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Effect of Mouse Peritoneal Fluid on Strains of Enteric Bacilli.* (27025) 

JOHN P. STEWARD-! A N D  ROBERT J .  R O ~ N T H E E  (Introduced by S. Raffel) 
Max C .  Fleisrhniann Laboratories of the ,llrdical Sviences, and Dept. of Medical Microbiology, 

Stanford 1 ’nirersit?. School oi Ilrdirine, Stanford, Calif. 

The widespread occurreilce t hroug hou t t hc 
subphylum Vertebrata of serum cwinplenieiit o f  
very similar character suggests to us that thv 
presence of this group o f  proteiiis ma! he of 
survival value to the animal species possessi tig 
it( 1). One property of serum which ma) hme 
survival value and is dependent upon conlple- 
Inent is its ability to kill certain strains of 
gram-negative enteric bacilli in vitro ( 2 )  . 
Evidence has been presented that enteric bacilli 
sensitive in vitro to the actioii of the cornple- 
ment-dependent bactericidal sl stem of seruiii 
(i.e. serum-sensitive strains) are less likely 
than resistant strains to elicit bacteremia i t i  

man(3).  Serum-sensitive straiiis do not survii t’ 
as well as serum-resistant strains i n  the blood 
stream of the rabbit(4). Also i t  has been 
shown that serum-sensitive bacilli placed i t i  

intraperitoneal diffusion chambers are mow 
likely to be killed by guinea pig peritoneal fluid 
than serum-resistant strains (5).  

One serious objection to the proposal that 
the bactericidal activity of serum may be o f  
survival value is the fact that. unlike i i i a t ~  the 
guinea pig, rabbit. and other vertehrates teete(l, 
the mouse does riot possess a hutnoral bacteri- 
cidal system which can be deliionstrated 1)) 
usual techniques in vitro (6) . McGhee ( 7  ) was 
able to demonstrate in vitro a very small degree 
of hemolytic activity in normal mouse serum. 
Nevertheless several investigators (8,9) have 
confirmed the finding of Brown (10) that C’2 
is missing in the mouse. Conclusions regarding 
C’3 and C’4 are not, however. in agreement. 111 

the past, therefore, the lack of bactericidal ac- 
tivity of mouse serum has generally been at- 
tributed to an absence or relative deficiency of 
one or more of the major components of cotii- 

plement. Very recently a reevaluation of this 
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problem by Borsos and Cooper (11) indicated 
the presence of  all 4 components of comple- 
ment in mouse serum. They suggest that the 
lack o f  complement activity in vitro may be 
attributed to a serum substance which is per- 
haps actually one of the group of C’3 factors. 
I J)OII reaction of this substance with the C’l, 
4. 2 complex a stable successor is formed. 

I I I  spite of this inability to demonstrate com- 
1)lement activity in mouse serum in vitro, the 
~ o r k  of Carey et al. (12) indicates that com- 
plement may, nevertheless, be active in vivo. 
They reported that when gram-negative enteric 
1)acilli are injected into the peritoneal cavity of 
the mouse, these bacilli undergo spheroplast 
formation and ultimate lysis. Under these cir- 
cumstances complement may even play a r i le  
in determining the outcome of the host-parasite 
relationship. When an LD 50 inoculum of 
pam-negative enteric bacilli was injected into 
the peritoneal cavity, Carey et al. could, by 
determining the percentage of inoculated or- 
ganisms undergoing spheroplast formation, 
l~redict whether the inoculum would be fatal. 

Jeter and McKee(l3) studied changes in 
resistance of mice to bacterial infections fol- 
lowing intravenous injection of rabbit anti- 
serum containing antibodies to mouse comple- 
ment. Although they found decreased resist- 
ance to several gram-positive cocci, they found 
no discernible effect on resistance to gram- 
negative bacilli. 

The Work of Rowley(l4), while not dis- 
wunting humoral factors, suggests that cellular 
activity plays the major ri le in removal of 
enteric bacilli from the mouse peritoneal cavity. 

The present study was initiated to evaluate 
further the possible bactericidal property of 
iiiouse peritoneal fluid. In this study a modified 
Algire diffusion chamber provided an environ- 
ti,ent in which the fate of a bacterial inoculum 
could he determined when it was subjected in 
uivo to humoral defense mechanisms, yet re- 
main relatively protected from cellular ele- 
ments. It was of interest to compare, using the 
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same test organisms, these results with those 
obtained in the guinea pig, which has an active 
complement system in vitro. The diffusion 
chamber also provided a means for the collec- 
tion of peritoneal fluid for bactericidal studies 
done in vitro. 

Materials and Methods. All seven organisms 
used were strains recovered from human cases 
of bacteremia or bacilluria with the exception 
of the 2 strains of Salmonella typhimurium.$ 
These 2 typhimurium strains differ considera- 
bly in their virulence for the mouse. The less 
virulent strain (172) was derived from the 
more virulent strain (173) through passage on 
agar by Jensen( 15). All mice used in these 
experiments were adult CF#1. The LD,, for 
CF# 1 mice, when injected intraperitoneally, 
was between 9 and 90 organisms for typhimur- 
ium strain 173, and between loG and lo7 or- 
ganisms for typhimurium strain 172. The sen- 
sitivities to active normal human and guinea 
pig sera were known for all the organisms used. 
In our experience, strains of bacteria sensi- 
tive to guinea pig serum have been sensitive 
in slightly varying degree to human serum; 
those strains resistant to killing by guinea pig 
serum have been resistant to human serum. 

Sterile diffusion chambers were constructed 
from lengths of Tygon tubing, the ends of 
which were covered with Millipore membranes 
having a pore diameter of 0.45p(5). These 
chambers have a capacity of between 0.3-0.5 
ml. 

To determine the permeability of the diffu- 
sion chambers to cells of the host we examined 
the fluid contents from the chambers for mam- 
malian cells using phase microscopy. None 
were found. Upon removal of the chamber 
from the peritoneal cavity, the diffusion mem- 
branes were cut from the chamber after the 
host cells had been meticulously cleaned from 
the outer surface. These membranes were then 
stained with hematoxylin and eosin utilizing a 
procedure which rendered the membrane trans- 
parent. As demonstrated by others ( 16) a mem- 
brane with 0.45 p average pore size is usually 
impermeable to cells of the host. Of 55 mem- 
branes examined at 24, 48, and 72 hours after 
the diffusion chamber had been implanted, five 

$ The 2 strains of Salmonella typhimurium were 
obtained through the courtesy of Dr. D. Rowley. 

showed histologic evidence of host cell penetra- 
tion. When host cells were present these were 
fewer than several hundred and these were lo- 
cated usually in a discrete cluster on the inner 
surface of the membrane. Chambers filled with 
inoculum showed no greater penetration by 
host cells than did chambers filled with saline. 
The percentage of membranes showing pene- 
tration by host cells did not increase when the 
chambers remained in the peritoneal cavity for 
several weeks. Fibrin clots removed from the 
diffusion chamber at termination of the experi- 
ment were fixed, embedded in paraffin, sec- 
tioned, stained with hematoxylin and eosin, 
and examined for host cells. None were found. 

Paper electrophoretic analysis of contents 
from chambers containing fluid in equilibrium 
with the peritoneal fluid showed a total protein 
concentration approximately 50% of that in 
normal mouse serum. The gamma globulin 
fraction in 5 samples of fluid removed from 
diffusion chambers averaged 13% of total pro- 
teins as compared to an average gamma globu- 
lin fraction of 9% for 6 samples of serum. 
Twenty-four hours after implantation of a dif- 
fusion chamber filled with 0.85% sodium chlo- 
ride, total protein concentration was approxi- 
mately one-third that in peritoneal fluid; 48 
hr after implantation, total protein concentra- 
tion was 85% of that in peritoneal fluid. Elec- 
trophoretic patterns of contents from diffusion 
chambers implanted filled with saline showed 
the appearance of some protein fractions at 8 
hours. By 12 hr after implantation all major 
protein fractions of serum could be identified 
by paper strip electrophoresis. Fibrin clots ap- 
peared within the chambers filled with saline 
and occupied approximately 25%-50% of the 
volume of the chamber. No such clots were 
found in chambers which were implanted filled 
with air and allowed to fill with peritoneal 
fluid. The latter procedure was used to collect 
peritoneal fluid for the tests carried out in 
vitro. 

A saline suspension of bacteria obtained 
from an 18 hour brain-heart broth culture was 
placed within the chamber before it was im- 
planted in the peritoneal cavity. In further 
experiments an empty chamber was placed in 
the peritoneal cavity, and several weeks later, 
after the chamber had filled with peritoneal 
fluid, a small amount of this fluid was with- 
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organism for strain 173. 
Peritoneal fluid from the mouse failed to 

show bactericidal activity in vitro against S 
gram negative enteric bacilli tested. In most of 
these experiments unpooled samples of perito- 
neal fluid were used. No significant difference 
was noted between growth in normal perito- 
neal fluid which had been freshly collected, and 
that which had been heated at 56°C for 20 min- 
utes. Growth in the peritoneal fluid was essen- 
tially as found in normal mouse serum which 
had been freshly collected, and in that which 
had been heated to destroy the activity of com- 
plemen t . 

Discussion. Although it has been impossible 
to demonstrate bactericidal activity of mouse 
serum in vitro, Carey et aL(12) recently 
showed intraperitoneal formation of sphero- 
plasts in the non-immunized mouse. This sug- 
gests that factors responsible for spheroplast 
formation, namely, natural antibody, comple- 
ment, and perhaps lysozyme are active in vivo. 
It is possible, although unlikely, that peritoneal 
exudate of the mouse may possess properties 
not shared with serum. We have been unable to 
show in vivo or in vitro that peritoneal exudate 
of mouse possesses bactericidal properties. 
More likely, it may be that under the conditions 
in which Carey et d. demonstrated spheroplast 
formation, participation of peritoneal cells of 
the host was necessary. Our failure to find 
spheroplasts in diffusion chambers suggests 
this latter possibility. 

For a given organism the correlation be- 
tween the sensitivity to serum in vitro and 
survival within intraperitoneal diffusion cham- 
bers in the guinea pigs provides evidence that 
diffusion of humoral elements into this type of 
chamber occurs sufficiently quickly under theFe 
conditions to affect the fate of the inoculum 
(5). The techniques used in the mouse were 
essentially the same as those used in the guinea 
pig. In addition, in some of the mouse experi- 
ments an effort was made to demonstrate bac- 
tericidal activity by placing the bacterial inocu- 
lum into chambers containing fluid already in 
equilibrium with the peritoneal fluid, and fur- 
ther, by using a very small inoculum. 

Rowley(l4) has found that both virulent 
and avirulent strains of bacteria are killed by 
mouse peritoneal macrophages at similar rates. 
He feels that the limiting factor in the inter- 

action of bacteria and monocytes is the rate of 
phagocytosis. Thus if Salmonella typhimurium 
strain 172 (avirulent) and SaZmoneZZa typhi- 
rnurium strain 173 (virulent) are each placed 
in separate diffusion chambers, and rate of 
phagocy tosis is the predominent determining 
factor as to outcome (i.e. virulence), then rate 
of growth within the chamber should be ap- 
proximately the same for both these organisms. 
Our data confirm this. Additional support in 
favor of the importance of cellular mechanisms 
in resistance of the mouse to gram-negative 
enteric bacilli is the absence of killing in the 
diffusion chambers where all major serum pro- 
tein fractions were present in concentrations 
comparable to those in the chambers in the 
guinea pig where killing did take place. 

Further experiments are in progress to de- 
termine the effect of active immunization upon 
the fate of bacterial inocula in intraperitoneal 
diffusion chambers. Also, the fate of bacteria 
in the mouse is being determined after injec- 
tion of the inoculum into diffusion chambers 
already containing mouse peritoneal macro- 
phages. 

Summary and Conclusions. Millipore diff u- 
sion chambers filled with gram-negative en- 
teric bacilli and placed in the mouse peri- 
toneum have been used to determine the fate of 
these bacilli in a cell-free environment. In con- 
trast to findings in the guinea pig, all 7 strains 
of bacteria tested in the mouse grew in such 
diffusion chambers. These chambers also 
served to collect cell-free peritoneal fluid for 
bactericidal studies in vitro. Such studies 
showed mouse peritoneal fluid to have no bac- 
tericidal activity against gram-negative enteric 
bacilli. 
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Antiproteolytic Power of Blood and Body Weight in the Albino Rat. (27026) 

The manifest antiprotease power (AP) of 
plasma as measured by its ability to inhibit 
tryptic digestion depends not only on the 
amount of antiproteases present but also on 
the amount of circulating proteases, on the 
physico-chemical state of the blood: and on the 
different affinities of the various inhibitor sub- 
stances for trypsin. 

This is a report on plasma AP of 143 albino 
rats (71 males and 72 females). 

Method. 20 cmm of tail blood was with- 
drawn into a haemoglobin pipette and expelled 
into 10 ml of Sorensen's Phosphate Buffer pH 
7.1. At the same time some blood was with- 
drawn into a heparinized capillary tube for 
determination of the packed cell volunie 
(PCV) . The blood-buffer mixture was immedi- 
ately centrifuged for 15 minutes at 3,000 r.p.ni. 
and the supernatant fluid used for antiprotease 
assay. 

The assay was based on the determination 
of the optical density produced by the residual 
protein after incubation with protease, both 
with and without addition of plasma. The re- 
action mixture consisted of 1 mg Casein, .5 
units Tryptar Armour (Lyophilized Crystal- 
line Trypsin) and 0.001 ml plasma, made up to 
a total volume of 4 ml with Sorensen's Phos- 
phate Buffer pH 7.1. The mixture was incu- 
bated for 15 minutes at 37.5'. The results are 
expressed in mg Casein saved from tryptic 

* This investigation was carried out under the 
aegis of the N.Z. Medical Research Council. Mr. 
George F. Spears of the Otago Medical School did 
the statistical work and Miss Maureen Kennedy was 
technical assistant. 

digestion by 1 ml plasma, this being the form 
of expression involving the least number of 
assumptions. 

Results. Results are shown in Table 1. They 
were analysed from the point of view of sex, 
age, weight and PCV. Irrespective of sex, 
animals of the same weight show the same 
average plasma AP values. The PCV of these 
rats is low at birth and rises rapidly to reach a 
plateau of about 44% at the age of 8 weeks. 
The rising PCV correlates with the rising AP 
but thereafter the AP continues to rise while 
the PCV remains constant. It would therefore 
seem that concomitant rises during the first 8 
weeks are not causally related. Plasma AP 
rises with age but the increase follows weight 
and not age. 

When the weights of the animals regardless 
of sex, age or PCV are plotted against the AP, 
the data fit the quadratic equation: AP= 
252.7922 + 2.7083 (G) - 0.004548 (G) 2. This 
is a statistically significant fit (F = 10.4; n, = 
1, n2=136; P=O.O02). Over the range of 
weights observed the data agree with the hy- 
pothesis that the change in antiproteolytic 
power is related to weight by a quadratic 
equation. It follows that there will also be a 
correlation with body surface. 

Discussion. Plasma AP results from the 
actions of a number of inhibitor substances 
each having different affinities for at least 5 
distinct proteases; (1,2,3,4,5). Changes in the 
plasma AP occur in response to a variety of 
distinct though not necessarily unrelated pro- 
cesses including absorption into the blood of 
pancreatic trypsin and antitrypsin, blood clot- 




