
Fig. 2. Selection of MEF-1 m mutants in 
the course of the serial passage (E-399) 
of wild-type MEF-1 virus in HeLa cell 
cultures with medium YLA plus 20 to 40 
percent NBS-137. Plate 1-4 was seeded 
with dilution of first-passage fluid 
plaques of the MEF-1 wild-type virus. 
Plate 7-3 was seeded with dilution of 
seventh-passage fluid plaques of MEF-1 m 
mutants. Both platings were made on the 
same lot of HeLa cell monolayers (55-mm 
petri dishes) with 10 percent horse serum 
agar overlay. The photograph was taken 5 
days after the plates were seeded. 

size by this particular mutant. This pos- 
sibility is now being extensively studied, 
and the evidence thus far obtained seems 
to indicate clearly that m mutants have 
a unique sensitivity to the viral inhibitory 
activity of extract of agar overlay. 

The m mutants have been compared 
with m+ virus in virulence for mice by 
the intracerebral route of inoculation and 
have been found to be slightly less viru- 
lent than m+virus. The mutants were 
stable through ten rapid serial passages 
in tissue cultures of both HeLa and mon- 
key kidney cells. However it was found 
that a few larger plaques sometimes ap- 
peared on plates seeded with low dilu- 
tions ( lo0  to of m mutants. Since 
the m mutants had been previously puri- 
fied repeatedly by the limiting-dilution 
technique, it seems clear that the m virus 
gives rise to mutants of the m+ type-
that is, it reverts to wild type with re-
spect to plaque size. Furthermore, the 
back mutant m+ virus, after having been 
plaque-purified, was shown to have i 
character-that is, it is resistant to the 
inhibitory NBS used in the medium for 
serial transfers, and it produces large 
plaques on inhibitory NBS plates. Back 
mutations of other poliovirus mutants 
have also been noted -by other investiga- 
tors (3, 4 ) .  
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Concentration of Ceruloplasmin 
in Plasma of 
Schizophrenic Patients 

Akerfeldt has recently reportcd 
that N,N-dimethyl-p-phenylenediamine 
(DPP)  is oxidized to red products more 
rapidly by serum from schizophrenic pa- 
tients than by serum from healthy con-
trol subjects (1, 2 ) .  The oxidation of 
DPP is accelerated by ceruloplasmin 
(1-4), the plasma copper-protein, and 
inhibited by other substances in serum, 
including ascorbic acid (1, 2 ) .  Since 
measurement of the oxidation of DPP 
by serum may possibly have diagnostic 
value in mental disease (1, 2 ) ,  and since 
ceruloplasmin is of prime importance in 
this oxidation, it is of interest to meas- 
ure directly the concentration of cerulo- 
plasmin in the serum, or plasma, of 
schizophrenic and healthy subjects. This 
report presents the results of such deter- 
minations in 20 schizophrenic and 21 
control subjects. 

The concentration of ceruloplasmin 
was measured spectrophotometrically 
(3, 5, 6 ) .  Blood was drawn from a fast- 
ing subject, and coagulation was pre-
vented by the addition of 1.5 ml of 2.5- 
percent sodium citrate solution to each 
10 ml of blood. The plasma was sepa- 
rated and clarified at  24,000 g in an In- 
ternational PR-2 centrifuge. After the 
optical density (O.D.) of the plasma had 
been measured at 610 mp in a cuvette of 
5-cm path length, the ceruloplasmin was 
decolorized by the addition of 0.1 ml of a 
10-percent solution of sodium cyanide to 
the cuvette, which contained 2.7 ml of 
plasma. One hour later the optical dens- 
ity was again measured at 610 mw. The 
difference in optical density 

was divided by 0.0034 to obtain the 
ceruloplasmin concentration in milli-
grams per 100 milliliters (3) .  Measure-
ment of the recovery of added cerulo- 
plasmin to plasma has shown that this 
method is accurate to about + 4  per-
cent ( 6 ) .  

All the schizophrenic patients studied 
were free from significant somatic disease 
and were hospitalized in either the New 
York State Psychiatric Institute or the 
Bronx Municipal Hospital Center. The 
diagnosis of schizophrenia was made by 
staff psychiatrists without knowledge of 
the results of this study. Some of the 
patients were undergoing insulin-coma 
therapy at the time blood was drawn, as 
shown in Table 1. The control subjects 
were healthy medical students, house 
officers, and other medical school and 
hospital personnel. 

The results of the determinations in the 
20 schizophrenic patients and the 21 con- 
trol subjects are shown in Table 1. The 
distributions of the plasma ceruloplasmin 

concentrations in the two groups show a 
considerable overlap. There is a range of 
19 to 37 mg/100 ml in the schizophrenic 
patients, with a mean value of 27.8 mg/ 
100 ml, and a range of 16 to 33 mg/100 
ml in the control subjects, with a mean 
value of 23.7 mg/100 ml. Only three of 
the patients have concentrations greater 
than the highest value shown by a con-
trol subject. Four of the 20 patients have 
ceruloplasmin concentrations below the 
mean value of the control group, and five 
of the 21 control subjects have values 
above the mean of the schizophrenic 
group. 

These findings indicate that it would 
be hazardous to classify an individual into 
one of the two groups on the basis of his 
ceruloplasmin concentration. Further-
more, it is relevant to emphasize that 
plasma ceruloplasmin concentrations 
which are significantly higher than nor- 
mal by the t test occur in such apparently 
unrelated clinical conditions as a variety 
of neurological diseases ( 6 ) ,  liver disease 
( 6 ) ,  and pregnancy ( 7 ) ,  and marked in- 
creases in the concentration of this pro- 
tein have been reported in infection (8) 
and myocardial infarction (9) .  There-
fore, although the slight difference in the 
mean value of plasma ceruloplasmin in 
the schizophrenic and healthy groups, 
27.8 and 23.7 mg/100 ml, respectively, 
is statistically significant ( l o ) ,  we be-

Table 1. Concentration of ceruloplasmin 
in the plasma of 20 schizophrenic patients 
and 21 control subjects. 

Schizophrenic Control 
patients 

-
subjects 

Plasma Plasma 
Sex cerulo- Sex cerulo-
and plasmin and plasmin 
age (mg/ 

100 ml) 
age (mg/ 

100 ml) 

M, 33 33 
F, 22 25 
M, 34 31 
M, 32 27 
F, 40 23 
F, 22 29 
M , 3 2  16 
F, 32 18 
F, 22 24 
F, 27 20 
M, 28 29 
M, 35 25 
M , 2 3  17 
M, 22 32 
M, 25 18 
M, 24 25 
M, 23 23 
M, 22 24 
M, 27 16 
M, 23 26 
M , 2 5  16 

Mean 27.8 Mean 23.7 

* These patients were in insulin coma when blood 
was drawn. 



lieve that our results indicate that mras- 
urement of ceruloplasmin concrntration 
In 	an  individual is not usrful in drter- 
mining whether or not that individual is 
schizophrrnic. 

Akerfeldt concluded from his study 
that thr  difference betwern sera from 
schizophrrnic and normal subjects "in 
thrir capacities to oxidize D P P  is dr-
pendent lnainly on the fact that the 
t eruloplasmin activit) is highrr and the 
ascorbic acid concentration loxzer" in thr 
sera from schizophrenic patients than 
they are in sera from normal subjrcts 
( I ) . Our  rrsults indicate that the con-
ctmtration of plasma ceruloplasmin is not 
a rrliable criterion for distinguiqhing 
schizophrenic from hralthy individuals. 
I t  apprars, thrrefore, that if differences 
in the capacity to oxidize D P P  can be 
consistently demonstratrd between srra 
from schizophrenic and hralthy individu- 
als, these differences cannot be ascribed 
merely to variations in ceruloplasmin 
concrntration ( II ) .  
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Development of a Strain of 
Ehrlich Ascites Tumor Cells 
Resistant to N-Methylformamide 

Investigations of the genrtic and non- 
genetic variability among homogeneous 
populations of mammalian crlls have 
been hampered by the tendrncy of most 

mnmmalian cells to grow in aggregates 
in t'itro as well as in t'ivo. This tendrncy, 
as ~vell  as the difficulty of obtaining vari- 
ants subject to selrctive techniques, has 
to some rxtent discouraged the applica- 
tion of mrthods employrd in microbial 
genetics to problelns rrlatrd to mam-
malian cell variability. 12s a preliminary 
attempt to investigate mutation and re- 
colnbination among lnamlnalian somatic 
cells, the applicability of selection for 
drug-resistant variants among popula-
tions of Ehrlich ascites tulnor cells xvas 
explored. The  relatively unaggregated 
clonal growth charactrristics of Ehrlich 
ascites cells suspended in the mouse peri- 
toneum ( I )  seelnrd to offer an  oppor- 
tunity for obt:iining populations of homo- 
geneous crlls ~vithout the application of 
tissue culture techniques. 

This report ( 2 )  is primarily concrrned 
with the devrlopment of a population of 
Ehrlich ascitrs tumor cells resistant to 
N-methylformamide. T h r  phenotype of 
N-mrthylformamide resistant cells with 
rrspect to growth rate and the survival 
of infected mice fed N-mrthylformamide 
is drscribed. 

A hypotrtraploid Ehrlich ascites tulnor 
originally obtained from T .  Hauschka 
was used in this study. T h e  tumor \va: 
maintained by i~ljrcting intraprritoneally 
0.1 ml of ascitic fluid (approximately 
1 x lo7 crlls) from a 7-day donor tulnor 
into Swiss-M'ebster Inice of either sex 
\vrighing bet~vern 18 and 20 g. N-Meth- 
ylformamidr was lnixrd in Purina Laho- 
ratory Cho\v meal a t  a co~lce~ltration of 
0.1 percent, and the mice were allo~vecl 
to feed ad libitum from the day of inocu- 
lation until death. This concentration of 
the drug was optimal for tumor inhibi- 
tion without toxic side effrcts ( 3 ) .Drter-
minations of the total cell populations 
were made by a method similar to that 
used b j  Klrin and Revrsz ( I )  and Luck6 
and Brr~vick ( 4 ) .  

R substantial increasr in thr mean sur- 
vival t imr of micr infrcted \vith Ehrlich 
ascites tumor rrsults from inc lud i~~g  
N-methylformamide in the diet. T h e  
mean survival tilnr of 237 infectrd mice 
that \vere fed the drug was 25.2 t 2.7 
(standard deviation) days, as compared 
with 13.1 t 1.2 days for 322 mice in the 
absence of therapy. 

A population of cells resistant to 
N-mrthylformamidr was obtained by 
serial transfer of Ehrlich ascitrs tulnor 
cells in mice f rd  N-mrthylformamide. 
As indicated in Table 1, a substantial 
shortening of the mean survival time of 
infrcted micc on N-methylformamide 
therapy occurred after the third serial 
transfer of tumor cells. The  mran sur-
vival t imr aftrr  subsrquent transfers was 
esse~~tiallythe same for micr on thrrapy 
as for micr on the control diet and has 
remained between 14 and 19 days for 
over 80 transfer generations. 

The  skortrned survival time was ac-

10 	x 

O B ' b ' I ' I b ' b ~ ~ ' h ' i a l ~ ~ ~ o ' hDays a f t e r  inoculation 

Fig. 1. Number of Ehrlich ascites tumor 
cells in the mouse peritoneum as a func- 
tion of time. Curve 1 ( 0 ), N-methyl-
formamide sensitive cells; no therap) ; 
curve 2 (O),sensitive cells on N-methvl- 
formamide therapy; curve 3 ( X ) ,  N-
methylformamide resistant cells obtained 
after the 37th transfer generation in the 
presence of N-methylformamide on iY-
methylformamide therapy. Each point 
represents the total cell population of a 
single mouse peritoneum. 

Table 1. Onset and maintenance of resist- 
ance of Ehrlich ascites cells to N-methyl- 
formamide ( N M F ) .  For the first 28 serial 
transfer generations cells were obtained 
from mice 14 days after inoculation. Sub- 
sequent to the 28th transfer generation, 
cells were obtained after 7 days' growth. 
While the data are too numerous to be 
presented in t o t o ,  the mean survival time 
of all mice on NMF from the third to the 
80th transfer generation was 15.6 i 1.7 
days (718 animals). Although groups of 
animals fed an NMF-free diet were not 
employed regularly before the 1l t h  trans- 
fer generation, the mean survival time of 
all animals so treated was 14.9 k 2.2 days 
(615 animals). 

~ 

Trans- Mean sur- 
fer No. of vival time 

genera- Drug mice [days) 
tion 2 S. D.* 

-- -- pp 

1 NMF 8 24.3 t 1.3 
1 10 11.1 t 1.9 
2 NMF 7 23.1 i 2.4 
2 8 15.3 i 2.1 
3 NMF 7 1 6 . 4 t  2.0 
4 NMF 7 14.7 t 2.9 
5 NMF 6 14.5 5 . 6  
7 NMF 8 17.0c5.4 
9 NMF 9 11.6 t 3.9 

11 NMF 9 1 6 . 0 t  2.8 
11 7 16.6 t 3.2 
13 NMF 7 15.1 t 3.1 
13 4 14.5 t 2.2 
15 NMF 8 1 6 . 1 t 3 . 6  
15 10 14.7 i 2.2 
20 NMF 9 14.8 c 3.6 
20 6 14.3 t 3.2 
30 NMF 9 15.8 t 2.5 
30 9 16.5 t 1.6 
50 NMF 13 14.4 2 3.5 
5 0 9 14.4k3 .6  
80 NMF 10 1 2 . 4 t 2 . 1  
80 9 9.9 k 2.0 

pp~ 


" S.D. = standard deviation 
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