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illlustrates the diminution of enzymic a t i v i  ties 
following castration for 2 and 6 weeks. The 
effects of castration are seen to be quite 
similar to those of hypophysectmy. I t  is 
interesting to note that, unlike the marked 
decrease in activity of plonolactone hydro- 
lase found in hypphysectmized rats, the 
decrease in lcastrated males was of a similar 
magnitude to that of the other 3 enzymes. 

Concomitant with the reduction of male 
enzymic activities fallowing castration wlas a 
decrease in ithe tissue levels of ascorbic acid. 
As shown in Fig. 3, male rats castrated for 6 
weeks had significantly diminishsd cmcen- 
trationfs of tissue ascorbate which approach, or 
reach, those typical of females: in onie case, 
viz., bone, the level was even below that in 
females. Diminished concentrations of ascorbic 
acid are statistically significant for all tissues 
with the exception of the adtrenals (p<.O5). 
These decreased concentrations od tissue as- 
corbate whioh were found along with de- 
creased hepatic enzymic activities in castrated 
males give further support to the hypothesis 
that tissue levels of ascorbic acid are de- 
pendent upon the rate of biosynthesis by the 

liver. The effects of hypophysectmny and 
castration clearly indicate a requirement of 
normal testicular secretion for the mainte- 
nance of the typically higher enzymic x- 
tivities and tissue levels of asoorbic acid in 
intact ~males. 

Summary. Hypophysectmy or askration 
of male rats results in a diminution d biosyn- 
thetic enzymic aativities and tissue ccmcen- 
trations af axmbic acild to levels chara~ter- 
istic of females. The data support the hy- 
pothesis that the sexual difference in tissue 
concentration of ascorbic acid in intact rats 
is dependent u p  a differente in the rate of 
hepatic bimynthesis. The sexual difference 
in hepatic enzymisc activities is interpreted to 
be dependent upon testicular secretion of an- 
drogens. 
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Enteric Bacteria as a Possible Cause of Hemolytic Antibody-Forming 
Cells in Normal Mouse Spleens.* (32479) 
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By the hemolytic plaque assay of Jerne and 
Nordin ( 1 ) , 19 S hemolysin producing cells 
can be individually detected and enumerated 
( 2 ) .  With the addition of anti-mouse gamma 
globulin before adidition of complement, the 
7 S antibody producing cells citn also )be 
detected(3,4). This method ca.n be adapted 
to study bacterial somatic plysaccharide( 5)  
and other antigens that adhere to sheep red 
Mood cells (SRBC). One perplexing and 
bothersome aspect of ithis technique is the 
variable small number of hemolysin pro- 
ducing “background” plaque-forming cells 
(B-PFC) against SRBC in the spleens o f  

* This investigation wits supported by USPHS 
Grants (2.4-0.3367 and K6 (2.4-14, 219. 

mice(2), rabbits(5), and humans(6) without 
prior SRBC injeation. These 19 S handysin 
producing B-PFC are dso ’present in s d l  
numbers in lymph nodes, thymus( 7 )  and bme 
marrow(8) as well as following transplmta- 
tivvn of iwgenic lymphoid tissues to l e h l l y  
irnadiated hmts(9). These B-PFC can !be 
considered as belonging to a clone of cells 
which produce specific antibodies without 
prior contact with the antigen according to 
the clonal selection theory( 10). Alternatively, 
the animal may be responlding to other anlti- 
gens which praduce cross-reacting antibodies 
to SRBC. Naturally occurring hemagglutinins 
in mouse sera for SRBC and chicken RBC 
have been described( 1 1) .  These vary with the 
strain and sex of mice and seasonaIIy(ll,lZ, 
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1 3 ) .  SRHC agglutinins were found in serum 
of over 90% of C57 mice( 12). This strain is 
generally regarded as a good antibody pr- 
ducer. A lower incidence of SRBC agglutinins 
was found in C57 mice from a specific-patho- 
gen-free (SPF) colony than from a con- 
ventional colony (J. H. Stimpfling, personal 
communication) . Cross-reactivi ty of bacterial 
antigens with red blood cell antigens has been 
described( 14,15). This investigation was 
therefore undertaken to study erythrocyte 
cross-reactivity by the Jerne plaque method, 
and the 'possible role of bacterial cr~-reac-  
tivity as an explanation of the B-PFC against 
SRBC. 

Materials and methods. Male and female 
C57 and male (C57 X A)FI mice (age 5-7 
months) from our conventional mouse colony 
and specific pathogen-free mouse colony( 16, 
1 7 )  were used. Sheep, goat, and calf red blood 
cells in Alsever solution were washed 3 times 
with sodium barbital buffered saline before 
use. 

Entire mouse spleens wa-e d n c e d  by 
scissors in minimal Eagle's medium (MEM) 
and gently passed through a 50 mesh screen. 

TABLE I. Cross-Reactivitv Between Antibodv 

The filbrate was repeatedly aspirated to break 
up clumps of cells and passed through a 2 0 0  
mesh screen. Spleen cells from control and bac- 
terial antigen injected mice were centrifuged 
at  200 g for 10 minutes, and resuspended in 
0.3 to 1.0 ml of MEM; 0.1 ml of the sus- 
pension was used in each of 3 plates of both 
groups. Spleen cells from mice receiving 
red blood cell challenges were prepred as 
above but not centrifuged. Instead, a total 
cell count was performed and 1 X l P  spleen 
cells were plated out in each of 3 plates. The 
plating procedure was as follows: to 2 ml of 
1.4% agar a t  5 5 O C  were added, in sequence, 
0.1 ml of diethylaminoethyl dextran (10 mg/ 
ml) , 1.8 rnl of 2 X MEM, 0.1 ml red Mood 
cells (4  x 108) and 0.1 ml of spleen cells, 
with mixing after each addition. The result- 
ing mixture was immediately poured onto a 
10 cm Petri dish with a solidified 1.4% agar 
base. If the mixture did nwt solidify within 
about 10 seconds, the procedure was repeated 
using only 1.6 ml of 2 X MEM, to give more 
rapid solidification before hemagglutination 
could occur. The plate was inmhted  for one 
hour at 37OC. Two ml of complement ( 1 : 15 

Producing Cells Aminst Sheen Goat and Calf . ,  
Red Blood Cells in Hemolytic Plaque Formation. 

Plaque-forming cells on different 
types of red blood cells in agar 

plate* 
mice to plated out SRBC GRBC CRBC 

No. of Sensitized cells 

3 
3 
3 

S'RBC t 1 x loe 
GRBCS 1 x lo6 
CRBCO 1 x lo6 

392 344 28 
312 295 37 

14 19 252  

* Each value represents the meam of 2 plates. 
t Sheep red blood cells. 
t Goat red blood cells. 
0 Calf red blood cells. 

TABLE 11. Background Plaque-Forming Cells in Conventional Colony 
and Specific Pathogen Free Colony Mice. 

Mice with 10 
Mice or less PFC Mice with 

Mouse without (including those 10 or more 
strain Age No.of MeanPFC PFC without PFC) PFC 

Source of mice and sex (months) mice per spleen % % % 
Conventional c57  8 & 9 4-5 29 18.0 10.3 58.67 41.4 

Specific pathogen C57 8 Rr Q 5-7 31 7 .O 16.1 74.2 25.8 
mouse colony (range 0-285) 

free mouse colony (aange 0 - 2 5  ) 

free mouse colony (rangc0-29 ) 
Specificmpathogen (C57 X A) F, 6 5 15 4 .O 3.1 ..z 80.0 20.0 
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guinea pig serum) was added and the p b e  
further incubated for 30 minutes. The plate 
wm m l e d  to room temperature and a ken- 
zidine stain(2) added for 2 to 3 minutes to 
facilitate plaque counting, done over a bright 
light so {that nonspecific clear areas created by 
air bulbbles, Yolidilfied agar, pieces of tissues 
and debris could be easily identified and elimi- 
nated. Questionable plaques were always 
verified by microscope for the identification of 
the center cell ( 2  ) . 

Gastrointestinal contenlt of each of 3 mice 
from the conventional colony was aseptically 
removed into thioglycolate broth. After plat- 
ing, Escherichia coli was isolated from eawh 
of the 3 mice and Aerobacter aerogenes from 
2 of the mice. Each of the 5 isolates was 
grown in 20 ml tubes of protease peptone 
broth, washed three times in sterile n o m l  
saline, heat killed at 60°C for one hour, cen- 
trifuged at 500 p for 15 minutes, and resus- 
pended in 2 to 3 ml of sterile n o m l  saline. 
The concentration of bacteria was estimated 
by nephelometer. A uniform concentration of 
bacteria was suspended in 0.5 ml of sterile 
normal saline and injected into the test mice 
intraperitoneally or through a lateral tail 
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vein inltmvenously. Spleens were harvested 4 
days later. 

ResuZts. Groups of 3 mice were injected 
with sheep, goat, or calf red blood cells (4 X 
108 cells). Four days later, spleen cell sus- 
pensions wexe made and an aliquot plated 
against each of the 3 types of red blaold cells. 
Much crms-reactivity was found between 
sheep anld goat red blood cells and less with 
calf red blood cells. (Table I). 

More B-PFC were bund in the mnven- 
tioml colony mice than in the SPF colony 
mice (Table 11). Each of the 5 bacterial vac- 
cines was found to increase significantly the 
number of B-PFC in the spleens of SPF mice 
to a level much higher than that of untreated 
mice of either the SPF or conventional coloay 
(Table 111). 

Discussion. The data of Table I indicate 
that the hemolytic plaque assay can reradily 
detect erythrocyte cross-reactivity. The data 
of Table I1 indicate that a higher incidence of 
B-PFC exists in a higher percentage of our 
conven'tional mice lthan of our SPF mice. The 
dmta of Txble I11 indicate that the occurrence 
of B-PFC may /be related to crm-antigenicity 
between SRBC and enteric bacteria. It has 
been reported that an unusually high B-PFC 

TABLE 111. Increased Background Plaque-Forming Cells in Mouse Spleen, Following Immunizct- 
tion wilth Enteric Baoterial Vaccines.* 

Mean PFC per 
spleen on day 4 

No. of Route of af,ter bacterial 
mice SRBC Bacterial vaccine injection vaccine 

31 

2 

1 

2 

1 

3 

1 

2 

3 

n,one 

E .  coli 

E .  coli 

E .  coli 
6 X lo9 (S2) 

E .  coli 
6 X lo* (S2) 

E .  coli 

A .  aerogenes 
6 X 10' (Sl)  
A .  aerogenes 
6 X 10' (Sl)  
A .  aerogenes 

4.5 x lo8 (S3) 

7 x loq (Sl)  t 

7 x lo8 (Sl )  

7.5 x loq (S3) 

1v 

I P  

IV 

1P 

JV 

IV 

IP 

IV 

7 .O 
(range 0-25) 

467.5 

35.0 

1484.0 

329.0 

568.3 

1351.0 

265.0 

134.0 

* All mice were C57 strain of both sexes from the SPF colony. 
t Sl,  S 2 ,  S3 bacteria were from 3 different mice. 
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level exists in the appendices of rabbits(5) 
and that germ free piglets have no B-PFC 
( 18). Passively administered specific anitibody 
can inhibit further 19 S antibody synthesis in- 
duced by the same antigen(l9), but Wigzell 
( 7 )  was unable to eliminate B-PFC with pas- 
sively administered anti-SRBC serum. 

B-PFC are present in most mice at  all age 
levels except at birth. The 9054 incidence of 
B-PFC positive C57 mice from our con- 
ventional colony closely approximates the 
percentage of conventional C57 mice previ- 
ously reported to have “naturally occurring” 
serum hemagglutinin against SRBC ( 11 ,I 2 ) .  
Springer et QZ found that E .  coli contains hu- 
man blood group substance B. Tn most strains 
of chicken, there is a natural level of mti-B 
blood group antibodies. On the other hand, 
germ free leghorn chickens do not have these 
antibodies. However, when germ free chickens 
were fed E .  co2i Ohti they developed the anti- 
bodies( 14). When E .  coli O,, was fed to hu- 
man infants with diarrhea, their serum anti-B 
isoagglutinin titer rose. Springer further 
showed that 137 out of 282 strains of enteric 
gram negative bacteria have human A, B. or 
H (0) antigenic specificity ( 1 5 ) . Humans have 
a constant level of isohemagglutinins. It is in- 
teresting to note that humans also have a low 
B-PFC against SRRC ( 6 ) .  

The data presented definitely suggest that 
B-PFC against SRBC are a product of bac- 
terial cross-reactivity. The so-called “primary” 
response to SRBC may therefore represent 
varying degrees of primary and cross- 
reactive secondary response. Caution is 
therefore indicated in the interpretation of the 
early appearance by histological identification 
of pyroninophilic cells in spleens of mice with- 
in 24 hours after SRBC challenge(20) and 
of the early (18 hours) recovery of plaque- 
forming cells in spleens of rabbits injtxted 
with somatic polysaccharide of S. enteritidis 
( 5 ) .  

Summary. 1. The Jerne hemolytic plaque 
assay method readily detects antigenic cross- 
reactivity between sheep, goat, and calf eryth- 
rocytes. 2. Naturally occurring plaque- 
forming cells against sheep erythrocytes are 
more frequent in spleens of conventional 
colony mice than of spezific-pathoen-f ree 
mice of the same genotype. 3. Vaccines pre- 

pared from each of 5 isolates of E .  coli and 
A .  aerogenes firom ‘the gastrointestinal tracts 
of Conventional colony mice significantly in- 
creased tlhe number of sheep erythrocyte he- 
molytic plaque-forming cells in the spleens of 
SPF mice. 4. I t  is postulated that the natu- 
rally occurring hemolytic antibody-forming 
cells found in ‘the lymphoid tisvues are prob- 
ably caused by cross-reactivity between eryth- 
rocyte and bacterial antigens. 
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