
sive. Both the bactericidal and tumor in- 
hibitory effects appear to be related to 
the presence of the -SO-S- linkage 
and may be the result of -SH inactiva-
tion by direct combination or by oxida- 
tion of -SH to -S-S-. T h e  decreased 
uptake of S" L-cysteine by leukemic leu- 
kocytes may also be related to -SH in-
activation. Thrse effects on malignant 
cells by an agent which inactivates -SH 
groups are further suggestive of the im- 
portance of -SH metabolism in neo-
plasia (10) .  
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Biquartimin Criterion for 
~ o t a t i o nto Oblique Simple 
Structure in Factor Analysis 

The  lait 5 >ears have seen much effort 
on the part of worhers in the field of 
factor analysis to develop a complete11 
analytical method for rotating axes to 
T$ hat Thurstone ( I ) called "simple 
structure." Such a method tvould iup-
plant the largely subjective, graphical 
methods which have been in wide use 
for a t  least 20 years. I n  1953 I published 
(2 )  a method for the grneral case of 
oblique axes, but the results were not 
satisfactorily close to those achieved by 
the best graphical methods. At about the 
same time Saunders ( 3 ) ,Neuhaus and 
Wrigley (41,  and Ferguson ( 5 )  inde-
pendently proposed what Neuhaus and 
Il'rigley called the "quartimax" method, 
I\-hich yielded a n  approximation to sim- 
ple structure under the restriction of or-
thogonality. This method is mathemati- 
cally equivalent to my method, under the 
stated restriction. Kaiser ( 6 )  showed that 
part of my solution can be achieved by 

the use of a characteristic equation; he 
also presented ( 7 )  a further criterion for 
the orthogonal case, called the "varimax" 
criterion since it depends on maximizing 
the variance of squared factor loadings. 
Pinska and Saunders (8)  suggested a 
variant of their criterion for the oblique 
case, and Kaiser ( 9 )  generalized his vari- 
max method for the oblique case. 

This report (10) presents the "biquar- 
timin" criterion for simple structure in 
the oblique case. When applied to sev- 
eral "school problems" such as Thur-
stone's box problem ( I ,  p. 229), it yields 
results which appear to be closer to 
graphical solutions than those yielded by 
other analytical approaches. T h e  c o n -
alete evaluation of this and other meth- 
ods awaits the development of parallcl 
high-speed computational systems and 
their application to a wide variety of 
data. 

T o  introduce the biquartimin criterion, 
it may help to refer to my original 
method (2)  as the quartimin, since it de- 
pended upon the minimization of the 
sum of the cross-products of squared fac- 
tor loadings and thus involved terms of 
the fourth degree. Let the n x m matrix 
of the initial factor loadings be denoted 
F, where n is the number of variables 
and m is the number of factors. Then. 
the quartimin method finds a transfor-
mation matrix A such that it will be true 
of the elements v , ,  of the resulting matrix 
V = FA that 

\ \here j = 1,2, . . . n, and 17, = A,B,. . . m. 
T h e  rationale offered for the ouartimin 
criterion depended on the fact that sim- 
ple structure requires a maximum num- 
ber of zero or near-zero entries in V. 

Kaiser's ( 9 )  generalization of his vari- 
max criterion to the oblique case might 
be called the covarimin criterion, since it 
requires that the sum of the covariances 
of squared factor loadings be a mini-
mum; that is, that 

1 
- rr,jil>.i,~= a minimum, 

1 < 1 j - 1 

T h e  covarimin criterion is closely related 
to the quartimin criterion but corrects 
for the mean value of t h ~  squared factor 
loadings. 'Thus, the latter utilizes the de- 
viations of squared factor loadings from 
zero while the former utilizes deviations 
from their mean value. 

Experimentation with the qunrtimin 
and covarimin criteria as applied to spv- 
era1 sets of real or hypothctical data re- 
vealed that the presence of factorially 
complex variables created almost pre-
cisely opposite disturbances, thp quar-

Table 1. Data for Thurstone's "box prob- 
lem" (I, p. 229) : transformation matrix 
(A)obtained by the analytical biquartimin 
method as compared with that obtained 
by Thurstone by graphical methods. 

Biquartirnin criterion 
I .450 ,434 ,473 

I1  - ,862 .237 ,597 

I11 ,234 - ,869 ,648 


Thurstone's solution 
I ,483 .466 .479 

11 - ,834 ,254 .560 
I11 .?67 - 847 ,675 
- - - - --.- --

timin axes being too highly correlated 
and the covarimin axes being too much 
seaarated. T h e  centroids of corresoond-
ing quartimin and covarimin transforma- 
tion vectors proved to be very close ap- 
proximations to the results of graphical 
solutions, but this type of solution (a l -
though otherwise acceptable) was re-
jected because it would entail more than 
twice the normal amount of computa-
tion and the possibility of difficulty in 
identifying corresponding vectors. 

T h e  biquartimin criterion combines 
the advantages of the quartimin and co- 
varimin methods by requiring that the 
expression 

be a minimum. I t  doubly satisfies the re- 
quirement of parsimony (5) in that the 
ium of cross-products of squared factor 
loadings must be minimized along with 
the sum of croii-products of deviations of 
squared factor loadings from thelr mean 
values. 

I n  one of several possible computa- 
tional schemes, the biquartimin criterion 
can be expressed as the sum of the off- 
diagonal elements of a symmetric matrix 
composed of quadratic forms-that is, 

IbPHl,i.',, = a minimum. 
P i r l  

x~herei., is a transformation veLtor of 
Ll and 

- (A(lF'FA'g)F'F, 

t j  here F, is the jth row of F. T h e  solution 
for the minimum value must be r n ~ d e  
iteratively. For any one stage of the 
iter'ltions, desiqnate t h ~vector to be 
solved for as x and any one of the rp- 
maining vectors as r, then determine 

by determining i., a i  the l a t ~ n t  vector 
corresponding to the smallest latent root 
of the symmetric matrix (ZH,). ( I n  
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starting the computations, each of the 
vectors I , ,  may be chosen arbitrarily.) I n  
the next stage of the iterations, the I, ,  
just solved for becomes one of the h,'s, 
and another vector becomes the h, to be 
solved for. I n  the small problems which 
have been worked thus far, with m no 
greater than 4, convergence has been 
reasonably rapid, depending in large 
measure on the apparent "cleanness" of 
the factorial structure. 

As an  illustration of results obtained, 
Table 1 compares the biquartimin solu- 
tion with that obtained by Thurstone ( I ,  
p. 229) by graphical methods for his 
"box problem." Corresponding transfor- 
mation vectors from the two solutions are 
about 3' apart. 

T h e  principle utilized by the quartimin 
cliterion could be applied easily to the 
special case where one requires orthog- 
onality. This has not yet been done; at 
any rate, it would seem that the criterion 
of simple structure should alone deter- 
mine to what extent any given set of 
data approaches orthogonality. Like 
other oblique solutions, the biquartimin 
criterion a l lo~ \  9 complete freedom in this 
respect. 

J o ~ sB. CARROLL 
G ~ a d u a t e  School of Edz~cation, Harvard 
C'niv~rsity,  Cambridge, Massnchusetts 
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Chernoprophylaxis with Diazouracil 

of Poliomyelitis in Mice 

One approach to the chcmo(herapy of 
virus diseases has been the use of various 
antimetabolites to interfere with nuclcic 
acid metabolism ( I  ) . Since the publica- 
tion of the reports on the action of ben- 
zimidazole against poliomyelitis in mice 
( 2 ) , investigation of conlpounds of this 
nature has been pursued in this labora- 
tory ( 3 ) as a possible method for chemo- 
prophylaxis. One of the substances tested 

Table 1. Chemoprophylaxis of poliomyeli- 
tis with diazouracil in mice. Mice were 
inoculated intraperitoneally with an esti- 
mated 10 IDra of MEFi poliomyelitis virus. 
Diazouracil treatments ( 10 mg/kg day, in- 
traperitoneally) were given for 4 days, be- 
ginning one day before virus inoculation. 

Treated Control 
Nc. No. Sur-

surviving/ surviving/ vival 
KO. h-0. index 

inoculated inoculated 

Sample N o .  I 
11/19 3/20 5.0 
6/20 2/20 2.0 
8/20 2/19 1.7 
7/19 1/20 1.6 

Sample No.  2 
6/20 0/20 1.7 
8/19 5/20 1.9 

Total  
461'117 (39%') 13/119 (11%') 

was diazourdcil, which had been found to 
have some activity against certain viruses 
( 4 ) .  This report presents evidence about 
the effectiveness of diazouracil in the 
prevention of paralytic poliomyelitis in 
mice. 

I n  these studies, mice of the IVcbster 
strain weighing less than 12 g were in-
oculated intraperitoneally u i th  0.2 ml 
of a 10 percent suckling-mouse brain 
suspension of the MEF,  strain of type 
I1  poliomyelitis virus, approximately 10 
ID,,. Mice were treated intraperitone- 
ally with diazouracil ( 5 )  at  the rate of 
10 mg/kg day for 4 days beginning the 
day before virus inoculation; however, 
on the day of virus administration, treat- 
ment was given subcutaneously. Control 
animals were treated similarly with equal 
volumes of buffered saline. Mice were 
examined daily for parallsis throughout 
an  observation period of 21 days. 

Data from several experiments with 
diazouracil are presented in Table 1. 
T h e  results are ex~ressed as the ratio of 
the number of animals surviving on thc 
21st day to the number of animals in- 
oculated. A survival index was calcu-
lated from the ratio of the harmonic 
mean of the survival time of the treated 
group to that of the control group, with 
a favorable response in terms of preven- 
tion or delay indicated by ratios greater 
than 1 (6 ) . I n  all experiments, diazoura- 
cil reduced the incidence or delayed the 
onset of paralysis in mice inoculated with 
poliomyelitis virus. Thus, in the first cx- 
perimcnt, treatment with diazouracil re-
duced the incidence of poliomyelitis from 
85 percent (three survivors of 20 mice in- 
oculated) to 42 percent ( 11 of 19 surviv- 
ing) ,  with harmonic mean survival times 
of 4.0 and 20.2 days, respectively. When 
the results of these tests were combined, 
it was found that only 13 of 119 control 
animals survived, compared .r\ith 46 of 
117 treated animals--a difference \ignifi- 

cant a t  the 1 percent level ( 7 ) .  When 
treatment with diazouracil was begun on 
the day of virus inoculation or thereafter, 
it was less effective. No protection was 
observed when intraperitoneal treatment 
with diazouracil was started the second 
day after virus infection or when dia-
zouracil was given orally a t  the rate of 
100 mg/kg day for 4 days beginning the 
day before virus inoculation. 

I n  contrast to its action in mice, dia- 
zouracil did not protect monkeys. When 
infected orally with the Mahoney strain 
of poliomyelitis virus, 6 of 6 monkeys 
in each of two control groups developed 
paralysis, as did a group which was 
treated intraperitoneally with four daily 
doses of 5 mg of diazouracil per kilogram 
each, bcginning the day before virus in- 
oculation, while in a group treated intra- 
venously with five daily doses of 2.5 
mg/kg, the morbidity was 5 of 6. 

Although the effectiveness of diazoura- 
cil is compatible with the assumption 
that analogs can be used to interfere 
with the nuclcic acid metabolism in-
volved in virus replication, it remains to 
be demonstrated that this is the mechan- 
ism of the chemoprophylactic action of 
the compound against poliomyelitis in 
mice. 
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New Low Chromosome 
Nurnber for Plants 

Previously, the lowest chromosome 
number reported for plants was X = 3. 
This number occurs in Crepis, Crocus, 
and O~ni thoga lum ( 1 ) .  I n  the process 
of a biosystcmatic study of the Blepha-
rodon section of Haplopappus several 
species have bcen found to have loxv 
chromosome numbers. Of particular in- 
terest, however, is Haplopappus gracilis 
(hTutt.) Gray. This is a small annual 
tompositr that ranges from soi~:hcrn 

29 NOVEMBER 1957 


