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rat is mediated by release of lysosomal mate- 
rial from PMN-leukocytes. 
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The Leukocyte Response to Intraperitoneal Ehrlich Ascites Tumor 
In Mice.” (31308) 
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Eugene C .  Eppley Institute for Research in Cancer and Allied Diseases, University of Nebraska 

College of Medicine, Omaha 

The defenses of the host against malignant 
invasion are a t  present ill-defined, but in- 
clude reactive or immune counter measures 
by leukocytes. The qualitative and quantita- 
tive aspects of this relationship require fur- 
ther definition. The amount of tumor pre- 
sented in an artificial situation such as trans- 
plantation does not necessarily reflect the 
natural circumstance, but host response can 
be evaluated thereby. 

Ehrlich ascites tumor (EAT) has been 
shown to be a successful invader of many 
mouse strains; i t  appears to possess foreign 
antigenicity, since previously immunized mice 
will reject otherwise tumor-producing doses. 
Furthermore, McCarthy has shown that C3H 

*Work supported in part by the Damon Runyon 
Fund Grant 868. 

mice with intraperitoneally growing EAT 
will accept foreign skin grafts, which are re- 
tained until the death of the animal(1). 
Thus, the acceptance of the neoplasm re- 
sulted in an “acceptance” of the homo- 
grafted skin, an outcome known to be de- 
pendent a t  least in part on lymphocytic func- 
tions. 

The peritoneal cavity may be a rather 
specialized site for tumor cell growth. Not 
only are the structural, nutritional, and 
transport aspects somewhat unique, but the 
free and close contact between invading tu- 
mor cell and resisting leukocyte may allow 
an evaluation of factors, mechanical or bio- 
logical, determining neoplastic invasion (2,3). 
Old et al have reported on their interest in 
the leukocyte/tumor cell ratio in the inva- 
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sion by ascites tumor and have indicated the 
importance of the leukocyte in host resistance 
(4). The role of leukocytes in the peritoneal 
cavity in tumor rejection is as yet controver- 
sial, however ( 5 , 6 ) .  

An investigation has, therefore, been un- 
dertaken concerning host white blood cellu- 
lar responses in malignancy, using as a model 
the outpouring of leukocytes into the peri- 
toneal cavity of the Swiss mouse upon the 
introduction of Ehrlich ascites tumor cells. 
An animal whose peritoneal cavity has been 
filled acutely with viable tumor cells is de- 
fined here as “instant” tumor. A difference is 
demonstrated in host cellular responses to 
neoplastic cells related to timing and the 
amount of tumor introduced. 

Materials and methods. Two hundred 
white Swiss HA/ICR mice from the Charles 
River Mouse Farms, Brookline, Mass., were 
used, fed autoclaved Purina chow, and kept 
in an air coaditioned environment. Ehrlich 
ascites tumor cells were obtained from Dr. 
T. Hauschka, Roswell Park Memorial Insti- 
tute, and maintained by serial passage of 
6 X lo6 cells every 10-14 days in the test 
animal. The mice were 6 to 8 weeks old and 
weighed 20-25 g when used in these experi- 
ments. 

Quinacrine solution was made in a concen- 
tration of 200 mg per 20 cc of normal saline. 
Quinacrine, 0.1 mg, was determined to be 
optimal for labeling one cc of whole blood or 
tumor fluid for observation of cellular fluo- 
rescence. An A 0  Fluorolume unit with a 200- 
watt mercury vapor light source was utilized 
with a standard Pathostar A 0  microscope 
and suitable filters. Technics of fluorescent 
leukocyte labeling and observation have been 
presented in detail( 7-10), 

Routine hematologic and immunologic 
technics were used for preparing, counting, 
transferring, staining, and observing the cells 
in question. 

Immunized mice were prepared by 4 intra- 
peritoneal injections of 0.5, 1.0, 2.0, 2.5 X 
lo6 lyophilized Ehrlich ascites tumor cells 
(EAT) at weekly intervals. These animals 
were challenged by EAT injections 4 to 5 
weeks after the last dose. Non-viable cells 
were obtained by freezing and thawing. X-ray 
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was given as whole body irradiation in a 
cage by a cobalt unit. Turpentine was ob- 
tained from a commercial source. 

Fig. 1 illustrates the outline of experimen- 
tation. Normal mice, immunized mice, or 
mice with growing tumor initiated by I.P. in- 
jection of 6 X lo6 EAT cells (challenged as 
designated) were weighed and prepared on 
the day of the experiment. A challenge was 
given by IP injection of 6 cc of normal sa- 
line, 6 x lo6 EAT cells in 6 cc of normal 
saline, “instant” tumor (6 cc of EAT), or 6 
cc of 1: 100 turpentine in normal saline. At 
either 5 or 30 minutes later (as designated), 
0.5 mg quinacrine was given I.V. to label the 
circulating population of leukocytes. Intra- 
peritoneal samples were obtained at 1 to 300 
minutes afterward and duplicate preparations 
made; one was observed as a direct smear 
under the fluorescent microscope, and one 
was stained with Wright’s stain. Samples 
were obtained from blood and bone marrow 
and evaluated similarly. The numbers of 
leukocytes per 100 tumor cells in the various 
groups are rounded to the nearest 50 above 
100 and to the nearest 0.1 below 10, indicat- 
ing the gross differences observed. 

We have assumed that the intraperitoneal 
number of EAT cells changes minimally 
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TABLE I. Acute Tleukocytic Response of Mice Given EAT Challenge. 

Time after I.P. challenge (6 X 10" EAT) 
6min 9min 10min 15min 25min 35min 

Time after I.V. qnimrrinr 
Aiiiinal No. of iiiicc 1 i i i i i i  3 iiLin 5 min 10 i i i i i i  20 niiri 30 miri 

Normal 9 1000* 2000 2000 2000 1000-1500 500 

Immune 7 1000 2000 2000 2000-2500 2000 2000 
Tumor-bearing (1-9 days) 10 negt neg neg neg neg neg 

* Numbers indicate leukocytes per 100 EAT cells. t Neg indicates zero. 

TABLE 11. Leukocytic Responses of Mice Given an EAT Challenge. 

Time after I.P. challenge 
5 min 90 min 41,4 hr 231h hr 

Time after quinacrine I.V. 
Animal & challenge No. of mice 35 min 2 hr 5 hr 24 hr 

Normal mouse 
Instant tumor 5 neg 5-10 5-10 4 
6 X 10"EAT + N/S 9 300 50-1 00 5 15* 

Tumor-bearing (9 days) 
Instant tumor 3 
6 X 10" EAT + N/S 6 
No challenge 4 

neg .1 1 died 
neg neg .1 did not .sample 
neg .1 2-10 5 

Immune mouse 
Instant tumor 4 .1 2 2* .2 
6 X 10" EAT + N/S 7 2000" 2000* t did not sample 

N/S indicates normal saline. Neg indicates zero *With clumps. t Many clumps. 

within a 6-hour period after inoculation of 
6 X l@ cells, since the mitotic interval ap- 
proximates 18-2 1 hours ( 11). Instant tumor 
amounts to approximately 360 X lo6 EAT 
cells (absolute number by hemocytometer 
count), and a 7- to %day growing tumor 
after initial 6 X 10s EAT cells numbers ap- 
proximately 600 X lo6 cells (estimate by 
sampling) ( 11). The estimation of absolute 
cell numbers once inside the peritoneal cavity 
is inaccurate for several reasons: i.e., surface 
attachment, sequestration, cell death, fluid 
changes, etc. 

Results. Intravenous administration of 0.5 
mg of quinacrine resulted in 100% intra- 
vascular leukocyte labeling within one minute 
as observed by b l d  samples. This same 
dose of quinacrine given intraperitoneally 
also labeled leukocytes intravascularly, al- 
though requiring a somewhat longer interval. 
Leukocytes labeled in vitro and reinfused in- 
travenously appeared to survive only 3-5 
minutes in the intravascular space, the ma- 
jority sequestered in the lung as determined 
by smears. 

Table I depicts the leukocytic response ob- 
served in normal, tumor-bearing, and tumor 
immunized mice at  short intervals when 
given 6 X lo6 EAT cells in 6 cc normal sa- 
line. The results in all Tables are expressed 
as the number of leukocytes per 100 Ehrlich 
ascites tumor cells. The initial response of 
the normal and immune mouse results in 
1000-2000 leukocytes per 100 tumor cells 
during the first 20 minutes of the experiment 
compared to no observable leukocytes out- 
pouring in the tumor-bearing mouse (1-9 
days). The early leukocyte response involved 
members of both the lymphocytic and myelo- 
cytic series, rapidly becoming one mainly of 
lymphocytes. Six cc of normal saline injected 
into normal or immune mice resulted in 1500 
leukocytes/cu mm I.P. fluid when withdrawn 
at  30 minutes. Leukocytic responses in the 
tumor-bearing animals were essentially the 
same when tested from 6 hours to 9 days 
after the initial live-tumor dose. 

Table I1 illustrates the leukocytic re- 
sponses of the 3 tested groups at  longer in- 
tervals when given either 6 X lo6 EAT in 6 
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TABLE 111. Peritoneal Leukocytic Response 48 Hours After 1500 r. 

Time after I.P. challenge (6 X lo6  EAT) 
15 min 35 min 125 rnin 

Time after quinacrine 
Challenge No. of mice 10 min 30 niin 120 min 

6 cc normal saline 2 500 WBC/cm 500 WBC/cm 200 WRC/cm 
6 ” instant tumor 2 neg neg .5 
6 X l o 6  EAT + 6 cc N/S 2 100 neg neg 

N/S indicates normal saline. Neg indicates zero. 

TABLE IV. Peritoneal Leukocytic Response After a Second Challenge Dose. 

Time 
between 

No. of challenge Result, 
Second I.P. challenge 30 min Animal mice Initial challenge I.P. (hr) 

Normal 5 6 X 106EAT (viable) 6 6 X 108EAT + N/S 0-2 
2 6 X 10sEAT (non-viable) 6 Idem 500 
2 6 X 10sEAT 6 1 : 100 turpentine 500-1000 

6 X l o 6  EAT in N/S 
2 6 cc normal saline 6 6 X 1O6EAT in 6 cc N/S 200- 500 
2 Turpentine 6 Turpentine * 

Immune 4 6 X 108EAT (viable) 6 6 X lo8 EAT + 6 cc N/S 0-2 

* Many clumps. 

cc normal saline or “instant” tumor. The im- 
mune animals sustain the leukocytic response 
longer, and more clumps of leukocytes and 
tumor cells are noted. Fluorescent labeled 
leukocytes were sparse to absent in the tu- 
mor-bearing animals (9 days) challenged 
with 6 X lo6 EAT in 6 cc normal saline, nor 
was an outpouring demonstrated by simply 
sampling the peritoneal cavity. “Instant” tu- 
mor showed a minimal response in all these 
situations. 

Normal mice were irradiated with 1500 r 
whole body X-ray and tested 48 hours later. 
Their leukocytic response to the challenges 
as listed in Table I11 was blunted, and their 
peripheral blood leukocyte counts were in the 
range of 10010-3000 compared to 10,000-20,- 
000 per cu mm in the normal. The negative 
results in this experiment reinforce the con- 
clusion that the intravenous quinacrine does 
not rapidly or selectively label cells in the 
peritoneal cavity, in contrast to those in the 
circulating blood. 

In animals initially injected with 6 X lo6 
EAT intraperitoneally, a repeat injection of 
6 x lo6 EAT in 6 cc normal saline did not 
evoke the expected response (Table IV). 
This effect was noted as early as 6 hours 

N/S indicates normal saline. 

after the initial injection, and on all later 
occasions from one day until the death of the 
mouse (approximately 2 1 days). The initial 
intraperitoneal injection of 6 X lo6 non- 
viable EAT, normal saline or 1 : 100 turpen- 
tine solution did not result in this blunting 
of leukocyte response. Ho’wever, in the above 
situations when turpentine 1:lOO was added 
to the 6 X lo6 EAT with normal saline or 
merely in 6 cc normal saline, a dramatic leu- 
kocytic outpouring was observed. The addi- 
tion of 1: 100 turpentine to “instant” tumor 
also elicited a dramatic leukocytic outpour- 
ing. These responses in the presence of tur- 
pentine demonstrated that the organism is 
capable of leukocytic response at  these times. 

It is to be noted that “instant” tumor re- 
sults in a rapid progression to death, usually 
within 7-10 days as compared to 15-20 days 
with 6 X lo6 EAT intraperitoneally, and 
that “instant” tumor makes the mouse ap- 
pear very lethargic. Administration of 1 cc 
of the fluid from centrifuged EAT to a nor- 
mal mouse 3 to 4 times over a 24-hour period 
did not inhibit the leukocytic response. The 
use of 6 X lo6 normal human leukocytes in 
6 cc normal saline into the peritoneal cavity 
did not provoke a mouse leukocytic response 
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greater than saline alone in the tumor-bearing 
mouse when tested as above. 

Discussion. A method has been presented 
for measurement of host leukocytic response 
to an intraperitoneal challenge, using quina- 
crine intravenously as a fluorescent leukocy- 
tic label. The advantages of this technic in- 
clude the time-proven and stable experimen- 
tal animal-tumor cell model, the rapidity of 
labeling and observation, and the conveni- 
ence of sampling procedures. The results ob- 
tained may be related to the special circum- 
stances of EAT growth in the peritoneal cav- 
ity( 2 ,3 ) .  This method does not differentiate 
between a mechanical effect of including or 
excluding leukocytes from the peritoneal cav- 
ity and a biological effect in terms of abso- 
lute cell numbers. However, it does demon- 
strate a difference in the number of leuko- 
cytes compared to the number of tumor cells, 
a finding which may be of some significance 
in terms of tumor propagation. The results 
of these experiments are expressed as num- 
ber of fluorescent leukocytes per 100 tumor 
cells in the peritoneal fluid. These findings 
are presented in this form because intraperi- 
toneal absolute cell counts involve consider- 
able sampling errors, i.e., dilution, surface 
attachment, sequestration, cell death, or other 
loss. 

The host leukocytic response to an intra- 
peritoneal challenge with EAT cells has been 
shown to be consistently reduced in the pres- 
ence of neoplastic proliferation. The out- 
pouring of leukocytes into the peritoneal cav- 
ity in response to 6 X lo6 EAT in 6 cc nor- 
mal saline appears to persist longer in the 
immune mouse than in the normal, although 
the magnitude of the response is similar. The 
depression of the white cell reaction with 
malignancy could be demonstrated only in 
the presence of growing EAT cells, not with 
non-viable cells or tumor fluid. A proper 
stimulus, i.e., turpentine, elicited a leukocytic 
response in the tumor-bearing animal a t  any 
stage, indicating the ability of the animal to 
react. The blunting of leukocytic responses 
with X-ray showed that a diminished leuko- 
cytic reserve resulted in fewer leukocytes re- 
sponding to the intraperitoneal challenge, and 
that the intravenous quinacrine did not label 

the intraperitoneal cells brightly within a 
given time period. 

Old et al have investigated the effects of 
leukocytes in normal and immune animals on 
peritoneal tumors(4). These studies indicate 
a difference of action of leukocytes against 
the tumor in immune compared to normal 
animals, and a variation in this reaction in 
vivo from in vitro. In vivo cells from the im- 
mune animal are necessary for inhibition of 
the tumor, whether or not immune serum is 
present (normal does as well), and the ef- 
fect of these cells is not lost by repeated 
washing. A ratio of one immune leukocyte 
to one tumor cell appeared to be necessary 
for inhibition, a ratio obtained in our study 
only in normal or immune animals with 6 X 
lo6 EAT cells injected. 

The observation of clumps of leukocytes 
with tumor cells in this study, more pro- 
nounced in the immune animals, suggests a 
possible mechanism of action or functional 
state of these leukocytes. Specific functions 
of leukocytes from the various animal prepa- 
rations were not measured in detail, however, 
and the activity of such cells can only be 
surmised. 

Living or growing cells appear to be nec- 
essary to inhibit the leukocytic response to 
EAT, as shown in the above studies. The 
specificity of this phenomenon has not been 
determined, and specific antigens have not 
been directly implicated ( 1 1 ) . 

The deposition of an “instant” tumor in 
the peritoneal cavity of a mouse appeared 
to overwhelm the host defenses, resulting in 
rapid multiplication of the EAT and death 
of the animal, The “instant” tumor presents 
a very large amount of antigen to the mouse, 
thus an antigen excess could impair the im- 
mune response. To be considered also is a 
leukocytic response inhibitory substance ema- 
nating from the tumor, or possibly a protein 
overloading phenomenon ( 12) .  It is possible 
that metabolites or products of dead or aging 
tumor cells ‘(turn off” the leukocytic re- 
sponse. The rapid growth of “instant” tu- 
mors, especially in immunized hosts, suggests 
the possibility of enhancement, although anti- 
body vs tumor was not demonstrated directly. 

McCarthy has shown that C3H mice with 
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EAT tolerate skin grafts until the death of 
the animal( 1). Patients with malignant dis- 
ease have been shown to tolerate transplan- 
tations better than those without neoplasia 
(13). Southam has also shown an abnormal 
leukocytic response by the Rebuck skin win- 
dow technic in patients with malignancy( 15). 
Thus, i t  seems apparent that a subdued leu- 
kocytic reaction in the presence of malignant 
disease reduces the defenses of the host to 
various types of challenge. If neoplastic cells 
do inhibit the host leukocyte response, then 
the malignant tissue must possess the special 
property of induction of this phenomenon, 
thus aiding in its propagation and metastasis. 
Further studies are under way to clarify these 
observations. 

Summyy.  A method has been described 
to demonstrate leukocytic responses in the 
peritoneal cavity of mice to challenge sub- 
stances, which uses quinacrine to label the 
leukocytes for fluorescent microscopy. The 
leukocyte reaction to intraperitoneally inocu- 
lated Ehrlich ascites tumor cells was observed 
to be decreased in the presence of an already 
established ascites tumor. Massive tumor in- 
oculation (6 cc EAT intraperitoneally) ap- 
pears to suppress the outpouring of leukocytes 
in an immediate fashion, although a response 
does occur when turpentine is administered 
concomitantly. One explanation for these ob- 
servations is the alteration of host defenses 

by the neoplastic cells. 
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1. McCarthy, R. E., Cancer Research, 1964, v24, 

2. Siegler, R., Koprowska, I., ibid., 1962, v22, 

3. - , ibid., 1962, v22, 1278. 
4. Old, L. J., Boyse, E. A., Bennett, B., Lilly, F., 

in Cell Bound Antibodies, National Research Coun- 
cil, Conference of Nat. Acad. Sci., Washington, D. C., 
May 10, 1963, p89. 

5. Baker, P., Weiser, R. S., Jutila, J., Evans, C. A., 
Blandser, R. J., Ann. N. Y. Acad. Sci., 1962, v101, 
46. 9 

6. Hartveit, F., Brit. J. Cancer, 1964, v18, 146. 
7. Desai, R. G., Creger, W. P., Blood, 1963, v21, 

8. Kurnick, N. B., Radcliffe, I. E., J. Lab. 81 Clin. 

9. Rigby, P. G., Hanson, T. A,, Smith, R. S., 

10. White, L. P., Blood, 1954, v9, 73. 
11. Patt, H. M., Straube, R. L., Ann. N. Y. Acad. 

12. Benacerraf, B., Acta Un. Int. Canc., 1963, v19, 

13. Leacopoulos, P., Goode, J. H., Science, 1964, 

14. Nadler, S. H., Moore, G.  E., J.A.M.A., 1965, 

15. Dizon, Q. S., Southam, C. M., Cancer, 1963, 

915. 

1273. 

665. 

Med., 1962, v60, 669. 

New Eng. J. Med., 1964, ~ 2 7 1 ,  124. 

Sci., 1956, v63, 728. 

73. 

v146, 1305. 

v191, 105. 

v16, 1288. 

Received March 2, 1966. P.S.E.B.M., 1966, v122. 

Effect of Purified Luteinizing Hormone-Releasing Factor (LH-RF) on 
Plasma LH Activity at Various Stages of the Estrous Cycle of the 

Rat.* (31309) 
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An LH-releasing factor (LH-RF) has been been purified and separated from the other 
found in hypothalamic extracts from several hypothalamic neurohormones such as follicle 
mammalian species ( 1-5). This factor has stimulating hormone-RF, growth ho,rmone- 

RF, corticotrophin-RF, and melanocyte stim- 
dating hormone-RF which appear to control 
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