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in the histamine-phenomenon. Studies in prog- 
ress are emphasizing phosphorylase b as a 
possible site of adrenergic blockade. 

Summary. The injection of 3’,5’-AMP elic- 
ited an increase in blood glucose concentra- 
tion of both the CFW and CFI strains of mice 
and had no effect on the histamine sensitivity 
of either strain. Administration of 5’-AMP 
was followed by hyperglycemia and histamine 
hypersensitivity in the CFW mice; the CFI 
animal was unresponsive to 5’-AMP in terms 
of both phenomena. 

The excellent technical assistance of Mrs. Brenda 
O’Rryan is gratefully acknowledged. 
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Pyelonephritis in the Mouse. 111. Therapeutic Experiments (32904) 

FLORENCE K. FITZPATRICK AND JOHN BLADZINSKI 
Merck Institute for  Therapmtic  Research, Rahway ,  N e w  Jersey 07065 

As part of our study of pyelonephritis in 
mice we have investigated the therapeutic 
effects of agents used to treat the disease in 
man and have explored the possibilities of 
serotherapy. 

Methods. The strains of Proteus m’rabilis 
and Pseudomoms aeruginosa were those used 
previously as were the techniques for infec- 
tion and kidney culture (1) .  The following 
therapeutic agents were tested: strqtomycin, 
neomycin, kanamycin sulfate, nalidixic acid, 
3,4-dimethyl-5-sulfanilamidoisoxazole ( Gan- 
trisin) , 2-sulfanilamidopyrimidine (sulfadiaz- 
ine) , Ampicillin, penicillin G, polymyxin, 
oxytetracycline (Terramycin) , D-4-amino- 
3-isoxazolidone (Oxamycin) , and chloram- 
phenicol (Chloromycetin) . Antibiotics were 
given by the intraperitoneal (i.p.) or subcu- 
taneous (s.c.) route, chemical agents by the 
i.p. or oral (p.0.) route. Many different sched- 
ules were tried. I n  some experiments chemo- 
therapeutic treatments were begun from 1 to 5 

days after i.v. infection and given for 5 or 7 
days, in 2 doses on weekdays, one half daily 
dose on Saturdays and Sundays. In other 
tests a one dose i.v. treatment was adminis- 
tered 1 hour after challenge. Mice were 
sacrificed from 1 to 7 days after discontinu- 
ance of therapy. The sources of materials 
used in serotherapy tests were: (i) pooled 
serum from mice that had survived i.v. chal- 
lenge with P. mirabilis or Ps. aeruginosa 
( M S ) ;  (ii) serum from rabbits that had 
received 3 i.v. doses of formalin killed organ- 
isms (RS) ;  and (iii) commercial human 
gamma globulin (GG). For therapy, immune 
serum and GG were given by various routes 
in 1 or more 0.25 ml doses before or won 
after i.v. challenge. Kidney cultures were done 
a week after infection. 

Results. Chemotherapy experiments. In 67 
chemotherapy tests in which duplicate sets of 
10 controls were employed, the percentage of 
positive kidney cultures was identical 32 
times, differed by 10% 25 times, ,and by 20% 
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5 times. In 5 instances, the difference was 
30% or greater. In the latter case, experi- 
ments were considered unsatisfactory. If in 
treated mice the percentage of positive kidney 
cultures was 30% less than in controls, the 
results were considered encouraging enough 
to warrant further testing. 

When therapy was initiated 5 or even as 
soon as 3 days after i.v. infection with P. 
mirabgis or Ps. aeruginosa, continued for 5 
days and the kidneys cultured the third day 
after treatment was discontinued, only strep- 
tomycin, neomycin, and kanamycin reduced 
kidney infectiousness. The other agents tested 

TABLE I. Effect of Sulfadiazine Therapy Begun 1, 3, or 5 Days after Infection. 

Day 
Mouse Doseb Kidney Positive t.herapy Day of No. of 
group" (mg/day) clamage (%) cult,ure (yo) began" sacrifice" Infection mice 

1. Treated 
Controls 

2. Treated 
Controls 

3. Treated 

Controls 

4. Treated 
Controls 

5. Treated 
Controls 

6. Treated 

Controls 

,, 

1 9  

10.0 
- 

10.0 
- 

10.0 
5.0 

5.0 
- 

10.0 
- 

10.0 
2.5 

20 
50 

20 
40 

29 
10 
3 i  

3 0 
30 

35 
35 

33.3 
16.7 
74.0 

70 
9 0 

70 
60 

33 
50 
82 

4 0 
40 

45 
70 

16.7 
36.7 
'77.8 

+ 5  
- 

+ 3  
- 

+ 3  
- 

5 
- 

3 
- 

1 
1 
- 

5 
- 

3 
- 

1 
1 
- 

10 
10 

10 
P. niirabilis 10 

20 
10 
18 

10 
10 

20 
Ps. aeruginosa 20 

30 
30 
27 

Groups 1, 2, 4, and 5 : 5 days' therapy ; Groups 3 and 6 : 7 days' therapy. 
Divided in  2 doses on weekdays; 0.5 daily dose Saturdays and Sundays. 

Mice sacrificed 1, 3, or 5 days after cessatiai of therapy. 
"i.e., day after i.v. infection. 

TABLE 11. Effect of Polymyxin Therapy Begun 1, 3 or 5 Days after Infection with 
Ps. aeruginosa. 

Day 
Dose Kidney Positive therapy Day of No. of 

Group" (pg/day) I ,  damage ("/'o) culture (%) began" sacrifice mice 

1. Treated 50 
Controls - 

2. Treated 100 
Controls - 

3. Treated 250 
Controls - 

4. Treated 250 
Controls - 

4 0 
35 

10 
30 

35 
50 

10 
55 

50 
45 

30 
50 

50 
55 

10 
55 

+ 5  3 20 

+ 5  3 10 
- 10 

3 20 
20 

+ 3  

+1 1 20 

- 20 - 

- 

- - 

- 20 - 

Groups 1, 2 and 3: 5 days' therapy; Group 4 :  7 days' therapy. 
Divided in  2 doses weekdays; 0.5 daily dose Saturdays and Sundays. 

Mice sacrificed 1 or 3 days after (~cssa.t,ioii of therapy. 
"i.e., day after i.v. infection. 
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(enumerated under “Methods”) that might the treatment schedules were too rigorous. 
have been expected to be beneficial showed When treatment was begun 1 day after 
little if any favorable effect indicating that infection, continued for 7 days, and the mice 

TA T31,E I T I. Eff c1c.t of S t  rpptornyc.in Trcii tnieiit o i l  Pycloiicphritis. 

I ) .  niirabilis 1’s. wrrr,q iir osci 
--___ l>ap 

Dose/ therapy Kidiiep Positive S o .  of I< i tl iicy Positive No. of 
Groupa (layb begaiic damage (%) culture (%) mice tlaniage (%) culture (%) inice 

1. Treated 
(:ontrols 

2. Treated 
Controls 

3. Treated 
Controls 

4. Tre:itctl 
Controls 

5. Tre:rt~tl 
Coiit rols 

0. Treated 
Controls 

10.0 +5 
- - 

10.0 + 3  
- - 

5.0 + 3  
-- - 

10.0 + 1  

5.0 +1 

2.5 +1 

- - 

__ - 

- - 

20.7 
43.5 

8.0 
43.3 

6 . i  
40.0 

5.2 
55.2 

c r  I .*I  

44. i  

22.2 
61.1 

20.7 
GO.O 

13.8 
6i.0 

16.7 
5ti.7 

12.1 
72.4 

16.9 
79.1 

33.3 
72.2 

29 
3 0 

8 i  
88 

30 
3 0 

58 
58 

8 0 
no 
18 
18 

14.8 
45.0 

1 ’7.i 
3fi. i  

25.0 
5o.n 

n 
4 i .4  

10 
(i0 

20.6 
47.2 

11.1 
35.0 

20.0 
57.1 

15.0 
40.0 

10.0 
5S.(i 

15.0 
65 

5.5 
52.2 

27 
20 

45 
49 

20 
20 

20 
1 9  

50 
70 

28 
98 

a Groups 1-3 : 5 days’ therapy, mice sacrificed 3 days ‘after last dose; Groups 4-6 : 7 days’ tlierapy, 
mice sa.crificed 1 day af te r  last dose. 

‘ i.e., day a f te r  i.v. infection. 
Divided in  2 doses weekdays; 0.5 ciailg dose Saturdays aiitl Siiii(1ags. 

TAR1,E IV. Effect of Seoinyciii Treatnient 011 Pyeloncphritis. 

1’s. acrzrginosn P. ?tiirabilis ‘ 
-_- now Thy 

Mor~sc (iiig/ t.1iw:ip.v Kitliicy Positive No. of K i tl iicy Positive S o .  of 
group“ &IF)’’ heg;iiir d;ini:ige (%) cultiirch (%) niice (1:iiii:ige (%)  ciiltrirc (%) inice 

1. Treated 5.0 +5 
Controls - - 

2. Treated 5.0 + 3  
Coiitrols - - 

3. Treated 2.5 + 3  
Controls - - 

4. Treated 1.25 + 3  
Controls - - 

5. Treated 5.0 +1 
Cont.rols - - 

6. Trc:itcd 2.5 +I 
Controls - - 

20.0 
50.0 

3.3 
35.0 

10.0 
40.0 

20.0 
30.0 

40.0 
55.0 

20.0 
40.0 

10.0 
90.0 

0 
5.5.0 

10.0 
55.0 

15.0 
55.0 

5.0 
75.0 

10.0 
G 0 . O  

10 
1 0  

30 
20 

20 
20 

20 
20 

20 
20 

1 0  
10 

10.0 
50.0 

23.1 
65.0 

10.0 
45.0 

40.0 
70.0 

0 
45.0 

25.0 
4 i . 3  

0 
30.0 

11.5 
70.0 

0 
40.0 

50.0 
‘70.0 

0 
30.0 

20.0 
52.6 

10 
10 

26 
20 

20 
2 0 

20 
20 

1 0  
20 

20 
19 

a Group 1 : 5 days’ therapy, mice sacrificed 5 days a f te r  last dose ; Groups 2, 3, and 4 : 5 days’ therapy, 
mice sacrificed 3 days a f te r  last dose; Groups 5 and 6 :  7 (lays’ therapy, mice sacrificed 1 clay a f te r  last 
close. 

’ Divided in 2 doses weekdays; 0.5 tliiily tlose 8aturtl:tys :iiitl Siiiidnys. 
i.e., day a f te r  j.v. iiifwtion. 
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sacrificed 1 day after cessation of therapy, 
sulfadiazine (in both infections), and poly- 
myxin (Pseudomonas only) reduced the num- 
ber of positive kidney cultures. The other 
agents did not. The increased sensitivity of 
this treatment schedule with sulfadiazine and 
polymyxin is illustrated in Tables I and 11, 
where it may be noted that only when 
treatment was begun 1 day after infection 
and continued for 7 days was there good 
reduction in percentage of positive kidney 
cultures. Streptomycin, neomycin, and kana- 
mycin, on the other hand, were effective 
agents when treatment was delayed beyond 
the first day (Tables 111, IV, and V ) .  Table 
I11 depicts the effects of streptomycin at  3 
dose levels on kidney damage and infection in 
mice treated for 5 to 7 days b n n i n g  the 
fifth, third, or first day after infection. Neo- 
mycin (Table IV) reduced kidney damage 
and the number of positive cultures obtained 
at  each of the 3 dose levels used whether 
therapy was instituted 1, 3, or 5 days after 
infection. Kanamycin treatment for 5 days 
which began 3 days after i.v. infection, also 
resulted in a reduction of gross damage and 
positive cultures in mice sacrificed 3 days 
after cessation of therapy (Table V )  . Earlier 
treatment and sacrifice did not alter greatly 
the results obtained with these 3 antibiotics. 
In experiments in which a single i.v. treatment 
was administered 1 hour after infection-the 

method used by Harrison and Zygmunt (2) 
in Staphylococcus pyelonephri tis-s treptomy- 
cin, polymyxin, and sulfadiazine, as might 
have been expected, were effective in reducing 
kidney damage and infectiousness as they had 
been when treatment was delayed (Table 
VI) . Nalidixic acid, Gantrisin, chlorampheni- 
col, oxytetracycline, Oxamycin, Ampicillin and 
penicillin G gave no encouraging results. 

Serotherapy experiments. Preliminary to 
the therapeutic use of GG and the antisera, it 
was established that these su,bstances con- 
tained antibody. Agglutinins were present at  
1 :320 dilution or higher in the sera, at 1: 10 
in GG. The protective capacity of the mouse 
antisera was such that over 90% of normal 
mice that received 0.0025 ml i.p. survived 
challenge with P .  mirabilis or Ps.  aeruginosa 
by the same route. The GG protected at 1.25 
mg for P .  mira.b&, 10.312 mg for Ps. aerug- 
inosa. 

Pretreatment, 6 or 24 hours before infec- 
tion, treatment a t  the time of infection (0 
hours), or a combination of pre- and post-i.v. 
challenge therapy with the 3 types of anti- 
body exerted a favorable effect on the kid- 
neys. One dose of RS s . ~ .  24 hours before i.v. 
infection reduced the #percentage of positive 
kidney cultures in the P .  mirabilis infection 
by 80% and in the Pseudomonas infection by 
70%. On dose of 1.25 mg of GG by the ip 
route given a t  0 hours reduced kidney infec- 

TABLE V. Effect of Kann.mycin Treatment on Pyelonephritis. 

1’. mirabilis Ps. aeruginosa 

Dose/ therapy Kidney Positive No. of Kidney Positive No. of 
Groupa dayb beganC damage (%) culture (%) mice damage (%) culture (%) mice 

1. Treated 10.0 +3 
Controls - - 

2. Treated 5.0 + 3  
Controls - - 

3. Treated 2.5 +3  
Controls - - 

4. Treated 5.0 +1 
Cont,rols - - 

10.0 
40.0 

15.0 
37.5 

15.0 
40.0 

25.0 
45.0 

10.0 
55.0 

12.5 
60.0 

20.0 
60.0 

15.0 
71.0 

20 
20 

40 
40 

20 
20 

20 
36 

10.0 
50.0 

50.0 
80.0 

20.0 
45.0 

10.0 
45.0 

40.0 
70.0 

40.0 
80.0 

15.0 
40.0 

10.0 
30.0 

10 
10 

10 
10 

20 
20 

10 
20 

~~ ~~~ ~ ~~ ~ 

Groups 1-3: 5 days’ therapy, mice sacrificed 3 days after last dose; Group 4 :  7 days’ therapy, mice 
snvrificcvl 1 thy  ;tfttv last (lost.. 

” 1)ivitltvl i i i  2 (loses wwkt1:iys; 0.5 (1;~iIy closc 011 S:I tiirt1:iys a t i t 1  Siint1:rys. 
‘ i.c., c1:iy after i.v. infection. 
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TABLE VI. Effect of Single iv Treatment on Developmoiit of Pyeloncphritis." 
~~ 

No. of mice with 

Kidney Positive 
Treatment Dose damage culture Infection 

Streptomycin 
Controls 

S trcp tom yci 11 

Controls 

Polymyxin 

Controls 

Streptom yciii 

cox1 trols 

Sulf adiaziue 
Controls 

1.0 mg 2/50 
- 22/50 

0.5 ing 1 /20 

50 /Ig 0/10 
25 CLg 2/20 

1.0 me; 0/30 
0.5 mg 6/30 
- 22/40 

1.0 nig 1/10 
- 5/10 

- 7/20 

- 16/30 

8/50 P. mirabilis 
41/50 

4/20 
13/20 

0/10 
3/20 

16/30 

Ps. acr it9 in osa 

Oj30 
5/30 

3 / 4 0  

0/10 
4/10 

a Mice treated 1 hour after iv infection; sacrificed 7 days later. 

tion in treated mice by 50%. The MS given by 
the i.v. route a t  0 and at 24 hours after 
infection resulted in a 40% reduction of 
positive kidney cultures. In most experiments 
a favorable effect on gross kidney damage was 
noted. When immunotherapy was delayed 
beyond 24 hours, treated mice resembled 
controls. 

Discussion. The assessing of chemothera- 
peutic agents by the method we employed- 
sterility or growth after 48 hours' incubation 
of broth containing both mouse kidneys-was 
rigorous. We felt that from a practical stand- 
point, this criterion was a necessary aim. If 
organisms are not eradicated completely, 
relapse will probably occur. In the delayed 
treatment experiments, the tremendous doses 
needed of thase agents that were active attest 
to the fact that in mice as in man, infection of 
the kidney is very difficult to cure. The 
reasons for this are not known a t  present. 
Much smaller amounts of drug were effective 
in the simpler experimental model which can 
be regarded as a means of selecting agents 
specific for the organism used to produce the 
infection. Less material and fewer man hours 
are required than when 2x daily treatment is 
carried out for several days. On the other 
hand, therapy instituted so soon after chal- 
lenge may eradicate the infecting organism 

and is therefore not aimed at an infected 
kidney where, in our experience, bacteria do 
not become established for 3-6 days after the 
i.v. inoculation. In practice, the one dose 
method should then be followed up with a 
delayed treatment test. 

If circulating antilbody is important in 
protecting the host against pyelonephritis- 
and our results with vaccine would suggest 
that it is (4)-the administration of specific 
antiserum or of GG should be of benefit. 
Sanford and associates have reported protec- 
ting rats against P .  mirabilis and other infec- 
tions 'by pretreating with specific antisera 
( 3 ) .  The i.v. would probably be the most 
effective route but species differences 
presented a problem in our tests in that 
undiluted RS and GG were toxic for mice by 
this route. Further studies are required to see 
whether concentration of mouse antiserum 
and daily i.v. dosing would improve our re- 
sults. 

Summary. Mice infected by the i.v. route 
with P .  mirabilis or Ps.  aeruginosa were 
treated with several chemotherapeutics com- 
monly used in human pyelonephritis or rec- 
ommended for gram-negative infections. 
Streptomycin, neomycin, and kanamycin 
were the most effective agents, and with 
sulfadiazine, the only ones active against both 
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infections. When therapy was delayed as long 
as 5 days, the 3 antibiotics substantially 
reduced kidney damage and the number of 
positive cultures obtained if given in large 
doses. Sulfadiazine was not beneficial for 
either inlfection if treatment was delayed 
more than one day after inoculation. The 
same was true for polymyxin (Pseudomonas 
infection). When one treatment i.v. was given 
1 hour after challenge, only those agents 
found active in the delayed therapy experi- 
ments gave good results. The other chemo- 
therapeutics were ineffective by any test meth- 

od. Gamma globulin as well as specific anti- 
sera reduced the incidence of gross kidney 
damage and infection when administered be- 
fore or up to 24 hours after i.v. inoculation. 
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The Estimated Size of Pseudomonas aeruginosa p-Galactosidase (32905) 

S. R. ROHLFING (Introduced by E. R. Brown) 
Department of Microbiology, The Chicago Medical School, Chicago, Illino& 60612 

Variations in structure of the enzyme 
P-galactosidase provide an index for natural 
relationships among bacteria ( 1 ) . Previous 
studies comparing Bacillus megaterium and 
Escherichia coli P-galactosidases suggest no 
relatedness ( 2 ) ;  this is exemplified by the 
difference in size of their respective enzymes 
(mol. wt. 150,OOO and 518,000). A similar 
comparison revealed the P-galactosidases of 
E .  coli and Aeromonas formicans to be identi- 
cal in size, but very different in amino acid 
composition ( 3 ) .  Because the Escherichia and 
Aeromonas enzymes alone are antigenically 
similar, size may be employed as a major 
distinction. 

Members of the genera Pseudomonas and 
Aeromonas are taxonomically allied by simi- 
larities in morphology, i.e., polar flagellation. 
The natural relationship of Aeromonas spe- 
cies to pseudomonads, or to enteric organisms 
(e.g., E .  col i ) ,  is unresolved despite the use of 
Adansonian analysis for overall similarity and 
methods for testing nucleic acid homologies 
(4).  The isolation of P-galactosidase from P .  
aeruginosa provides new evidence for the 
reexamination of this controversy. 

Materials and Methods. Ps.  aeruginosa 
strain X was provided for this study by R. G. 
Doggett; it is one of 28 strains capable of 
hydrolyzing o-nitrophenyl-P-D-galactopyrano- 

side (ONPG). The b&al culture medium 
(Vogel and Bonner, medium E) was prepared 
by adding to 670 ml of distilled water 10 gm 
of MgS04 7H20, 100 gm of citric acid H20, 
5 0 0  gm of K2HP04, and 175 gm of Na(NH4)- 
HP04 4H20; these ingredients diluted 50- 
fold will support growth of the organism and 
the addition of 0.2% (w/v) lactose insures 
enzyme production. Cells for extract prepara- 
tion were grown in 2-liter Erlenmeyer flasks 
containing 1 liter of basal medium plus lac- 
tose. The flasks were incubated on a rotary 
shaker for 18 hours at 37°C. The final cell 
density was 150 units in a Klet,t-Summerson 
cdorimeter (660-mp filter). Cells were har- 
vested by centrifugation and washed once with 
five times their wet weight of basal medium. 

The extraction and enrichment procedures 
for Ps. aeruginosa P-galactosidase were per- 
formed at  temperatures of 4-10OC. A 20% 
(w/v) suspension of cells in 0.1 M sodium 
phosphate 'buffer, pH 7.0, containing 
M P-mercaptoethanol was sonified for 10 
min; cellular debris was removed by centrifu- 
gation at  30,OOOg for 2,O min. The assay of 
p-galactosidase employing ONPG has been 
described ( 3 )  ; the Lowry Folin-phenol meth- 
od was used to determine total protein ( 5 ) .  
The specific activity of the cell-free extract 
was 0.37 units/mg of protein. Fractionation 


