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by the findings of Lortat and Sabareaunu(6) 
who inh.ibited the epinephrine-induced sclero- 
sis 'by extirpation of the thyroid gland. 

1. Combined injections of epi- 
nephrine and )thyroxine were used to produce, 
in rabbits. aortic sclerosis which was charac- 
terized by lack of atheroma. and the presence 
of severe medial and intimal sclerosis. 2 .  90% 
of all !the control animals developed .aortic 
sc1eros:s when treated with epinephrine and 
thyroxine. 3. Massive doses of inositol ap- 
peared to inhibit the influence and severity 
of these lesions. to only a slight degree. 4. 
Daily concomi&tan,t administration of 50 mg 
of ascorbic acid lowered the incidence of 
scleroses to 66%: 100 mg lowered the inci- 
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dence to 61%; 5 0 0  mg lowered it to 55%.  
The severity of Ithe lesions produced was also 
considerably lessened. The  inhibition due to 
ascorbic acid was stat istically significant. 

1. Josue, J.,  Compt. rend. SOC. biol., 1904, v57, 

2.  Hueper, W. C., Arch. Path., 1944, v38, 162. 
3. Lange, F., Virchows drch.  j .  Path. Anat., 1924, 

4. Mikulicich, G., and Oester. Y. T., PROC. SOC. 

5 .  Stamler, J., et al., J .  Lab. Clin.  Med . ,  1950, 

6. Lortat, J., and Sabareanu, T.. Cornpt. rend. SOC. 

539. 

v248, 463. 

EXP.  BIOL. AND MED., 1951, vi8,  816. 

v35, 351. 

biol., 1904, v j t ,  444. 
~ ~ ~~ 

Received .4ugust 25,  1952. P.S.E.B.M.. 1952, v81. 

Effect of Bacteria and Their Products on Migration of Leukocytes.* (19851) 
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In the course of studies of a purified toxic 
somatic antigen from Salmonella tFphosa, 
Morgan( 1 ) noted that leucocytes from guinea 
pig splenic esplants failed to migrate towards 
a capillary tube containing this material. The 
technic used in this test was that of Chambers 
and Legrand( 2 ) which consisted of placing 
the bacterial product in a capillary tube ad- 
jacent to the explant and noting the directim 
of rhigration of the leucocytes. The failure to 
migrate toward the typhoid somatic carbohy- 
drate was interpreted as negative ch2motasis. 
When whole typhoid bacilli were employed. 
slight positive chemotasis was noted. 'It was 
reported bj- I)elaunej* and Pages(3) that the 
injection of the -endotosins" of S u h o n c l l a  
typhosa prevented the diapedesis of leucocytes 
from the blood vessels of animals. Miles and 
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Sivens(4) confirmed these findings and be- 
lieved that this occurred because of poor tissue 
perfusion secondary to the circulatory failure 
produced by the endotosins. The present 
study deals with the effect of a series of bac- 
teria and some bacterial products on leuco- 
cytes. The tests were carried out in a special 
cell( 5 )  which permits quantitation of the 
capacity of leucocytes to migrate from a buffy 
coat culture. 

Human blood was 
used, silicone ( G E  S o .  9986) treated glass- 
ware. syringes, and needles were employed 
throughout: heparin in final dilution of 1 pg 
per ml of blood was used to delay clotting. 
The organisms or purified bacterial products 
were added to the blood in quantities outlined 
in the tables. The bacterial products were 
suspended in isotonic saline and the final 
dilution of one part of the material to 9 parts 
of blood was used. The slide cell for centrifu- 
gation has been modified by th*e use of 2 lucite 
blocks held together by screws and separated 
by a rubber band (Fig. 1) .  Cells were filled 
to the midway mark with blood and the bolts 

Methods and material. 
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FIG. 1. Photograph of slide cell. The cell on the 
right is completely assembled while the two parts 

are shown on the left. 

were tightened until the plates were approxi- 
mately 0.25 mm apart. The cells were sealed 
with petrolatum. Centrifugation of the cells 
a t  200 G. for 5 minutes gave adequate separa- 
tion of plasma, white cells, and red cells. 
After incubation at 37°C for 5-15 minutes the 
plasma clotted. The slide cells were removed 
and examined at intervals under the micro- 
scope. The whole organisms tested were 
S. typhosa and Ps.  aeruginosa from Dr. D. T. 
Smith and D. pneumoniae type I from Dr. M. 
McCarty. The organisms were grown on agar 
surface and diluted as necessary. The purified 
material included meningococcal filtrate from 
Dr. B. Black-Schaffer, typhoid somatic anti- 
gen from Dr. H. R. Morgan, Piromen from 
Ps .  aerziginosa from Dr. L. Ginger of Baxter 
Co. ; P25 polysaccharide f,rom Serratia mar- 
cescens from Dr. M. J. Shear and type-specific 
polysaccharide from type I11 pneumococcus 
from Dr. 0. T. .4very. The M .  aureus, co- 
asplase positive, was obtained from a patient 
with bacteremia. 

Experimental results. The results presented 
in Table I indicated the effect of various bac- 
teria on the oriented migration of human 
leucocytes. S. typhosa and P .  aeruginosa in 
concentrations of 6 X 106 organisms per ml 
produced inhibition of migration. M. aureus 
and D .  pneumoniae in concentrations of 6 X 
10s #organisms per ml produced no inhibition 
of migration. 

Table TI outlines the effect of various bac- 
terial products on the migration of lmcocytes. 
There is a striking difference between the 
effect of the polysaccharide of the pneumococ- 
cus and the other bacterial products. The 

leucocytes start migrating at a normal rate in 
all tests but within 1% to 2 hours the leuco- 
cytes exposed to material from S .  typhosa, Ser. 
marcescens, P .  aeruginosa and filtrate of the 
N .  intracellularis show marked slowing. Table 
I1 shows wide variation in the concentra- 
tion necessary to inhibit the migration. This 
is due to the marked variation from individual 
to individual in the level required to produce 
inhibition. As the concentration is decreased, 
a zone of stimulation is reached. This is man- 
ifested by greater rate and distance of migra- 
tion. I t  should be mentioned that these sub- 
stances, like the M .  tuberculosis, cause clump- 
ing of leucocytes in the slide cell. 

Discussion. Inhibition of the migration of 
leucocytes is prduced by a group of bacteria 
and their soluble products. This inhibition is 
in contrast to the lack of effect of another 
group of bacteria and their products. The 
organisms producing inhibition are character- 
ized by the production of endotoxins. These 
endotoxins have certain characteristic effects 
noted when given intravenously to animals. 
I t  would seem that the leucopenia and fever 
noted in vivo may be related to the in vitro 
effect reported here. The direct effect of this 
material on leuwcytes as well as the shock 
may contribute to the altered inflammatory 
response noted by previous workers when 
some of these materials are given intraven- 

TABLE I. Effect of Whole Bacteria on Migration 
of Leucocvtes. 

Org./ml 

s. t yplwsa Inhibition 1 6 
P.  aeruginosn 

M. aureus Noinhibition 
D. pneunaoniae Type I11 

TABLE 11. Effect of Purified Bacterial Product6 
on Migration of Leucocytes. 

Typhoid aomatic carbohy- Inhibition .05& .58 
drate (Morgan) 

(Baxter Piromen) 
P. aeruginosa carbohydrate .25 -5 

Meningococcal filtrate .005- .01 

Polysaccharide pneumococoue iW0 

Polysaccharide from Serratia .036- .36 
(Shear) 

Type I11 
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ously(3,4,6). Sarcoma 37 in contrast to the 
leucocyte does not behave in the same manner 
toward the material from Serratia since there 
is no demonstrable effect in tissue culture 

The inhibition by the material from Gram 
negative organisms would appear to be more 
complex than “negative chemotaxis” since the 
material is distributed throughout the medium 
of red cells, white cells and plasma. The zone 
of stimulation noted with decreasing concen- 
trations of the material would be more in 
favor of a direct effect on the leucocyte. 

Summary. The complex carbohydrate from 
S. t ~ p l z o s a ,  P .  acruginos~,  and Serratia as well 
as a filtrate from S.  intercellularis inhibited 
the migration of human leucocytes. The same 
effect was noted with whole bacteria of 
S. typhosa and P. a twg inosa .  S o  inhibition 

(7,8). 

was seen with M. aweus, D .  pnerrtnoniae Type 
I11 or with the polysaccharide of Type 111. 
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In the normal organism the intravenous 
administration of la small dose of crystalline 
insulin (0.1 unit/kilo) causes an abrupt de- 
cline of the blood sugar with the nadir a t  20 
to 30 minutes followed by a sharp secondary 
iise reaching the fasting level by 150 minutes 
( 1 ) .  This secondary rise is probably not due 
4 0  a termination of the insulin effect. since in 
experiments in which the duration of action of 
insulin is measured by the time during which 
glucose must be injected in order to prevent 
the :blood sugar level from declining, it has 
been found that 5 units of insulin have a 
duration of action of 6 hours(2). This evi- 
dence. together with the fact that hypophysec- 
tomized and adrenalectomized animals in which 
the apparent duration of insulin action is much 
g m t e r  than in Ithe normal, has led ,to the 
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hypothesis that  the secondary rise of the blood 
sugar level in the *insulin tolerance test is a 
result of stimulation of a body homeostatic 
mechanism which tends to restore the original 
blood sugar level (3 ,4) .  This phenomenon 
is properly termed hypoglycemia responsive- 
ness and in order for it to make its appearance 
two conditions must be met: ( 1 )  There must 
be a sufficient reserve of hepatic glycogen to 
allow for #the observed rise in athe blood sugar 
concentration and ( 2 )  a mechanism for gly- 
cogenolysis must be activated by the falling 
blood sugar level(5). It ah been hypothe- 
cated that the mechanisms stimulated by 
hypoglycemia are located in the hypophysis, 
the adrenal cortex, or the sympathetic nervous 
system(3,4). In a previous study i t  was ob- 
served that insulin administered 40 normal 
individuals is accompanied by -a marked rise 
of the absolute lymphocyte count(6). I n  
diabetic patients, however, the  extent of the 


