gluten effects. It is debatable if within
the former perspective, mean gluten ef-
fects on individual parameters could not
be considered as ‘‘independent’” obser-
vations, both because schizophrenia is
clinically heterogenous and because in
performing the ratings each dimension
has to be regarded as separate and inde-
pendent. It is certainly unlikely that the
arguable relatedness of parameters could
account for the probability of 1 in 10,000
obtained with the correlated r-test. The
method Smith suggests deals with the
second perspective. For that, the sepa-
rate parameter-by-parameter analyses
that we performed are to be preferred be-
cause the method of averaging across di-
mensions involves the unacceptable as-
sumption of clinical equivalence of all pa-
rameters. He ignores the evidence from
individual parameter analyses in con-
cluding that the gluten hypothesis is not
supported by our work.

The nonblind investigator (M.M.S.) in-
terviewed patients only in the initial
drug-free weeks to establish baseline pa-
thology, but not in any of the periods
relevant to the experiment.

The mean 1Q of our sample (78.57)
was not atypical when compared with
the published figures from large samples
indicating a mean 1Q of 84.28 = 16.6 for
a diagnostic composition such as ours
).

With the prevailing uncertainty about
the syndrome called schizophrenia, our
research decisions represented the best
compromises we could devise between
conflicting considerations, both practical
and theoretical. After considering the
criticisms, we remain convinced of the
soundness of the decisions. Whether we
are correct can only be determined by
further research. One possibility is to
test the wheat gluten effects in remitted,
drug-free schizophrenics.

MAN MoOHAN SINGH, STANLEY R. KAy
Clinical Psychopharmacology Unit,
Bronx Psychiatric Center,

Bronx, New York 10461
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Minimal Brain Dysfunction: Dopamine Depletion?

Shaywitz, Yager, and Klopper (/) pro-
pose that the hyperkinetic, or minimal-
brain-dysfunction, syndrome in children
may be due to a deficiency in the neural
transmitter dopamine. As evidence, they
demonstrate that rats selectively deplet-
ed of dopamine during infancy are signifi-
cantly more active than normals during
the 10- to 25-day range, and that they
show learning deficits later in life. How-
ever, there are several difficulties with
this analysis:

First, normal 10- to 25-day-old rats are
“‘hyperactive’” compared to older rats,
apparently because certain adrenergic
“‘activity”’ systems mature around age
10 days, while the cholinergic ‘‘inhib-
itory’” systems, particularly the hip-
pocampus and frontal cortex, approach
maturity between ages 15 and 25 days
(2). The hyperactivity produced by dopa-
mine depletion was merely a moderate
increase in the already-hyperactive be-
havior which is normal for this age. It
disappeared at the same time that normal
hyperactivity disappears, around age 25
days, presumably because of the matura-
tion at this time of the cholinergic and
perhaps also serotoninergic systems.

Second, Shaywitz et al. interpret the
disappearance of hyperactivity in their
rats at age 25 days as analogous to the
amelioration of the hyperkinetic syn-
drome in children at age 10 to 12 years.
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However, age 25 days in a rat is merely
the age of weaning. Puberty, correspond-
ing to human age 10 to 12 years, occurs
at about age 80 to 100 days in rats.

A more general hypothesis for hyper-
kinesis, which includes dopamine deple-
tion as a special case, is that this syn-
drome is caused by a predominance of
norepinephrine (NE) relative to other
transmitters. Activity level and reward
seem to depend on NE (3), and seem to
be inhibited by acetylcholine (¢), seroto-
nin (5), and to a lesser extent dopamine
(6). Rats with increased NE, or depletion
of acetylcholine or serotonin, or damage
to predominantly cholinergic structures,
show high activity 3-6). deficits in habit-
uation (7), difficulty with selective atten-
tion (8), and impaired punishment avoid-
ance 4, 9). Adult human manics also
show these four symptoms. plus eu-
phoria (which is hard to demonstrate in
rats); this parallel led to the now widely
accepted theory that mania is due to an
excessive level of NE relative to the
other three transmitters (8, /0). The com-
monly reported characteristics of hyper-
kinetic children are, again, high activity,
difficulty with selective attention, im-
paired punishment avoidance, and eu-
phoria (/7). One would suspect, there-
fore, that hyperkinetics, like manics, suf-
fer from an excess of NE relative to the
activity-inhibiting transmitters. (Curious-

ly, mania is reportedly extremely rare in
children, and hyperkinesis is unheard-of
in adults.) Since the NE activating sys-
tems seem to mature before the choliner-
gic suppressive systems (2), any process
which retarded the later periods of brain
maturation would be expected to pro-
duce temporary dominance of the adre-
nergic systems, and therefore a hyper-
kinetic syndrome.

There are several other points about
the hyperkinetic syndrome which make
sense if we attribute it to delayed matura-
tion of the later-maturing parts of the
brain. First, the syndrome is three or
four times more common in boys than in
girls (11), which correlates with the fact
that girls mature faster than boys. Sec-
ond, the amelioration of the condition
with age may be attributed to the contin-
ued, though belated, maturation.

Hyperkinesis, therefore, could be
caused by anything which produced
NE dominance with delayed matura-
tion of cholinergic systems being per-
haps the most common mechanism. One
otherwise paradoxical phenomenon of
hyperkinetic children makes sense on
the basis of NE dominance: the activity-
reducing effect ‘of amphetamine. As
Shaywitz et al. insightfully suggested.
this result can best be explained by as-
suming that amphetamine stimulates the
activity-suppressing transmitters dopa-
mine and 5-hydroxytryptamine (5-HT)
6, 12) as well as NE. The question, of
course, is why amphetamine effects on
dopamine and 5-HT should dominate in
hyperkinetics, although the effect on NE
is greatly predominant in normals. An
attractive possibility is that ampheta-
mine’s effects on dopamine and 5-HT be-
come evident only when NE levels are so
high that further increases would be inef-
fective. Indeed, analogous phenomena
have already been demonstrated in rats:
After NE has been highly potentiated by
high doses of imipramine or amitriptyline,
amphetamine has less activity-facili-
tating effect than usual. Also, when oper-
ant response rates are very high (analo-
gous to hyperkinesis), amphetamine de-
creases the response rate (/3).

JAMES W. KALAT
Department of Psychology,
Duke University,
Durham, North Carolina 27706
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Shaywitz, Yager, and Klopper (/) re-
ported that rats treated neonatally with
6-hydroxydopamine (6-OHDA) (intra-
cisternally) exhibit learning defects as
well as transitory activity increases.
Shaywitz et al. attributed these behavior-
al characteristics to the depletion of
brain dopamine that resulted from the
neonatal injections. They then took a
giant step to generalize their results to
children. who are diagnosed as having
minimal brain dysfunction (MBD).
These children are characterized by
learning disabilities and hyperactivity,
with activity levels subsiding as adoles-
cence is approached. While treatment of
rat pups with 6-OHDA may ultimately
prove to be an invaluable animal model
for MBD. we feel this extrapolation is
unwarranted for several reasons.

First, our research which preferen-
tially depletes central norepinephrine
(NE) to the exclusion of other neuro-
transmitters. also reports activity increas-
es (2). It should be pointed out that we
obtained activity increases without con-
commitant dopamine alterations.

Second, previous work with 6-OHDA.,
administered neonatally or in adulthood.
usually reports hypophagia to some de-
gree and a parallel weight loss (3, 4).
Body weight was not reported by Shay-
witz et al., but if the experimental ani-
mals were indeed lighter than controls,
then the observer was not really “‘blind”
as to which rats were treated or un-
treated. Further, reduced food intake in
the experimental group would imply that
these animals received too little nourish-
ment during the critical developmental
period and therefore there is no appropri-
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ate control. A “‘weight matched’’ control
group could be produced by restricting
intake to an amount equivalent to that
eaten by the experimental group.

Third, previous studies in which 6-
OHDA is administered to neonatal rats
typically find severe and apparently per-
manent depletions of NE in peripheral
structures (4, 5). Treated rats are effec-
tively partially sympathectomized. Shay-
witz et al. fail to mention NE content in
peripheral structures; however, if periph-
eral NE depletions did indeed occur, one
could hardly attribute behavioral
changes to central nervous system ef-
fects.

Fourth, the volume of the intra-
cisternal injection appears extremely
large for newborn rat pups. The 25-ul
injection, in fact, is equivalent to that
used for intracisternal injections of adult
rats (6). One might expect an intracranial
injection of this magnitude to raise intra-
cerebral pressure significantly. This sug-
gests that in addition to the vehicle
group, a second, noninjected control
group should have been employed.

Finally, we question the statistical
analysis of the activity data of Shaywitz
et al. 1t is inappropriate to use the r-test
to compare the experimental group to
the control group on each trial or obser-
vation. Instead, a two-factor analysis of
variance with repeated measures on one
factor is required. Then, if the group-by-
trials interaction were significant, one
would be justified in comparing the two
groups at each individual observation or
trial with tests of simple effects. Further,
one should note that systematic applica-
tion of the r-test between groups at each
observation greatly increases the proba-
bility of finding statistically significant
differences.

In conclusion, we feel that the experi-
mental model of neonatal injections with
various neurotoxins provides valuable in-
formation about the functional signifi-
cance of different neurotransmitter sys-
tems. However, it is only an experimen-
tal. not a clinical model. We feel it is a bit
premature and perhaps ambitious to
equate human behavioral disorders with
the behaviors of rats that receive neo-
natal 6-OHDA.

Jack H. McLEAN
Department of Psychology,
University of New Orleans
New Orleans, Louisiana 70122
RiCHARD M. KOSTRZEWA
Department of Physiology,
Louisiana State University
School of Dentistry,
New Orleans 70119
JAMES G. MAY
Department of Psychology,
University of New Orleans
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Shaywitz et al. (1) presented a rat
model of the minimal brain dysfunction
syndrome (MBD). They injected S-day-
old rat pups intraperitoneally with des-
methylimipramine (DMI) and then intra-
cisternally with 6-hydroxydopamine (6-
OHDA). producing permanent reduction
of whole brain dopamine with no signifi-
cant reduction in whole brain norepi-
nephrine. In comparison to vehicle con-
trols, these rats were significantly hyper-
active from 15 to 22 days of age. The
hyperactivity abated by 26 days of age,
but a deficit in avoidance learning was
observed at 27 days. Shaywitz er al.
considered this profile to be analogous to
the child with MBD who is hyperactive
until 10 to 12 years of age. This hyper-
activity subsides but is followed by other
behavioral difficulties.

This proposed animal model is inter-
esting because of the general utility of
such models in deciphering the possible
neurochemical bases of this and other
syndromes such as Parkinson’s disease.
However, Shaywitz er al. failed to use
the appropriate control groups which
would permit them to relate their behav-
ioral alterations only to the proposed
critical pharmacological manipulation,
the depletion of brain dopamine. No
groups that had received only DMI or
6-OHDA were behaviorally tested. Thus
Shaywitz et al. can only conclude
that  pharmacological manipulation,
regardless of its specific nature, leads
to the behavioral changes that they
observed.

Behavioral alterations similar to those
observed by Shaywitz et al. can in fact
be observed after peripheral injections of
6-OHDA in the newborn rat. This treat-
ment permanently destroys forebrain
norepinephrine projections apparently
originating in the locus coeruleus, while
elevating pontine norepinephrine levels,
but does not alter brain dopamine levels
(2). These rats are hyperactive during
infancy until about 25 days of age, and
they also show a persisting behavioral
deficit (3). Furthermore. neonatal in-
jections of guanethidine induce hyper-
activity during infancy but do not have a
toxic effect upon brain catecholamine
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Table 1. Mean (= standard deviation) height and weight for 23 hyperactive children (mean age,
9 years and 4 months) and two sets of age and sex appropriate norms. The ¢ values were calcu-
lated by comparing height and weight scores to appropriate norms for each hyperactive child.

Height Weight
Data source (cm) (kg
Knights and Viets data (7) 132.8 = 9.75 29.0 = 5.78
McCammon norms (9) 135.8 = 10.76 31.1 = 6.44
t = —2.38,P < .025% t = —2.63, P < .01*
Vaughan norms (/0) 136.7 = 10.36 31.0 = 5.80
t = —3.27,P < .005* t = =2.97, P < .005*%

*Probabilities are one-tailed with d.f. = 22.

neurons (3). Thus the rat behavioral syn-
drome attributed by Shaywitz et al. to
depleted brain dopamine is also ob-
served after pharmacological manipula-
tions which have no effect upon brain
dopamine levels.

It also seems premature for Shaywitz
et al. to causally relate behavioral
change to one effect of a pharmacologi-
cal manipulation when only two gross
effects of the manipulation are mea-
sured. As administration of 6-OHDA or
6-hydroxydopa to the neonatal rat af-
fects not only brain norepinephrine but
also varying aspects of brain serotonin,
histamine, and acetylcholine ¢), so may
intracisternal injection of 6-OHDA pro-
foundly alter activity in other neuro-
chemical systems not directly affected
through the toxic mechanism of this
drug.

Finally, animal neurochemical models
generally ought to closely match the be-
havioral and physical characteristics of
the human syndrome. In this regard, it is
important to note that heightened skele-
tal motor activity is a variable symptom
in MBD children. Attempts to measure ac-
tivity differences between MBD and nor-
mal children have produced inconclusive
results (5). Furthermore, one striking
effect of neonatal administration of
DMI and 6-OHDA is a profound growth
deficit (6). In this laboratory, intra-
ventricular injections of 100 ug of 6-
OHDA on days 5 and 6, preceded by
intraperitoneal DMI, produced rats
whose body weights at maturity were
approximately 70 percent of the average
weight of rats given vehicle or DMI only.
It is not clear whether this reflects endo-
crinological or consummatory distur-
bances. Shaywitz et al. did not report
body weight data. However, we assume
they would also observe such an effect.
Growth deficits of this magnitude are not
obvious in children with MBD, although
we were unable to find direct tests of this
possibility. Reported mean height and
weight data are close to the 50th per-
centile for normals of the same average
age (7). We have statistically compared
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available height and weight data for a
group of MBD children with the 50th
percentile for two sets of age-matched
height and weight norms (Table 1). While
on all four tests, the MBD children were
significantly below the 50th percentile,
the mean differences were not large. Fur-
thermore, the previous drug histories of
these children were unknown, and re-
cent reports (8) have indicated that stimu-
lant therapy can cause slight growth defi-
cits. These data provide only the weak-
est suggestion that MBD children are
small for their age, and it seems unlikely
that an obvious growth deficit, com-
parable to that observed in dopamine-
depleted rats, would have escaped statis-
tical and clinical detection this long.
BRUCE A. PAPPAS
H. BRUCE FERGUSON
MATTI SAARI
Department of Psychology,
Carleton University,
Ottawa, Ontario K18 5B6, Canada
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In response to Kalat, the hyperactivity
in children classified as having minimal
brain dysfunction (MBD) is only slightly
greater than activity in normal children.
That this is so has been emphasized by
many people who have evaluated chil-
dren with MBD. Thus, our dopamine-
depleted rat pups are significantly more
hyperactive than their littermate controls
to the same degree that hyperactive chil-
dren are more active than children con-
sidered to be normal. I also take issue
with his assumption that maturity in the
rat does not occur until 80 to 100 days of
age.
Histologically, the cerebral cortex
of the rat has assumed all the features
characteristic of the adult by 18 days of
age, and these features become progres-
sively more developed in the 24- and 30-
day-old animals. Thus, by 30 days of
age, axon density in cerebral cortex is 85
percent of mature cortex, and the den-
dritic branching index, a measure of the
dendritic field of cortical pyramidal cells,
is 80 percent of adult indices at 24 days
and 85 percent by 30 days of age (/).
Similarly, the electrical activity of the rat
cortex attains an adult pattern within the
first month of postnatal life. Auditory
evoked responses mature by 14 days and
visual evoked responses by 27 days ).
Neurochemical evidence indicates that
the requirements for catecholaminergic
neuronal transmission develop rapidly in
the newborn rat. Both dopamine and nor-
epinephrine are present in the brains of
newborn rats in concentrations of 20 to
30 percent of adult animals (3, 4). Dopa-
mine concentration attains adult values
by 50 days of age and norepinephrine
by 40 days of age, with the greatest in-
crease in brain concentration of mono-
amines occurring between 7 and 18 days
of age (5).

Tyrosine hydroxylase (6), dopamine
decarboxylase (7), and dopamine betahy-
droxylase (8), the enzymes involved in
the synthesis of catecholamines, in-
crease in a parallel fashion. Similarly,
the enzymes concerned with the metabo-
lism catecholamines, monoamine OXi-
dase (9) and catechol O-methyltransfer-
ase (10), also increase in a fashion simi-
lar to the amines and their synthetic en-
zymes. Furthermore, both biochemical
investigations (/1) and morphologic stud-
ies utilizing the Falck-Hillarp fluores-
cence histochemical technique (12) have
shown that monoaminergic neurons de-
velop mechanisms for the synthesis, stor-
age, and reuptake of amines prior to
birth. These studies thus suggest that .
there is much to support our inter-
pretation of 25 days of age in the rat as
being close to maturity, that is, adoles-
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cence. It is of course somewhat naive to
attempt to too closely correlate age in an
experimental animal with age in the hu-
man, a subject that has been discussed
recently by Himwich (13).

I would like to reassure McLean et al.
on their concerns over methodology.
The 25-ul injection is appropriate for a 5-
day-old rat pup, as described by Breese
and associates (5, 14). We have used this
procedure now on almost 100 litters of
rat pups and have injected approximate-
ly 1000 animals. Our mortality is very
low, and it is unusual for us to have any
rats succumb solely to the injection of
the 25 ul of 6-hydroxydopamine or the 25
ul of saline given to controls intra-
cisternally.

The body weight of dopamine-deplet-
ed rats is indeed less than that of con-
trols. However, the differences are not
so great as to be discerned at a distance
of 8 feet (2.4 m) that we used in the time
sample measures of activity described in
our report. We are now utilizing a contin-
uous video tape monitoring of activity.
With this latter method the activity is
scored via a camera mounted above the
cages, a procedure that precludes pos-
sible bias by animal weight. Our results
with this more sophisticated method are
in complete agreement with those report-
ed earlier. We routinely utilize analysis
of variance in our statistical inter-
pretations. Once this has been done we
then apply f-tests to individual com-
parisons in question.

In response to the comments of Pap-
pas et al., we have done experiments
utilizing  only  desmethylimipramine
(DMI) and find no change in activity
compared to controls. Since the duration
of action of DMI, administered in a
single dose, is relatively short, we were
not surprised that we did not see any
long-term effects from the injection. It
must be emphasized also that one should
not administer 6-hydroxydopamine
alone intracisternally if one is attempting
to deplete dopamine selectively, since
administration of 6-hydroxydopamine
without DMI results in depletion of hoth
dopamine and norepinephrine. This is
described well by Breese and Traylor
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(), and experiments by us have con-
firmed the finding.

All investigators have recognized the
difficulty in extrapolating from animal
models to human disease states, and
such problems have been discussed in
detail by Dobbing (/5) and Plaut (16). It
is also apparent that the production of an
animal model of MBD would provide a
valuable technique to explore in depth
those factors influencing particular car-
dinal symptoms of the disorder. In order
to be considered a suitable model for
MBD, however, certain criteria should
be satisfied:

1) Specified cardinal features of the
MBD syndrome must be replicated in the
animal model. Such features may include
hyperactivity, cognitive difficulties, at-
tentional difficulties, and difficulty habit-
uating to a new environment.

2) The pathogenesis of the MBD syn-
drome in the animal model must bear
some relationship to what we believe to
be the pathogenesis of the disorder in
children.

3) Most importantly, the MBD syn-
drome in the animal model must be pro-
duced in the developing animal, not sole-
ly in the mature nervous system of the
adult animal, and must follow the same
developmental course in the animal mod-
el as found in the human counterpart.
For example, the hyperactivity so fre-
quently found in children with MBD de-
creases in frequency and severity as the
children approach adolescence, and, in
fact, hyperactivity per se is not a com-
mon symptom in youngsters with MBD
who have matured. The production of
persistent hyperactivity in an adult ani-
mal then would not parallel the symptom
as seen in children with MBD.

4) Finally, response to medications in
the animal model must parallel the re-
sponse seen clinically in MBD in chil-
dren. Administration of stimulant medi-
cations (for example, amphetamine,
methylphenidate, or pemoline) must pro-
duce what is termed a ‘‘paradoxical’’
response in MBD. Instead of increasing
activity and altering performance, these
agents in doses similar to those used
clinically should reduce hyperactivity

and improve attention. Results of our
investigations (I7) indicate that the be-
havior of rat pups treated with 6-hydroxy-
dopamine is strikingly similar to that
observed in the clinical syndrome of
MBD and satisfies the criteria for an
experimental model of MBD.

We believe that the exploration of an
experimental animal model has great po-
tential in elucidating the underlying bio-
chemical abnormalities in neuropsychiat-
ric disorders such as MBD. By using an
animal model we should be able to exam-
ine the relationships between cardinal
symptoms of MBD and specific neuro-
transmitters. Through such an approach
we are not limited by methodological
restrictions imposed by human investiga-
tions and are free to exploit the most
sophisticated available pharmacological
techniques to explore in depth each step
in the life cycle of catecholamine metabo-
lism and its relationship to behavioral
parameters of the investigator’s choice.
Whether such an approach will ultimate-
ly unravel as perplexing a disorder as
MBD awaits future investigations.

BENNETT A. SHAYWITZ
Pediatric Neurology,
Yale University School of Medicine,
New Haven, Connecticiit 06510
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