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metous fluids( 2 ) .  Thus, rate of phagocyto- 
sis of the granulocytes, as well as rate of mi- 
gration of the mononuclear cells from the in- 
flammatory area, account to a great extent 
for the sequence of cell types seen in the in- 
flammatory exudate. 

The number of each cell type responding 
to an injection of antigen varies depending, 
in part, upon sensitivity of the animal to that 
antigen. The neutrophil response appears 
to be somewhat greater in animals injected 
with antigen for the first time than in rein- 
jected animals. In  contrast to neutrophils, 
eosinophils are found in greater numbers 
when the antigen is reinjected. The local in- 
crease in eosinophils is a consistent finding 
whenever an antigen is repeatedly injected 
into an animal(4). This has recently been 
confirmed by Litt (1  1) who observed a quan- 
titative local eosinophilia in the guinea pig 
following repeated intraperitoneal injections 
of an antigen. Archer(l2) has also found 
local increases in eosinophils a t  the site of 
reinjection of antigen in the skin of the horse. 
The relation of these cells to adrenal cortical 
hormone secretions and to antibody forma- 
tion has been presented earlier (8,9,10). 

The mononuclear cells of the sensitized 
animals showed marked changes in morpho- 
logical appearance during various periods of 
the inflammation. In  tense basophilic stain- 
ing of the cytoplasm was observed between 
the 4th and 10th days of inflammation. I t  
is considered significant that these changes 
occur in macrophages which have engulfed 
eosinophils ( 2,3 ) . 

Summary. This paper compares proce- 
dures for qualitatively and quantitatively 
studying cellular responses to inflammatory 
substances. I t  was noted that estimates of 
total cells in the aspirated exudate suggested 
conclusions not obvious from data obtained 
from different la1 counts. These data suggest 
thai the observed sequence of inflammatory 
cells is due not only to the initial migration 
of cells into the inflamed area, but to the 
rate of phagocytosis of the granulocytes by 
the macrophages. The inflammatory exudate 
of sensitized animals contained fewer neutro- 
phils and greater numbers of eosinophils. 
Plasma cells and mononuclear cells with in- 
tense basophilic cytoplasm were frequently 
observed following the disappearance of eo- 
sinophils. 
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matory exudate of immunized and non-im- on the autoradiograms of each animal. Only 
munized mice. Recent experiments indicate 
that thymidine incorporation occurs during 
interphase in cells which are doubling their 
nuclear DNA preparatory to mitosis( 2,3,4, 
5 ) .  Cells during various stages of inflamma- 
tion were incubated in vitro with tritiated 
thymidine, and incorporation of radioactivity 
into nuclei was determined by aatoradio- 

Jfnterials  and methods.  A total of 80 adult 
C 5 7  RL 6 mice were used in these experi- 
ments. One-half of the animals were sensi- 
tized (immunized) by a series of 7 subcu- 
taneous injections of 5 Lf Diphtheria toxoid 
(Lederle). Thirty days after the last sensi- 
tizing injections, 30 mice from each group 
were injected intraperitoneally with 5 Lf of 
the toxoid in 0.4 ml isotonic saline. The re- 
maining mice were used as uninjected con- 
trols. Each day. autopsies were performed 
on 3 animals from each injected group, and 
one animal from each uninjected group. Data 
were omitted for “dzy 8” because of technical 
difficulties in preparation of the autoradio- 
graphs. 

A t  time of autopsy. 0.2 ml of a suspending 
fluid, consisting of polyvinylpyrrolidone 
(Schenley) and Hank’s balanced salt solu- 
tion, was injected intraperitoneally. The in- 
flammatory exudate was immediately re- 
moved by aspiration. samples were taken for  
counting. and the remaining cell suspension 
(approximately 0.20 ml) added to 0.05 nil 
pyrogen-free saline containing 1 pc tritiated 
thymidine (360 pc/’mM Schwarz) . The 
cells were incubated for 1 hour, cooled to 
5 “C. then painted on gelatine-subbed glass 
slides. using the brush technic of Burke. r t  of. 
( 6 ) .  The slides were then air dried. fixed 
in methyl alcohol, washed for 15 minutes in 
distilled water, and dipped into NTB3 liquid 
nuclear emulsion (Kodak) according to pro- 
cedures outlined( 7,8). After exposure for 7 
days a t  5”C, the slides were developed in 11- 
19 for 2 minutes, fixed, washed and stained 
for 3% minutes in May-Gruenwald Blood 
stain . 

The proportion of inflammatory cells in- 
corporating tritiated thymidine was esti- 
mated by counting approximately 5,000 cells 
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cells containing 6 or more silver grains over 
the nucleus were recorded as labeled cells. 
Xumber and types of cells at each stage of 
inflammation were calculated( 1) and total 
number of cells incorporating thymidine es- 
t ima ted . 

Resu l t s .  Examination of the autoradio- 
grams indicated that only mononuclear cells 
were capable of in vitro incorporation of the 
tritiated thymidine. In  no case was a label 
obtained over neutrophils, eosinophils or 
mast cells. The number of mononuclear cells 
capable of incorporating thymidine in the 
uninjected (0 day) animals averaged 36/ 
10,000 (0.36%) cells in the normal, and 
9 10,000 (0.09%) cells in the immunized 
animals. (Table I and Fig. 1 Top). 

In the non-immunized animals injected 
with diphtheria toxoid, a total of 839 labeled 
cells were found among 130,000 inflamma- 
tory cells. Average number of labeled cells 
for the period from 1 to 10 days was 64J 
10,000. A gradual increase in proportion of 
cells incorporating thymidine was observed, 
beginning on the 3rd day, and reaching a 
peak on the 7th day (181i10,OOO). 

PER CENT OF CELLS LABELLED 

W I  

‘ 
LABELLED CELLS PER CUBIC MILLIMETER 

- -  
D A Y S  A F T E R  C H A L L E N G I N G  I N J E C T I O N  E X P  4 - 1 5  

PI(;. I .  Gilro incorporation of tritiated thymi- 
cline in iriiln~nimitory rnononuc1e:ir cells of non- 
wiisitized arid seiisitized mice. Calculatioiis were 
im:cdc of No. of labeled cells per cmin, and total KO. 
\rliich could he aspirated iii the inflatmn1;~tory (3x11- 
( I  a tr. T,w beling wts obtairiccl by i i i c i i l ~  tiiig t l ~ c  
~ ~ 1 1 s  with thyinidine, and exposing them to NTI:, 

cinulsion, f o r  7 days. 
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Tota l  ~ ~ ~ o i i o i i ~ c l e a r  cclls in  Noriiinl 1.8 21 .i 7.3 6 . 3  :3,5 2.0 4.3 4.4 4.0 4.0 
aspirate ( X  ] O h )  Seiis. 11.0 l i . i  9.9 -5.8 4.0 3.2 3.8 3.6 1.8 1.t; 

Labeled cells per 104 ~10110- Noriiial 3(i 20 (i 10 (2 ti8 8 i  18L 5 8  i a  
iiiielear cclls Sew. 9 Sf.) 11 (i3 87 145 tE5 37 83 90 

Total Xo.  of labclcd cells Xormal li .l  43.0 1.5 86.0 31.0 13.0 37.0 43.0 21.0 25.0 
in  aspirate ( X  los)  Sens. 9 3  35.4 72.0 38.0 36.0 46.0 22.0 13.0 15.0 15.0 

2 5 3  

In  the immunized animals a total of 1170 ning on the 3rd day, and reaching a peak on 
labeled cells were found among approxi- the 5th day (145/10,00~0). 
mately 156,000 cells. Average number of Calculations were also made of number of 
labeled cells for the period from 1 to 10 days labeled cells per cubic millimeter, and total 
was 67/10,000. A gradual increase in pro- number which could be aspirated from the 
portion of labeled cells also occurred begin- peritoneal cavity (Table I, Fig. 1 ) .  An in- 

FIG. 2-6. Tiiflammatory cells incorporating tritiatecl thymidine in  ~ i t r o .  
FIG.  2. Histiocytes. Cells which most frequeiitlg incorporate thymidine. 
FIG.  3. Histiocyte and an unlabeled eosinophil. 
FIG.  4. Mediurri-sized lymphocyte. 
FIG.  5 & 6. Ensophilie traiisitioiial cells which appeared between 4 and 7 days in immunized 

group but were occasionally seen in noii-immunized animals. 
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crease in actual number of cells capable of 
synthesizing thymidine occurred during the 
first day of inflammation in both groups. 
This increase was not evident when per- 
centage data alone were considered. 

The  types of labeled mononuclear cells 
varied. depending upon stage of inflamma- 
tion. The majority of labeled cells at  all 
stages consisted of large macrophages or his- 
tiocytes (Fig. 2,3), and medium sized lymph- 
oid cells (Fig. 4). Beginning on the 4th 
day, cells with varying amounts of cytoplas- 
mic basophilia became labeled (Fig. 5 and 
6 ) .  In immunized mice these basophilic cells 
averaged 13% of all the labeled cells found 
between 4th and 10th days. In the non-im- 
munized mice approximately 2 .5% of the 
labeled cells were basophilic during this same 
period. 

All stages of transition between macro- 
phages and plasma cells were observed. and 
it was impractical to classify the cells into 
distinct morphological groups. 

Discussion. These experiments demon- 
strate a procedure for study of metabolic ac- 
tivity of inflammatory cells. A comparison 
was made of number of cells capable of in 
ziitvo incorporation of thymidine in the in- 
flammatory exudates of immunized and non- 
immunized mice injected with Diphtheria 
toxoid. The  cells which were found to in- 
corporate thymidine are mononuclear cells- 
a heterogeneous group including lymphoid 
cells, histiocytes, macrophages and cells with 
varying amounts of basophilic-staining RNA 
in their cytoplasm. The granulocytes found 
in the inflammatory exudate are end cells 
which, since they are incapable of cell divi- 
sion, do not incorporate thymidine. 

The number of inflammatory cells capable 
of incorporating tritiated thymidine was 
small compared with the number of such cells 
found in bone marrow or spleen. During the 
first 2 days of inflammatioln. total number of 
peritoneal exudate cells incorporating thymi- 
dine never exceeded 46,000, although, within 
the first 24 hours, there was an increase of 
more than 10 million mononuclear cells in 
the exudate of the non-sensitized animals. 
These additional cells must arise by migra- 
tion of mononuclear cells into the exudate, 

since the DNA synthesizing cells were too 
few in number to account for the increase. 
These data do not indicate whether the mi- 
grating cells originate in blood vessels, omen- 
turn, mesenteries or adjoining tissues. Other 
experiments, however. have demonstrated 
that a t  least some of the mononuclear cells 
must migrate from the blood vessels along 
with the granulocytes(9,10,11). 

Following the first day of inflammation, 
there is a disappearance of mononuclear cells 
due. in part, to necrosis and disintegration of 
the cells. and, in part, to migration of the 
cells out of the inflammatory area and into 
the lymphatic and blood vessels ( 1,12 ) . 
There is, thus, a large turn-over of cells mov- 
ing both in and out of an inflammatory exu- 
date. and a true picture of this turn-over can 
be obtained only by considering quantitative 
data. 

Greater numbers of mononuclear cells with 
intense basophilic cytoplasm (due to RNA 
synthesis) were observed in the sensitized 
animals( 12 ) . These cells also appear to in- 
corporate amino acids( 13) and are probably 
involved in the synthesis of antibody( 1 2 ~ 4 ,  
15 ) . Although differences in morphological 
appearance were apparent in the sensitized 
mice, total number of cells present, and num- 
ber synthesizing DNA, were identical to that 
of the non-sensitized animals. The sensitized 
animals appeared to synthesize DNA some- 
what sooner than the non-sensitized animals, 
possibly because they are more efficient in 
rate of phagocytosis and removal of antigen 
(16). There was no indication that these 
cells were dividing to form plasma cells. Evi- 
dence available in our laboratory, and from 
others( 17,18), does not support the concept 
that antibody-producing cells arise by mi- 
tosis, but rather suggests that there is a 
morphological transformation of macro- 
phages, or similar mononuclear cells. 

Additional experiments are in progress in 
which cells labeled with tritiated thymidine 
are traced from the inflammatory exudate 
into various organs and tissues of the body. 

Suvzrnary. Inflammatory cells aspirated 
from the peritoneal cavity of mice injected 
with Diphtheria toxoid were studied by au- 
toradiography for in vitro incorporation of 
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tritiated thymidine. The proportion of la- 
beled cells was low prior to and for the first 
2 days following initiation of inflammation. 
Beginning on the 3rd day the proportion of 
labeled cells gradually increased reaching a 
maximum on or about the 7th day in the 
non-sensitized mice. In animals previously 
sensitized to the Diphtheria toxoid, the in- 
crease in labeled cells occurred more rap- 
idly, reaching a maximum on or about 5th 
day of inflammation. However, number of 
cells capable of DNA synthesis in both 
groups appeared to be identical. The origin 
of inflammatory mononuclear cells was dis- 
cussed. Only a small proportion of the cells 
originate by division of cells suspended in 
the inflammatory exudate. The majority of 
cells, both granulocytes and mononuclear 
cells, migrate into the inflammatory area 
from the blood vessels and possibly from ad- 
joining tissues. 
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A variety of simple chemical compounds 
capable of in viva and in vitro histamine re- 
lease from cells has been investigated during 
the last 13 years( 1 ) -  Most studies, particu- 
larly with compound 48/80, have utilized 
disruption and degranulation of tissue mast 
cells as an index of histamine release( 1-6). 

~ _ _ _ _  
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Observations on mast cell degranulation may 
not be adequate for quantitative study of 
48/80 and histamine release; indeed, hista- 
mine release may occur without degranula- 
tion(7). Furthermore, there is almost no 
quantitative information concerning other 
chemical releasers. Accordingly, we made 
direct measurements of histamine released 
after addition of various concentrations of 

t Student Summer Research Fellow, Allergy Foun- compound 48/80 to rat peritoneal mast Cells, 
and compared these effects with those of sev- dation of America, 19.58, 1959. 


