
grafts have been obtained in mongrel 
dogs which have received a course of 
four injections of urethane (350 mg/kg) 
followed by exposure to 900 rad of 
250-kv x-rays; in contrast, we have been 
unable to obtain successful "takes" of 
homologous bone marrow transplants 
in dogs which received x-radiation at 
this supralethal dose (900 rad) without 
urethane. 

The foregoing observations indicate 
that combined treatment with urethane 
and x-radiation depresses or inhibits the 
homograft response in mice and in dogs 
to a degree considerably greater than 
that seen with the x-radiation alone. 
Further, since we have reported pre- 
viously (4) that the administration of 
urethane to mice does not depress the 
capacity of their bone marrow cells to 
confer protection on otherwise lethally 
x-irradiated isologous recipients, the 
present findings suggest a specificity of 
action of urethane with respect to the 
cells and tissues (that is, "lymphoid") 
comprising the immunogenic apparatus. 
If this is true, it should be possible to 
inhibit the homograft response for more 
prolonged periods by administering 
urethane at suitable intervals after graft- 
ing. It also follows from the above that 
urethane should be useful in the treat- 
ment or prevention of the secondary 
disease syndrome, known to occur after 
the transplantation of genetically foreign 
bone marrow cells into lethally x-irra- 
diated recipients. Experiments aimed at 
these objectives are currently in prog- 
ress, as well as attempts to induce per- 
manent bone marrow chimerism (see 8) 
in adult mice by means of homologous 
marrow cell transplants after treatment 
with urethane and sublethal doses of 
x-rays (9). 

Note added in proof: Survival of 
C3H (H-2k) skin homografts on adult 
LAF. (H-2a, H-2b) recipients for per- 
iods beyond 5 months has now been 
observed in small numbers of LAF, 
mice receiving the following treatments: 
(i) urethane (given as above) plus 500 
rad of x-rays, followed by three intra- 
venous injections of C.H bone marrow 
cells and multiple (7) inoculations of 
specific isoantiserum (anti-LAF1); (ii) 
500 rad plus three intravenous injec- 
tions of CGH marrow cells and immu- 
nized (anti-LAFP) CGH spleen cells. 
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Chlorpromazine Affects 

Permeability of Resting Cells 
of Tetrahymena pyriformis 

Abstract. Incubation of cell suspensions 
of Tetrahymena pyriformis with chlorpro- 
mazine increased the permeability of the 
cell membrane. This permeability change 
could be measured either biochemically 
by the increased entrance of a chelator or 
physically by change in light scattering. 

During the course of experiments 
designed to study the mechanism of 
inhibition of motility of Tetrahymena 
pyriformis by the tranquilizer, chlor- 
promazine (1), we noticed that one 
potential reversing agent, L-histidine, in- 
creased rather than decreased inhibition, 
The same amount of L-histidine, in the 
absence of chlorpromazine, was not 
toxic. 

This observation provided an oppor- 
tunity to test the idea that the action 
of chlorpromazine on the intact cell 
depends, in part, upon ability to alter 
membrane permeability. If this drug 
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This observation provided an oppor- 
tunity to test the idea that the action 
of chlorpromazine on the intact cell 
depends, in part, upon ability to alter 
membrane permeability. If this drug 

drastically increases permeability, then 
L-histidine (a normal growth require- 
ment for T. pyriformis) might be able 
to enter the cell in unusually large 
amounts, and once there, exert its well- 
known chelation ability. It should then 
be possible to reverse toxicity induced 
by histidine and chlorpromazine by the 
addition of metals. This indeed is the 
case: the addition of either Ca'+, Fe2, 
Mg`+ or Zn'+, relieves the inhibition 
(Table I). 

Confirmation is provided by an ex- 
periment in which a nonmetabolized 
chelator, ethylenediaminetetraacetic acid 
(EDTA), substitutes for histidine. The 
same results obtain: the combination 
of chelator and chlorpromazine is 
more toxic than chlorpromazine alone 
(EDTA is not toxic) and the addition 
of a metal to the chelator-drug com- 
bination annuls the toxic effect caused 
by addition of chelator (Table 1). Be- 
sides Fe+ and Zn*, we also found that 
Ca2+ (0.5 mole/ml) and Mg2+ (0.6 
ptmole/ml) completely prevented inhibi- 
tion of motility for the duration of the 
experiment. 

Change in membrane permeability 
was also demonstrated by the light- 
scattering techniques that have been 
used to detect similar changes in mito- 
chondria (2). For these experiments it 
was unnecessary to add an indicator 
substance, as increase in membrane per- 
meability was expressed as decrease in 
light scattering of the treated cell sus- 
pension (3). 

We conclude that at least part of the 
action of chlorpromazine in Tetra- 
hymena, and probably in other cells as 
well, depends upon its ability to alter 
membrane permeability, 

As early as 1954, Mann pointed out 
that chlorpromazine shared with deter- 
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Table 1. Effect of chelators and metals on the inhibition of motility of Tetrahymena pyriformis. 

Additions Percentage* inhibition of motility at 
elapsed times shown 

Compound Amount) 15 min 30 min 45 min 

CPZt 0.15 10 50 80 
CPZ + L-histidinet 7.5 1 00 100 100 
CPZ + L-histidine + Mg2+ 0.2 20 40 60 
CPZ +- L-histidine + Fe2+ 0.3 30 70 100 
CPZ 4- L-histidine + Zn2+ 0.4 10 20 30 
CPZ +- L-histidine + Ca2+ 0.8 0 10 60 
CPZ + EDTA? 1.5 50 90 100 
CPZ + EDTA + Fe2+ 0.2 0 20 40 
CPZ + EDTA + Zn2+ 0.35 0 0 10 
*These values represent results typical of several experiments. t CPZ, chlorpromazine. 0.15 

mole/ml was used in al cases. t 7.5 Amole/ml was used in all cases, since it had no effect upon 
motility when added sinly. ? EDTA, ethylenediaminetetraacetic acid. 1.5 gmole/mI was used in 
all cases, since it had no effect upon motility when added singly. 
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gents the ability to cause intracellular 
sperm proteins to leak into the extra- 
cellular medium (4). We suggest that 
various cells and organ systems be 
screened for sensitivity of their cell 
membranes to permeability changes 
caused by chlorpromazine. The dem- 
onstration that tissues vary in ability 
to absorb this drug (5) provides a clue 
to which cell membranes may prove to 
be sensitive. If differential effects are 
shown, chlorpromazine may be used in 
combination therapy to increase acces- 
sibility of cell interiors to the second 
drug, and may be used as a laboratory 
tool for increasing the range of com- 
pounds which can reach the interior of 
the cell without resorting to complete 
cell breakage. 

That cells can be made "leaky" with- 
out impairing their ability to reproduce 
has recently been shown (6). Prelimi- 
nary data indicate that the site of action 
of chlorpromazine is a lipid. Cytochem- 
istry and electron micrography will be 
required for independent confirmation. 

HELENE A. NATHAN 
WALTER FRIEDMAN 

Haskins Laboratories, 
305 East 43 Street, New York 17 
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Perseveration Factor 

In their report, "Cerebral dysfunction 
and intellectual impairment in old age" 
[Science 134, 1518 (1961)], Misiak and 
Loranger present a centroid factor anal- 
ysis of seven tests showing a clear two- 
factor structure and then dismiss it with 
the statement, "The analysis yielded 
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and intellectual impairment in old age" 
[Science 134, 1518 (1961)], Misiak and 
Loranger present a centroid factor anal- 
ysis of seven tests showing a clear two- 
factor structure and then dismiss it with 
the statement, "The analysis yielded 
only one significant factor, a general 
intellectual one in which both critical 
flicker frequency and age have signifi- 
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Table 1. Results of an oblique rotation of the 
centroid factor matrix from the analysis of 
Misiak and Loranger. 

Variables Factor Factor 

1. Critical flicker frequency 0.56 -0.07 
2. Digit Symbol .30 .48 
3. Porteus Maze .23 .38 
4. PMA Reasoning (untimed) .00 .72 
5. Raven Progressive Matrices .00 .71 
6. WCST, perseverative errors, 

reversed* .64 .08 
7. Age, reversedt .33 .08 
* Freedom from perseverative errors. 
t "Youngness." 
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cant loadings." By the Bargmann-Bart- 
lett test, the probability that one factor 
is sufficient is .029, while the probabil- 
ity that two are sufficient is .935, so 
actually both of their centroid factors 
are significant. 

An oblique rotation of their centroid 
factor matrix yields the pattern given 
in Table 1. In making this rotation we 
first reversed their 6th and 7th variables 
(WCST, perseverative errors, and age). 
Then lines ("hyperplanes") were passed 
through the centroids of variables 4 
and 5 and 1 and 6. The factor pattern 
given in Table 1 shows the projections 
on the corresponding reference vectors. 

Misiak and Loranger state that "it 
is tempting to draw similarities between 
conceptual perseveration and the neuro- 
physiological perseveration reflected in 
flicker-fusion. However, the failure of 
the factor analysis to uncover a per- 
severative factor somewhat inhibits such 
speculation." The conclusion they 
wanted to draw but didn't is entirely 
justified by their data. All they needed 
to do to uncover a perseveration factor 
was to rotate their centroid matrix, as 
we have done in Table 1, to approximate 
simple structure. Factor A (Table 1) is a 
lack-of-perseveration factor, with high 
loadings on variables 1 and 6; intermed- 
iate loadings on 2, 3, and 7; and zero 
loadings on 4 and 5. Factor B is a rea- 
soning factor, with high loadings on 
variables 4 and 5; intermediate loadings 
on 2 and 3; and near-zero loadings on 
1, 6, and 7. 

The cosine of the angle between the 
reference vectors is -0.50, indicating 
that the two factors are positively but 
not highly correlated. 
EDWARD E. CURETON, RILEY F. ELDER, 

ROBERT L. FOWLER, 
MICHAEL A. MORRA 

Department of Psychology, 
University of Tennessee, Knoxville 
6 December 1961 
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severative factor somewhat inhibits such 
speculation." The conclusion they 
wanted to draw but didn't is entirely 
justified by their data. All they needed 
to do to uncover a perseveration factor 
was to rotate their centroid matrix, as 
we have done in Table 1, to approximate 
simple structure. Factor A (Table 1) is a 
lack-of-perseveration factor, with high 
loadings on variables 1 and 6; intermed- 
iate loadings on 2, 3, and 7; and zero 
loadings on 4 and 5. Factor B is a rea- 
soning factor, with high loadings on 
variables 4 and 5; intermediate loadings 
on 2 and 3; and near-zero loadings on 
1, 6, and 7. 

The cosine of the angle between the 
reference vectors is -0.50, indicating 
that the two factors are positively but 
not highly correlated. 
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There appears to be no single infal- 
lible criterion of when a proper number 
of factors have been extracted. At least 
25 different criteria have been proposed. 
In the present problem we employed 
Humphrey's rule [B. Fruchter, Intro- 
duction to Factor Analysis (Van Nos- 
trand, New York, 1954)]. Computa- 
tionally this is one of the more facile 
solutions, and correspondingly perhaps 
one of the cruder ones. The rule of 
thumb is that if the product of the two 
highest loadings in a column of the 
centroid factor does not exceed twice 
the standard error of a correlation co- 
efficient of zero, the factor is probably 
not significant. In our problem the prod- 
uct was 1.29 times the standard error. 

We are indebted to Cureton and his 
associates for applying to our data 
Bargmann's improved matrix formula- 
tion of the Bartlett test, a considerably 
more exact solution than that which we 
employed. The Bargmann-Bartlett test 
ordinarily is feasible only with an 
electronic computer. However, with our 
small seven-variable matrix, hand com- 
putation is quite practicable, as Cure- 
ton et al. have demonstrated. 

Of course the factorial study was a 
subsidiary analysis. The principal ob- 
jective was to relate intellectual ability 
in old age to critical flicker frequency. 
We were also looking for a persevera- 
tive factor, and the analysis by Cureton 
et al. uncovered one which had escaped 
our analysis. The discovery in the eld- 
erly of an apparent neurophysiological 
perseveration associated with conceptual 
perseveration is most interesting. How- 
ever, we do feel that this finding is sub- 
ject to confirmation with a larger bat- 
tery of tests of intellectual ability than 
we employed. 
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Fordham University, New York 
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