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The activity of penicillin toward experimental in- 
fections of mice with Borrelia formed the basis fo r  a 
rapid i* vivo assay method of penicillin used i n  this 
laboratory during the last two years. 

I t  was found that a single subcutaneous injection 
of 15,000 or 25,000 units penicillin G/kg. (dependent 
on the strain of Borrelia used) administered to mice in 
the active multiplication phase of the spirochetes in  
the blood decreased the number of spirochetes gradu- 
ally, until almost all parasites had disappeared within 
3 hours. This reduction of parasites remained con-
stant fo r  a t  least 20 hours; the ratid of the 3-hour 
value to the 20-hour value was 1.0 or not higher 
than 1.1. -

Reoent observations by Eagle and Musselman (2) 
and Coghill, Osterberg, and Hazel (I) showed that 
penicillin K was considerably less active i n  vivo (rab-
bit syphilis, streptococcal and pneumococcal infec-
tions) than penicillin G and produced very low blood 
levels. I n  experimental Borrelia infections of mice 
penicillin K1 was found to be much less active than 
penicillin G :  subcutaneous treatment with doses of 
15,000-50,000 units/kg. was without effect; a tem-
porary reduction of the number of parasites in  the 
blood was observed after administration of 100,000 
un i t spg .  

These findings seemed to indicate that the i n  vivo 
assay with Borrelia might be useful for  the determina- 
tion of penicillin K in mixture^.^ 

Experiments were carried out with artificial mix- 
tures of crystalline penicillin G sodium salt (supplied 
by M. W. Goldberg and W. E.  Scott from the Roche 
Chemical Research Laboratories) and crystalline peni- 

(about per cent pure K, prepared On a 
weight basis. The unitage of the mixtures was calcu- 
lated On the basis of 1,666 units/mg' and 2,000 

1 We are indebted to Charleg Pflzer and Company for the - .  
penicillin K employed. 

2 In a recent publication by J.Williamson and E. M. Lourie 
( ~ r d t .med. J., 1946, 828-829) evidence is brought forth that 
penicillin I11 (=X )  i s  also less active in Borrelia infections 
than penicillins F and G. 

units/mg. K and then checked by the cup test method. 
The figures for  the potency in  vitro, fo r  which we are 
indebted to B. Tabenkin and G. Fels, were in  close 
agreement with the calculated value's, showing an occa- 
sional variation of not more than 5 per cent. 

Tests were carried out with a strain of Borrelia iso- 
lated from Or~ithodorus turicata in  this laboratory 
about- four years ago and with the laboratory strain 
of Borrelia novyi (kindly supplied by Q. M. heiman, 
of Harvard Medical School). The latter strain was 
somewhat less sensitive toward penicillin than the 
younger strain isolated from ticks but produced con- 
sistently more severe infections. Only the results 
with this strain are presented. 

PROCEDUREV 

Albino mice of 16-21 grams were infected intra-ab- 
dominally with 0.5 cc. of a suspension of mouse blood 
containing 8-10 parasites/microscope field (dark-field 
illumination ; approx. ,600 lin. magnification), corre-
sponding to approximately 30,000 parasites/mm3. 

The infected animals showed a well-developed in- 
fection of the peripheral blood after 22-24 hours. 
The initial count was 700-900 parasites/100 fields. 
Infections with less than 400 or more than 1,500 para- 
sites/100 fields seemed to be less suitable fo r  this type 
of experiment. 

The animals, divided into groups of five, received a 
single subcutaneous injection of 25,000 uni tspg. ,  using 
the solutions of the pure penicillins or their mixtures. 

Counts were originally taken every hour up  to 3 
hours and after 20 hours. Since experience indicated 
that the decisive values were obtained 3 hours and 20 
hours after the treatment, we confined ourselves to 
determining the number of parasites a t  these two in- 
tervals. The actual counting was done by dark-field 
microscopy. I n  cases of heavy infections i t  seemed 
sufficient to count 10-20 fields, but if the number of 
parasites was very small, 60-100 fields had to be ex- 
amined. 

RESULTS 

The results as given in Table 1are based, without 
exception, on at least six but generally more (up to 
20) experiments. Due to the scarcity of penicillin K 
a t  OUT disposal fewer experirnents were ~ e r f o r m e d  in 
which larger doses of K were required. 

The figures representing per cent reduction from the 
initial count show that the activity of penicillin was 
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very consistent and produced an almost complete re-
duction of the number of' parasites fo r  20 hours. 
Penicillin K,  on the other hand, was of very low ac-
tivity even if a four  times higher dose was given. The 
presence of 30 per cent penicillin K in mixtures of 
G and K was evident not only by the lower initial re-
duction but especially by the increase of parasites 
after 20 hours. The ratio t 3 : t 20 was in all instances 
greater than 1.1. I f  50 per cent K were present i n  

TABLE 1 
ASSAYOB PENICILLINSG AND I( AND MIXTURESOF G AND K 

I N  B. %08yf INBECTIONSOF MICE 
(Initial count/100 fields : 798 rt: 160 ; single subcutaneous 

treatment) 

Penicillin Dose Reduction from initial 
parasite count ( % ) Ratio 

units/kg. t 3 : t 2 0  
% Q  % K  t 3* t 20t 

* 3-hour interval. 
t 20-hour interval. 

the mixtures, a still greater drop in activity was ob-
served. I n  the untreated controls the number of para-
sites increased steadily and was generally 50-100 per 
cent higher after 3 hours and three to five times 
higher than the initial count after 20 hours. Similar 
results were obtained with the other Borrelia strain. 

From these experiments the conclusion was drawn 
that 25,000 units/kg. of a penicillin containing more 
than 70 per cent penicillin Gt would reduce the initial 
number of B,  novyi by not less than 95 per  cent 
(usually more) within 3 hours, the reduction lasting 
20 hours. 

Although there are indications that this in, vivo 
assay technic might be developed. to a method of 
higher sensitivity, i t  seems that approximately 30 
per cent K could be determined in a mixture of active 
penicillins with the present procedure. 

Routine assays with penicillin mixtures from pro-
duction batches demonstrated that the Borrelia test* 
carried out with crystalline Gt and an artificial mix-
ture of 70 per cent G and 30 per cent K as standards 
was sufficiently sensitive fo r  practical purposes, e.g. 
fo r  the study of the influence of precursors. 

Whether the in vivo assay will be preferable to the 
differential assay with Bacillus subtilis R and Staphy-
lococcus aureus ( 3 )  f o r  the purpose of production 
control cannot 'yet be decided. I n  case of artificial 
mixtures there was a fairly good agreement of the 
in vitro and in vivo determinations. 

The question arose whether other in, vivo assay 
methods, e.g. with bacterial infections, could be used 

for  the determination of penicillin K. The low ac-
tivity of penicillin K in pneumococcal and strepto-
coccal infections as demonstrated by Eagle and Mus-
selman ( 2 )  seemed to suggest such a possibility. I t  
may be seen from Table 2 that the presence of 50 per 
cent K in  a n  artifiOia1 mixture of pure penicillins 
could easily be detected; the presence of 30 per cent 
K did, however, not interfere 'sign3cantly with the 
antibacterial activity. 

TABLE 2 
ACTIVITYO F  PENICILLINSa AND I( AND THEIR MIXTURESI N  

BXPERIMENTALINFECTIONSOF MICEWITH 1,000 MLD 
OF TYPE1PNEUMOCOCCI(STRAIN6301) AND 8-HEMO-

LYTIC STREPTOCOCCI(STRAIN#4) 

Penicillin Number of Survi-%i/dzg"e Organism mice vors 
% Q  % K  survivors ( % ) 

100 0 3,000 type1 . 20 
pneumococci

75-70 25-30 3,000 10 
50 .  60 3 000 10 
25 75 3'000 10 

0 90 6'000 10 
12:ooo 

O Controls 
10 . . . a  20 

100 0 1,000 8-hemolytic 10 9 90 
streptococci

70 30 1000 10 7 70 
1'000 

50 50 coitrols 
10 4 40 . . . . 10 0 0 

Even if it would be possible to increase the sen-
sitivity of an in vivo assay method in bacterial infec-
tions sufficiently fo r  the determination of smaller 
quantities of penicillin K ,  these methods would always 
require a t  least a five-day observation period before 
a defhite result' could be obtained. 

The advantage of the Borrelia assay technic is that 
it  requires no more time than the in vitro methods. 
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Apparatus for the Prolonged Sterile 
Culture in Vitro of Whole Plants 
or Excised Plant Tissues 
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An apparatus f o r  prolonged sterile culture in vitro 
of whole plants o r  excised plant tissues should meet 

Research offlcer Agricultural Research Council, Great 
Britain, and visitin'g investigator, The Rockefeller Institute 
for Medical Research. 


