased glycogenic 
and thymolytic activity 2- to 3-fold. Pres- 
ence of a %-fluor0 group enhanced activity 
3- to 4-fold. 16~-Hydroxylation reduced ac- 
tivity by to .%. 
I 

The authors are indebted to W. Pierce, E. Ryer- 
son, W. Cook and R. Steinhoff for technical assis- 
tance; to J. D. Haynes for statistical analyses; and 
to the Organic and Biochemical Research Sections for 
generous supplies of steroids. 
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Activity of a-Phenoxyalkyl Penicillins Against  Sensitive a n d  Resistant 
Staphylococci. (26655) 

A. GOUREVITCH, G. A. HUNT, J. R. LUTTINGER, C. C .  CARMACK, AND J. LEIN 
(Introduced by H. A. Feldman) 

Research Division, Bristol Laboratories, Syracuse, N .  Y .  

While studying the antimicrobial activity 
of a large number of synthetic penicillins, it 
became apparent that members of the a-phe- 
noxyalkyl penicillin series were displaying 
significant activity against penicillinase-pro- 
ducing resistant staphylococci. Preliminary 
microbiological data and methods of synthe- 
sis of a number of such penicillins have been 
reported(l,2). A detailed study was done 
on certain members of this series of penicil- 
lins using both sensitive and resistant staphy- 
lococci in an attempt to delineate the extent 
of the activity and relate some of the prop- 
erties of the penicillins to the structure. Com- 
parisons of these penicillins were made with 
penicillin G and dimethoxyphenyl penicillin, 
the f ormer being penicillinase sensitive and 
the latter extremely penicillinase resistant 
(3 ) .  Studies were also carried out to deter- 
mine the in vivo effectiveness of the different 
penicillins in curing penicillin-sensitive and 
penicillin-resistant Staphylococcus aureus in- 
fections in mice. 

Materials and methods. The penicillins 
used in this study were alkyl derivatives of 
phenoxymethyl penicillin substituted in the 
u position. The side chains of the penicillins 
studied are shown in Table I together with 
the side chains of controls, benzylpenicillin 
(penicillin G) and dimethoxyphenyl peni- 
cillin. The last was used as the monohydrate 
of the sodium salt. All the other penicillins 
were potassium salts. Benzylpenicillin (pen- 
icillin G )  , a-phenoxyethyl penicillin (phene- 
thicillin) , dimethoxyphenyl penicillin, and 
phenoxymethyl penicillin (penicillin V) were 
obtained from commercial sources, the first 
3 being Bristol Laboratories production lots, 

the last one a Lilly product. The other peni- 
cillins were synthesized by the Organic 
Chemistry Dept. of Bristol Laboratories. 

Cultures were maintained on porcelain 
beads(4), on nutrient agar slants, or f* ozen 
in milk suspension. The inoculum used for 
determination of the minimum inhibitory 
concentration was prepared by overnight in- 
cubation of a bead or a loopful from a slant 
culture in heart infusion broth. Standard 
2-fold serial dilution technics in heart infu- 
sion broth (Difco) or in heart infusion mixed 
1 : 1 with pooled filter-sterilized human serum 
were used. Usually, the overnight culture 
was diluted 104, but other dilutions were also 
used as noted below. Cultures for in vivo 
challenges were grown overnight in veal in- 
fusion broth. The challenge dose of Staphy- 
lococcus aureus, Smith strain, consisted of a 
dose of organism equivalent to 100 LDso or 
approximately 8 X l@ viable cells per 
mouse, suspended in 5% hog gastric mucin. 
The challenge dose of S. aureus, 1633-2 
strain, consisted of a dose of organism equi- 
valent to 50 LDS0 or approximately 1.1 )( 
l@ viable cells per mouse prepared similarly. 
This latter strain was isolated from clinical 
material and is a penicillinase producer. 

Penicillinase inactivation of the penicillins 
was determined by the method of Henry and 
Housewright ( 5). Acetone-ether treated 
staphylococcal cells prepared according to 
Gilson and Parker(6) from cells of the 52-75 
strain of Staphylococcus aureus were used as 
the source of penicillinase. The culture was 
induced for 3 hours a t  28°C on a rotary 
shaker with 100 pg/ml of benzylpenicillin 
added at 0 time, followed by a similar addi- 


