
in positions 1, 6, and randomly. The 
CO, produced was trapped with KOH, 
converted to BaCO:; and counted as an 
infinitely thick layer in a proportional 
gas-flow counter with an efficiency of 
133.8 percent. An appreciable amount 
of radioactivity was collected in the 
CO, when glucose- -C"' was used 
(Table 1). With randomly labeled glu- 
cose of identical specific activity, the 
radioactivity of the C02 was reduced 
to approximately 38 percent. With 
glucose-6-C"' the radioactivity in the 
CO2 was negligible. These results were 
confirmed in three additional experi- 
ments with randomly labeled glucose 
alone or with the other two types of 
labeled glucose. The control prepara- 
tion shown in Table 1, which gave 
essentially negative results, consisted of 
the discard from the last step of the 
purification of Coxiella burneti from 
yolk sacs of chick embryos. Other con- 
trol preparations which gave very simi- 
lar results (not shown in Table 1) con- 
sisted of trachoma suspensions inac- 
tivated by formalin or heat, and sus- 
pensions of C. burneti or Rickettsia 
prowazeki, strain E, both purified from 
infected yolk sacs of chick embryos and 
both highly active when tested against 
known substrates, succinate (16), and 
glutamate (17), respectively. 

The failure to produce C"02 from 
glucose-6-C" indicated that the Emb- 
den-Meyerhof pathway for glycolysis 
was not followed, since in this case 
the yield of C"02 from glucose-l-C'1 
and glucose-6-C"' would have been 
identical. The yield of C"02 from 
randomly labeled glucose amounted to 
38 percent of that from glucose-1.-C'4. 
This value is reasonably close to that 
predicted (33 percent) if the Entner- 
Doudoroff pathway (18), in which the 
yield of CO, is identical from carbons 
1 and 4 of glucose, were operating. 
However, the pentose pathway with 
production of C`'O0 from carbon 1 
plus one or two additional decarboxy- 
lations is a possibility. The amount of 
glucose utilized, 0.2 to 0.3 /tmole in 
individual experiments, was not suffi- 
cient to produce measurable mano- 
metric changes in the Warburg respi- 
rometer, even if all the oxygen required 
had been derived from the atmosphere. 
In view of failure by previous investi- 
gators (7) to demonstrate a complete 
cytochrome system in the related mi- 
croorganism of meningopneumonitis, it 
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evidence for the existence of independ- 
ent carbohydrate metabolism in tra- 
choma virus and in the PLT group of 
agents. The data suggest that trachoma 
"virus" in its metabolic nature is more 
closely related to bacteria and rickett- 
siae than to true viruses. 
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ondary immune responsiveness. 

That the phagocytic activity of the 
reticuloendothelial system (RES) may 
be involved in the response of an or- 
ganism to antigenic challenge has been 
suggested by the finding that the intra- 
vascular clearance of particulate anti- 
genic material proceeds according to 
the same laws which govern the phago- 
cytosis of inert colloidal material (1). 
Similarly, stimulation of the phagocytic 
activity of the RES by zymosan (2) 
and Bacillus Calmette-Guerin (3) is as- 
sociated with marked elevations in anti- 
body response to particulate antigenic 
material. 

Reticuloendothelial (RE) participa- 
tion in the immune response is also 
suggested by the fact that animals sub- 
jected to procedures which might re- 
sult in an impairment of the func- 
tional state of the RES manifest a 
marked reduction in antibody forma- 
tion as demonstrated by administration 
of cortisone (4) and of thorium di- 
oxide (5). 

Various simple lipid complexes in- 
duce a marked depression of the granu- 
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lopectic activity of the RES (6). 
Methyl palmitate, the methyl ester of 
palmitic acid, induces a selective de- 
pression of the RES by impairing the 
degree of phagocytic activity of Kupf- 
fer cells (7). By using the techniques of 
selective stimulation of the RES by 
glucan, a highly purified neutral poly- 
saccharide (8), and selective depres- 
sion of the RES by methyl palmitate, 
we evaluated the relation between the 
functional state of the RES and the 
immunological response of mice to 
sheep erythrocytes. 

Male C57BL/6J mice, 8- to 12- 
weeks-old, were given five daily intra- 
venous injections of glucan (4 mg/ 100 
g of body weight) to stimulate the RES. 
Control mice received saline injections. 
Twenty-four hours after the last injec- 
tion, animals received 0.5 ml of a 2 
percent saline suspension of sheep 
erythrocytes intravenously. Seven days 
later half of each group were bled for 
testing the primary immune response. 
A second antigenic challenge was ad- 
ministered at this time to the remaining 
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Reticuloendothelial Function and the Immune Response 

Abstract. Hyperphagocytic activity of the reticuloendothelial system induced 
in mice by the injection of glucan is associated with a significant increase in the 
primary and secondary immune responsiveness of these animals to sheep eryth- 
rocytes. Conversely, the administration of an agent which reduces endothelial 
phagocytosis is associated with significant depression of both primary and sec- 
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mice and the secondary response was 
evaluated 7 days later. 

Suppression of phagocytic activity 
was accomplished by the intravenous 

injection of a suspension of methyl pal- 
mitate in a 0.1 percent Tween 20 and 
5 percent dextrose solution, 35 mg per 
animal daily for 2 days. Control mice 
received 0.1 percent Tween in 5 per- 
cent glucose. Twenty-four hours later 
0.5 ml of the sheep-cell suspension was 
injected intravenously and the primary 
immune response was evaluated 7 days 
later. A second injection of sheep cells 
was administered to the remaining mice 
and the secondary response was evalu- 
ated 7 days later. The weights of vari- 
ous organs were determined at 7 and 
14 days in both experiments. 

The functional state of the RES was 
evaluated 24 hours after the cessation 
of glucan and methyl palmitate treat- 
ments, by determining the intravascular 
clearance of colloidal carbon as de- 
scribed by Halpern et al. (9). The 
amounts of hemolysin were determined 
by the twofold serial dilution method 
and all values were converted to the 
log2 titer for statistical analysis (10). 

The marked increase in phagocytic 
activity induced by glucan is indicated 
by the mean t/2 of 1.8 minutes as op- 
posed to 10.5 minutes in the control 
group (Table 1). The glucan-induced 
hypertrophy of those organs contain- 
ing a large population of RE cells, 
is manifested by significantly greater 
weights of liver (35 percent), lung 
(32 percent), and spleen (150 percent). 
The primary hemolysin response of 
RE-stimulated mice was increased 315 
percent as the reciprocal of the mean 
titer or 37 percent of logS titer. Weights 
of liver, lung, and spleen were in- 
creased 45, 32, and 240 percent, re- 
spectively, in animals receiving glucan 
and sheep erythrocytes. The marked 
increase in RE organ weights during the 
primary response in the glucan-injected 
group, as compared to organ weights 
one day after the cessation of glucan 
treatment, demonstrates the continued 
proliferation of RE cellular elements. 

When compared to the primary re- 
sponse, the secondary immune response 
of saline-treated mice expressed as the 
reciprocal titer was increased 170 per- 
cent and the log2 titer 31 percent. In 
marked contrast, a 2700 percent in- 
crease in actual titers and a 62 percent 
increase in log2 titers above saline con- 
trol values was observed in RE-stimu- 
lated mice in the secondary response. 
When compared to the primary im- 
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mune response in glucan-treated mice 
the secondary response of the glucan 
group was increased approximately 
1900 percent. In agreement with the 
increases in organ weight during the 
primary response, the weight of liver, 
lung, and spleen was increased 26, 12, 
and 149 percent, respectively, in the RE 
hyperfunctional group over the values 
observed in the saline control group 
(Table 1). However, the degree of 
hypertrophy of liver, spleen, and lung 
at the 14-day period was not as great 
as during the primary response and 
reflects the reversible nature of glucan- 
induced RE hypertrophy. 

The marked depression of phagocytic 
activity induced by methyl palmitate is 
manifested by the mean t/2 of 39 min- 
utes in the treated group as opposed to 
11.2 minutes in the Tween control 
group (Table 2). Organ weights of 
mice with a depressed RES were simi- 
lar to control values. Mice with a 
depressed functional state of the RES 
at the time of antigenic challenge mani- 

fested a profound depression of the 
primary immune response amounting to 
90 percent of the reciprocal titer and 
54 percent of the log2 titer. 

In contrast to the increased second- 
ary response in saline-treated mice 
(Table 1), no elevation in the second- 
ary response was observed in the 
Tween control group (Table 2). In 
agreement with the finding of a de- 
pressed primary response after admin- 
istration of methyl palmitate, the 
secondary antibody response of RE- 
depressed mice was markedly reduced: 
73 percent of the reciprocal titer and 
37 percent of log2 titer. No alteration 
in the weight of liver, lung, and spleen 
was observed during the secondary re- 
sponse. 

The glucan-induced hypertrophy of 
RE organs of mice is in agreement with 
previous observations of marked in- 
creases in liver, lung, and spleen weight 
after zymosan treatment (8). The de- 
crease in weight of these organs during 
the secondary response indicates that 

Table 1. Reticuloendothelial (RE) stimulation with glucan and the primary and secondary 
immune response in RE-hyperfunctional mice. Values are expressed as mean ? standard error. 

Group Percentage of body weight 
and Log2 titer t/2 (min) 

number Liver Lung Spleen 

Before treatment 
Saline (6) 5.20 ? 0.36 0.77 ? 0.04 0.36 ? 0.04 10.52 ? 1.53 
Glucan (6) 6.33 ? 0.19 0.89 ? 0.03 0.81 ? 0.04 1.85 ? 0.06 

Primiary response* 
Saline (9) 5.23 ? 0.08 0.64 ? 0.02 0.47 ? 0.03 5.34 ? 0.49 
Glucan (9) 8.64 ? 0.53 0.98 ? 0.04 1.75 - 0.20 7.43 ? 0.43 

Secondary response 
Saline (17) 5.05 ?+ 0.08 0.59 - 0.02 0.42 ? 0.01 7.01 ? 0.17 
Glucan (11) 6.68 ? 0.15 0.70 ? 0.02 1.08 ? 0.05 11.37 ? 0.36 
* Primary response evaluated 7 days after the initial injection of sheep cells. At this time the 
remaining mice in each group received a second injection of sheep cells and the secondary response 
was evaluated 7 days later. 

Table 2. Reticuloendothelial (RE) depression in mice treated with methyl palmitate and the 
primary and secondary response in "RE hypofunctional animals." Values are expressed as 
mean ? standard error. 

Group Percentage of body weight 
and Log2 titer t/2 (min) 

number Liver Lung Spleen 

Control 
Tween (7) 5.34 ? 0.24 0.75 ? 0.05 0.35 ? 0.03 11.21 ? 0.40 
Methyl palmitate 6.03 + 0.40 0.98 ? 0.08 0.33 ? 0.03 39.00 ? 6.11 

(8) 

Primary response* 
Tween (10) 5.45 ?0.11 0.68 0.03 0.48 ?0.02 7.17 0.29 
Methyl palmitate 5.46 ?+ 0.27 0.71 ? 0.02 0.44 ? 0.03 3.27 ? 0.61 

(8) 

Secondary response 
Tween (11) 5.41 ? 0.12 0.76 0.01 0.46 + 0.03 7.23 ? 0.18 
Methyl palmitate 5.90 ? 0.18 0.76 + 0.03 0.42 ? 0.03 4.53 ? 0.75 

(9) 
* Primary response evaluated 7 days after the initial injection of sheep erythrocytes. At this time the 
remaining annmals received a second injection of sheep cells and the secondary response was evaluated 
7 days later. 
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glucan-induced RE organ hypertrophy 
is of a reversible nature. Indeed, RE 
organ hypertrophy induced by zymosan 
and Myocobacterium phlei Halpern, 
both excellent RE-stimulatory agents, 
has been shown to be reversible (11). 

The exact role of the RES in anti- 
body formation has not yet been clearly 
defined. It has been suggested that RE 
stimulation enhanced the period of anti- 
gen recognition (12) and presumably 
hastens antibody formation. However, 
studies have indicated that the induc- 
tion period of antibody formation is 
not reduced by RE stimulation (2, 3). 

Stimulation of the RES markedly in- 
creases the phagocytosis of inert col- 
loidal material and enhances the intra- 
cellular metabolism of M-labeled de- 
natured serum albumin (13). Since 
particulate antigenic material is known 
to be phagocytized, it is likely that RE 
stimulation increases the intravascular 
clearance of the antigen and the sub- 
sequent intracellular digestion of the 
phagocytized antigen. 

It is well established that the spleen 
is a major site of antibody formation. 
The marked hypertrophy of the spleen 
induced by RE stimulation is the result 
of proliferation of RE cellular elements 
which are derived from undifferentiated 
mesoderm (14). Among these newly 
formed reticular cells may be a number 
of cells which can mature into plasmo- 
cytic cells or cells with antibody-form- 
ing potential, and under these condi- 
tions more cells are available to react 
with the antigen (15). Possibly these 
newly formed, relatively undifferen- 
tiated cells can develop either as cells 
with phagocytic or antibody-forming 
capacity or both and only in the pres- 
ence of antigen do these cells develop as 
plasmocytic cells. Thus RE stimulation 
increases antibody formation by en- 
hancing the solubility of the antigen 
and by increasing the population of 

potential antibody-forming cells. 

The degree of depression of the 

phagocytic activity of the RES induced 
by methyl palmitate is comparable to 
that reported for other simple lipid 
complexes (6). However, such depres- 
sion, induced by ethyl stearate, was 
associated with destruction of hepatic 
and splenic RE cellular elements (16). 
Histological observations of our mice 
treated with methyl palmitate have in- 
dicated a selective depression of phago- 
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monary RE cellular elements (7). No 
losses of hepatic and splenic RE cellular 
elements were observed in mice treated 
with methyl palmitate. 

The liver, which is not directly in- 
volved in the formation of antibody, 
participates in the phagocytosis and 
subsequent intracellular digestion of 
particulate antigenic material (17). 
The solubilized antigen is then made 
available to the antibody-forming cells 
(18). If the process of phagocytosis 
and intracellular solubilization is re- 
duced by methyl palmitate, little or no 
solubilized antigen is available to react 
with antibody-producing cells and the 
hemolysin titers would be correspond- 
ingly reduced. 

Although the underlying mechanisms 
of the effects of glucan and methyl 
palmitate are as yet unknown, there is 
a unique relation between the func- 
tional state of the RES and the immune 
response to a particulate antigen. A 
decisive factor in the early acceptance 
or rejection of marrow grafts in lethally 
irradiated mice is the functional state 
of the RES of the host (19). More- 
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Gamma-Globulins: Quantitative 
Relationships in Human Serum and 
Nonvascular Fluids 

Abstract. Three types of y-globulins, 
72, y7A, and y15, are present in certain 

body fluids and secretions in propor- 
tions significantly different from those 
of normal human serum. Although 
ylA-globulin is present in only smoall 
amounts in serum, it represents a major 
fraction of the gamma globulin of tears, 
bile, saliva, colostrum, and fluid of the 
small intestine. 

Three types of gamma globulin, des- 
ignated ya, ,/A, and yi/, are present in 

normal human serum (1) in the ap- 
proximate proportions of 85:10:5. 
While the majority of serum antibodies 
are 72 and y,sI, certain antibodies have 
been identified as y1A-globulins (2). 
Studies by immunoelectrophoretic and 
gel-diffusion techniques with antiserums 
to gamma globulin and to whole human 
serums have shown that gamma globu- 
lin is present in many fluids and secre- 
tions (colostrum, aqueous humor, bile, 
parotid, synovial, bronchial, nasal, am- 

niotic, and cerebrospinal fluids). While 
ys and 7yiM were demonstrated in many 
of these fluids, yiA, has not been clearly 
distinguished from the other globulins 
and the relative amounts of the various 
globulins present have not been meas- 
ured quantitatively. 

Recently, Tomasi and Zigelbaum (3) 
noted that yiA was the predominant 
gamma globulin of parotid saliva. They 
postulated a specific and highly selec- 
tive transport mechanism in the pas- 
sage of yiA from serum to secretions or, 
alternately, the local synthesis of 7y1A. 

Fluids and secretions free from con- 
tamination with blood were collected 
from a variety of noninfected sources. 
The types of gamma globulin present 
were measured by a two-dimensional 

gel-diffusion technique (3). The test 
fluids diffuse from a well into an agar 
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