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on as long as the bar was depressed. Total
time of bar depression was shown to be a
function of hours of food deprivation.
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There are significant reports on enhance-
ment of resistance to bacterial infection fol-
lowing immunization with specific bacterial
polysaccharides(1-4). However, little or no
data are available concerning the immunizing
effect of fungal polysaccharides. Salvin(5.6.
7) presented evidence of increased resistance
following intraperitoneal injection of acetone-
dried yeast phase Histoplasma capsulatum.
Mice that had been immunized had fewer or-
ganisms in their tissues (spleen. liver, kidnev)
than nonimmunized mice. The difference be-
tween the 2 groups was most noticeable dur-
ing the first 3 weeks following challenge. In
nonimmunized mice, rapid growth of the fun-
gus occurred during the first few hours after
challenge: a gradual decrease in numbers of
organisms was observed during the following
months [Salvin(8), Grayston and Salvin(9)].
Rowley and Huber (10) showed the same se-
quence of events in mice that had been super-
infected; however, they were unable to dem-
onstrate any increase in resistance following
immunization with a vaccine prepared from
yeast phase H. capsulatum. Salvin and Ribi
(11) found that the cell wall contained the
antigenic fraction(s) responsible for the pro-
tection observed against I1. capsulatum.

The present investigation was conducted to
determine the immunogenic capacity of poly-
saccharide fractions of H. capsulatum when
compared to immunizing activity of killed
whole yeast phase vaccine of the same organ-
isms.

* This investigation was supported, in part, by
grants from Nat. Inst. of Allergy and Infect. Dis,,
N.ILH.; and Office of Naval Research.

Methods. Our previous studies on H. cap-
sulatum strain G17(M) have shown this cul-
ture to have a LD;, for mice of 1.2 x 10°
(95% confidence limits of 0.8-1.8 x 10%) yeast
phase organisms when injected intravenously.
This culture is significantly more virulent than
other stock strains of H. capsulatum main-
tained in this laboratory, and was used
throughout. The method for extraction of H.
capsulatum polysaccharides has been reported
(12). The polysaccharide was prepared for
use as skin test antigen. H. capsulatum G17
(M) broth polysaccharide was injected intra-
peritoneally into 60 albino mice at 4 day in-
tervals according to following schedule: On
days 1. 5. 9 and 13, the following amounts of
II. capsulatum polysaccharide were given, mg
.005. .01. .1. and 1. A second group of 60
mice was injected intraperitoneally with 1
mg of H. capsulatum G17(M) broth polysac-
charide when fourth injection was given to the
first group of mice. Mice of a third group of
60 were immunized by 2 weekly intraperito-
neal injections of 1 ml of H. capsulatum G17
(M) formalin-killed whole yeast cell antigen
(about 107 organisms,/ml). A fourth group of
60 mice served as nonimmunized control. Ten
days after last injection the 4 groups of mice
were challenged by intravenous injection of
varving numbers of viable H. capsulatum
G17(]M) veast phase cells. These organisms
were grown on antibiotic containing blood
agar slants. The yeast phase cells were re-
moved from the blood agar by suspension in
brain heart infusion broth. Number of cells
in the suspension was estimated from hema-
cytometer cell counts. The immunized and
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TABLE 1. Mortality Ratios of Immunized and
Nonimmunized Mice 21 Days after Challenge with
H. capsulatum Strain G17(M).

Challenge dose
Immunizing antigen 12X 108 2.5 X 10¢ 5 X 107
Whole eell 1/16 2/16 9/16
Polysaccharide—4 inj. 5/18 2/17 13/18
1 3/12 2/12 8/15
Control (nonimmu- 11/19 12/20 20/20

nized)

control groups of mice were each divided into
3 subgroups of 20 and challenged with 1 x
108, 2.5 x 10% and 5.0 x 10° yeast phase or-
ganisms. Deaths were recorded on day they
occurred; however, the results were analyzed
on the basis of cumulative mortality ratios
after 21 days.

Results. Animal losses during immuniza-
tion and within 24 hours after intravenous
challenge reduced some subgroups of 20 mice
to smaller numbers. The data presented in
Table I suggest that some degree of protection
was induced in the immunized groups. The
significance of the magnitudes of differences
among these data can be more clearly esti-
mated by statistical analysis; therefore, the
data were analyzed by the method of Wil-
coxon and Litchfield(13).

Table II presents the calculated LDj;, val-
ues and 95% confidence limits for each group.
The results indicate that there is significant
protection of mice immunized with either
whole cell or polysaccharide when compared
to nonimmunized mice following challenge.
The LD;, values for mice receiving 4 immu-
nizing injections of polysaccharide or a single
dose of the same antigen were close and no

TABLE II. Analysis of Mortality Ratios of Mice
Immunized with Whole Cell or Polysaccharide An-

tigen.
Method of 959, confidence
immunization LDy, limits
Whole cell 8.0 X 10® 4.1-15.6 X 10°
Polysaecharide—4 inj. 4.5 7 3.0- 6.75 7
17 45 2.5- 9.0 ”
Control 1.05 7 .6- 183 ”
] LD;_I01
1.D., poteney ratios — .
w0 poteney ratios 5
504

Whole cell and coutrol — 7.62 (3.18~18.2).
Polysaccharide and control — 4.28 (1.76-10.4).
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significant difference could be demonstrated
by the analytical method used. The relative
efficacy of immunizing procedures, deter-
mined by comparison of the control group
with immunized groups, was further investi-
gated by calculation of potency ratios: these
values are shown at the bottom of Table II.

The 4 injection and 1 injection polysac-
charide immunized mice reacted equally to
the challenge doses. Animals receiving poly-
saccharide were able to withstand 1.76 to 10.4
times the number of organisms which killed
50% of the controls; between 3.18 and 18.2
times more organisms were required to pro-
duce this mortality in whole cell immunized
mice as in control mice. It is apparent there-
fore that the skin test polysaccharide prepara-
tion was able to induce a significant degree of
protection in mice. One immunizing injec-
tion of 1 mg of polysaccharide material gave
protection equal to that obtained by 4 injec-
tions (total of 1.115 mg) with this polysac-
charide. The protection was significant but
not as extensive as that induced by the whole
cell vaccine.

Summary. H. capsulatum strain G17(M)
polysaccharide was capable of producing ac-
tive resistance against intravenously induced
histoplasmosis in mice. However, mice im-
munized with a H. capsulatum whole yeast
cell antigen showed greater resistance when
the H. capsulatum polysaccharide immunized,
whole cell immunized and nonimmunized con-
trol mice were challenged by the intravenous
injection of known numbers of viable H. cap-
sulatum yeast phase organism.
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While properties and specificities of proteo-
lytic enzymes of human pancreatic juice are
well characterized, few quantitative measure-
ments are available. Lack of data stems
from 2 difficulties: obtaining samples of juice
and presence of enzymes as zymogens. Hu-
man pancreatic juice is now available in ade-
quate amount by collecting it through plastic
catheters left in pancreatic duct for drainage
after sphincterotomy(1). Total proteolytic
activity of pancreatic juice in healthv and
diseased pancreas has been determined(2).
However, few data are available concerning
relative amounts of trypsinogen. chymotryp-
sinogen, and procarboxypeptidase enzymes ac-
tivated by trypsin. Procarboxypeptidase was
recently isolated and studied by Neurath. ef
al.(3). although its existence as proenzyme
requiring activation by trypsin had been es-
tablished by Anson(4) as early as 1937.
Measuremnt of carboxypeptidase in pancre-
atic juice is facilitated by availability of the
synthetic substrate, carbobenzoxyglycyl-1-
phenylalanine, first synthesized by Bergmann
(5). This substrate is quite specific for car-
boxypeptidase and is not affected by trypsin
or chymotrypsin(6). The enzyme splits off
the phenylalanine moiety, liberating alpha-
amino group which can be conveniently fol-
lowed by ninhydrin color. The method used
here is a modification of assay described by
Neurath et ¢l.(6). The ninhydrin reagent of
Stein and Moore(7) is used for color devel-
opment. The method previously described
(2) for activation of total pancreatic juice
proteolytic activity (utilizing calcium and
minute amounts of trypsin) required 18 hours

* Supported by grant from USP.HS., N.LH.

at 4°C and was somewhat variable. We de-
vised a method utilizing commercial duodenal
extract for production of enterokinase prepa-
ration which is simple to prepare, stable, and
which completely activates trypsinogen of
pancreatic juice in 60 to 75 minutes at room
temperature. The presence of calcium ion in
this extract retards autolysis of the trypsin.
Methods. These procedures were applied
to measure active carboxypeptidase and total
carboxypeptidase after activation of procar-
boxypeptidase with duodenal extract in hu-
man pancreatic juice. Pancreatic juice sam-
ples were collected from 12 patients with sur-
gical fistulas at various intervals during their
postoperative course. 1. Reagenis—A. .1M
veronal buffer (PH 7.8). B. .06M carboben-
zoxyglycyl - 1 - phenylalanine (Mann Fine
Chem.). C. 5% LiCl. D. 8% ninhydrin
(Dougherty Chem. Co.) in methyl cellosolve
mixed with equal volume of freshly prepared
stannous chloride (16 mg dissolved in 10 ml
of pH 5. citrate buffer). E. Duodenal extract
containing enterokinase—400 mg Viodenum
(whole duodenum defatted and dehydrated at
low temperature, VioBin Corp., Monticello,
111.) is suspended in 10 cc distilled water con-
taining 200 mg CaCl. and shaken gently 18
hours at 4°C. After centrifuging, the super-
natant is used as activator. This preparation
is stable for at least one month if kept frozen.
F. 509 N-Propanol. 2. A standaerd curve
was prepared by subjecting known amounts of
carboxypeptidase, varying 1.5-39 mg/per ml
to procedure described below. Values were
plotted against optical density. Carboxypep-
tidase suspension (Worthington Co.) was dis-
solved in 10% LiCl at 0°C. The exact
amount of carboxypeptidase in this solution



