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the same as that observed in the present 
study but that the number of local tumors in- 
duced was considerably higher. It is difficult 
to compare this investigation with the cur- 
rent study in detail since there were differ- 
ences in dosages and other aspects of tech- 
nic. Nevertheless, it appears to be con- 
sistently the case that newborn mice differ 
from adults in having an enhanced response 
of the lymphoid tissues and a diminished re- 
sponse to local sarcoma formation by chemi- 
cal carcinogens. 

The mechanism of enhancement of these 
lymphomas having a viral component by a 
chemical carcinogen is obviously of basic in- 
terest but is beyond the scope of the present 
investigation. 

Summary. Subcutaneous injection of 100 
pg of 7,12-dimethylbenz( a)anthracene in 
0.05 ml tri-n-caprylin in newborn AKR mice 
considerably shortened the latent period of 
malignant lymphomas. All malignant lym- 
phomas observed in the treated group before 
the time of appearance of the first lymphoma 
in the controls were of the stem-cell type. 

The authors wish to acknowledge the technical as- 
sistance of Mrs. Irene Miklas. 
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Growth of Eaton PPLO in Broth and Preparation of Complement 
Fixing Antigen. (27681) 
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Although the Eaton agent was first recog- 
nized in 1944, its natural history and relative 
importance in human lower respiratory tract 
disease are not fully understood( 1) primar- 
ily because of technical difficulties involving 
propagation and identification of the organ- 

* USPHS Post Doctoral Research Fellow from 
Sat .  Inst. of Allergy and Infect. Dis. 

t wistar Inst. of Anatomy and Biology, Phila- 
tielphia, Pa. tion. 

ism and quantitation of antibody. Since 1957 
the standard system for antibody assay has 
been‘ the indirect fluorescent antibody test in 
which frozen sections of infected chick em- 
bryo lung serve as the source of antigen(2). 
The preparation of such frozen sections is 
slow and cumbersome, hence many labora- 
tories have been reluctant to initiate diagnos- 
tic or epidemiologic studies Of Eaton infec- 
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One of the objectives of this laboratory 
has been the development of a simple but 
sensitive serologic test for infection with the 
Eaton agent. New impetus was provided by 
the recent demonstration that the Eaton 
agent is a PPLO (genus Mycoplasma) and 
can be cultivated on an artificial agar me- 
dium(3). Initially it was hoped that PPLO 
colonies transferred from agar plates to glass 
slides could be substituted for the chick em- 
bryo lung as antigen in the fluorescent anti- 
body test. Comparative tests indicated, how- 
ever, that serum titers were generally lower 
with the former source of antigen(3). Arti- 
ficially propagated Eaton PPLO was also ex- 
amined as a possible source of complement 
fixing (CF) antigen for serodiagnosis. This 
effort was successful and is reported here. 

Materials and methods. PPLO. The FH 
strain of Eaton PPLO was used. It was origi- 
nally recovered in embryonated eggs by Liu 
from a patient with atypical pneumonia, 
adapted to tissue culture in this laboratory, 
and subsequently grown on an agar medium 

Medium. Agar plates were prepared with 
7 parts Difco PPLO agar, 2 parts unheated 
horse serum and 1 part 25% fresh yeast ex- 
tract ( 3  ) .  This was supplemented with peni- 
cillin (500 units/nil) amphotericin (5  pg/ml) 
and thallium acetate (final concentration of 
1:2WO). Broth medium was similarly pre- 
pared except that Difco PPLO broth was 
substituted for PPLO agar. 

Cultivation and titration. Inoculated agar 
plates or broth suspensions were incubated 
aerobically a t  35OC. The quantity of infec- 
tious material present in a given preparation 
was estimated by inoculating 0.1 ml onto a 5- 
cm diameter agar plate and counting the 
number of PPLO colonies present after 10 to 
14 days of incubation. When high titers were 
anticipated decimal dilutions of the test ma- 
terial were prepared in PPLO broth and in- 
oculated onto agar plates. 

Treatment of injected broth suspensions. 
These were concentrated by centrifugation in 
the Model L Spinco ultracentrifuge. Follow- 
ing centrifugation at  10,000 or 40,000 rpm 
sediments were resuspended to 1 /SOth- 1 / 
100th the original volume in veronal buffered 

( 2,3,4). 

saline pH 7.2. All preparations were heated 
a t  56°C for 30 minutes before being tested 
for complement fixing activity. 

The micro CF technic used 
was that adapted by Sever from the pro- 
cedure described by Takatsy( 5,6) and is es- 
sentially the same as that described previous- 
ly from this laboratory except for a decrease 
in volume of the various reagents(7). Two 
full units of complement were used and the 
serum-antigen mixtures were incubated at  
4OC for 18 hours before addition of sensitized 
sheep erythrocytes. The end point was con- 
sidered the highest serum dilution at  which 
7570 or more of the sheep red cells remained 
unhemolyzed. 

Sera. Acute and convalescent sera were 
collected from Marine recruits with pneu- 
monia, febrile respiratory illness, or afebrile 
respiratory disease as well as from control in- 
dividuals free of respiratory illness. The Ma- 
rine recruit population and the design of our 
epidemiologic studies a t  the Parris Island Re- 
cruit Training Center have been described 
(8). The serum specimens were tested short- 
ly after collection by the indirect immuno- 
fluorescent technic using infected chick 
embryo lung sections(2,g). The sera were 
stored at  -20°C for 18 to 24 months before 
b4ng tested by the CF technic. 

Results. Growth in broth. Starting with 
an 8th agar plate passage of the Eaton agent, 
it was possible successfully to transfer the 
organism 10 times at  7-10-day intervals in 
PPLO broth medium. The agent was diluted 

1 0 - l m 3  a t  each passage so that the final dilu- 
tion at the 10th transfer was 1@l3. lo4 
colony forming units per ml were present in 
the 10th passage fluid, indicating that propa- 
gation had occurred. 

Before a CF antigen was sought the growth 
pattern of Eaton PPLO in broth was studied, 
to determine the time when maximum quan- 
tities of PPLO were present in broth. In Ex- 
periment 1, 101.2 colony forming units of 7th 
broth passage material were added per ml of 
broth. Maximal growth occurred by the 9th 
day when 1W0 colony forming units per ml 
were present (Fig. 1 ). A significant quantity 
of viable PPLO was still present after 22  
days of incubation. In Exp. 2 a larger inocu- 

CF technic. 
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FIG. 1 .  (:rowt.h of Eaton PPT,O in broth suspcii- 
sion. 

lum was used (final concentration = lo:'.; 
colony forming units per ml). Two types of 
medium were tested in this experiment-the 
standard broth and standard broth supple- 
mented with 1% dextrose. The agent reached 
the same titer in both media: however, the 
maximal level was attained earlier (9- 10 
days) in the broth supplemented with dex- 
trose than in the unsupplemented medium 
(16-21 days). The significance of the differ- 
ence observed for growth in the standard 
broth in Exp. 1 and 2 is not clear. I t  is clear, 
however, that Eaton PPLO grows slowly in 
broth compared to other human PPLO which 
generally reach maximal levels within 1-3 
days(9,lO). The slow growth of Eaton PPLO 
suggested that CF antigen might best be 
sought after the 8th day of incubation. 

Properties of CF antigen. Centrifugation 
studies indicated that specific antigen was 
sedimented at 10,000 rpm for 30 minutes. 
When infected broth was concentrated 100 
times a t  this speed the sediment had an anti- 
gen titer of 1: 128. An equal or greater quan- 
tity of antigen was also of smaller size or 
lesser density. This material was sedimented 
from the 10,000 rpm supernatant fluid by 
centrifugation at  40,000 rpm: the titer of the 
100 concentrated sediment was 1:128. 
Centrifugation at  40,000 rpni for 30 minutes 
to one hour did not sediment all o f  this anti- 
gen since an equal quantity was recovered 
after a second centrifugation at w,OOO r p i i  
for 1 hour. It appeared. therefore, that Eaton 
antigen (s) was associated with various sized 

particles, the smallest of which was sedi- 
mented with difkulty. 

The time course of antigen production in 
broth was studied. The quantity of antigen 
recovered after 100 x concentration was the 
same (titer of 1 : 64-1 : 128) from harvests 
taken at  8, 12, or 16 days. In  addition, anti- 
gen sedimentable a t  10,OOO rpm and that re- 
quiring 40,000 rpm for recovery were pres- 
ent in approximately equal quantities 
throughout this period. 

Fifty- to 100-fold concentrates of Eaton 
infected broth material were anti-complemen- 
tary to a dilution of 1:16 to 1:32. This 
meant that only a 4- to %fold difference 
existed between the titer of anti-complemen- 
tary effect and that of specific antigen. It 
was possible to reduce this anti-complemen- 
tary activity by treatment of the broth con- 
centrate with 0.5% phenol for 4 days a t  37". 
Following such treatment the antigen was 
anti-complementary a t  a diIution of 1:4 to 
1 : 8 but not a t  1 : 16. In  addition phenol treat- 
ment resulted in a 4-fold increase in specific 
antigenic activity. 

The foregoing information was utilized for 
preparation of an antigen which was studied 
for its specificity and sensitivity in relation to 
the chick embryo lung section fluorescent an- 
tibody system. This CF antigen was prepared 
as follows: an inoculum which gave a final 
concentration of lo1.' colony forming units 
per ml was added to PPLO broth containing 
2.5% yeast extract, 1% dextrose, and 207% 
unheated horse serum. After 16 days incuba- 
tion at  35OC, phenol was added to a final 
concentration of 0.5% and the mixture was 
incubated for an additional 4 days a t  35°C. 
The broth was then centrifuged at 10,OOO 
rpm for 30 minutes. The sediment was sus- 
pended in 1,/50th the original volume in ve- 
ronal buffered saline pH 7.2. The supernat- 
ant fluid was centrifuged a t  40,000 rpm for 
30 minutes and the resulting sediment sus- 
pended in 1/50th the original volume in ve- 
ronal buffered saline pH 7.2. The sediment 
and supernatant fluid concentrates were 
pooled and the combined material had an 
antigen titer of 1:320, while it was not anti- 
complementary at 1 : l O .  The antigen was 
used at  a dilution of 1: 10. 
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Specificity and sensitivity of CF antigen. 
The specificity and sensitivity of CF antigen 
prepared from broth culture was investigated 
using paired sera from Marine recruits with 
and without immunofluorescent evidence of 
Eaton infection. Representative CF reactions 
are shown in Table I. Thirty-four of 42 fluo- 
rescent antibody positive recruits developed 
a rise in CF antibody (Table 11). A C F  re- 
sponse did not appear to be related to the se- 
verity of illness associated with Eaton infec- 
tion. CF antibody developed in a high pro- 
portion of asymptomatic or mild infections 
as well as those associated with fever and/or 
pneumonia. Ten of the recruits developed a 
4-fold rise, 11 an %fold rise, while 13 de- 
veloped a 16-fold or greater rise in CF anti- 
body. In only one instance was CF antibody 
detected in the acute phase serum. This 
specimen did not contain fluorescent stainable 
antibody a t  a dilution of 1:  10. CF antibody 
was not detected at a dilution of 1:8 in the 
second or convalescent serum specimen of 39 
fluorescent antibody negative recruits. Ap- 
proximately one half of these individuals had 
pneumonia. These findings suggested that 
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TABLE I. Representative Reactions of CF Anti- 
gen with Paired Sera from Marine Recruits wit.11 
or without Immunofluorescent Evidence of Eaton 

Infection. 

Reciprocal of antibody titer 
Fluorescence" CF t 

Diagnoses Recruit Acute Conval. Acute Conval. 

Pneumonia 

Febrile 
respir. 

Afebrile 
respir. 

No respir. 
illness 

Pneumonia 

No reapir. 
illness 

1 
2 

3 
4 

5 

6 

7 
8 
9 

10 
11 

< l O  40 
<10 160or> 

<10 40 
<10 160or> 

< l o  160 

<10 80 

<20 < 20 
<20 

<20 
- <20 

- 
- 
- 
- 

<8 16 
<8 64 

<8 32 
<4 8 

<a 16 

<8 32 

<8 
<8 
<8 

<8 
<8 

- 
- 
- 
- 
- 

* Performed with sections of Eaton infected 
chick embryo lung. 

t Performed with 32 units of Eaton PPLO anti- 
gen, i.e., a 1 : l O  dilution of a pool containing a 50- 
fold concentrate of broth sediment (obtained after 
centrifugation at 10,000 rpm), and a 50-fold con- 
centrate of supernatant fluid (obtained by cen- 
trifuging 10,000 rpm supernate at 40,000 rpm). 

TABLE 11. Comparison of Immunofluorescence and Complement Fixation for Serodiagnoses 
of Eaton Infection. 

Reciprocal of fluorescent 
antibody titer* 

Category by No. in  No. with 4 X or > 
itiiniu~~ofluorescence Diagnoses Acute Conval. group rise in CF antibody t 

Eaton positive 
20 1 0 

9 8 
14 

<lo 40 
Pneumonia 

<lo < 10 80 or> 14 
Febrile respir. < 10 20 1 0 

illness < 20 40 3 2 
< l o 4 0  80 or> 3 2 

illness <10-20 80 or> 5 4 
No respir. < l o  40 1 0 

illness <l0-20 80 or> 5 4 

Af ebrile respir. 

Total 42 34 (81%) 

N:I ton iieyativc 
1'1 1 ('11 I 1 1 0  ti i :t - < 20 1 9 0 
No rexpir. 

illness _. <20 Y O  0 

Total 39 0 
- -- -- --_I_. - - - - -_ ~ 

.' L'crforitid with wctious of iiifccted chick cwl)ryo lui~g. 
t Cloiwtlesccnt scruiiis testcd at 1 :8 dilutioa; if fixation of aomplcriieiit occurred tlimi dilu- 

Note: This test was perforiiicd with 32 units of antigen-see footiiotc Table I .  
I ioiis of acute phasc serum and conv:desceiit yhasc: serum were tested siiiiult,:uicously. 
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the CF antigen is a specific and moderately 
sensitive reagent for serodiagnosis of Eaton 
infection . 

Discussion. The slow growth of Eaton 
PPLO is in contrast to the more rapid repli- 
cation of other human PPLO strains recov- 
ered from oropharyngeal or genital sources 
(9,lO). Growth of Eaton PPLO was mini- 
mal on the 2nd and 3rd day of incubation at  
a time when non-Eaton PPLO reach peak ti- 
ter in broth suspension. Maximal levels of 
Eaton PPLO were obtained in broth suspen- 
sion on the 9th to 16th day of incubation. 
Previously a difference in colonial morphol- 
ogy had been noted between Eaton and non- 
I’aton PPLO recovered from the human oro- 
pharnyx ( 1 1 ) . The former produced homoge- 
neously granular colonies, while the latter 
produced “fried egg” or “nippled” colonies. 
I t  remains to be determined whether the 
slower growth rate and unusual morphologi- 
cal appearance of Eaton PPLO reflects an es- 
sential biologic property of the organism or 
our failure to provide an optimal medium for 
cultivation. 

Independently, Somerson! Freundt, and 
Edward have recently demonstrated that the 
Eaton PPLO metabolizes dextrose( 12,13.14). 
illore rapid growth of the organism in a me- 
dium supplemented with dextrose (Fig. 1) is 
consistent with these findings and suggests 
that ordinary PPLO broth does not contain 
an optimal level of dextrose for growth of 
this PPLO. 

The biophysical properties of the antigen 
reactive in the CF test are of interest. A con- 
siderable proportion of this material is smaller 
or less dense than the organism, and does not 
sediment at  10,000 rpm. M’hat is the nature 
of the soluble antigen? Does it represent a 
degradation product of disrupted PPLO, or 
is it produced in excess in a soluble form dur- 
ing replication? 

Although infected broth concentrate con- 
tained an appreciable quantity of antigen 
(titer 1:64-1: 128) such material was not suit- 
able for serodiagnosis i)ecause of ant i-comple- 
mentary effects (titer 1 : 16- 1 : 32). I’heiiol 
treatment of the antigen reduced the anti- 
complementary activity and permitted pro- 
duction of an antigen which could be used at 

a dilution which contained 32 units. In  addi- 
tion, phenol treatment of the antigen en- 
hanced antigenic potency. Similar findings 
have been reported for the CF antigen of 
lymphogranuloma venereum ( 15). Phenol 
treated Eaton antigen was highly specific. 
The serum of 39 fluorescent antibody nega- 
tive individuals did not fix complement with 
the antigen, whereas, 34 of 42 recruits with 
immunofluorescent evidence of Eaton infec- 
tion developed a rise in CF antibody during 
convalescence. 

Relatively simple laboratory tools are now 
available for the study of Eaton infection in 
various ecologic settings. It was recently 
shown that naturally occurring strains of this 
PPLO can be recovered on an artificial agar 
medium from a high proportion of infected 
individuals ( 1 1 ) . The ease of direct isolation 
of the organism on agar plus the availability 
of a moderately sensitive CF antigen should 
expedite efforts to define the role of Eaton 
PPLO in both acute and chronic respiratory 
illness. 
Summary. Eaton PPLO grew in broth me- 

dium supplemented with 20% unheated horse 
serum and 2.5% yeast extract. Growth was 
slow and maximal levels were attained on the 
9th to 16th day of incubation. A specific CF 
antigen was prepared from infected broth 
suspension by concentration (50 X)  and 
treatment with 0.5% phenol. CF antigen was 
estimated to be 80% as sensitive for sero- 
diagnoses of Eaton infection as immunofluor- 
escence with chick embryo lung sections. 
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Our initial studies ( 1 ) , measuring active 
transport of calcium across the intestinal wall 
of the rat by an in vitro intestinal sac technic, 
indicated that excessive Vit. D increased ac- 
tive transport in all segments studied, but 
cortisone decreased this transport in the duo- 
denal segment only. This technic would be 
most helpful in investigation of factors af- 
fecting calcium absorption if the results ob- 
tained by this in vitro technic correlated with 
those obtained by studying calcium absorp- 
tion in the intact animal. It was considered 
important therefore to extend our initial in 
vitro experiments, to study in vivo calcium 
absorption under the same experimental con- 
ditions, and to compare the results of the two 
procedures, in an attempt to determine: 1) 
whether excessive amounts of Vit. D will in- 
crease intestinal calcium absorption in vivo 
above that induced by physiologic amounts, 
2) whether cortisone will inhibit calcium ab- 
sorption in vivo in presence of either physi- 
ologic or excessive amounts of Vit. D, 3) 
whether changes in intestinal active transport 
of calcium determined in vitro can be used as 
an accurate index of calcium absorption in 
vivo. 

Materials and methods. Male Sprague- 
Dawley rats weighing 100-130 g were treated 
with daily doses of 20,000 units of Vit. D* 
by stomach tube, or 2.5 mg of cortisone ace- 

* Kindly furnished by Brewer and Co., Inc., 
Worcester, Mass. 

tatef subcutaneously, or a combination of 
both drugs. A control group received cotton- 
seed oil and saline, which were the vehicles for 
the Vit. D and cortisone respectively. Dur- 
ing treatment, the rats were maintained on 
distilled water and a nutritionally complete 
diet containing a physiologic amount (148 
USP units/100 g diet) of Vit. D. 

Calcium metabolic balance studies were 
carried out from the 2nd through the 5th day 
of the treatment period. On the 6th day 
blood was obtained by orbital sinus puncture, 
the rats were killed by decapitation and a 3- 
cm segment of duodenum, jejunum, and ileum 
was quickly removed and prepared for in 
vitro active transport studies as previously 
described ( 1). In some of the animals, serial 
segments of small intestine (beginning at the 
pylorus) were studied for active transport. 
Calcium was extracted from the feces with 
trichloroacetic acid as described by Harrison 
and Harrison(2). The calcium content of 
serum, stool extract, and urine was deter- 
mined by a modification of the method of 
Kingsley and Schaff er t (3 ) . 

Using the above methods? a comparison of 
the effects of equal doses of cortisone and cor- 
ticosterone on net calcium absorption, serum 
calcium level and duodenal active calcium 
transport was carried out, each treatment 
group consisting of 9 animals. 

Results. In vivo net calcium absorption 
t Kindly furnished by Sharp and Dohme, Di- 

vision of Merck and Co., Inc., Philadelphia, Pa. 




