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TABLE 11. Adrenal lkprcssaiit Activity of 6-3fc~tlryl:itctl Steroids iii Bats. 

hdrciial 
~ o l ~ l p o u l l ~ l  Test L)OSP (iiig) S Wt (rng ) 

Oil 1 
2 

Progesteroiie 1 
lia-CH,-Progesterorie 2 
6;-CH,-Ci-Dehyilroprogesteroiic 2 
1 i-AcrtoxgproffestcrorIc 1 
B~-(:H,-l7-OAc-Progesterone 1 

6 -CH,-G-D eligdro- 1 7-O Ac-prog . 
1 
1 

Ci-~~H,-~i-T>eli~dro-li-OAe-21-fluoropro. 1 

- 

- 

1 
1 
1 
1 

1 
1 
1 

.3 

8 
6 
8 
5 
6 
8 
9 
8 
8 
9 

50. 
59.1 
53.8 
33.4.'. 
53.5 
57.4 
34.84 
232*  
23.2.: 
20.6% 

* Mean differs siaiiificaritlv froin mean of simultaneous oil-treated controls (P < . O l  ; Wil- 
coxoii Rank Suin Tcs't). 

pound reduced activity while having no effect 
on activity of the 17-acetoxyprogesterone 
form. Since several active progestins lack 
adrenal depressant activity it appears that the 
2 activities are not directly related. 

Summary. Progestational, estrogen-antago- 
nistic and adrenal depressant activities of a 
series of 6-methylated steroids was deter- 
mined. Generally, introduction of a 6a-methyl 
group increased potency olver the parent com- 
pound ; 6/3-methylatim of 1 7-acetoxyproges- 
terone increased potency to a lesser extent. 
When the configuration of the 6-methyl group 
was neither u nor p, potencies generally were 
about the same as or slightly less than the 
6a-methylated form. Exception to this was 
6 - methyl - 6-dehydro- 17-acetoxyprogesterone 
which had high oral potency. Adrenal depres- 
sioln was noted following 6-methylation. 
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Serum Levels After Single Oral Doses of 6- (a-Phenoxypropionamido) 
Penicillanate and Penicillin V.* (25450) 

CLARKE G. MCCARTHY, HANS A. HIRSCH AND MAXWELL FINLAND 
Thorndike Memorial Laboratory,  Second and Four th  (Harvard )  Medical Services, 

Bos ton  C i t y  Hospital  and Dep t .  of Medicine,  Harvard Medical School, Mass.  

Isolation of 6-aminopenicillanic acid by ways. One such new synthetic penicillin is 
Bachelor et  al. ( 1)  has made possible the 6 - (a-phenoxypropionamido) penici1lanate.t 

*Aided by grant from Nat. Insts. Health. tablets consisted of a mixture of the d- and 1- isomers. 
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T h e  present paper deals with controlled corn- 
Imrison of levels of antibacterial activity re- 
hul t ing in seriinl f r o m  ey~iivalent oral doses of  

t hi 7 (’on1 ) u n t l  ;I t i(  1 ( ,f 1 1  hen( rly riiet hy 11 )en ic i I -  
I i r i  (1)enic.illiii \ ‘ ) .  

Mutcr iu ls  u d  mcthods. The synthetic 
penicillin, which will be referred to in the 
Tables as S. was supplied as potassium salt 
by Bristol Labs as 1’1 5 2 .  both as sterile pow- 
der and as tablets. each containing 26s nig. 
I’otassium phenosytnethyl penicillin ( penicil- 
lin IT) was supplied as powder and as tablets 
containing 250 mg of penicillin IT by Eli Lilly 
& C‘o. Each tablet contained the equivalent 
of 144 mg of 6-aminopenicillanic acid. The 
10 subjects of this study were healthy young 
men weighing 64-95 (av .  7 5 )  kg. Each was 
given. in rotation, 2 tablets of each of these 
forms of penicillin before or immediately after 
breakfast with interval of 3 or 4 days between 
doses. Because of an  error in coding. all of 
subjects repeated the first 2 rotations so that 
each subject received 6 doses. of which 2 were 
duplicates; the 2 forms were thus given before 
or after breakfast twice to each of 5 subjects. 
’C’enous blood was obtained before. and again 
1, 2 ,  4, 8 and 12 hours after each dose: those 
given the dose on a fasting stomach took 
breakfast after the 2-hour blood. Serum was 
separated as soon as possible and each speci- 
men was stored in 2 tubes, kept frozen a t  
-20°C: until assayed. All specimens in each 
patient were assayed simultaneously by the 2- 
fold dilution method in beef heart infusion 
broth (pH 7 . 2 ) ,  using both Streptococcus 98 
and Staphylococcus aureus 209P. Sensitivity 
of these strains to 3 forms of penicillin is 
shown in Table I. Equal parts of a 10 dilu- 
tion of an 18 hr broth culture were added to 
serum dilutions and incubated a t  37°C for 24 
hours. Results of these tests are expressed as 
maximum number of 2-fold dilutions of se- 
rums which completely inhibited the test or- 
ganism. Total activity resulting from each 
dose was estimated from the area under the 
curve of penicillin levels and expressed as dilu- 
tion hours. All second tubes of serum were 
delivered under code and in the frozen state 

3 These assays were carried out by Clare Wilcox 
- 

and Joan H. Yarrows. 

to the Bristol Labs, where they were assayed 
1 1 ~ 7  the cup-plate, agar-diffusion method using 
Sarrinu lutra (ATCC 9341) as assay organ- 
imi ( 2  ’). Results of these tests were compared 
with standards of both penicillin V and of 
1’152 and expressed as pg/ml of each agent, 
and total activity from each dose was esti- 
mated from the “area” under the blood level 
curve and expressed as pg-hrs. 

Resu l t s  of all assays (excluding those of the 
second of the same doses given each subject) 
are summarized in Table IT. All colntrol se- 
rums obtained before the doses and all serums 
drawn 8 and 12 hours after the doses yielded 
no detectable levels. Average levels obtained 
by any of the 3 methods with each form of 
penicillin given after breakfast did not differ 
significantly from those obtained when the 
same tablets were given on a fasting stomach. 
Likewise average peak levels oibtained from 
nearly all closes were quite similar, the olnly 
statistically significant differences being in the 
antistaphylococcal and antistreptococcal ac- 
tivity derived from penicillin V taken fasting, 
which were higher than those obtained from 
1’1 52 taken after breakfast. Total antistrep- 
tococcal and antistaphylococcal activity pro- 
duced in serum by penicillin V after a meal 
was also significantly greater statistically than 
that of the synthetic form given either before 
or after breakfast, and antistaphylococcal ac- 
tivity of serum resulting from penicillin V 
after the meal was significantly greater than 
that obtained from P152 after the meal. The 
4-hr levels after the fasting dose of PI 52 were 
significantly lower than a t  the same interval 
after penicillin V given either fasting or after 
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TABTJE 11. Seriini Levels after Oral Doses of Penicillin V and 6- (~-Phenosypropioiiam2mido) 
Penicillanute in Relation l o  Food. 

A. Antistreptococcal arid antistaphylococcal activity 
Avg No. of 2-fold illhibiting dilutions 

of serum $ 
Avg total 

8 lir activity, t 
Assay organism Dose” 1 Irr 2 hr 4 hr Peak dilution-hr 

Strep. 98 V b 8.1 6.8 3.9 
Sb 7.7 6.5 2.8 
Va 7.5 6.9 4.6 
Sa 7.3 6.3 3.7 

Staph. 209P 7% 6.9 5.5 2.3 
Sb 6.8 5.1 .4 
Va 6.6 5.6 3.1 
Sa G.4 5.2 1.7 

Sign ificmr 1 d i f~rrv , cc . s  
Strep. 98 Peaks Vb-Sn (P <.ow Staph. 209P 

T o t d  activity Va-Sb ( P  <.01) 
Va-Sa  (P <.05) 

4 hr level Vh-Sb (P C.05) 
Va-Sb (P <.01) 

8.2 30.4 
7.7 25.9 
7.7 32.3 
7.5 27.7 
7.1 21.9 
6.8 15.7 
6.8 24.3 
6.4 19.2 

Peaks Vb-Sa (P <.02) 
Total activity Vb-Sb (P <.02) 

Vs-Sb (P < . O l j  
Va-Sa (P <.05) 
Vb-Sb (P <.02) -1. br level 
Vkt-Sb (I? <.Or! 

E. Scruin levels based on  pcnicillin standards iii cup-plate diffusion method 

Avg total 8 hr 
Penicillin standard” Dose* 1 lir 2 hr 4 hr Peak activit;y,t pg-hr 

-pg/ml of serrim (avg j $7 

breakfast. No differences in levels obtained 
by the cup-plate diffusion method, however, 
achieved statistical significance. 

The validity of the comparisons is attested 
by results of duplicate tests done after the 
subjects had taken the same tablets on dif- 
ferent occasions. Average results of these 
duplicate tests, each done in 5 subjects, are 
remarkably similar, and the same was true of 
assays of the corresponding individual serums. 

Corwwmt. These crossover studies indicate 
that the new synthetic penicillin and peniril- 
lin lr are absorbed in a remarkably similar 
manner and degree and that these forms of 
1)enicillin yield quite coniparable serum levels 
when given in the same manner to the same 

individuals a t  different times. The differences 
noted, although some of them were statisti- 
cally significant, are not likely to be of clini- 
cal importance. 

Other observations not detailed here have 
indicated some differences in susceptibility of 
a number of strains of staphylococci to these 
2 forms of penicillin and to1 penicillin G, but 
these differences, too, are not large enough to 
be of clinical importance, and, for the most 
part, are olf the same order of magnitude as 
those shown in Table 1. 

Synthetic ~~enicillin is also inactivated hy 
])eiiicdlinase. 11-1 our tests 194 strains of peni- 
cillinase-producing staphylococci and 3 5 
which did not produce penicillinase were 
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streaked on the surface of agar inseminated noxymethyl penicillin are absorbed in essen- 
with Sarcina lutea and containing PI52 in ex- tially the same manner in no'rmal men and 
cess of minimum inhibiting concentration of produce comparable levels of antibacterial ac- 
the latter, in a modified Gots test for penicil- tivity in the serum. Both of these penicillins 
linase( 3 ) .  Colonies of Sarcina developed are qualitatively similar to penicillin G in 
around the surface growth of all the penicil- their suscepti~bility to penicillinase produced 
h a s e  producing strains of Stuphylococcus by Staphylococcus aureus. 

in similar plates in which penicillins V and G 
were used, indicating that all 3 of these peni- 
c i h s  are a t  least qualitatively similar in their 
susceptibility to penicillinase activity. 

pionamido) penicillinate and potassium phe- 

cIul'ezfs in these plates in the same manner as 1. Bachelor, F. R., ~1 al., ATature, 1959, v183, 257. 
? ,  D, c,, Randall, w. A., Assay Me thods  

-1jrtibjotics: A ~ a b o r a t o r y  Manual, Medical En-  
c?clopedia, Inc., S e w  York, 1955, p31. 

3 .  Haight, T. H., Finland, M., A m .  J .  Clin. Path., 

P.S.E.B.M., 1960, v103. 
Conclusions. Potassium 6-  (a-phenoxypro- 19.52, v22, 806. 

~ _ _ _ ~  _ _ _ _ - ~ - - _ _ _ -  
Rcceived October 29, 1959. 
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Previous reports ( 1-5) indicate that the 
metabolic pattern as well as urinary and se- 
rum levels of \'it. BIZ may differ according to 
the disease state in question. such as perni- 
cious anemia (6-8 ) , liver disease (9- 1 1 ) , mye- 
Iogenous leukemia( 12-13) ~ diabetes mellitus 
(14-15) and others. Since Yit. B,, has been 
implicated in metabolism of proteins, carbo- 
hydrates, fats and nucleic acids. it is not too 
surprising that alterations in its disposition by 
the body in diverse disease states have been 
observed. Vit. BIZ has been also implicated 
with multiple sclerosis (MS) because of the 
beneficial effect of Vit. BIZ in preventing and 
even reversing the demyelinizing effects of 
pernicious anemia. For this reason, treat- 
ment of MS with large doses of Vit. B,, 
has been investigated in many clinics with 
variable results( 16-18). It is, therefore, of 
interest to ascertain (1 )  whether there are bio- 
chemical signs of Vit. BI2  deficiency in sub- 
jects with 11s by measuring \-it. BIZ serum 

* The authors appreciate the Cobalt"" labeled vit. 
B,, kindly suppIied by Dr. Charles Rosenblum, 
Merck & Co., Rahway, N. J .  

Pines, Fla. 

____--- _ _ _ _ ~ _ _ _  -____ 

t Present address: Veterans Admin. Center, Ba\. 

levels and glutathione (GSH) contents in the 
erythrocytes and ( 2 )  to determine whether 
such patients can handle orally or parenterally 
administered Vit. R y 2  as the clinically healthy 
subjects. 

MateiTials and methods.  The Vit. BIZ con- 
taining C'oba1t"O had a specific activity of ap- 
proximately 800 pc/mg for urinary excreti; 
studies. Preparation of "resting" cells olf Lac- 
tobaci l lus leichmannii ATCC 4799 has been 
described (9) .  Serum. Whole blood was o,b- 
tained by venipuncture from fasting patients. 
Serum obtained by centrifugation was stored 
in frozen state until assayed. Serum Vit. B I Z  

levels were determined according to the meth- 
od of Skeggs, et a L ( 2 0 ) .  V i t .  B l d  absorption 
test. T o  estimate absorption of orally admin- 
istered Vit. By2, the Schilling procedure( 6) 
was modified. The details have been pub- 
lished elsewhere ( 19). Glutathione in erythro- 
cFtes. Determination of GSH in red blood 
cells was carried out in duplicate aliquots of 
0.5 ml of blood cell suspension by the nitro- 
prusside test as modified by Grunert and 
Phillips( 2 1 - 2 2 ) .  Urinary excretion test .  To 
determine amount of injected Vit. BI2 re- 


