
identical gradient. The cells were mixed, 
freed from the Ficoll (by centrifuga- 
tion after dilution), resuspended in 
fresh culture medium, and layered upon 
another identical gradient. When centri- 
fuged once again, the cells were dis- 
tributed into two distinct bands (Fig. 
1 C) corresponding to their positions on 
the original gradient. The return of the 
cells to their original position indicates 
that the Ficoll gradient does not alter 
their density significantly. The increased 
wall effects seen in this gradient were 
the result of incomplete resuspension of 
the cells after their centrifugation to a 
pellet to remove the Ficoll of the first 
gradient. Complete dispersion of the 
cells subsequently was achieved with a 
Dounce homogenizer without apparent 
cell damage. 

Microscopic examination of frac- 
tions, taken progressively down a gra- 
dient such as shown in Fig. 1A, re- 
vealed that cells gradually increased in 
size from small morphologically uni- 
form daughter cells at the top to larger 
dividing cells at the bottom of the zone 
of buoyant cells. Thus, Chlorella cells 
appear to increase in density as they 
develop through their cell cycle. 

A gradient was then designed to allow 
floatation of daughter cells and sedi- 
mentation of most intermediate-age and 
mother cells (Fig. 1D). Such gradients 
could be heavily loaded [up to approxi- 
mately 2 g of cells (fresh weight) per 
35 ml of gradient] to insure a good yield 
of uniform daughter cells. The daughter 
cells taken from such gradients exhibited 
a high degree of synchrony, a periodic 
(step) increase in total cellular DNA, 
and approximately an exponential in- 
crease in total cellular protein during 
a synchronous cell cycle (Fig. 2). When 
the pelleted (older) cells were taken 
along with the buoyant daughter cells, 
the cell number increased exponentially 
as in the untreated asynchronous cul- 
ture, an indication that the Ficoll dens- 
ity-gradient procedure did not of itself 
induce synchrony. 

This isopycnic density-gradient pro- 
cedure potentially offers another rapid 
experimental approach to biochemical 
investigations of the cell cycle. If cells 
are buoyant in the gradient materials 
employed and if they increase continu- 
ously in density as they develop through 
their cell cycles, it should be possible 
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to reveal how biochemical parameters 
change during a cell cycle merely by 
making cell counts and biochemical 
analyses down the zone of buoyant 
asynchronous cells. 
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To perform such studies, however, 
the cultural conditions must be closely 
controlled. Chlorella cells of all ages 
increased in density as their growth rate 
was increased by illumination with a 
higher light intensity. Under 22,000 
lu/m2 the cell cycle length remained 
about the same, but the division number 
of the cells increased to approximately 
eight. The density of dividing mother 
cells increased to the point that they 
could not be floated in the highest 
density of Ficoll tested (58 percent), 
but daughter cells and those of inter- 
mediate age still could be floated in 
gradients running from 25 to 40 per- 
cent Ficoll. 

One advantage of this equilibrium 
centrifugation procedure is that the 
cells are maintained at 2? to 3?C from 
the time of harvest until they are again 
suspended in culture medium that had 
been equilibrated to the temperature 
necessary for initiating cell growth. At 
this low temperature the metabolism of 
the cells is not as likely to be perturbed 
as may be the case in intermittent- 
illumination procedures (7) used to syn- 
chronize Chlorella. 

From the review by Morse (8) deal- 
ing with methods being tested and used 
for fractionation or separation of cells 
from tissues or suspension cultures, it 
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Mouse peritoneal cells are now being 
used in studies concerned with the up- 
take and processing of exogenous ma- 
terials (1), especially antigens (2). It 
has been recognized that this cell pop- 
ulation consists mainly of macrophages 
and lymphocytes, and it is known that 
the proportion of cells is altered by the 
introduction of foreign materials into 
the peritoneal cavity (3-5); to our 
knowledge, no information is available 
concerning the variation in the number 
of each cell type that is related to age, 
sex, and strain (6). The results pre- 
sented here indicate how age and sex 
influence the normal peritoneal cell 
population of the strain BALB/c 
mouse. 
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Data were derived from conventional 
and germ-free mice obtained from the 
breeding facilities of the National Insti- 
tutes of Health. The total number of 
peritoneal cells was estimated by a 
modification of the method employed 
by Hauschka et al. (7) and Klein and 
Revesz (8), in which the cells were 
washed out of the peritoneal cavity by 
repeated rinsings with phosphate-buf- 
fered saline into graduated cylinders 
containing aqueous solutions of citric 
acid and crystal violet in amounts such 
that the final concentration in the wash- 
ings was 0.1M and 0.04 percent, re- 
spectively. Between 5 and 25 ml of 
saline were used for rinsing, according 
to the age of the animal. The gradu- 
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Quantitation of Strain BALB/c Mouse Peritoneal Cells 

Abstract. Total and differential counts of the peritoneal cells of male and female 
BALB/c mice aged 10 days to over 2 years demonstrate that the increase in cell 
number that occurs in mice over 2 months old is due entirely to an increase in 
lymphocytes. The number of peritoneal macrophages in BALB/c females is main- 
tained at a constant level for 22 months. The stability of the macrophage popula- 
tion in contrast to the increase in numbers of lymphocytes suggests that the body 
pools of these two cell types are not related. 
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ates were shaken vigorously at intervals 
over a period of not less than 20 min- 
utes to disperse the cells, and the nuclei 
in at least two aliquots from each grad- 
uate were counted in a hemacytometer. 

Preparations for differential counts 
were made by removing 1 to 5 Ipl of 
saline-diluted peritoneal fluid from the 
peritoneal cavity and placing droplets 
on saline-moistened HA Millipore fil- 
ters, 5 mm in diameter. The filters were 
fixed 30 minutes in 10 percent formalin 
in 95 percent ethanol, stained in hema- 
toxylin-eosin-azure, run up through 
alcohols and toluene, and permanently 
mounted on glass slides with plastic 
resin. At least 1000 cells from three or 
more separate samplings from each 
mouse were enumerated to compile the 
differential cell counts. 

Preservation of cell morphology in 
the filter preparations permitted the 

recognition of the various cell types 
with a high degree of accuracy. Lym- 
phocytes and macrophages constituted 
at least 95 percent of the peritoneal 
cells, while mast cells, polymorphonu- 
clear leukocytes, and a few myeloblasts 
(more prominent in younger animals) 
made up the remainder of the cell 

types. If other cells were present, they 
could not be recognized. Contrary to 
other reports (3), we were not able 
to identify mesothelial cells in the peri- 
toneal fluids of these normal animals. 
Medium lymphocytes predominated in 
animals under 4 weeks of age while 
small lymphocytes were rarely seen. In 
older animals, small, medium, and large 
lymphocytes were present. Polymorpho- 
nuclear leukocytes were always present 
but at levels of a few tenths of a per- 
cent. Mast cells in young animals were 
small and sparsely filled with granules; 
in older animals, they were large and 
heavily packed with granules. Some of 
the macrophages from mice of all ages 
contained phagocytosed material. 

It was not possible to be confident 
of total and differential counts from 
mice younger than 10 days of age but, 
as an order of magnitude, counts from 
1-day-old female mice ranged from 
0.04 to 0.09 X 106 total cells, while 
differential counts on mice of this age 
indicated that macrophages comprised 
about 85 percent; lymphocytes, 6 per- 
cent; and mast cells, polymorphonu- 
clear leukocytes, and myeloblasts, 9 
percent of the cells. The total number 
of peritoneal cells increased rapidly 
from this number at birth to about 3 X 
106 cells at 4 weeks, a 50-fold increase 
(Table 1). After a further two- to three- 
fold increase during the next 4 to 6 
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Table 1. 
mice. 

Total peritoneal cells in BALB/c 

Age Total cells Animals 
(days) X 10-6 (range) (No.) 

Conventional females 
10 0.43 (0.34-0.49) 8 
20 1.4 (1.1-1.6) 6 
29 2.1 (1.3-2.8) 7 
70 7.4 (6.2-9.4) 7 

122 8.8 (6.7-10.3) 8 
162 13.1 (9.8-16.4) 8 
212 13.7 (9.8-19.0) 8 
398 19.0 (11.9-39.1) 8 
477 19.6 (11.2-31.8) 8 
750 34.0 (12.5-56.1) 8 

Germ-free females 
10 0.41 (0.35-0.50) 6 
21 1.2 (0.79-1.4) 8 
62 4.7 (4.1-5.0) 4 

217 14.5 (13.2-16.1) 5 
240 17.9 (15.6-19.2) 3 
284 18.6 1 

Conventional males 
10 0.36 (0.31-0.42) 5 
66 2.3 (2.1-2.6) 3 

235 7.7 (6.7-9.2) 8 
467-473 7.5 (1.6-9.6) 13 

Germ-free males 
62 2.1 (1.8-2.6) 4 

210 3.9 (3.8-4.1) 2 

weeks, the total peritoneal cell popula- 
tion was characterized by a slow rise in 
cell number for the duration of the life 
of the animal. In some female mice be- 
tween 1 and 2 years of age, a dramatic 
infiltration of lymphocytes occurred. 

It can be seen from the differential 
counts (Figs. 1 and 2) that, after the 
first 3 months of age, the increase in 
peritoneal cells in female mice was due 
entirely to increases in the numbers of 
lymphocytes. By contrast, the popula- 
tion of macrophages in the peritoneal 
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cavity was quite stable. Thus, after 10 
days of age, the total macrophages in- 
creased approximately tenfold, while 
at the same time the lymphocytes in- 
creased several hundred to 1000-fold. 
In 27 conventional female mice be- 
tween the ages of 70 and 750 days, the 
total macrophages averaged 2.3 million 
with a range of 1.5 million to 3.0 mil- 
lion. 

The peritoneal fluid of male mice 
(Fig. 2) contained fewer cells than that 
of females, and this was due largely to 
a reduced number of lymphocytes. Old 
male mice did not show the infiltration 
of lymphocytes that characterized the 
peritoneal fluid of old females. Finally, 
it can be seen (Fig. 2) that rearing 
mice in a germ-free environment did 
not appear materially to affect the total 
number or proportions of peritoneal 
cells. 

These results show that the perito- 
neal lymphocyte population of the 
BALB/c mouse is influenced by age and 
sex, while the number of macrophages 
is remarkably constant. The influence 
of the thymus on the postnatal matura- 
tion of the lymphatic system is well 
documented (9), and the 50-fold in- 
crease in peritoneal lymphocytes in the 
first 4 weeks of life correlates well with 
the 30-fold increase in total cell num- 
ber observed in the thymus of C3Hf 
mice during the first 2 weeks of life 
(10). The slow but definite rise in num- 
bers of lymphocytes in the peritoneal 
fluid of mice between 3 and 22 months 
perhaps reflects a gradual increase in 
the size of the pool of long-lived lym- 
phocytes as the animals grow older. 
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Fig. 1. Differential counts of peritoneal cells from conventional female mice. Macro- 
phages are represented by the stippled bars at the bottom, lymphocytes by the hatched 
bars, polymorlphonuclear leukocytes and mast cells by the open bars at the top. Each 
bar represents data from a single mouse. Fig. 2. Differential counts of peritoneal 
cells from germ-free female and conventional and germ-free male mice. Differential 
counts from two germ-free males are indicated by the asterisk. Cells are represented as 
described in legend for Fig. 1. 
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Gowans and Knight (11) have shown 
that, in the rat, lymphocytes recirculate 
from blood to thoracic duct lymph via 
the postcapillary venules of lymph 
nodes, spleen, and intestinal Peyer's 
patches. Since the peritoneal space en- 
closes most of these viscera, the pos- 
sibility that the lymphocytes of the 
peritoneal fluid of mice also participate 
in the recycling deserves to be tested. 

Little is known about the origin and 
homeostatic control of the normal peri- 
toneal macrophage population in mice. 
The bulk of the literature relates either 
to the mobilization of these cells in 
response to various stimuli or the re- 
population of peritoneal fluid in irradi- 
ated animals (4, 12, 13). It is clear 
that peritoneal macrophages normally 
have a very low mitotic rate in vivo 
and in vitro (14), but a rapidly pro- 
liferating population can be elicited by 
injecting antigen intravenously (15), 
or foreign materials intraperitoneally 
(13). Volkman (13) provides evidence 
that these rapidly dividing macro- 
phages are derived from the bone 
marrow but their relationship to the 
normal peritoneal macrophage popula- 
tion is not clear. Experiments by North 
(16) indicate that rapidly dividing 
macrophages are not necessarily mobil- 
ized from a distant site since a high 
percentage of mature resident perito- 
neal macrophages can be stimulated to 
divide by the intravenous injection of 
Listeria monocytogenes. What emerges 
from the present quantitative study is 
the fact that the peritoneal macrophage 
population is numerically stable in nor- 
mal adult mice. The numerical stability 
of the peritoneal macrophage in com- 
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Investigators attempting to demon- 
strate effects of biochemical transfer 
from trained donors to naive recipients 
have used, almost exclusively, acquisi- 
tion paradigms. A review of the liter- 
ature on vertebrates revealed no trans- 
fers, nor attempted transfers, of experi- 
mental extinction. The injection of 
brain homogenates from donor rats 
given successive trials for acquisition, 
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parison with the numerical fluctuations 
of the peritoneal lymphocyte suggests 
that there is no direct relationship be- 
tween the body pools of these two types 
of cells, a conclusion similar to that 
reached by Volkman (13). 
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that there is no direct relationship be- 
tween the body pools of these two types 
of cells, a conclusion similar to that 
reached by Volkman (13). 
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extinction, and reacquisition of a re- 
sponse facilitates indicant responses in 
naive recipient rats, as compared with 
controls (1). However, no attempt has 
been made to transfer extinction itself. 
The successful transfer of some ex- 
tinction effect, besides extending the 
generality of the biochemical transfer 
phenomenon, would be invulnerable to 
any criticism that the effect was due to 
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some general activating or energizing 
property of the extract employed. Fur- 
thermore, a successful transfer of ex- 
tinction would yield information about 
the nature of the extinction process 
itself. 

That my attempt might succeed was 
suggested by the positive results ob- 
tained by Ungar (2) in his chemical 
transfers of another decremental effect, 
the habituation of the startle response to 
auditory and air-puff stimuli. Habitua- 
tion and experimental extinction appear 
to be quite similar processes, a major 
difference being that repeated presen- 
tation of stimuli leads to a decrease in 
an unconditional response in the for- 
mer case, and in a conditional re- 
sponse in the latter. Goldfish were 
chosen as experimental subjects be- 
cause they offer many advantages for 
biochemical research (3), and because 
Fjerdingstad (4) using a shuttle-box 
avoidance task had already demon- 
strated an acquisition transfer effect in 
the species. 

The first experiment was a sys- 
tematic replication of Fjerdingstad's 
acquisition study. The apparatus and 
procedure were identical to those used 
in the acquisition phase of the extinc- 
tion experiment described below. Six- 
teen goldfish were given 8 days of 
training for acquisition of shock avoid- 
ance in an aquatic shuttle-box; a daily 
session consisted of 20 trials. The per- 
formances of these experimental do- 
nors, in mean percentage of avoidance 
responses, for the 8 days were, re- 
spectively: 18.75, 53.35, 75.31, 90.00, 
93.75, 91.25, 93.44, and 92.50. These 
animals, along with 16 naive control 
donors, were killed 24 hours after the 
last trial; extracts of brain RNA were 
prepared according to the method de- 
scribed below. Such extracts might best 
be described as RNA-rich, since a 
Folin-Ciocalteu test reveals the pres- 
ence of protein or polypeptide, in addi- 
tion to RNA. Two groups of 14 naive 
recipient fish, chosen randomly, were 
injected intracranially with the equiva- 
lent of the extract of one brain from 
either a control or a trained fish in 
40 /ul of 10-3M saline. All animals 
were tested in the shuttle-box without 
reinforcement 48, 72, 96, and 120 
hours after injection. A daily test con- 
sisted of 20 trials with light only (with- 
out shock) in which avoidance re- 
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Extinction in Goldfish: Facilitation by Intracranial 

Injection of RNA from Brains of Extinguished Donors 

Abstract. Extracts rich in RNA were prepared from the brains of goldfish that 
had acquired and then extinguished a light-signaled avoidance to shock in an 

aquatic shuttle-box. Recipient fish injected intracranially with such extracts ex- 

tinguished the response significantly faster than those injected with extracts pre- 
pared from brains of naive donors. 
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