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Fig. 2. Effect of morphine on the stimu? 
lated oxidation of cortical slices. Each bar 
represents an average of 15 rats. The 
vertical lines at the top of each bar show 
the standard error. Only one group, as in? 
dicated (p < 0.01), is significantly different 
from the control group (no morphine). 

for 3 weeks until the rats were re? 

ceiving 45 mg/kg twice daily during the 
third week. The rats became tolerant 
to the depressant and analgesic effects 
of morphine during this treatment. 
Control animals received isotonic saline 
injections throughout the course of the 
experiment. Eighteen hours after the 
last dose, the rats were decapitated and 
cortical slices of their brains were pre? 
pared for analysis. 

Respiration was measured manomet- 
rically by the conventional Warburg 
technique at 37?C with oxygen as the 
gas phase. The incubating medium con? 
tained 0.135M NaCl, 0.005M KC1, 
0.0013M MgSOd, 0.0005M CaCL, 
0.012M glucose, and 0.01M KILPO*- 
Na2HPO* buffer, pR 1A. After readings 
were taken every 10 minutes for 40 
minutes, KC1 (0.1M) or various con? 
centrations of morphine or both were 
tipped from the side arm into the main 
compartment, and readings were taken 
for an additional 50 minutes at 10-min? 
ute intervals. There was a 10-minute 
lag period before the effect of KC1 be? 
came fully apparent and before the 
rate again became linear. 

At concentrations of 5 X 10-* and 1 
X 10~3 M morphine does not affect the 
oxidation of unstimulated cortical slices 
from control or chronically morphin- 
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ized rats (Fig. 1). This agrees with other 

reports (5) that morphine is without ef? 
fect at concentrations as high as 3.2 X 
10~8M and 0.01M. Potassium chloride 
stimulates the oxidation of slices from 
both control and chronically morphin- 
ized rats to about 60 percent above the 
unstimulated rate in the absence of mor? 

phine (Fig. 2). The respiratory stimula? 
tion of slices from control rats is only 
about 24 percent in the presence of 1 
X 10"3M morphine, while the respira? 
tory stimulation of slices from mor- 
phinized rats remains unaffected. At a 
concentration of 5 X 10-*M morphine 
appears to have no significant effect on 
the stimulated slices from either con? 
trol or chronically morphinized rats. 
The results show an adaptation to mor? 
phine at the cellular level. This adapta? 
tion occurs at a time when the whole 
animal is pharmacologically adapted to 
the effects of morphine. 

Eddy (6) pointed out that among the 
numerous explanations offered for the 
phenomenon of tolerance to narcotic 
analgesics, increased biotransformation 
of the drug and cellular adaptation have 
the greatest likelihood for clarifying 
this problem. The metabolism of mor? 
phine in tolerant animals appears to be 
unrelated to the development of toler? 
ance (7). In fact, enzymic studies show 
less iV-demethylating capacity (8) and 
less transferase activity (9) in livers ob? 
tained from tolerant rats than in livers 
obtained from nontolerant rats. Cellular 
adaptation is an attractive explanation 
for the formation of tolerance, but sup? 
porting evidence for this hypothesis is 
meager. 

Although the in vitro concentration of 
morphine employed in this study is still 
quite high compared to the theoretical 
in vivo concentration of morphine in 
the central nervous system, the demon? 
stration of a definite difference between 
the tissues from control and chronically 
morphinized rats in resisting the de- 
pressive effect of morphine offers a 
promising tool for studying cellular 
adaptation in vitro (10). 

A. E. Takemori 
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Upstate Medical Center, Syracuse 
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Stability of Protein in 

Intestinal Epithelial Cells 

Abstract. In vivo measurements have 
revealed a high degree of stability of syn- 
thesized protein in rapidly proliferating 
intestinal epithelial cells. A slow loss of 
protein has been found during migration 
of mature cells to the villus tip. 

Although previous studies have pro? 
vided support for the concept of "dy? 
namic equilibrium" of proteins in mam? 
malian cells (1), the occurrence of rapid 
intracellular protein degradation and 
turnover has recently been questioned 
(2). In bacteria, several studies (2, 3) 
have indicated that protein, once syn- 
thesized, is stable. The rates of protein 
degradation here were so low that dy? 
namic intracellular protein turnover 
was not believed to play a role in pro? 
tein synthesis in these cells. Recently, 
similar evidence was found in mam? 
malian cells of the L strain grown in 
tissue culture (4). In addition, although 
protein breakdown was found in rest? 
ing yeast cells, a much smaller rate of 
degradation was present in dividing 
cells (5). The results of the present 
studies, performed in vivo, suggest that 
visceral parenchymal cells which are 
renewed rapidly maintain a high de? 
gree of stability of synthesized proteins 
with little degradation, while protein 
breakdown or loss is greater in the 
older nonproliferating cells derived 
therefrom. 

The incorporation of labeled leucine 
into proteins of the jejunum was meas? 
ured. Adult C57 Brown mice were 
maintained on a standard nutritional 
diet. Microautoradiographic measure? 
ments were made of the cells of the 
proximal jejunum removed after intra- 
peritoneal injection of 100 fxc of triti? 
ated leucine (specific activity, 370 
mc/mmole). Chromatographic analysis 
of injected material revealed no free 
label. In addition, the tissues were 
washed with solutions containing tri- 
chloracetic acid, and chemical analysis 
revealed no free amino acid present, 
indicating that most grains activated 
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were due to tritium incorporated into 

protein. 
For the microautoradiographic stud? 

ies, slides carrying sections of labeled 
material were dipped into liquid emul? 
sion (NTB), exposed for 1 to 2 weeks 
at 4?C, developed, stained, and exam? 
ined. Since the electrons produced in 
the decay of tritium have a range in 
tissue of about one ^, activated silver 

grains tend to be closely apposed to the 
structures labeled. It was therefore pos? 
sible to identify sites of incorporation 
of tritiated leucine with a resolution of 
a fraction of a cell size. 

Quantitative estimates of relative 
rates of leucine incorporation were 
based on counts of grain density over 
various kinds of cells, and various por? 
tions of cells. Since the sections were 
cut 5 /x thick, that is, infinitely thick 

compared to the range of tritium beta 

rays, these counts are proportional to 
the amount of tritium incorporated. 
Exposure time was identical in all ex? 

periments. 
The findings were as follows: Grain 

counts were highest about 2 to 4 hours 
after injection. This corresponded to 
the maximum height of specific activity 
curves of labeled leucine incorporated 
into mucosal protein precipitate, meas? 
ured in a separate series of radiochem? 
ical studies. In the microautoradio- 

graphs, incorporation at 2 to 4 hours 
was higher in the epithelial cells than 
in smooth muscle cells and fibroblasts. 
The epithelial cells in the crypts were 
more heavily labeled than those on the 
villi. On the villus a definite gradient 
was also observed, with the cells near 
the base being more heavily labeled 
than those near the tip. Within the 

epithelial cells label was most heavy 
near the surface; this was more pro- 
nounced in villus cells than in crypt 
cells. Nuclei were less heavily labeled 
than cytoplasm, particularly on the villi. 

In the jejunum, epithelial cell pro? 
duction is restricted to the crypts. The 

majority of epithelial cells in the crypts 
are proliferating, a smaller fraction are 
in process of differentiation, and still 
fewer are fully mature. Villus cells are 
in steady migration from the mouths 
of the crypts to the tips of the villi, 
from where they are sloughed off into 
the lumen. During this phase of migra? 
tion, they do not proliferate; however, 
they differentiate further, and micro- 
villi grow rapidly as cells migrate from 
the villus base to the tips. 

The concentration of label near the 
surface of villus epithelial cells appears 
to be due to protein synthesis or accu? 
mulation of protein in or near rapidly 
growing microvilli. The heavy concen? 
tration of label in crypt epithelial cells 
indicates rapid protein synthesis in the 

proliferating cells. The microvilli do 
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Fig. 1. Grain densities (grains per 64 ^ 
per 100 /AC per week exposure) over jejunal 
crypt epithelial cells, plotted against time. 
Each point represents one animal. The 
circles and squares indicate separate ex? 
periments. Empty symbols, cytoplasm; full 
symbols, nuclei. 

not grow rapidly in crypt cells and 
those cells do not show heavy labeling 
near the surface. 

Studies of microautoradiographs of 
animals sacrificed up to 3 days after 
labeling yielded the data shown in Figs. 
1 and 2. In the crypts (Fig. 1) the 
grain density is about the same over 
nuclei and cytoplasm; it reaches a peak 
shortly after labeling and then declines 
roughly exponentially with a half-life 
of about 20 hours. This is preeisely 
what should result if there is no intra? 
cellular degradation and loss of protein 
in these proliferating cells. They have 
been shown to divide approximately 
every 19 hours (6). At each division, 
the labeled protein is diluted to one-half 
by production of new unlabeled pro? 
tein, each daughter cell receiving 
roughly equal amounts of labeled and 
unlabeled protein. The data, however, 
are not precise enough to exclude a 
minor loss of labeled protein. 

Separate studies have shown that, 
within about 134 days after labeling, 
the cells which occupied the base of 

4.0 

?i 2.0 

o ? u 
X"* Predicted (from base 

\ 

#8 Q \ ofvillus) 

s 
N 

\ 

<? 
I 

Hours 

Fig. 2. Grain densities over jejunal epi? 
thelial cells at tip of villus, plotted against 
time. 

the villi at the time of injection have 
been replaced by cells which have come 
up from the crypts (6). Some of these 
have divided before leaving the crypts; 
others, in the process of differentiation 
at the time of labeling, have left with? 
out previous division. 

The results of counts taken over the 
base of the villi up to 12 hours after 
labeling showed heavier label in the 
cytoplasm (about 5.6 units) than in 
the nuclei (about 4.2). In prepara? 
tions taken one or more days after la? 
beling, this difference disappeared. The 
peak grain count, reached between 12 
and 24 hours, was near 5.5. From 1 to 
3 days, the grain count declined rough? 
ly exponentially with a half-life of 
about 20 hours. These changes again 
can be accounted for by cell movement. 

The cells which pass through the 
base of the villi reach the region of the 
tip 1 day later. If there were no loss 
of label during this migration, the grain 
counts over the tip of the villi should 
follow the dashed line in Fig. 2. Ac? 
tually, the values obtained 30 hours 
and later after labeling are about one- 
half less. This indicates that during the 
migration about one-half the label was 
lost. 

In these experiments there was, 
therefore, no evidence of major intra- 
cellular loss of protein, or turnover, in 
proliferating intestinal epithelial cells. 
There was, however, evidence of a 
moderate degree of protein loss in the 
mature cells derived from them. The 
same experiments revealed rapid loss 
of label over Paneth and pancreatic 
acinar cells, presumably due to secre- 
tory processes. It is not known how 
much of the protein lost from mature 
intestinal epithelial cells is accounted 
for by secretion of intact protein from 
the cells, or from loss of protein mole? 
cules that have undergone intracellular 

degradation. It may well be that, in the 
mature cell, protein contained in the 
vesicular endoplasmic reticulum of the 

proliferative cell undergoes degradation 
and possibly is partly reutilized in 

forming the tubular endoplasmic retic? 
ulum of the mature cell as well as en? 

zymes and microvilli. Leblond et al., in 

following S85-labeled methionine in? 

corporated into the epithelial cells of 
the duodenum of the rat, found that 

intensely labeled cells at the base of 
the villi moved to the tip (7). 

The findings reported here indicate 
that protein in the proliferating epithe? 
lial cells of the jejunum is either highly 
stable or, if broken down, is reutilized 
not only in the same cell but even in 
the same fraction of the cell. The lat? 
ter hypothesis appears less reasonable. 
It is, therefore, proposed that, in the 

rapidly growing cells of the intestinal 

epithelium, synthesized protein is suf- 
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ficiently stable to last through the pro? 
liferative cycle of the cells, and intra? 
cellular degradation or protein turn? 
over does not have a significant role in 

fixing the net rate of protein synthesis 
or in contributing appreciably to the 
composition and protein structure of 
the proliferating cells (8). 
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Immunization as a Factor Affecting 
the Course of Septicemic Anthrax 

Abstract. Immunization of guinea pigs 
with alum-precipitated antigen increased 
resistance approximately 1600 times. The 
growth rate of Bacillus anthracis, in the 
septicemic phase, was the same in both 
normal and immunized animals; however, 
the number of bacilli per milliliter of 
blood at death was decreased by 75 per? 
cent in immunized animals. Neither the en? 
hancement of virulence by treatment 
with egg yolk nor the size of the chal? 
lenge dose affected the growth rate or the 
number of bacilli per milliliter of blood 
at death. Mean time to death for the 
treatments tested varied from approxi? 
mately 20 to 100 hours. Nonimmunized 
animals challenged with a strain of low 
virulence had a terminal number of bacilli 
per milliliter of blood and a growth rate 
in the blood the same as that for the 
highly virulent strain. 

Anthrax is typified by an extremely 
rapid progress of disease, with symp? 
toms and septicemia occurring some 
few hours before death of the animal. 
Bloom et al. (1) and Keppie et al. 
(2) state that the number of organisms 
per milliliter of blood appeared to be 
31 MARCH 1961 

*4 

a 
o 
o 

la. 
o 

2 

< 
CD 

?0 

10" 

10' 

I0WH 

I05 

MEAN TERMINAL CONCENTRATION 

BACILLI/ML. BLOOD 

200,000,000 A 

50,000, 

NORMAL HOST 

KT 

DOUSLINS RATE, ALL TREATMENTS, 53 (41-73) MINUTES 

10 20 30 40 
-rf 
50 90 

Fig. 1. Time, in hours, after challenge with virulent spores. 

100 

lower in partially immunized guinea 
pigs than in nonimmunized animals. 
This paper presents quantitative data 
regarding the in vivo rate of growth 
and the level of bacilli in the blood of 
immunized and normal guinea pigs 
during the septicemic stage of anthrax 
and notes the constancy of these ob? 
servations regardless of certain treat? 
ment variations of the initial challenge 
dose. 

An experiment of four factors each 
at two levels was designed to investi- 
gate the septicemic phase of anthrax. 
These factors were host (immune or 
nonimmune), virulence (high or low), 
virulence-enhaneement (enhanced or 
normal), and dose (10? or 105 spores); 
however, only the high dose level of 
the low virulent strain was used, be? 
cause the low dose did not kill the host. 
Hartley strain guinea pigs, weighing 
250 to 300 g, raised by the Fort De- 
trick animal farm were immunized by 
administration of 0.1 ml of a 1:10 
dilution of antigen (3) given by intra- 
peritoneal injection on days 1, 3, 5, 8, 
and 11. The animals were challenged 
on the 21st day with spores of either 
the virulent VI b strain or the low 
virulent 30R strain, a mutant of Vlb. 
The immunity attained by this proce? 
dure, when the animals were challenged 
with spores of the virulent Vlb strain, 
was approximately 1600-fold, that is, 
equal responses of immunized and con? 
trol hosts were obtained by increasing 
the challenge dose of immunized ani? 
mals 1600-fold. Virulence was en? 
hanced by the addition of egg yolk 
medium to the inoculum (4). The 
measurement of virulence was based 
on a graded response method (5). Af- 

ter two initial experiments to establish 

techniques, groups of four immunized 
and two control animals were chal- 

lenged with each of the treatment com? 
binations, and tests were replicated on 
three occasions. The number of cells 
in the blood was determined quantita? 
tively both by direct observation of 
stained slides, by the methods of Kep- 
pie et al. (2), and by a plate count 
assay method. The concentration of 
bacilli per milliliter of blood at the 
time of death is known as the terminal 
concentration. The factorial design was 
used to gain efficiency in regard to 
number of animals required for signifi? 
cant conclusions. 

Data reported in a schematic graph 
(Fig. 1) are quantitative counts of 
bacilli observed on stained slides. For 
all treatment conditions the growth of 
bacilli in the blood, observed during 
approximately the 12 hours preceding 
death, was exponential, and all growth 
curves were parallel as shown in Fig. 
1. The doubling rate of bacilli in the 
blood (apparent generation time) av- 
eraged 53 minutes (41 to 73 minutes 
for 95 percent confidence limit). The 
number of bacilli per milliliter of blood 
in the normal animals was constant for 
all treatment conditions (line AB, Fig. 
1) and approximately four-fold higher 
than the average number found in the 
immunized host (line CD, Fig. 1). 
This difference is statistically significant 
and is based on 23 immunized and 15 
control guinea pigs. Survival time in 
normal guinea pigs is considerably 
shorter than in immunized guinea pigs. 
Response of animals challenged with 
the 30R strain of low virulence was 
only partial; therefore, data on these 
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