
HEMOLYSIN PRODUCTION IN IRRADIATED MICE 187 

TABLE I. CDmP of Two Penicillins in Hemolytic 
Streptococcus Infected Mice. 

1 dose 2 dose 
therapy (mg) therapy (mg) Penicillin used 

Phenoxymethpl peni- 2 0 7  ,031 

Penicillin G -183 .030 
cillin V 

CD, compiitelt by the method of Reed and 
Muench ( 1). 

differing penicillin dosages in the range of 0.5 
mg to 0.00095 mg. Stock solutions of the 
penicillins were furnished and prepared just 
before use in the mice by Dr. M. D. Bray of 
these laboratories. In  one comparative test 
of the 2 penicillins, the mice got a single dose 
of penicillin, given at  the time of infection. 
In the second test? a second dose of penicillin 
was given 5 hours after the first dose. 

As shown in Table I, a CDr,(, 
(dose curing 50% of mice) is indicated for 

Results. 

the 2 penicillins from the results of these two 
tests. There was no significant difference in 
the therapeutic efficacy of phenoxymethyl 
penicillin V and penicillin G in the subcu- 
taneous treatment of hemolytic streptococcus 
infections in white mice. The CD,,, doses of 
the two were comparable, whether on single 
or double injection 5 hours apart. Further- 
more the death rate in mice injected with 
subcurative doses of these two penicillins did 
not differ significantly. 

Concl~sion. Phenoxymethyl penicillin I' 
and penicillin G have essentially the same 
curative properties against hemolytic strepto- 
coccus infections in white mice when these 
antibiotics are injected subcutaneously. 
~~ ~ 

1. Reed, L. J., and Muench, H., Am. J .  Hyg., 1938, 
V27, 493. 
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-Intibody formation is inhibited by expo- 
sure of the whole body to ionizing radiation 

1.2), and the degree of inhibition is corre- 
lated with the time of antigen administration 
referred to the time of radiation exposure 
( 3,4). Spleen or appendix shielding in rab- 
bits during exposure to midlethal amounts of 
X-radiation resulted in a marked retention 
of the capacity to produce antibody to sheep 
erythrocytes ( 5 1. Preparatory treatment of 
the antigen with tissues or extracts of cells 
has recently been shown to improve the im- 
mune response in irradiated rabbits (6,7). 
Treatment of radiation injury in mice with 
spleen shielding(8) and spleen or bone mar- 
row homogenates( 9,lO) accelerates hemato- 
poietic recovery, lowers radiation mortality 
and has been shown to aid in the defenses 
qainst  experimental infection ( 1 1 ) . The pres- 
ent work was undertaken to study the hemoly- 

sin response in irradiated mice and to see 
whether the injection of marrow or spleen 
homogenate would hasten the recovery of an- 
tibody production following exposure to X- 
rays. 

Methods. Mice, males of an inbred NIH 
strain, were 11 to 13 weeks of age at the time 
of irradiation. Mice of another strain, 
(BALB/cAn X DBA2 J) F1, hereafter referred 
to as BALB/c, were used in one experiment. 
Littermates and treatment groups were dis- 
tributed as nearly uniformly as possible with- 
in each group of 10 mice during the radiation 
exposure. Irradiation was carried out with a 
200 KVP X-ray unit operating at  20 ma, with 
0.25 mm Cu and 0.51 mm A1 added filtration. 
HVL equal to 0.76 mm Cu. Radiation dose 
was 450 r (LD4, 28 days) and in one experi- 
ment, 525 r, given at about 5 5  r per minute. 
Within an hour or 2 after irradiation, groups 
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of the mice were given injections of suspen- 
sions of homologous spleen or bone-marrow 
from 4-week-old donor mice. Tissue, ground 
in a Potter type homogenizer and suspended 
in Tyrode's solution was injected intraven- 
ously. Each mouse received 0.5 ml of the 
suspension adjusted to contain the amount of 
tissue recoverable from the spleen or both 
femoral marrows of a single donor animal. 

Mice were immunized with a single injec- 
tion of a 2.5% suspension of washed sheep 
erythrocytes given intravenously a t  the rate 
of 0.01 ml per gram of body weight. This 
volume contained approximately 3.7 s 10" 
sheep erythrocytes which. from preliminary 
trials, was the lowest concentration that would 
yield satisfactory hemolysin titers in control 
mice. Serum from the individual mice col- 
lected a t  sacrifice was glycerinized and stored 
at  about 3*C until the titrations were done 
within 3 to 4 weeks after the collection. 
Serum hemolysin content was estimated color- 
imetrically for individual mice following the 
method described by Taliaferro ( 1 2  ) . Pre- 
liminary experiments had to be done to deter- 
mine both the amount of the peak titer and 

the day upon which it would occur after a 
single immunizing injection. Experiments 
were then carried out to compare the peak 
serum hemolysin titers of irradiated homo- 
genate-treated mice with their irradiated con- 
trols. In these experiments serum was col- 
lected on the 5th day after immunization from 
mice which had received their immunizing in- 
jection during the first or subsequent weeks 
through the 7th week after exposure to 450 r. 

The possibility that the induction phase for 
the production of hemolysin might have been 
lengthened as a result of irradiation was 
tested in the irradiated homogena te-trea ted 
mice and their irradiated controls in other 
esperiments. Serums of inice which had re- 
ceived their immunizing injection on the 4th, 
5th. 6th or 7th week following exposure to 
450 r were collected for hemolysin titration 
on the 5th or 6th through the 9th day after 
i mniu ni za t ion, 

Results. Initial phases of hemolysin pro- 
duction following a single injection of sheep 
erythrocytes are illustrated in Fig. 1, in which 
the titers are shown as the negative logarithms 
of the dilution per ml of the serum required 
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FIG. 2. Serum hemolysin titers on 5th day aftes 
immunization in marrow or spleen homogenate- 
treated irradiated mice compared with their irrad- 
iated controls. The mice were given a single im- 
munizing injection of sheep erythrocytes during 
the indicated week following X-ray exposure and 
were sacrificed for the collection of their sestims 

5 days later. 

to produce 50% hemolysis in a standard sus- 
pension of sheep erythrocytes. Serum sam- 
ples in which the hemolysin content was just 
detectable, i.e. <1:50 or not detectable by 
our procedures, have been represented sche- 
matically in Fig. 1 and succeeding figures. 
The highest mean titer of the series, -2.73, 
corresponding to a dilution of 1:537 t 333 
(S.D.) per ml, occurred on the 5th day for 
serums of 23 mice. The slope of the line fitted 

by least squares through the means of titers 
above 1:50 for days 5 through 10 has the 
value -0.126. If it is assumed that group re- 
sults reflect the changes in circulating hemoly- 
sin for any one animal, this slope represents 
a half life of about 2.4 days for the antibody. 

Hemolysin titers on the 5 th immunization 
day in spleen or marrow homogenate-treated 
mice are compared with their irradiated litter- 
mate controls in Fig. 2. Since no difference 
in hemolysin response was observed between 
the irradiated mice treated with bone marrow 
and those treated with spleen homogenate, the 
titrations of serums following these two treat- 
ments are given as for homogenate treatment. 
-4 gradual recovery of the immune response 
began during the 4th week after exposure to 
450 r and continued at  least into the 7th week 
(Fig. 2). The peak hemolysin titers in homo- 
genate-treated mice agree closely with the 
titers of their irradiated controls and no in- 
dication of an accelerated return of the im- 
mune response is seen to be associated with 
the treatment. 

Serums of irradiated or irradiated homo- 
genate-treated mice showed little or no evi- 
dence of hemolysin production until the 4th 
week following exposure to 450 r. The homo- 
genate treatment stimulated the early recovery 
of hematopoiesis since total leucocyte counts 
averaged significantly higher a t  11 days after 
irradiation in 10 marrow and 10 spleen-treated 
mice than they did in 7 irradiated control mice 

TABLE I. Hemolysin Production in BALB/c Mice Given Marrow or Spleen Homogenate after 
Exposure to  525 r. 

No. mice Week following day of X-ray 
per group 1.5 3 4 5 

Controls 
Hemolysin 2 S.E." 
WBCt e S.E. 
Spleen wt (mg) f S.E.: 

525 r only 
Hemolysin 
WBC 
Spleen wt 

Hemolysin 
WBC 
Spleen wt 

325 r + homogenate 

2- 4 
4 
4 

9-1 0 
10 
9-10 

15-1 8 
19 

17-19 

3 8 i  2 3 9  236 k 50 28'7 

IT5  f 7.0 215 +_ 8.5 253 t 48.7 
14.5 2 3 . 8  12.0-t 1 

---D 60 <50 
,4101 .OS I.8+ .4(i 5.8+ .GI 

223 e 1 2  124 k102.6 124k12.3  

--5 56 60 
7.6 3- .5 7.9+ .411 8.5& .611 

130 2 8.4 208 f 23.4 188 1 2 1 . 9  

* Dilution/ml of mouse serum giving 5070 lieuiolysis in a standard suspension of sheep ery- 
Q No ob- throcytes. 

seived serum hemolysin. 
i Total leucocytes X 1OS/ums. : Spleeii w t  in  mg at sacrifice. 

11 WBC on drip 18. 7 TTBC on day 26. 
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(2145 f 153. 2331 L- 591. 525 t 110 cells 
per cu mm. respectively). Similar results 
were obtained in another experiment using 
BALB/c mice exposed to a somewhat higher 
radiation dose as shown in Table I .  I t  is 
worthwhile to point out that the hyperplastic 
spleens seen in the third week (Table I)  were 
not associated with improved hemolysin titers. 

Fig. 3 summarizes the results of experi- 
ments which show that the time of maximum 
antibody production in the irradiated mice 
was not noticeably lengthened by the radia- 
tion exposure since there was no evidence that 
peak titers occurred later than the 5th day 
after immunization. The data of Fig. 3 in- 
dicate that the hemolysin titers tended to de- 
cline as the time from immunization increased. 
at least up to the 9th day. Furthermore. the 
homogenate treatment was without marked 
effect on the time of occurrence of maximum 

titer during the 4th through the 7th week 
after exposure to 450 r. The gradual recw- 
ery of the immune response following irradia- 
tion is shown in the higher individual titers 
and the relatively smaller proportion of low 
titered serums in the 7th week compared to 
the 4th and 5th weeks (Fig. 3 ) .  

Discussion. Homologous bone marrow and 
spleen cell homogenates, injected shortly after 
X-ray. fail to hasten the recovery of the pro- 
duction of anti-sheep erythrocyte antibody in 
irradiated mice. The favorable effect of the 
homogenate treatment on survival after ex- 
posure to X-ray doses in the lethal range is 
attributable in part at  least to its salutary ef- 
fect on the blood-forming tissues. The mar- 
row and nearly every organ? as well as specific 
cell type, including lymphocytes and plasma 
cells, have been at various times considered 
the site of antibody formation (13). Although 
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homogenates of marrow or spleen either fur- 
nish cells which repopulate the hematopoietic 
tissue damaged by the radiation or supply a. 
humoral substance which hastens the recov- 
ery of hematopoiesis(l4), they produce no 
marked effect on the mechanism of hemolysin 
synthesis when given just after irradiation. 
Independent studies ( 15) of the cellular com- 
position of the spleen and marrow of mice 
after exposure to 450 r have not shown un- 
usual proportions of mature plasma cells 
either a t  21 days when the spleens are en- 
larged or a t  35 days when the antibody re- 
sponse has begun to recover. 

More or less normal immune responses have 
recently been obtained in irradiated rabbits 
given antigen that had been incubated with 
lymph node cells (6) or minced spleen ( 7) .  In 
the experiments described in this paper (Fig. 
2 )  antigen given as early as 2 days after the 
homogenate and within 4 days of irradiation 
did not result in a hemolysin response. 

Summary and conclusions. 1. Recovery of 
the production of hemolysin in irradiated mice 
receiving bone marrow or spleen cell homo- 
genate occurred a t  the same rate as in litter- 
mate control mice exposed to 450 r of X-rays. 
2. Recovery of antibody production in re- 
sponse to injected sheep erythrocytes is grad- 
ual and begins in the 4th week after exposure 
of mice to 450 r. Recovery of the hemolysin 
response is not complete even at 7 weeks after 
this dose of radiation since many of the mice 
had peak serum hemolysin titers that were 
below the limits of non-irradiated controls. 
3. The time required for the development of 

peak titer following a single immunizing in- 
jection was not lengthened by exposure to 
450 r whoIe-body irradiation. 
- _- 
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