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ing characteristics of human and rat serum 
for “physiological” quantities of cortisol and 
corticosterone demonstrate distinct differ- 
ences in the “transcortin” systems in the 
blood of the two species. 

Summary. Equilibrium dialysis experi- 
ments with pooled sera of rats demonstrate 
that the binding activity of the specific cor- 
ticosteroid-binding protein (“ transcortin”) is 
higher in adrenalectomized and hypophysec- 
tomized animals than in normal controls. Rat 
serum at  both 4OC and 37°C has a higher 
binding affinity for corticosterone than for 
cortisol, whereas in human serum at 4OC, cor- 
tisol appears to be bound more firmly than 
corticosterone. The “transcortin” systems of 
man and rat, therefore, show distinct differ- 
ences. 

1. Ulrich, F., Long, C. N. H., Endocrinology, 1956, 

2. Gulyassy, P., DeVenuto, F., Westphal, U., PROC. 
v59, 170. 

Soc. EXP. BIOL. AND MED., 1958, v98, 711. 
3. Cope, C. L., Sewell, C. E., Endocrinology, 1956, 

v13, 417. 
4. Westphal, U., Interactions between steroids and 

proteins. In Mechanism of Action of Steroid Hor- 
mones ( C .  A. Villee & L. L. Engel, eds.), Pergamon 
Press, New York, 1961, p33. 

5. Westphal, U., Ashley, B. D., Selden, G. L., Arch. 
Biochem. Biophys., 1961, v92, 441. 
6. Warren, J. C., Salhanick, H. A., PROC. SOC. EXP. 

BIOL. AND MED., 1960, v105, 624. 
7. Silber, R. H., Busch, R. D., Oslapas, R., Clin. 

Chem., 1958, v4, 278. 
8. Pearce, E. M., DeVenuto, F., Fi,tch, W. M., 

Firschein, H. E., Westphal, U., Anal. Chem., 1956, 
v28, 1762. 
9. Bush, I. E., J .  Endocrinol., 1953, v9, 95. 
10. Slaunwhite, W. R., Jr., Sandberg, A. A., J .  

11. Peterson, R. E., Karrer, A., Guerra, S. L., 

12. Daughaday, W. H., Kozak, I., J .  Clin. Invest., 

C h .  Invest., 1959, v38, 384. 

Anal. Chem., 1957, v29, 144. 

1958, v37, 511. 
~~~~ 

Received February 12, 1962. P.S.E.B.M., 1962, v109. 

Chemotactic Activity and Phagocytosis of Eosinophils.” (27381) 
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Neutrophils and mononuclear phagocytes 
have been shown to respond chemotactically 
to bacteria or bacterial products, but move in 
a random manner in the presence of injured 
tissue or tissue breakdown products ( 1 ) . In 
contrast, the large accumulation of eosinophils 
following reexposure to antigen( 2,3,4) sug- 
gests a chemotactic reaction in sensitized tis- 
sues ( 5 , 6 ) .  The present study utilizes in vitro 
preparations of inflammatory exudates to de- 
termine the factors which result in this eosino- 
phi1 response. 

Adult C57 B1/6 
mice were immunized by 6 weekly subcutane- 
ous injections of fluid tetanus toxoid (Led- 
erle). Approximately 30 days after the last 
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immunizing injection, the mice were injected 
intraperitoneally with 0.2 ml of 5 Lf tetanus 
toxoid in isotonic saline. At daily intervals, 
during a l0-day period, animals were killed 
by cervical dislocation, and autopsies per- 
formed. WBC pipets were used to withdraw 
from the peritoneal cavity sufficient fluid to 
permit total and differential cell counts, as 
well as preparations for living cells. The liv- 
ing preparations consisted of a drop of peri- 
toneal exudate flattened between a cover glass 
and microscope slide and sealed with a mix- 
ture of paraffin and beeswax(7). The cells 
were maintained at  37°C and observed under 
phase microscopy for as long as 3 hours. In 
a few instances, the exudate was incubated for 
12 or 24 hours and then examined. Zeiss 
lenses were used on a Unitron inverted micro- 
scope with Kohler type illumination. 

Results. Observations and photographic 
recordings were made of more than 200 
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preparations. The cells found in the peri- 
toneal fluid of unchallenged animals consisted 
of mononuclear cells (?6',; ) , eosinophils (less 
than 3 F )  mast cells ( 1 fi; ) , and very occa- 
sionally neutrophils. In the inflammatory es- 
udate of challenged animals, the types of cells 
varied, depending upon length of time be- 
tween injection and autopsy. Many neutro- 
phils were observed in all preparations of em- 
date removed during the first 24 hours fol- 
lowing injection, hut by the second day they 
decreased to less than l{/r of the total cell 
population. As the neutrophils disappeared, 
the proportion of eosinophils increased until 
by the 4th day they amounted to 30 to 50c/( 
of the cells. The eosinophils appeared to have 
a strong attraction to certain lymphocytes, 
macrophages and mesothelial cells (Fig. 1.4). 
Commonly, 2 or more eosinophils were seen 
to accumulate around each cell (Fig. 1D and 
E) .  As many as 9 eosinophils have been seen 
to converge on a large immobile macrophage. 

The eosinophils remained in contact with 
the mononuclear cells for periods varying 
from 10 minutes to an hour or more. As the 
eosinophils accumulated along the edges of 
the mononuclear cells they exhibited peculiar 
oscillatory or circulatory movements ( Fig. 
1B). Subsequent to these movements the 
membranes of the mononuclear cells ruptured 
and extrusion of cytoplasm occurred. Eosin- 
ophils penetrated into the disrupted cells and 
migrated back and forth through the cyto- 
plasm (Fig. lC) ,  before leaving at points 
usually different from that of entry. During 
observations of several hundred of these cel- 
lular interactions, no eosinophil was seen to 
penetrate into the nucleus. Although in 
some cases the nucleus was pushed aside by 
the eosinophil, rupture of the nuclear mem- 
brane was never observed. 

Following initial contact between eosino- 
phils and mononuclear cells, the eosinophils 
would repeatedly move away, reverse their 
direction and return to the injured cell. In 
many instances their paths appeared to be 
circular with the eosinophils a1 ternately push- 
ing against and then leaving the mononuclear 
cells. During this process the mononuclear 
cells remained inactive, occasionally being 
pushed or dragged along by motile eosino- 

phils. Gradual disintegration of the mono- 
nuclear cells occurred and their cytoplasm 
spread into the surrounding medium. 

The cells which attracted eosinophils were 
few in number and appeared morphologically 
similar to those which did not. They ap- 
peared somewhat rigid, and did not show 
ameboid movement. Neutrophils, lympho- 
cytes, and macrophages did not seem to be 
attracted to these cells although in rare in- 
stances they were associated with eosinophils 
within a disintegrating cell. Mononuclear 
cells, which had been injured by temporary 
pressure on the cover glass until the cell mem- 
brane ruptured, did not attract eosinophils. 

By the 4th day of inflammation necrotic 
eosinophils were noted, and phagocytosis of 
eosinophils by viable macrophages was ob- 
served (Fig. 1 F )  , Concomitantly, there was 
a marked drop in the proportion of eosino- 
phils in the inflammatory exudate and a re- 
duction of ameboid movement in the remain- 
ing eosinophils. In some preparations allowed 
to incubate for periods up to 24 hours, ne- 
crotic eosinophils were noted in almost every 
viable macrophage. As many as 10 eosino- 
phils in various stages of disintegration were 
found within a single macrophage. 

By the 7th day, the eosinophils had almost 
completely disappeared and the exudate con- 
sisted primarily of mononuclear cells with in- 
tense cytoplasmic basophilia as seen under 
the light microscope. 

Discussion. These phase contrast prepara- 
tions bf living exudative cells permit observa- 
tions which would be very difficult or impos- 
sible with histological or fixed smear prepa- 
rations. For example, in the living prepara- 
tions, eosinophils were observed to move 
towards certain cells and to penetrate into 
them. This is the first time such observations 
were recorded, though thousands of smears of 
inflammatory exudate had been previously 
examined. In a reexamination of the smears 
i t  was noted that eosinophils were often in 
close apposition to or appeared to be attached 
to mononuclear cells. Disintegrating macro- 
phages were frequently surrounded by sev- 
eral eosinophils and, occasionally, morpho- 
logically intact eosihophils were noted within 
mononuclear cells. The occurrence of these 
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FIG. 1. Cellul ir interact;ons commonly found following a challenging inj .  oZ t e tp ius  toxoid. 
Phase contras, pictures 0 1  exodatite cells. Fig. A-E duiing l h c  firs: 3 6 ps avid I!’ c n  the 6th 
(lay of inflaiiiwatio 1. These t i ~ l p i g r i i t n t s  were take11 from 16 win film sLr;!,, A) P a I t  of a 
sequence showjng ail eoLiiiopl)il mcvi i~g  back aiid for th  along the €$ye J * a ni( cliunl 12 ft.oiiocyte. 
B) Eoshophil  a:s. 2iaied with a ri-Ftvre j 1 i  cell m c ~ r b r a u e  of a irrcrophvge mhjch ;Q curudi i ig  
i ts  cytoplasm. C) Ecsinophil penetrating into a disintcgrating Irwrck;i41ge. 0) Tlove e~s i90 -  
phils ar,>und and within a dt generatiiig niacroFhage. towards E) Mcvenl tn t  c 4 pn eosinoi 

the macrophage ehown in D. F) Phagceytosis of a necrctic eob;ilopliil. 

groups in smear preparatiuns indicates an attraction exists between the 2 cells. Since 
that the attraction of eosinophils to certain 
cells must occur in vivo as well as in vitro. 

towards certain cells or cell masses (Fig. 1E) 
and the circular motion made by the eosino- 
phi1 as it repeatedly pulls away and returns 
to the same mononuclear cell indicates that 

the eosinophils appear not to penetrate into 
the cell nucleus, it is presumed that the eosino- 

The ameboid movement of eosinophils philotactic material must reside primarily in 
the cytoplasm. Mononuclear cells disrupted 
in vitro by mechanical means failed to at- 
tract nearby eosinophils. In other experi- 
ments( lo) ,  exudative cells killed by freezing 
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and thawing failed to produce a local eosino- 
philia or otherwise to attract eosinophils in 
vivo. Thus, cell injury or disintegration does 
not appear to be the factor attracting eosino- 
phils. In  experiments in which radioactive 
tetanus toxoid was injected into immunized 
animals, examination of the autoradiograms 
of the exudate indicated that the eosinophils 
were associated primarily with mononuclear 
cells which contained radioactive material 
rather than with free antigen or antigen-anti- 
body complex ( 10). 

These observations indicate that reinjec- 
tion of an antigenic material affects specific 
mononuclear cells causing them to attract 
eosinophils. The antigen presumably com- 
bines with some material in the cell. It is not 
known whether this material is antibody or 
some other cellular component. Since the 
eosinophilia does not occur when antigen is 
injected into passively immunized mice, fac- 
tors other than union of antigen and antibody 
must be involved(3,12). 

The attraction of eosinophils to mononu- 
clear cells occurs between the 1st and 3rd day 
after the challenging injection. Beginning on 
the 4th day of inflammation, eosinophilotac- 
tic activity diminished, and phagocytosis of 
eosinophils by viable macrophages is ob- 
served, as previously reported(3,9,10,12). 

These data and those of similar experi- 
ments suggest that the role of the eosinophil 
may be to transfer material from cells in- 
jured by the antigen to viable cells capable 
of taking part in the immune response. They 
are consistent with the theory that eosinophils 
play a role in initiation of antibody produc- 
tion during the secondary response (3,12 ) . 
These observations clearly indicate that the 
cellular responses during an inflammation 
vary not only in number and types of cells 
reacting, but also in the physiological attrac- 

tion and reaction of cells to each other. These 
cellular interactions may be of fundamental 
importance in sensitization and immunity. 

Summary. Eosinophils were demonstrated 
to be chemotactically attracted to certain 
mononuclear cells in an inflammatory exu- 
date produced by a challenging injection of 
tetanus toxoid. The accumulation of eosino- 
phils around specific lymphocytes, macro- 
phages and mesothelial cells was followed by 
a rupture of the cell membrane and penetra- 
tion of the eosinophils into the mononuclear 
cell. The eosinophils eventually move away 
from the disintegrating cells and, beginning 
on or about the 4th day of inflammation, are 
rapidly engulfed by viable macrophages. 
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