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increase of intake on the diluted diet was nut 
prevented by the capacity of the opossum's 
stomach. 

These findings are in sharp contrast to the 
results obtained with the albino rat. Several 
investigators have observed that caloric values 
are of greater consequence to this animal than 
are factors of palatability( 2 3 - 7 ) .  Also, rats 
have been shown to adjust their food intake 
in accord with their base caloric intake within 
3-5 days on dilutions as high as 75% and 
enrichment of 50% ( 2 , l l ) .  

I t  is conceivable that this feral animal 
would want to overeat when food is abundant. 
Rigid caloric regulation would be of limited 
value to an animal with an irregular and 
varied food supply. A sensitivity to palata- 
bility would be of greater consequence to a 
wild animal than to a domesticated animal 
where rapid detection and discrimination 
among nutrients has survival value. The dif- 
ference observed in caloric regulation between 
laboratory rats and opossum may be a species 
difference independent of domestication. That 
there may be species differences in caloric 
regulation is also suggested by the work of 
Janowitz and Hollander on food regulation in 
the dog(l2).  

Summary. The opossum did not precisely 
adjust its caloric intake over all the experi- 
mental conditions. Rather, as levels of dilu- 
tion and enrichment increased, the precision 

of caloric adjustment decreased. There was 
no increase in grams of food intake on diluted 
diets, but there was a decrease in grams of 
food intake with calorically enriched diets. 
However, this reduction in gram intake con- 
stituted an increase in caloric intake. The 
physical capacity of the digestive tract was 
not a limiting factor. 

The assistance in the statistical analyses provided 
by Professor C. C. Cockerham and R. J. Monroe is 
gratefully acknowledged. 
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Some Observations on Staphylococcal Penicillinase. (2%19) 

DIANNE VEITH AND A. G. C. WHITE 
Department of Biochemistry, Tulane University School of Medicine, New Orleans, La. 

The resistance of many strains of staphylo- 
cocci to penicillin has been shown by Kirby 
( 1 ) , Bondi and Deitz ( 2,3 ) , 'Geronimus and 
Cohen(4) and others to be due to production 
of a penicillin degrading enzyme, penicillinase. 
Previous studies concerned with the isolation 
and properties of this enzyme have been con- 
ducted primarily on the extracellular penicil- 
linase produced by Bacillus cereus (Pollock 
et a Z ( 5 ) ) .  

Though there are scattered reports in the 

literature of certain properties of the staphylo- 
coccal penicillinase in vitro, the enzyme has 
not been purified to any extent nor crystal- 
lized. One possible reason for this is that the 
staphylococcal enzyme is usually intra-, rather 
than extracellular, and hence is more difficult 
to remove from the cells. Since the work on 
the crystallization of the enzyme ,from B .  
cereus is quite comprehensive we thought it 
of interest to attempt a purification of the 
staphylococcal enzyme using as a basis for 
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fractionation the procedures described by Pol- 
lock and his group. The staphylococcal en- 
zyme, in the experiments reported here, was 
purified about 20 times, based upon specific 
activity. Some preliminary comparative im- 
munologic data between this enzyme and that 
produced by the bacillus are also presented. 

Materials and methods. Organism. The or- 
ganism used throughout this study was a 
strain of Staphylococcus aureus, isolated from 
a scalp abscess, obtained from Dr. Cornelia 
Eddy, Dept. of Microbiology, Tulane Univer- 
sity. The organism, when grown in trypticase 
soy broth (Baltimore Biological Laboratory), 
was found to be resistant to 500 units of peni- 
cillin per ml. Because of this resistance it was 
tested for penicillinase activity and found to 
be a good source of the enzyme. 

Culture methods. Stock cultures were main- 
tained in either trypticase soy broth at  37°C 
or on egg slants a t  4°C. The trypticase soy 
broth cultures were transferred on alternate 
days, the egg slants monthly. For induction 
studies 400 ml of a stationary culture in tryp- 
ticase soy broth was grown for 48 hours a t  
37°C. To this culture 2.5 mg (4175 units) of 
penicillin per ml was added, and the culture 
shaken for an additional 3 hours a t  25°C on 
a rotary shaker. For isolation of penicillinase 
from the staphylococci, 300 ml of a culture 
were grown in trypticase soy broth for 18 
hours a t  37°C. This was then used to inocu- 
late 10 liters of the same medium, which was 
then incubated for 18 to 20 hours a t  37°C. 
The cells were collected by centrifugation, 
washed once with 0.9% sodium chloride and 
suspended in approximately 100 ml of isotonic 
saline. 

Disruption of cells. The cells, after induc- 
tion, were disintegrated by the method of 
Lamanna and Mallette (6) employing glass 
beads (Catphote Corp., size 12, 0.1 mm in 
diameter) in a Waring blendor. The concen- 
tration of the suspended organisms was not 
critical but the viscosity of the suspension was 
kept low enough to permit flow, Two hundred 
grams of the glass beads were placed in the 
blendor and cooled to 10°C for one hour. The 
suspension was then poured into the blendor 
and disrupted for 5 minutes a t  4OC. The 
container and contents were then cooled for 
approximately 10 to 15 minutes a t  -10°C to 

prevent overheating of the solution. The 
process was repeated 6 times to give an overall 
grinding period of 30 minutes. 

For comparison of cell disintegration meth- 
ods a Raytheon lOKC magnetostrictive sonic 
oscillator was also used. The oscillation pe- 
riod for this method was 40 minutes (Geroni- 
mus and Cohen ( 7 )  ) . 

Assay met hod. The penicillinase activity 
was followed manometrically by the method 
of Henry and Housewright(8). One unit of 
penicillinase activity is defined as that quan- 
tity of enzyme capable of hydrolyzing one 
pmole of penicillin in one hour a t  37°C and 
pH 7.0. The sodium salt of benzylpenicillin 
(Penicillin G)  was used as a substrate 
throughout. The results of the assay were 
reproducible within 5 %. 

Nitrogen determination. The protein con- 
centration of the various fractions separated 
during the purification procedures was deter- 
mined by the micro Kjeldahl method with 
nesslerization. Optical density was read pho- 
tometrically a t  570 mp on a Bausch and Lomb 
Spectronic 20 spectrophotometer. 

Electrophoresis studies. Electrophoresis of 
the purified preparation was carried out a t  4’ 
C in a Spinco paper electrophoresis cell, Dur- 
rum type, Model R, Series D, using Whatman 
“3 MM” strips, 30 mm wide. Two buffer sys- 
tems were used: 0.011 M acetate a t  pH 5.0 
and 0.05 M glycine-sodium hydroxide a t  pH 
8.6. Duplicate strips were subjected to a po- 
tential difference of 370 volts for various 
periods. One strip was dyed according to the 
procedure of Block et a 1 ( 9 ) ,  the other kept 
moist for enzyme assay. For assay the bands 
were eluted with 5.9 x loh3 M sodium bi- 
carbonate. 

Immunological techniques. The enzymes 
used for immunization and also for the in vitro 
experiments with the antiserum were a puri- 
fied crystalline staphylococcal penicillinase 
showing a single band on electrophoresis, pre- 
pared as described here and a dry, amorphous 
B.  cereus penicillinase concentrate purchased 
from Nutritional Biochemicals Corp. which 
also showed a single component by electro- 
phoresis. 

Immunization. To obtain antisera the same 
schedule of injections was followed with both 
enzymes. One ml of a saline solution contain- 
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ing 1.3 mg of each enzyme was injected into 
the subscapular region of a rabbit on 3 con- 
secutive days. After 4 days the rabbits again 
received 3 more daily injections of the same 
concentration. The dosage was then increased 
to 3 mg and the triple injection schedule re- 
peated twice with 4-day intervals. Each rab- 
bit received a total of 12 injections or 25.8 
mg of the enzyme. 

Ten days after the last injection each rabbit 
was given one intravenous injection of one ml 
of a sterile saline solution containing 3 mg of 
the enzyme. Twenty days after the intra- 
venous injection 30 ml of blood were with- 
drawn from the heart, allowed to clot, and 
antibody titer determined as described below. 
The serum was separated under sterile con- 
ditions and kept frozen in 5 ml quantities for 
use in neutralization tests or for fractionation. 

Fractionation of antiserum. The y-globulin 
fraction was obtained by the method of Howe 
( 10). To each 0.5 ml of serum was added 15 
ml of 22.2% sodium sulfate giving a final 
concentration of 2 1.4%. This solution was 
shaken and allowed to stand for one hour a t  
37°C to precipitate the 7-globulins. The pre- 
cipitate settled to the bottom of the tube and 
most of the supernatant fluid was decanted. 
The precipitate was collected by filtration and 
suspended in 20 ml of distilled water. The 
suspension was dialyzed against 0.01 M po- 
tassium phosphate buffer (pH 7.0) a t  4OC 
for 18 hours with 5 changes. The nondi- 
alyzable material, now free of sodium sulfate, 
was freeze-dried and stored a t  4OC under 
vacuum. 

Neutralization inhibition studies. Solutions 
of penicillinase were prepared in 0.9% sodium 
chloride and contained 5 mg of material per 
ml. The y-globulin solutions were prepared 
so that one ml of the solution contained the 
equivalent of the amount of y-globulin in one 
ml of serum. The tests were carried out in 2 
ways. One ml of penicillinase solution and 0.5 
ml of antiserum were mixed in a test tube and 
incubated for one hour. One ml of the solu- 
tion was then transferred into each of 2 War- 
burg flasks and assayed for penicillinase ac- 
tivity. The second procedure was carried out 
directly in the Warburg flask. To 0.5 ml of 
the penicillinase solution was added 0.5 ml 
of serum or 7-globulin solution. This was then 

TABLE I. Penicillinasse Induction. 

Penicillinase activity 
Units/ml Total activity 

Ref ore induction 4.6 1800 
After " 11.8 4720 

One ml ojf the culture was assayed for penicil- 
linase activity. 

incubated for one hour. The buffer and peni- 
cillin were then added to the flasks and as- 
sayed. 

Precipitin studies. Solutions for these re- 
actions were prepared as described under 
neutralization studies. Dilutions of 1 : 10, 
1:50, 1:lOO and 1:200 were prepared from 
the original 7-globulin solutions. Both micro- 
scopic and macroscopic tests were run. For 
the microscopic precipitin reaction, 0.01 ml 
of the dilutions was placed onto hanging drop 
slides and 0.01 ml of the penicillinase solution 
was added to each. These were incubated for 
one hour a t  37°C and then observed. The 
macroscopic reactions were carried out in 
small test tubes. One-tenth ml of the antigen 
was placed with 0.1 ml of the globulin dilu- 
tions. These were also incubated for one hour 
and read visually. Capillary tube tests were 
set up with a 1 : l  ratio of the antigen and 
dilutions of 7-globulin ; thtose were incubated 
for 18 hours a t  37°C. 

Results. We first demonstrated, confirming 
the work of other investigators, that a marked 
enhancement of penicillinase was produced 
after induction by addition of penicillin to the 
culture medium (Table I). 

Experiments were then carried out to deter- 
mine the relative efficiency of the disruption 
of cells by use of a Waring blendor and sonic 
oscillator. The comparison of a typical set 
of the results obtained is given in Table 11. 
Since i t  is obvious that the Waring blendor 
technique was most satisfactory in terms of 
total activity recovered, this procedure was 
used throughout the remaining experiments. 

Enzyme isolation. Pollock et  aZ(5) ob- 
tained from the culture medium of B .  cereus 
5/B the exopenicillinase in crystalline form. 
Various modifications of their technique were 
tested before the procedure described below 
was adopted. 

The cells, grown as previously described, 
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TABLE 11. Comparison of Disruption Methods. 

Waring blendor Sonic oscillator 
Total activ- Total aetiv- 

Fraction Amt (ml) it1 (units) Amt (ml) i ty  (units) 

Cell suspmsion (initial) 42.5 6800 42.5 6800 
Clarified supernate af tcr disruption 237 2773 67 678 
Cell fragments 47 G34 25 483 
Freczc-dried powder 798 rng 1554 72 mg 205 

were collected by centrifugation at  2,600 rpm 
and washed once with 0.9% sodium chloride. 
They were then disrupted in the Waring 
blendor. At the end of the disintegration pe- 
riod the contents of the blendor were trans- 
ferred to a large, empty chromatography col- 
umn and allowed to drain. The beads were 
washed free of the cell suspension with 0.9% 
sodium chloride. The suspension and the bead 
washings were combined, and the solution was 
freed of the cell fragments by centrifugation 
at  12,000 rpm for 30 minutes a t  0°C. Peni- 
cillinase was then precipitated by slowly add- 
ing 1.6 volumes of acetone (previously cooled 
to -10°C) with constant shaking. The solu- 
tion was kept a t  -10°C for 18 hours. Most 
of the supernate could then be decanted, and 
the remainder removed by filtration at  4°C. 
The enyzme was brought into solution by dis- 
solving the precipitate in 70 ml of ice water. 
The solution was kept a t  4OC for 16 hours. 
The solubilized enzyme was removed from the 
undissolved salts by filtration at  4°C and the 
filtrate was then freeze-dried. 

One gram of the freeze-dried powder was 
taken for further purification. This was dis- 
solved in 50 ml of 0.6% saturated ammonium 
sulfate a t  4°C and allowed to stand a t  that 
temperature for 2 hours. The enzyme is 
soluble at  this salt concentration and the por- 
tion which remained insoluble was removed 
by centrifugation at  12,000 rpm for 15 min- 
utes a t  0°C and discarded. The penicillinase 
was precipitated from the supernatant fluid 
by addition of solid ammonium sulfate to 
saturation. The solution was allowed to stand 
for 3 hours a t  4°C and the precipitated en- 
zyme removed by centrifugation. 

The enzyme was dissolved in cold distilled 
water and subjected to increasing concentra- 
tions of ammonium sulfate. The fractions 
soluble a t  0.6 saturation and insoluble a t  0.8 
saturation were combined and dialyzed against 

5 changes of 0.1 M potassium phosphate buf- 
fer (pH 7.0) for 6 hours to remove the am- 
monium sulfate which interfered with the 
later precipitation and assay of the enzyme. 
The contents of the dialysis bag were then 
transferred to a beaker and cooled until ice 
crystals began to form. Ninety-five per cent 
ethanol was then added dropwise with shaking 
to a concentration of 40% (w/v), a t  which 
time the enzyme began to precipitate. It was 
left a t  4°C overnight. The precipitate was 
removed by centrifugation a t  0°C and dis- 
solved in cold water containing enough 0.1 M 
potassium phosphate buffer (pH 7.0) to bring 
the enzyme into solution. 

On gradual cooling of the above solution 
to 2°C brownish colored crystals of indefinite 
shape began to form. The solution was left 
undisturbed for one week. The crystals which 
formed were collected by centrifugation at  
O"C, suspended in distilled water, and freeze- 
dried. 

The penicillinase activity of the individual 
fractions was followed by manometric assay 
and is given in Table 11. 

I t  was found that the freeze-dried powder 
was stable for several weeks if kept a t  4°C 
in a desiccator under vacuum. 

Electrophoretic studies of the crystalline 
material showed only one band a t  pH 5.0 in 
0.01 M acetate buffer and at  pH 8.6 in 0.05 
M glycine-sodium hydroxide buffer . On com- 
parison of the purified staphylococcal penicil- 
linase with the commercial concentrate of B .  
cereus penicillinase, only one stainable mi- 
grating band was observed with each prepara- 
tion. In each case the band moved the same 
distance from the origin. There also appeared 
to be a non-migrating, stainable, artifact ob- 
servable in both buffers. This has not as yet 
been identified. On elution of both bands the 
activity was present only in the band which 
migrated. 
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TABLE 111. Fractionation of Staphylococcal Penicillinase. 

Total activ- Specific actvity 
Fraction Activity Amount ity (units) (units/mg N) 

Cell suspension 
Waring disruption clarified 
Freeze-dried powder 
1st crystallization after 

Final freeze-dried crystals 
ethanol ppt 

Cell suspension 
W a r h g  diaruption clarified 
Freeze-dried powder 
Final freeze-dried crystals 

First  trial 
102.0 u/ml 95 ml 

2.7 u/mg 10100 mg 
2.5 u/mg 25 ml 

2.7 u/mg 52 mg 
Second trial 

78.0 u/ml 1010 ml 
4.4 u/ml 300 ml 
.8 u/mg 860 mg 

3.0 u/mg 57 mg 

17.8 u/ml 2010 ml 
9690 
3460 
2700 

62.5 

140 

7800 
13\20 

688 
171 

9.0 
15.0 
22.0 
20 

130.0 

7.8 
6.3 

10.0 
150.0 

Immunological experiments. I t  was found 
that the B.  cereus penicillinase antiserum 
would neutralize both its homologous antigen 
and the staphylococcal penicillinase. S. aureus 
penicillinase antiserum was not as active with 
respect to the bacillus penicillinase (Table 
IV) but did show cross reactivity in increased 
concentration in one experiment (Exp. 11, 
Table I V )  out of a series of 6, and requires 
further investigation. 

A cross reaction was observed in the pre- 
cipitin tests. The reactions were carried out 
as previously described and the results are 
shown in Table VI. 

Discussion. Because of the lack of infor- 
mation available on the properties of staphy- 
lococcal penicillinase, i t  was felt that the 
purification of the enzyme should be at- 
tempted. By obtaining a purified crystalline 
preparation of the staphylococcal penicillin- 
ase, a comparison could be made with some 

TABLE IV. Neutralization Studias with Anti- 
serum. 

% Inhibition after 
treatment with 

antiserum 
Antigen S. aureus B.  cereus 
source Exp No. antiserum antimerum 

Staphylococcal I 1 5  15 
penicillinase I1 33 36 

B.  cereus peni- I 0 39 
cillinase I1 34 47  

Exp I : 1 ml of penicillinase solution ( 5  mg/ml) 
and 0.5 ml of antiserum were combined and incu- 
bated for 1 hr. One ml was then aseayed. 

Exp 11: 0.5 ml of penicillinase solution ( 5  mg/ 
ml) and 0.5 ml of serum were combined and incu- 
bated for 1 hr before assaying. One ml was as- 
sayed. 

of the known properties of a similar enzyme 
from B. cereus which has been obtained in 
purified form. 

Staphylococcus aweus  penicillinase is in- 
tracellular. For this reason a method of liber- 
ation of the enzyme from the cell was re- 
quired before an attempt could be made to 
crystallize the enzyme. 

While the two methods of disintegratioa 
tested gave essentially the same units on a 
milliliter basis the much greater total activity 
recovered by the use of the Waring blendor 
made this the method of choice. 

TABLE V. Neutralization Studies with 7-Globulin 
Fraction of Immune Sera. 

yo Inhibition after 
treatment with 

y-globulin fraction 
S. aureus B.  cereus 

Antigen source y-globulin y-globulin 

Staphylococcal penicillinase 43 24 
B. cereus penicillinase 7 40 

0.5 ml olf penicillinase solution (5 mg/ml) and 
0.5 ml of y-globulin solution were combined, and 
incubated 1 hr before assaying. One ml was as- 
sayed. 

Pollock et a l ( 5 )  reported a method of pu- 
rification of the penicillinase from a strain of 
B.  cereus whereby the enzyme was adsorbed 
on glass surfaces and eluted by ammonium 
sulfate. If other proteins were present at a 
concentration exceeding one per cent the adT 
sorption did not occur. Since other proteins 
were freed during the disruption of the 
staphylococcal cells the clarified supernate 
obtained in our preparations contained a high 
protein concentration. This additional pro- 
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TABLE VI. Precipitin Tests. 

Dilutions 
Exp No. None 1:lO 1:50 1:lOO 1:200 

S. aureus penicillinase I 

B. cereus penicillinase I 

I1 
I11 

I1 
I11 

B. cereus penicillinase I 
I1 
I11 

3 
3 
2 

2 
trace 

1 

1 
4 
2 
4 
4 
2 

Staphylococcal y-globulin 
3 3 1 trace 

1 1 
3 3 3 1 

1 1 
B. cereus y-globulin 

1 1 1 
3 trace trace - 
1 1 2 
2 2 3 
3 2 trace trace 
2 2 1 1 

- brace trace 1 - - 

- - - trace 
- - 

- 

I, microscopic ; 11, macroscopic ; 111, capillary ring test. 4 = maximum precipitation 
observed. 

tein apparently facilitated their recovery of 
the enzyme from the glass beads which were 
used to disintegrate the cells. Since the 
staphylococcal penicillinase could not be ad- 
sorbed on glass under our conditions, their 
method was modified as described to obtain 
the enzyme. 

We have observed that this penicillinase is 
not stable to dialysis against ammonium sul- 
fate solutions. The inactivation appears to 
be due to the ammonium ion and was first ob- 
served when assaying the various fractions 
during the purification. A few preliminary 
experiments using a B. cereus penicillinase 
concentrate showed that this enzyme is also 
inhibited in the presence of this ion. Further 
work needs to be done with both purified en- 
zymes to arrive at a more definite indication 
of whether the degree of inhibition is the 
same for both. 

Certain physical properties of both B. 
cereus and the staphylococcal penicillinase 
are markedly similar. The crystals obtained 
from S. aureus, when isolated, have a brown- 
ish color. This was also reported to be true 
of B. cereus penicillinase. Both enzymes mi- 
grated the same distance when subjected to 
electrophoresis at pH 5.0 and 8.6 and both 
possess similar solubility properties. 

Precipitin test revealed a cross reaction 
between the staphylococcal penicillinase anti- 
bodies and the enzyme from B .  cereus. A 
possible difference between the two enzymes 

was shown by the enzyme inhibition studies. 
Approximately the same amount of inhibition 
of the staphylococcal penicillinase was pro- 
duced by both antisera. The B. cereus en- 
zyme was inhibited to a marked degree only 
by its homologous antiserum, These results 
however may be due to non-specific reactions 
and should be carried out with more highly 
purified preparations. 

The results of the inhibition studies may 
be of significance in that they indicate a com- 
bination of the penicillinase with the anti- 
serum, possibly blocking specifically the ac- 
tive center of the enzyme. Further studies 
are necessary to clarify this assumption. 

Summary. 1. A twenty-fold purification of 
staphylococcal penicillinase, based upon spe- 
cific activity, has been achieved. The en- 
zyme, from a penicillin resistant strain of S. 
aureus, was freed from the cells by grinding 
with glass beads and purified by ammonium 
sulfate fractionation and precipitation with 
ethanol. Brown crystals of indefinite shape 
have been obtained by the procedure out- 
lined. 2.  The purified, crystalline, penicillin- 
ase was subjected to electrophoresis a t  pH 
5.0 and 8.6. Only one band was observed. 
At both pH’s this band migrated the same 
distance from the origin as did a partially 
purified preparation of B. cereus penicillin- 
ase. 3. Precipitin tests showed an immuno- 
logical cross reaction between the enzymes. 
Inhibition studies however indicated possible 
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differences. Staphylococcal penicillinase ac- 
tivity was inhibited by bolth homologous and 
heterologous antiserum. B .  cereus penicillin- 
ase was neutralized to lesser degree by the 
heterologous an tiserum. 
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Malaria Induced Endo toxin Tolermoe. (29820) 
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AND SHELDON M. WOLFF (Introduced by Vernon Knight) 

Laboratory of Clinical Investigations and Laboratory of Parasitic Chemotherafiy, National Institute 
of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, M d .  

Hyperreactivity of the reticuloendothelial 
system (RES) has been considered to be one 
of the major mechanisms of endotoxin toler- 
ance, the state of resistance to the pymgenic 
properties of endotoxin induced by a series 
of injections( 1). Diminished febrile reactiv- 
ity to endotoxin, noted in patients recovering 
from malaria, who are known to develop 
hepatasplenomegaly, the major organs of the 
RES, has been cited as supporting evidence 
for this theory( 2 ) .  This evidence was based 
primarily on a report that the febrile response 
to injection of heat killed typhoid vaccine 
was less marked in neurosyphilis patients 
recently treated with malaria than in un- 
treated controls (3).  In  addition, experimen- 
tal malaria in mice has been reported to in- 
duce increased RES activity as measured by 
the rate of clearance of colloidal carbon 
particles (4). 

We have recently had the opportunity to 
study febrile reactivity to a well character- 
ized endotoxin in the same subjects before 
and after induction of experimental malaria. 
Volunteers, inoculated with malaria parasites, 
who developed hepatosplenomegaly but no 
parasitemia, were studied in addition to those 
who developed clinical malaria. Endotoxin 
tolerance was observed in those subjects who 

did develop malaria. I n  addition, a prelim- 
inary report on the functional capacity of 
the RES is presented. 

Materials and methods. Eight normal white 
male federal prisoner volunteers, age 2 1 to 
37,  comprised the study group. Four of the 
subjects were inoculated with PZasmodium 
cynomozgi (M. strain) by mosquito bites; 
the remaining 4 were inoculated with Plds- 
modium vivax (Chesson strain), 2 by mos- 
quito bites and 2 by intravenous adminis- 
tration of blood from infected patients. After 
inoculation Giemsa stained thick and thin 
blood films were examined daily for malaria 
parasites, A minimum of 7501 oil immersion 
fields was inspected before concluding that 
a preparation was negative. 

All patients were examined daily by the 
same physician and particular attention was 
paid to the possibility of hepatosplenomegaly. 
Rectal temperatures were taken at least 4 
times daily. 

Subjects with P. vivax malaria were treated 
with chloroquine and primaquine after 2-3 
weeks of illness while treatment was not 
instituted in the patients inoculated with P. 
cynomolgi until all endotoxin studies were 
completed. Endotoxin was administered to 
the patients with P. vivax malaria before 


