
dromes, animals show an increased ca- 
pacity to convert even restricted 
amounts of food into lipid (3, 5, 6). Fur- 
ther, this food, once stored, is released 
much more slowly in the homozygous 
obese (oblob) or diabetes (db/db) mu- 
tants, which leads to greatly increased 
food efficiency and remarkable ability to 
withstand a fast (up to 40 days) (9). This 
report indicates that the heterozygous 
"normal" carriers have more efficient 
pathways of metabolism intermediate 
between those of homozygous mutant 
and the homozygous normal mice. This 
thriftiness trait, if manifested in wild 
populations, could provide the hetero- 
zygote with a selective advantage when 
food was scarce and yet not be dele- 
terious when food was abundant. The 
existence of this trait in mice hetero- 
zygous for one mutant allele for either of 
two obesity-diabetes syndromes lends 
credence to the thrifty genotype etiology 
of diabetes (1). 

Such mechanisms may have played a 
role both in the development of diabetes- 
susceptible human populations (various 
Indian and primitive cultures) and the 
persistence of diabetes susceptibility in 
the population despite negative selection 
pressures. The metabolic abnormalities 
controlling thriftiness should -be more 
amenable to analysis in genetically de- 
fined models where the effects of one 
gene can be studied rather than in geneti- 
cally ill-defined human populations where 
the interaction among many "thrifty" 
genes (both heterozygous and homo- 
zygous) may make interpretation im- 
possible. 
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Electroencephalogram Correlates of Higher Cortical Functions 

Abstract. By means of two-stage, nonlinear multivariate pattern recognition, elec- 
troencephalograms (EEG's) were analyzed during performance of verbal and spatial 
tasks. Complex scalp distributions of 0-, /3-, and, to a lesser extent, a-band spectral 
intensities discriminated between the two members of a pair of tasks, such as writing 
sentences and Koh's block design. Small EEG asymmetries were probably attribut- 
able to limb movements and other uncontrolled noncognitive aspects of tasks. Signif- 
icant EEG differences between cognitive tasks were eliminated when controls for 
inter-task differences in efferent activity, stimulus characteristics, and performance- 
related factors were introduced. Each controlled task was associated with an ap- 
proximately 10 percent reduction, as compared with visual fixation, in the magnitude 
of a- and /3-band spectral intensity. This effect occurred bilaterally and was approxi- 
mately the same over occipital, parietal, and central regions, with some minor dif- 
ference over the frontal region in the t3 band. With these controls, no evidence for 
lateralization of different cognitive functions was found in the EEG. 
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For several years, researchers have 
reported correlations between inter- 
hemispheric asymmetries of ongoing 
brain electrical activity (EEG) and dif- 
ferences between "cognitive" tasks (1, 
2). These results have been interpreted 
to reflect the functional specialization (in 
right-handers) of the left and right cere- 
bral hemispheres, respectively, for se- 
quential-analytical (verbal-logical) and 
simultaneous-holistic (spatial) cognitive 
processes. Frequently, interhemispheric 
EEG a- band asymmetries were the only 
indices studied, the assumption being 
that such asymmetries were associated 
with the cognitive aspects of the tasks. 
In fact, it has never been established that 
asymmetries or other EEG features are 
directly related to cognitive activities. In 
addition to their cognitive differences, 
the tasks used in most of these studies 
have involved differences in stimulus 
characteristics, efferent activities (limb 
and eye movements), and performance- 
related factors (task demands and a sub- 
ject's ability and effort). These noncog- 
nitive factors, which are known to affect 
the EEG, have not been adequately con- 
trolled in previous experiments. 

Using two-stage, multivariate, non- 
linear pattern recognition, we have 
searched for sets of EEG features, in- 
cluding but not limited to asymmetries, 
which might discriminate between com- 
monly employed verbal-logical and spa- 
tial tasks (1, 2). Initially, several strongly 
discriminating features, not related to 
asymmetry, were found. While weak 
asymmetry effects were also found, it 
seemed likely that they were attributable 
to limb movements and other uncon- 
trolled noncognitive aspects of the tasks. 
When limb movement was not required 
during task performance, and when stim- 
ulus characteristics and performance-re- 
lated differences between tasks were rel- 
atively controlled, our analytical proce- 
dures did not uncover EEG patterns of 
any sort that could significantly distin- 
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guish between logical and spatial cogni- 
tive tasks. Each of the controlled tasks 
was associated with an approximately 10 
percent reduction, as compared with vi- 
sual fixation, in the magnitude of a- and 
/3-band spectral intensity. This effect oc- 
curred bilaterally and was approximately 
the same over occipital, parietal, and 
central regions with some minor dif- 
ference over the frontal region in the /3 
band. With these controls, asymmetry 
differences between the tasks were all 
but absent. 

The results reported here were derived 
from two experiments in which EEG's 
were recorded from normal, right-hand- 
ed (as assessed by questionnaire; sib- 
lings and parents were also right-handed) 
subjects while they performed batteries 
of randomly ordered cognitive and con- 
trol tasks. 

In the first experiment, 23 adults (18 
males and 5 females) performed two or 
three 1-minute trials of reading, writing a 
summary of the previously read material 
from memory, Koh's block design, men- 
tal paper folding (the reconstruction of a 
cube from a flat pattern), scribbling, un- 
directed block manipulation, and visual 
fixation on a spot (3). Reading and writ- 
ing from memory have previously been 
used as examples of verbal-logical tasks, 
and Koh's block design and mental pa- 
per folding as spatial tasks (1, 2). Scrib- 
bling, undirected block manipulation, 
and visual fixation served as control 
tasks. 

Experiment 2 was intended to separate 
possible EEG patterns associated with 
the cognitive aspects of tasks from those 
associated with efferent components, 
stimulus characteristics, and perform- 
ance-related factors, all of which are in- 
termixed in complex tasks such as those 
used in experiment 1. In this experiment, 
32 adults (23 males and 9 females) (4) 
each performed 30 trials of shorter, sim- 
plified tasks, including: (i) mental rota- 
tion of block structures, a spatial task; 
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(ii) addition of a column of six to eight 
signed integers, a logical task; (iii) letter 
substitution, another logical task; and 
(iv) visual fixation on a spot, a control 
task (5). Each trial in experiment 2 lasted 
6 to 15 seconds. Stimulus characteristics 
were better controlled than in experi- 
ment 1, and no motion of the limbs was 
required (6). For each subject, the 
amount of time to achieve the task and 
the degree of accuracy were assessed. 
Within- and between-subject differences 
in these performance-related factors 
were adjusted by selecting a subset of 
tasks for each subject that he or she 
would be expected to perform correctly 
about 80 percent of the time, in an aver- 
age of approximately 7 seconds. This 
subset of tasks was selected for each 
subject on the basis of his or her per- 
formance during a practice session (7). 

In each study, EEG activity from F3, 
F4, C3, C4, P3, P4, 01, and 02 (8) was 
Fourier-analyzed, and features based on 
estimates of spectral intensity in the 0 (4 
to 7 Hz), a (8 to 13 Hz), and /3 (14 to 20 
Hz) bands were computed. Measure- 
ment vectors from each subject and each 
pair of tasks to be discriminated were 
converted to standard scores (,J = 0, 
o- = 1) (9). 

Two-stage, nonlinear multivariate pat- 
tern recognition analysis was used to de- 
rive EEG spectral signatures that could 
correctly classify an unknown EEG sam- 
ple as coming from one or the other of a 
pair of tasks. This analysis requires the 
formation of an optimal linear combina- 
tion of several discriminant functions, 
each of which may be in a linear or quad- 

Table 1. Classification of the tasks in experi- 
ment 1 (complex tasks) by means of the EEG. 
Each entry is the percentage of correct test- 
set classifications of the two indicated tasks. 
For example, Koh's block design was distin- 
guished from visual fixation with 94 percent 
accuracy. Except for the entry marked by 
an asterisk, all classifications were significant 
(P < .01) if one assumes a moderate degree of 
intrasubject correlation of different trials of 
the same task (12). 

Writ- Koh's Writ- 
block Read- ing 

Task d . from de- ing mem- sign 
ory 

Visual fixation 94 82 89 
Mental paper folding 75 81 
Writing from memory 85 
Scribbling 65* 
Koh's block design 85 
Block manipulation 75 
Reading 84 

*Not significant. 

ratic form (10). Decision rules were de- 
rived from known training samples from 
pairs of tasks and validated on separate 
test data (11). Spectral features impor- 
tant in the decision rules were listed ac- 
cording to their anatomic distribution. 
Multivariate pattern recognition was 
used in the search for EEG differences 
and was mainly sensitive to the con- 
sistency of the differences, and uni- 
variate descriptive statistics were used 
to obtain information about the average 
(over all subjects) size of the intertask 
EEG differences. 

With the exception of the discrimina- 
tion between writing from memory and 

scribbling, the pattern recognition analy- 
sis significantly classified EEG test sam- 
ples from all of the task pairs of experi- 
ment 1 (Table 1) (12). For example, 85 
percent of the samples of test data were 
correctly classified (P < .01) as either 
Koh's block design or writing from mem- 
ory. The most important EEG features 
for discriminating these tasks were pri- 
marily higher 0- and lower /-band spec- 
tral intensity in most scalp locations. 
Asymmetry ratios were not important in 
the discrimination. Thus, complex scalp 
distributions of EEG features generally 
differentiated the tasks, but it was diffi- 
cult to relate individual elements of the 
discriminating patterns to the sensory, 
motor, and cognitive aspects of these 
complex tasks. 

The results in Fig. 1 (13) show that 0- 
band spectral intensity is associated with 
Koh's block design at all scalp locations, 
and is slightly higher at left-sided (odd- 
numbered) electrode placements than at 
right-sided ones. For writing from mem- 
ory, 0-band intensity is higher than in vi- 
sual fixation only over the occipital (01 
and 02) region. In both tasks, a- and /- 
band intensity is lower than in visual fix- 
ation (except for / intensity over the oc- 
cipital region during writing from memo- 
ry, which may represent contamination 
from electromyographic activity arising 
in neck and shoulder muscles). Other 
than at the right frontal placement (F4), 
there is no difference in the a band be- 
tween Koh's block design and writing 
from memory at right-sided (even-num- 
bered) electrode placements. On the left 
side there is a slightly greater decrease of 
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Fig. 1. Results of experiments designed to assess EEG correlates of 
higher cortical functions. (Left) Tasks of experiment 1 were 1 minute 
long and involved limb movements and uncontrolled differences in 
stimulus characteristics and performance-related factors. (Right) 
Tasks of experiment 2 were less than 15 seconds long and required no 
motion of the limbs; stimulus characteristics and performance-related 
factors were also relatively controlled. The graphs display means 
over all subjects of standard scores of EEG spectral intensities [ex- 
pressed as changes from visual fixation values for clarity of display 
(13)] recorded during performance of two tasks in experiment 1 
and three tasks in experiment 2. Upper, middle, and lower sets of 
graphs are for spectral intensities in the /3, a, and 0 bands. The 
abscissa shows scalp electrode placements: F3, left frontal; F4, right 
frontal; C3, left central; C4, right central; P3, left parietal; P4, right 
parietal; 01, left occipital; and 02, right occipital. Standard devia- 
tions, which differed but slightly between electrode placements, are 
indicated at the right. Although there are prominent EEG differences 
between the uncontrolled tasks of experiment 1, EEG differences 
between the relatively controlled tasks of experiment 2 are lacking. 
Each of the controlled tasks is, however, associated with a remark- 
ably similar bilateral reduction in a- and /3-band spectral intensity 
over occipital, parietal, and central regions. There is no evidence 
in these results that logical and spatial cognitive processes are as- 
sociated with differentially lateralized EEG patterns. 
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a intensity for writing than for Koh's 
blocks, most evident at F3 and C3. This 
result appears to be associated with dif- 
ferences in the patterns of right-hand 
limb movements between the tasks. 
(Since it was not possible to distinguish 
between writing and scribbling, it is not 
likely that this left-sided change during 
writing is an indication of the left-sided 
localization of language functions in our 
right-handed subjects.) The major effects 
of a and /3 suppression and 0 enhance- 
ment, where found, were bilateral (14). 

In mental paper folding versus read- 
ing, 81 percent of the test-set observa- 
tions were correctly classified (P < .01). 
The EEG features selected by the pat- 
tern recognition analysis included high- 
er frontal 0-band intensity in paper fold- 
ing than in reading, higher occipital 0- 
band intensity in reading, lower parietal 
a-band intensity in paper folding, and 
lower /3-band intensity in paper folding 
over most placements. The EEG fea- 
tures sensitive to asymmetry were not 
used in the discrimination. Anatomic 
patterns of the slight differences between 
homologous left and right electrode 
placements were inconsistent. 

The EEG differences found between 
the complex tasks in experiment 1 could 
not be specifically associated with the 
cognitive differences between the tasks. 
By contrast, the controlled active tasks 
of experiment 2 were much less strongly 
differentiated when subjected to the 
identical analytical methods (Table 2) 
(15). In other words, when limb move- 
ments are not required, and when stimu- 
lus characteristics and performance-re- 
lated differences between tasks are rela- 
tively controlled, logical and spatial 
cognitive operations can be discrimi- 
nated only very weakly on the basis of 
spectral intensity measurements of the 
background EEG. Furthermore, evi- 
dence of interhemispheric lateralization 
of these tasks was all but absent. The 
weak differences between active tasks 
found by pattern recognition in experi- 
ment 2 may be due to cognitive dif- 
ferences between the tasks, or to residu- 
al efferent (small eye movements) stimu- 
li, or performance-related differences. 

In terms of EEG features, the active 
tasks of experiment 2 were better dif- 
ferentiated from visual fixation than from 
each other (Table 2). The decision rules 
of experiment 2 embodied EEG dif- 
ferences consistent with those seen in 
experiment 1 (for example, a- and /3- 
band intensities associated with block 
rotation, addition, and letter substitution 
were lower, while 0-band intensity was 
slightly higher). When we used anatomi- 
cally defined subsets of features for 
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Table 2. Classification of tasks in experiment 
2 (controlled tasks) by means of the EEG. 
Each entry is the percentage of correct test- 
set classifications of the two indicated tasks. 

Serial Block Letter 

Task arith- rota- sub- 
metic tion tu 

tion 

Visual fixation 75 76 75 
Block rotation 62* 
Letter substitution 61* 
Serial arithmetic 59* 

*Not significant 

classification, the distribution of classifi- 
cation accuracies was different in block 
rotation versus visual fixation as com- 
pared with addition versus visual fixa- 
tion. In block rotation there was higher 
classification accuracy over the parietal 
and occipital regions than over the fron- 
tal and central regions. In serial arith- 
metic (addition), there was higher classi- 
fication accuracy over left-sided place- 
ments. This last pattern is suggestive of 
left-sided localization of "logical" cogni- 
tive operations, but may not be taken as 
evidence of same. 

In experiment 2 (Fig. 1, right), there 
were only small differences between the 
means for the tasks. There was a striking 
uniformity in the magnitude (approxi- 
mately 10 percent) and anatomic distri- 
bution of the bilateral decrease in a- and 
/3-band spectral intensity (except in the /3 
band over F3 and F4). This pattern has 
previously been reported and is perhaps 
associated with "nonidling" of an under- 
lying cortical region (2, 16). It is also 
consistent with the results of studies of 
regional cerebral blood flow (17). 

Since the relatively controlled tasks in 
experiment 2 involved distinct logical 
and spatial cognitive operations (5), it is 
likely that the EEG patterns that dis- 
criminated between the tasks of experi- 
ment 1 were due to intertask differences 
in efferent activities, stimulus character- 
istics, or performance-related factors, 
rather than to cognitive differences. 
These experiments offer no support for 
the idea that lateralized EEG differences 
in different tasks reflect cognitive pro- 
cesses, as has previously been asserted. 
However, these data do strongly suggest 
that large, bilateral areas of cerebral cor- 
tex are involved in the performance of 
complex higher cortical functions. 
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ferences in the mean percentages of correct an- 
swers, we found the F ratios at chance level for 
tasks (i) and (ii): F, (2, 23) = 2.6; Fli (2, 
23) = 3.0. A t-test for percentage correct dif- 
ferences between the two workloads of task (iii) 
was at chance level: t (24) = 0.7. Similarly, nei- 
ther the F-test for task (ii) response times, nor 
the t-test for task (iii) response times was signifi- 
cant: F (2, 23) = 1.1; t (24) = 0.2. Differences in 
average solution time between the three work- 
loads of task (i) were marginally significant: F (2, 
23) = 3.5; P < .05. Similar calculations for dif- 
ferences in mean accuracy and mean response 
time for practice items were significant for all 
tasks. The lack of significant differences be- 
tween workloads of the tasks for both perform- 
ance measures [except as noted for task (i)] sug- 
gests that the procedures used to equalize per- 
formance-related factors across subjects and 
tasks were effective. 

8. Recorded with a Grass model 6 electroenceph- 
alograph. Two EEG technologists indepen- 
dently edited and discarded data contaminated by 
extracortical artifacts. Reference was ipsilateral 
ear in experiment 1, linked ears in experiment 2. 
Forehead was at ground potential. The effect of 
reference electrode on measurements of asym- 
metry are discussed by A. Amochaev and A. 
Salamy (Psychophysiology, in press) who found 
slightly larger task-related EEG asymmetries 
when electrode reference was to ipsilateral ears 
as compared with Cz. 

9. Features used were spectral intensity averaged 
over the band; ratios of banded spectral in- 
tensity for the following pairs: F3-F4, C3-C4, 
P3-P4, 01-02, C3-P3, P3-01, C4-P4, P4-02. Ra- 
tios were of form (a - b)/l(a + b). In each study, 
approximately 30 minutes of EEG from each 
task was used in the multivariate analysis. For 
technical details, see A. S. Gevins, C. L. Yea- 
ger, S. L. Diamond, J. P. Spire, G. M. Zeitlin, 
A. H. Gevins, IEEE Proc. 63, 1382 (1975); A. S. 
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11. In experiment 1, a randomly selected trial of the 
two or three 1-minute trials of each task by each 
subject was placed in the test data set for vali- 
dating the decision rule derived from the remain- 
ing trials (method 1). In another series of classi- 
fications, the test data set was composed of the 
observations from eight subjects randomly se- 
lected from the total group of 23, with similar 
results (method 2). Both methods were also used 
in experiment 2. For method 1, a randomly se- 
lected one-third of all trials was saved for the 
test set. Method 2 was used with seven of the 21 
subjects comprising the test set. This was re- 
peated for several different groups of seven sub- 
jects comprising the test set. Except for minor 
differences, results and conclusions were the 
same. Results of experiments 1 and 2 reported in 
Tables 1 and 2 were obtained with methods 1 
and 2, respectively. 

12. Estimates of the significance of these pairwise 
classifications obtained from the binomial prob- 
ability distribution may be positively biased by 
intrasubject correlation of multiple observations 
of a single type of task. In experiment 1, even 
under the most extreme assumption of intra- 
subject correlation, that is, that the number of 
independent observations of each task is equal 
to the number of subjects (23), each of the pair- 
wise classifications of the tasks listed in Table 1 
achieves better than P = .01. None of the classi- 
fications in experiment 2 reach this level of sig- 
nificance under the same stringent assumption. 
(Since there were 21 subjects in experiment 2, 77 
percent classification accuracy was required for 
a P < .01 significance. Based on 23 subjects, 
classification accuracy for experiment 1 of 74 
percent or more was significant at P < .01.) Un- 
der the most lenient assumption, that is, that 
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a P < .01 significance. Based on 23 subjects, 
classification accuracy for experiment 1 of 74 
percent or more was significant at P < .01.) Un- 
der the most lenient assumption, that is, that 
each trial of a task constitutes an independent 
observation, all of the classifications in experi- 
ment 2 reach this level of significance. If one as- 
sumes moderate intrasubject correlation such 
that the effective number of observations of a 
task is half the number of trials of a task, the 
active task versus the visual fixation task classi- 
fications are highly significant (P < 10-5), 
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whereas the active task versus the active task 
classifications fail to achieve the same level of 
significance (P = .02 for rotation of blocks ver- 
sus addition; P = .03 for rotation of blocks ver- 
sus letter substitution; P = .06 for letter sub- 
stitution versus addition). 

13. For display purposes, intensities measured for 
each task were grouped with those for visual fix- 
ation and transformed to standard scores. This 
was performed separately for each subject. The 
mean and standard deviation across subjects of 
these standard scores are shown in Fig. 1. To 
maximize classification performance, standard- 
ization was over the two tasks involved in each 
pattern recognition analysis. Descriptive statis- 
tics were computed for the unstandardized EEG 
feature values as well as for those standardized 
as described. Since only minor differences were 
found between the three sets of data, our con- 
clusions are not attributable to the standard- 
ization method used. 

14. An analysis of variance by task and scalp loca- 
tion for 0 intensity (active tasks standardized 
against visual fixation) yielded significant F ra- 
tios for task [F (1, 352) = 126.02; P < .001] and 
scalp location [F (7, 352) = 4.23; P < .001], yet 
no significant interaction [F (7, 352) = 0.9]. A 
similar analysis of, 3 intensities yielded a margi- 
nally significant F ratio for task [F (1, 
352) = 4.5; P < .05], a significant F ratio for 
scalp placement [F (7, 352) = 5.9; P < .001], 
and no significant interaction [F (7, 352) = 0.6]. 
When this analysis was performed for a in- 
tensities, only the scalp location was marginally 
significant [F (7, 352) = 2.58; P < .05], with 
task [F (1, 352) = 3.6] and task by scalp location 
[F (7, 352) = 0.4[ not being significant. Corre- 
lated t-tests comparing a intensities between the 
two tasks were significant for F3 [t (22) = 6.0; 
P < .001], and not significant for F4 [t 
(22) = 2.0]. The data for Koh's block design and 
writing from memory were also analyzed with 
statistical methods identical to those applied to 
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data collected from the same tasks from the 
same electrodes (P3 and P4) (2). Application of 
Wilcoxon matched pairs signed ranks test to the 
difference in right-left ratios of parietal a-band 
spectral intensity between Koh's block design 
and writing confirmed previous results, that is, a 
positive sign for the difference was found in 18 
out of 23 subjects (P < .01). However, the re- 
sults in Fig. 1, left center, show that this dif- 
ference between ratio measurements is attribut- 
able to a reduction in a-band intensity over the 
left parietal (P3) electrode, during writing. 

15. No significant differences were found in parietal 
a ratios between block rotation and addition 
when Wilcoxon's test was applied as described 
in (14). To test the effect of having shortened the 
time per task in experiment 2, the Koh's blocks 
versus writing discrimination of experiment 1 
was repeated with the first 15-second segment of 
data from each task. This segment was even 
more strongly differentiated than was the full 
minute (test set classification of 98 percent ver- 
sus 85 percent respectively); the topographic 
distribution of features was essentially the same. 
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Human Muscular Dystrophy: Elevation of Urinary 

Dimethylarginines 

Abstract. The amounts of the dimethylarginines NG,N-dimethylarginine (DMA) 
and NG,N'G-dimethylarginine (DM'A) excreted in the urine of muscular dystrophic 
patients were examined and compared with the amounts excreted by normal con- 

trols, patients with other types of neuromuscular diseases, and patients with disuse 
muscle atrophy resulting from traumatic paralysis. The patients with muscular dys- 
trophy excreted high concentrations of DMA and this urine showed high ratios of 
DMA to DM'A. This finding indicates a relation between protein methylation proc- 
esses and muscular dystrophy. 

Human Muscular Dystrophy: Elevation of Urinary 

Dimethylarginines 

Abstract. The amounts of the dimethylarginines NG,N-dimethylarginine (DMA) 
and NG,N'G-dimethylarginine (DM'A) excreted in the urine of muscular dystrophic 
patients were examined and compared with the amounts excreted by normal con- 

trols, patients with other types of neuromuscular diseases, and patients with disuse 
muscle atrophy resulting from traumatic paralysis. The patients with muscular dys- 
trophy excreted high concentrations of DMA and this urine showed high ratios of 
DMA to DM'A. This finding indicates a relation between protein methylation proc- 
esses and muscular dystrophy. 

Although the urinary amino acids and 
peptides in patients with muscular dys- 
trophies have been examined (1-3), no 
consistent finding has been reported, 
presumably because of the lack of quan- 
titative precision of the analytical tech- 
niques employed. Our laboratory has fo- 
cused on studying the ninhydrin-positive 
constituents in normal human urine by 
means of a one-column, ion-exchange 
chromatographic system developed by 
Hamilton (4). This system, with its high 
sensitivity (1 x 10-9 mole) and high reso- 
lution, has enabled us to establish a clear 
chromatographic pattern for the complex 
urinary amino acids and their derivatives 
(5). Recently, we have used the system 
to examine the urine of patients with 
muscular dystrophies and have observed 
that, compared to normal controls, these 
patients excrete larger amounts of 
NG,NG-diamethylarginine (DMA), and 
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their urine shows a characteristic high 
ratio of DMA to NG,N'G-dimethylargi- 
nine (DM'A). The results of our study 
suggest that this disease may be asso- 
ciated with the altered metabolism of the 
arginine methylated proteins. 

We have studied 12 patients with mus- 
cular dystrophy (ten with the Duchenne 
type, one with the Becker type, and one 
female with possible Duchenne type); 
five patients with other neuromuscular 
diseases (one with spinal muscular at- 
rophy resulting from traumatic paralysis; 
and ten normal control subjects of com- 
parable age (5 to 16 years). Urine was 
collected from each individual early in 
the morning and was stored without pre- 
servatives at -80?C pending analysis. 
Standard DMA, DM'A, and mono- 
methylarginine were purchased from 
Calbiochem. 

The ion-exchange chromatographic 
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