
creases in size during adult life (13), and 
the percentage increase in the size of the 
granule cell layer from 3 to 24 months is 
similar in magnitude to that predicted by 
the percentage of heavily labeled granule 
cells at 3 months (see above). 

Thus, we conclude that the labeled 
granule cells observed in dentate gyrus 
and olfactory bulb of the adult rat repre- 
sent newly formed neurons. A corollary 
of this conclusion is that the synapses 
found on labeled granule cells in the ol- 
factory bulb must also have been newly 
formed in an adult animal. 

These results indicate that the old con- 
cept that the adult mammalian brain is 
largely static is no longer tenable. Nu- 
merous studies have shown that experi- 
mental manipulations can lead to growth 
and plasticity in adult brain (18). Now we 
have confirmed that growth and plastic- 
ity, including neurogenesis and synap- 
togenesis, can also occur in the mature, 
unoperated, mammalian brain. 
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Previous experiments showed that an 
increase occurred in the mean life span 
of mice consuming L-dopa (L-3,4-di- 
hydroxyphenylanine) (1). This was as- 
cribed to reduction of intervening dis- 
eases, for reasons which included the in- 
creased life span in a nonlethal affliction, 
Parkinson's disease, by L-dopa (2). 

In Parkinsonism, improvement results 
from the following sequence. L-Dopa 
produces dopamine which stimulates an 
adenylate cyclase in postsynaptic neu- 
rons at dopaminergic synapses in the 
brain (3). This adenylate cyclase, discov- 
ered by Greengard et al. (4), is an impor- 
tant part of the dopamine receptor be- 
cause it produces the adenosine 3',5- 
monophosphate (cyclic AMP) which de- 
termines the responses of the post- 
synaptic neuron to dopamine. 

Our initial studies and those of others 
(5-7) emphasized that this brain enzyme 
has behavioral roles because: (i) the cy- 
clase was measured in the caudate nucle- 
us which regulates motor behavior; (ii) it 
was modified by anti-Parkinson (8) and 
antipsychosis drugs (9) in vitro; and (iii) 
drugs which are normally used to change 
immunity, carcinogenesis, or protein 
synthesis have produced in intact mice 
quantitative correlations between the ac- 
tivity of the cyclase and the behavioral 
parameters studied earlier (5, 6). None- 
theless, a nonbehavioral role is sug- 
gested for this enzyme by (i) the cyclase 
extends beyond the caudate nucleus 
(10, 11) into areas which perhaps 
include the hypothalamus, a structure 
controlling hormonal function and me- 
tabolism, and (ii) feeding L-dopa to mice 
in amounts which usually increase life 
span potentiates the dopamine-stimulat- 
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ed cyclase (12). We suspected, there- 
fore, that this enzyme might be a part of 
a system of the brain which registers or 
regulates the incidence of intervening 
diseases. To examine this hypothesis, 
we tested the cyclase in the brains of 
mice treated with immunotherapeutic 
materials and in the brains of untreated 
animals having a known propensity for a 
major disease, cancer. 

The immunotherapeutic agents were 
given to groups of 36 female C3H/HeJ 
mice, 5 to 6 weeks old. One subgroup of 
18 mice was injected intraperitoneally 
with BCG vaccine (1.5 mg in 0.5 ml of 
normal saline) (13) and another subgroup 
of 18 mice with normal saline solution 
once a week for 3 weeks. Similar sub- 
groups were injected either with Coryne- 
bacterium parvum vaccine (1.4 mg in 0.2 
ml of saline) (14) or with normal saline 
solution once a week for 3 weeks. The 
net dopamine-stimulated activities of the 
adenylate cyclase were measured after 
the addition of 200 ftM of dopamine hy- 
drochloride to the homogenates of the 
caudate nuclei as described (8). These 
activities, computed as picomoles of cy- 
clic AMP per combined caudates of each 
animal were as follows: (i) BCG injected, 
112 + 14.8; controls, 59 ? 10.8 (P < 
.01); (ii) C. parvum injected, 122.5 + 4.4; 
controls, 54 ? 10 (P < .01). The experi- 
ments with the C. parvum vaccine were 
repeated in their entirety on CD-1 male 
mice (5 to 6 weeks old) and C3H/HeJ 
breeder female mice (7 months old) with 
similar results. 

In parallel experiments, mice were 
vaccinated with BCG or C. parvum and 
tested for their motor responses to intra- 
peritoneally injected L-dopa (6). These 
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tion, and low motor responses to injections of the catecholamine precursor, L-dopa. 
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Fig. 1. Correlation between the mean net 
dopamine- (200 ,M) stimulated adenylate cy- 
clase activities of female mice from the strains 
indicated and the incidence for breast cancer 
exhibited by these strains in studies by others. 
Only the incidence of subcutaneous cancer 
(not of breast cancer) had been calculated in 
the HS mice (16). The incidence of breast can- 
cer is thus exaggerated. 

showed marked motor hyperreactivity 
compared to their nonvaccinated con- 
trols. 

Earlier, agents which can enhance 
some aspect of immunity had increased 
the net dopamine-stimulated cyclase ac- 
tivity and vice versa in intact mice (5, 6). 
The results of the vaccinations with BCG 
and C. parvum strengthened this obser- 
vation. We noted, furthermore, that the 
C57BL/6J females, which have a low 
propensity for breast cancer, showed 
higher enzymatic activities than did the 
C3H/HeJ females, which have a high in- 
cidence of the disease. These consid- 
erations raised the possibility that the ac- 
tivity of the cyclase might be predictive 
of the incidence of spontaneous breast 
cancer. We therefore tested groups of 
6- to 7-month-old female breeder mice 
without evident cancer, from eight 
strains whose incidence of breast cancer 
had been published by others (15, 16). 
Each group consisted of 30 mice, at least 
12 of which were used for measuring the 
basal, the total, and the net dopamine- 
stimulated adenylate cyclase activities in 
homogenates of caudate nuclei (6, 8, 12). 
The rest were tested for their behavioral 
responses to injected L-dopa. These ex- 
periments were performed randomly, 
whenever mice were received. 

A striking correlation (Fig. 1) emerged 
after the mean net dopamine-stimulated 
adenylate cyclase activities for each 
strain were plotted against the per- 
centages of animals expected to develop 
breast cancer. 

The Pearson correlation coefficient be- 
tween the mean of the dopamine-stimu- 
lated adenylate cyclase activities and the 
percentage of animals in each strain ex- 
pected to develop breast cancer was 
-.95 (P < .0001) (Fig. 1) and the corre- 
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lation coefficient between the mean of 
the logarithm of the specified enzyme ac- 
tivity and the percentage of mammary 
tumor incidence expected was -0.97 
(P < .0001). The Spearman rank correla- 
tion was -.98 (P < .01). The Pearson 
correlation coefficient calculated from all 
the individual measurements instead of 
the means was - .85, and calculated from 
the logarithm of the enzymatic measure- 
ments to stabilize the variances the 
coefficient was -.89 (P < .001). When 
the sum of the dopamine-stimulated and 
the basal adenylate cyclase activity for 
each of these eight strains of mice was 
plotted instead, the correlation co- 
efficient was -.94. In contrast, when on- 
ly the basal activity, which was not sig- 
nificantly different from one strain to the 
other, was considered, no line could be 
obtained (correlation coefficient, .095). 
This is consistent with the finding of 
Mishra et al. (7) who claimed that the 
major portion of the basal adenylate cy- 
clase activity of caudate is anatomically 
distinct from the postsynaptic dopamine- 
sensitive cyclase system. 

In these experiments, absence of can- 
cer was determined only by inspection, 
palpation, and dissection. To determine 
possible effects on the cyclase from ac- 
tual presence of cancer an experiment 
was performed on C3H/HeJ breeder 
mice with fully developed cancer of the 
breast. Controls were similar mice with- 
out palpable or visible cancers. The 
mean net dopamine-stimulated adenylate 
cyclase activity in the cancer-bearing an- 
imals was 54.7 ? 16.5 pmole of cyclic 
AMP per combined caudates of each ani- 
mal versus 63.5 ? 8.9 in the control 
group, a nonsignificant difference. Thus, 
fully developed cancer either had not af- 
fected the brain enzyme or had caused it 
to become fixed. To test this alternative 
we administered L-dopa (40 mg per gram 
of Purina chow) for 3 months to one 
group of mice with gross tumors and to 
another group without visible tumors. 
The mean activity of the cerebral cyclase 
in the tumor-bearing animals was 
53 ? 10.5 pmole of cyclic AMP whereas 
that of the "tumor-free" mice was 
108.7 + 19.7 (P < .05). This argued that 
fully developed breast cancer was ren- 
dering the activity of the adenylate cy- 
clase in the brain nonresponsive to L- 
dopa. 

Changing the activity of the cyclase of 
the caudates with drugs has thus far al- 
ways changed correspondingly the reac- 
tions of intact mice to injected L-dopa (5, 
6). This made it interesting to know 
whether the untreated animals shown in 
Fig. 1 would rank themselves the same 
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Fig. 2. Correlation between the mean net 
dopamine- (200 ,uM) stimulated adenylate cy- 
clase activities of female mice from the strains 
indicated and the mean of the logarithm of the 
motor activity determined in an Animex auto- 
matic activity meter for 10 minutes, 40 min- 
utes after intraperitoneal injection of L-dopa 
(1.2 mg per gram of body weight). Some of the 
most responsive animals (C57BL/6J) died an 
hour after the activity measurements were 
completed. 

way if tested for motor reactions induced 
by single intraperitoneal injections of L- 
dopa (1.2 mg per gram of body weight). 
This experiment was particularly ger- 
mane since the C3H/HeJ mice which 
have a high propensity for cancer were 
normally much more inactive than the 
C57BL/6J whose propensity for cancer is 
low. In the next experiments, six groups 
of three mice from each of the eight 
strains were injected with L-dopa and 
placed on an Animex automatic motor 
activity meter. The means of the ensuing 
measurements, when plotted against the 
expected incidence of cancer on a semi- 
logarithmic scale, appeared approxi- 
mately linear with a coefficient of corre- 
lation of -.87 (P < .01). The Pearson 
correlation coefficient between the mean 
of the logarithm of the motor activity 
measurements and the mean of the enzy- 
matic activities was .96 (P < .001) (Fig. 
2). These measurements strongly sug- 
gested that the behavioral function of the 
cyclase was linked to its ability to predict 
propensity for breast cancer. 
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A growing body of research is devoted 
to establishing the existence and etiologi- 
cal significance of abnormal styles of 
communication in the families of schizo- 
phrenics (1-3). A hypothesis underlying 
much of this research is that when 
speech anomalies such as vagueness, ir- 
relevance, and lack of closure character- 
ize ongoing parental transactions, the 
likelihood of schizophrenia in the off- 
spring is greatly increased. These com- 
munication difficulties are believed to 
create a poor sense of reality and a diffi- 
culty in modeling patterns of clear and 
logical thinking so that when the off- 
spring is faced with life stress, more 
primitive cognitive mechanisms are like- 
ly to appear. Thus, it is hypothesized 
that deviant parental communication 
styles lay the groundwork for the sub- 
sequent appearance of the core symp- 
toms of a schizophrenic psychosis. 

It is generally acknowledged that con- 
clusive testing of the etiological aspects 
of the hypothesis must await the com- 
pletion of longitudinal studies that can 
determine whether parental communica- 
tion deviance precedes, and therefore is 
not reactive to, the onset of schizophre- 
nia in the offspring (4). Because such 
prospective studies are difficult to carry 
out and take many years to complete, 
early studies have been based upon the 
more readily accomplished (though 
weaker) cross-sectional strategy in 
which the communication deviance of 
parents of schizophrenics is contrasted 
with that observed in parents of severely 
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disturbed, nonschizophrenic offspring 
(5). The initial series of these cross-sec- 
tional studies carried out by Wynne and 
Singer and their colleagues (1) have pro- 
vided support for the communication de- 
viance hypothesis and have lent great 
importance to the conduct of the etio- 
logically more informative longitudinal 
research programs. 

Communication deviance, as em- 
ployed in these studies, is measured by 
counting the number of units of abnor- 
mal verbal behavior that fit preestab- 
lished categories. Typically used are 
projective test data, in which there is 
wide variability in the number of verbal 
units of all kinds observed; the question 
has been raised as to whether the com- 
munication deviance index is simply an 
artifact of the number of words spoken. 
Hirsch and Leff (2, 3), in a carefully con- 
ducted replication of the Wynne-Singer 
procedures with an English sample of 
parents of schizophrenics and parents of 
neurotics, found group differences in 
communication deviance in the expected 
direction but with considerable group 
overlap. These investigators then raised 
the question of whether these group dif- 
ferences in communication deviance are, 
in fact, artifacts of verbosity differences 
between the groups in their sample. The 
question posed by Hirsch and Leff was, 
"If both groups had spoken the same 
mean number of words, would we expect 
there to be any difference between their 
mean deviance scores?" (2, p. 144). 
Analysis of covariance, a statistical tech- 
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nique for estimating group differences 
with the effects of a correlated variable 
removed, was applied to these data. The 
previously found significant differences 
between groups in communication de- 
viance disappeared, leading Hirsch and 
Leff to conclude that they had dis- 
confirmed the Wynne and Singer find- 
ings. 

Wynne and Singer and their colleagues 
also applied the analysis of covariance to 
their own data, but found that dif- 
ferences in parental communication de- 
viance did not vanish but were slightly 
accentuated when verbosity was em- 
ployed as a covariate (1, p. 43). Thus, a 
major source of disagreement between 
these studies has been generated by at- 
tempts to use the analysis of covariance 
to control statistically for group dif- 
ferences in verbosity. 

We will demonstrate that the analysis 
of covariance is not applicable in these 
cross-sectional studies, even though the 
traditional analysis of covariance as- 
sumptions of linearity and equality of 
within-group regression coefficients 
were met. Although the problems in- 
volved are subtle, it is nevertheless im- 
portant that the analysis of covariance be 
avoided in research studies in which the 
technique can lead to erroneous con- 
clusions. 

The inapplicability of the analysis of 
covariance in these research programs 
stems from two problems. First, the 
groups (for example, the parents of 
schizophrenics and the parents of dis- 
turbed nonschizophrenics) are not cre- 
ated through random assignment. Under 
these circumstances, observed group dif- 
ferences in verbosity (the covariate) may 
arise from complex effects of selection, 
from genetic differences among parents, 
or from the illnesses of the off- 
spring. In fact, the same factors that are 
responsible for differences in communi- 
cation deviance (the dependent measure) 
may be responsible for differences in 
verbosity. 

Second, the "true" relationship be- 
tween verbosity and communication de- 
viance cannot be known for a given 
sample of individuals. Except in the ex- 
treme where only a few words are spo- 
ken, this relationship could vary as a 
function of innumerable situational fac- 
tors such as the nature of the stimulus 
cards, the instructions, and the recent 
experiences of subjects. These multiple, 
possibly interacting sources of measure- 
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ment error can be given explicit recogni- 
tion, as in the theory of generalizability 
where reliability is conceptualized and 
estimated in a multifaceted framework 
(6). In the studies under discussion, the 
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Communication Deviance in the Families of Schizophrenics: 
A Comment on the Misuse of Analysis of Covariance 

Abstract. Serious contradictions in recent research programs concerning commu- 
nication anomalies in parents of schizophrenics have been generated by invalid sta- 
tistical analyses. The method of analysis used, the analysis of covariance, can lead 
to erroneous conclusions in the context of these studies, and thus, other means must 
be sought for bringing these important research programs into common focus. 
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