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precipitate was found in the rest of the tubular Summary. Gersh's ferrocyanide histo- 
system. chemical renal function technic, slightly modi- 

The method has also been used in the study fied, has been found useful in studying experi- 
of the renal injury produced by intravascular mentally produced renal lesions. In contrast 
hemolysis and by the injection of solutions of to the finding of Gersh that such preparations 
hemoglobin. These results will be reported in fade rapidly, these have shown no change 
detail subsequently. after 9 months. 
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A Dialyzable Medium for Cultivation of Group A Hemolytic Streptococci.* 

VINCENT P. DOLE, (Introduced by Homer F. Swift.) 
Prom the Hospital of the Rockefeller Iiiali l  rrtc f o r  3f.icrlico.l Resecwch., NCW York City. 

In the course of work with the filtrates of 
streptococcal cultures a need was felt for a 
purified medium capable of supporting abun- 
dant growth of the organisms. Synthetic media 
of the present day did not appear to meet the 
requirements fully since no one of these media 
is uniformly capable of supporting heavy 
growth of all pathogenic strains of interest. 
Ultimately such defined media should be suffi- 
ciently developed to supplant the procedures 
described in this report. 

Since it had previously been shown by 
Stock' that some toxin-producing streptococci 
are capable of growing on a medium contain- 
ing only dialyzable constituents, a trial was 
made with heart muscle extract and commer- 
cial peptone purified by preliminary dialysis. 
It was found that the medium made with 
these purified cons ti tuent s actually allowed 
more rapid and abundant growth in most 
cases than the standard Todd-Hewitt broth2 
of similar composition. The success of these 
efforts suggested that the medium might find 

* This investigation wns carried out under a 
contract betmccn the Rockefeller Tnstitutc for 
Medical Rcsearcli and the Commission on Llemolytic 
Streptococcal Infections, Board for the Investiga- 
tion and Control of Influenza and Other Epiclcniic 
Diseases in the Army, Preventive Medicine Service, 
OAice of the Surgeon General, United States Army. 

1 Stock, A. H., J. Immunol., 1939, 30, 489; 
J .  Biol. Chem.,  1942, 142, 777. 

2 Todd, E. W., and Uewitt, L. F., J. Path. and 
Bact., 1932, 35, 973. 

a wider use than had originally been contem- 

Preparation of the Purified Beef Heart 
Extract. Beef heart, after being stripped of 
fat and finely ground, is soaked overnight a t  
4 (1 in water,+ 250 cc per pound of meat. 
Following this infusion the mixture is heated 
to 85°C for 30 minutes. This amount of 
heating appears to be just ciifficient to coagu- 
late muscle proteins and to express intra- 
cellular fluid, yet suffiL-iently mild to spare 
most of the heat-liuile grcwth factors. A 
ten-fold reducticm in the quantity of meat 
required is mdde possible by this niinimal 
esposure to heat; with more violent extraction 
or with subsequent heat sterilization of the 
completed medium, a larger quantity of meat 
is needed 

At the end of the 30-minute heating period, 
the extract is filtered through fluted filter 
paper (supported under the point of the cone 
with cheese-cloth) and the juice expressed with 
a wooden masher, then cooled by immersion 
of the receiving flask in running water. The 
pink, slightly turbid filtrate, now about 300 cc 
per pound of meat, is introduced into cello- 
phane casings: each about one meter in length 
and suspended in the upper two-thirds of a 
suitable tall, narrow vessel against 2 vol- 

t No difference in the rate or amount of growth 
was observed when New York City tap water was 
comparcd with distilled water. 

t Visking Cellulose Sausage Casing, " NoJax' ' 
27/32. 

plafed. 

__- ~~ 
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TABLE I. 
Comparison of Commercial Pcptones. 

Order of Order of 
increasing Precipitate decreasing 

% pH of color of with value for Cost 
Brand dialyzable dialysate dialpsate phosphate growth per lb 

Pfanstiehl 
Difco proteose 
' ) nropeptone 
" bnctopeptone 
) ' tryptose ' ) tryp t one 

W ikon bacteriological 
Witte 
Fairc hild 

79 
63 
80 
89 
78 
85 
89 
55 
85 
-_ 

5.32 
6.80 
6.90 
7.28 
7.15 
7.18 
5.57 
6 70 
5.43 

B-Brown. Y-Yellow. "Not available. 

umes of water outside. After 12-18 hours 
dialysis a t  4"C, the outside water is replaced; 
this in turn is replaced after a similar interval 
for a third dialysis. In  this way an estimated 
90% of the dialyzable components are ex- 
tracted into a volume six times the volume 
of the original filtrate. 

If the pooled dialysate is not to be used 
immediately for media, it should next be con- 
centrated in vacuo (15-20 mm Hg) to about 
1/20 the volume. With care i t  may be possi- 
ble to avoid the use of an antifoaming agent 
in this process; if one is required, it appears 
preferable to make small additions of ethyl 
alcohol rather than the more toxic and per- 
sistent octyl alcohol customarily employed. 

On standing overnight in the ice box, this 
concentrate yields an abundant crop of 
creatine and creatinine crystals which may be 
removed by centrifugation and discarded. No 
difference could be detected in the quantity of 
growth supported by the medium when these 
crystals were eliminated from one pxtion and 
retained in another. 

The concentrate may be stored for a period 
of a t  least eight months, or longer, by freezing 
in plastic containers in a dry ice box or by 
freezing and drying in high vacuum. The 
latter procedure appears to be the one of 
choice, despite some difficulty in the drying 
due to the high salt content with resultant 
hygroscopic nature, since portions of the dried 
material may readily be weighed to meet the 
varied requirements of different experiments. 

A yield of about 8 g of the dried extract 
per 454 g (1 lb) of the original meat is 
obtained. Excellent growth is supported by 

1 
2 
3 
4 
5 
6 
7 
8 
9 
.~ 

$4.10 
6.00 
6.00 
4.85 
6.00 
4.50 
1.10 

it 

* 

1 g of this material per liter of medium, or 
with frozen preparations, a quantity repre- 
senting 1/8 lb of meat per liter. These quan- 
tities are at  least twice the minimum require- 
ments for optimal growth. 

In  Table I 
are listed various properties of different com- 
mercial peptones. I t  will be seen that there 
are wide differences in their capacities to 
support growth, in cost and in color, so that 
in any particular problem the choice must 
be governed by the relative weight assigned 
to these factors. I t  has, moreover, been 
observed (Fig. 1 )  that the different peptones 
cannot be consistently graded on the basis 
of growth rate and yield since their relative 
values in this regard are in part dependent 
on the particular strain of group A strep- 
tococcus employed. 

An experiment shown in Fig. 1 measured 
turbidimetrically the growth of 5 strains of 
group A hemolytic streptococcus in dialysate 
media made with 9 different commercial 
peptones. At zero time each tube, contain- 
ing 9 cc of medium, was inoculated with one 
loop of a 12-hour broth culture of organisms. 
Data are shown for the dialysate media (1 to 
9) and for the stock Todd-Hewitt medium2 
made with unpurified Pfanstiehl peptone. 

Of the peptones studied the 2 most use- 
ful for present purposes appear to be 
Pfanstiehl peptone and Difco Proteose. Both 
support excellent growth for all strains tested. 
The lower cost of the former recommends it 
for large scale uses in which economy is a 
more important consideration than freedom 
from colored impurities. These colored ma- 

Purification of the Peptone. 
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Growth of Vaoious Stpains of Group A Stpeptococci 
in Dialysate Media with Diffepent Peptones 
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terials can be reduced, but not eliminated, 
by repeated adsorption with charcoal at dif- 
ferent pH’s; what remain tend to persist 
through any subsequent fractionations of the 
culture fluid and may for this reason be 
found most objectionable. Proteose peptone, 
on the other hand, is initially of low color 
content and can be rendered almost colorless 
by charcoal adsorption of a 20% solution at 
pH 8.0. This step also removes the slight 
precipitate that sometimes develops at this 
alkalinity. 

As a consequence of the high calcium con- 
tent of neopeptone (Difco), the dialysate 
medium with this peptone becomes turbid 
after addition of the phosphate. If removed 
by preliminary filtration, the turbidity reap- 
pears during growth. 

For purification the peptone is dissolved 
in water at  80°C to make a 20% solution, 
to which activated charcoal about 50 g per 
liter is added; the mixture is held at  80°C 
with stirring for one hour, then filtered hot 
through soft filter pap:r with the aid of cuc- 
tion. The clear filtrate is then dialyzed in 
a manner similar to that of beef heart extract. 

After completion of dialysis, the pooled 
dialysate is adjusted to pH 8.0 and again 
adsorbed with charcoal 50 g per liter, over- 
night at 4°C. Fo’lowing removal of the 
charcoal by filtration, the solution may be 
concentrated for storaze by evaporation in 
vacuo, followed by freezing and dryinq. I t  
is desirable to prepare as large a quantity of 
the dricd purified peptone as possible in 
order to assure uniformity of experimental 
results. There appear to be uncontrolled 
variations in the qualities of different lots 
oi the same brand of commercial peptone. 

Preparation of the Complete Medium 
(Solid Content 2.3%). The following in- 
gredients per liter of ultimate volume are 
dissolved in about 900 cc of water, adiusted 
to pH 8.0 with approximately N/1 NaOH, 
and then brought to a volume of 950 cc.: 

Peptone: 1 5  g (or the dialysate from 20 g 
oi original peptone) 

NaCl: 2 g 
Na2HP04 (anhydrous): 0.5 g 
This solution may be heat sterilized with- 

out  impairment of the growth properties, al- 

though some undesired color and precipitate 
may be formed. 

Just before use, the medium is completed 
by addition of 50 cc per liter of final volume 
of the following mixture, sterilized by filtra- 
tion: 

Beef heart extract: 1 g (or the dialysate 
from 1/8 pound of meat) 

Glucose: 2 g 
(Volume adjusted to 50 cc, pH to 8.0 at 

NaHCOs: 2 g 
Since the whole medium filters a t  about 

the same rate as water, it might be preferred 
to sterilize entirely by filtration. In this 
case, all ingredients are dissolved in their 
final concentration (the bicarbonate again 
b2ing withheld until the pH is adjusted to 
8.0) and the lot filtered. 

In either case the medium should be in- 
oculated immediately after completion : oth- 
erwise the pH may rise to 8.5 or higher in 
a few hwrs from decomposition of the bi- 
carbonate. If delay in inoculation is una- 
voidable, the bicarbonate should be omitted 
and either added later or the pH during 
growth controlled by intermittent additions 
of 18 N NaOH. 

I t  has been found possible, althoueh not 
for our purposes advantageous, to combine 
the dried materia’s in the propcr proportions 
so that comp!ete medium may be formed 
merely by the addition of water. Such a 
procedure may be useful when it is neces- 
Earv to USE smsll amounts of a uniform me- 
dium at irregular intervals. 

Dkcussion. Strains C119/58/1 a n d 
Jl7F/38/1, shown in Fig. 1, were selected 
for study bxause they had been found by 
Pappenheimer3 to be the 2 most difficult to 
cu’tivate in the defined medium of Bernhei- 
mer, Gillman, Hottle and Pappenheimer.4 
Strains L)24/42/0 and J17D were included 
because they had been found by Wilson5 to 
require xanthine. Strain 5797 was currently 
in use for other purposes and was known to 

this point) 

3 l’:ippdieimer, A. M., pcrsonal communication. 
.i Bernheimer, *4. W., Gillman, W., Hottle, G. A., 

:uid Pnppenheimer, A .  M., J .  Bact., 1942, 43, 495. 
5 Wilson, A.  T., PRW. SOC. EXP. BIOL. AND MED., 

1945, 58, 249. 
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grow abundantly on stock media. With all 
5 of these strains HartmanG obtained light 
growth in the partially defined medium of 
Adams and Roe7 which, following 
had been supplemented with horse serum and 
xan t hine. 

The dialysate medium evidently contains 
growth factors not present in sufficient con- 
centrations in either of these semisynthetic 
media. No attempt has been made to frac- 
tionate the natural products further to  
elucidate the difference. 

A potential advantage for the dialpate 

0 Hartman, T., persons1 conimunic:Ltion. 
7 Adams, 15. H., and Roc., -4. 8.) J .  H o ~ l . .  l!U.i, 

49, 401. 

medium is the reduction in antigenic ma- 
terials otherwise introduced with unpurified 
peptone and beef heart. It was found by 
Todds that horse serum containing strong 
precipitating antibodies for some antigens in 
Proteose peptone failed to show any reaction 
with the corresponding dialysate medium. 

A procedure is described for 
preparation of a medium containing only 
2.3% solid material, all dialyzable. The me- 
dium has been found uniformly capable of 
supporting rapid and heavy growth of group 
A hemolytic streptococci. 

The author i s  indebted to Dr. Rebecca C. Lance- 
field and to Miss Dorothy Sloan for their criticisin 
and help. 

Summary. 
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Serum Levels and Excretion Studies in Mice Following Injection of a 
Penicillin-Albumin Complex. 

In a previous paper1 mention was made of 
the fact that penicillin administered intra- 
muscularly to mice in the form of a penicil- 
lin-albumin complex was eliminated more 
slowly than solutions of penicillin in water. 
Since the publications by Romansky and 
R i t t m a x ~ ~ ~ ~  have shown that penicillin sus- 
pended in peanut oil is excreted more slowly 
than solutions in saline and that when bees- 
wax is added, in concentrations by volume 
ranging from 0.75 to 676 ,  the rate of excre- 
tion is further reduced, it seemed of interest 
to compare the efficacy of a penicillin-al- 
bumin complex with suspensions of penicillin 
in oil and in oil-beeswax. 

In the studies to be described Method. 

1 Chow, B. F., and McKee, C. M., Science, 1945; 

2 Bomansky, X. J., and Rittman, G. E., ScCc?icc, 

3Romansky) M. J., and Rittman, G. E., Bull. 

101, 67. 

1944, 1.00, 196. 

17. 8. Army Med.  Dept., 1944, No. 81, 43. 

comparison of serum levels and rates of ex- 
cretion was made following intramuscular 
injection of an aqueous solution of a penicil- 
lin-albumin complex, suspensions of a cal- 
cium salt of penicillin in peanut oil and in 
peanut oil containing 2, 3 and 5% beeswax* 
and solutions of penicillin in distilled water. 

Since earlier studies on rabbits had shown 
that serum levels and excretion rates on in- 
dividual animals frequently varied widely, 
pooled serum and urine from groups instead 
of from individual animals were used. The 
method consisted of the intramuscular in- 
jection of penicillin in volumes from 0.2 to 
0.5 ml into groups of 30 to 80 mice. The 
dosage in different experiments ranged from 
20 to 400 Oxford units per 20 g mouse. 
For the excretion studies the first urine col- 

* Tlicse s ~ i s ~ ~ ~ ~ i i s i o n s  were kindly supplied by nr. 
A. E. ,Jurist, of Products Devclopment Laborn- 
tories of E. 12. Squibb & Sons. The suspensions 
were made 011 ;I weight volume basis from corn- 
mcrci:i.l pcnicillin. 


