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Developmental Equations for Postural Tremor 

Abstract. Developmental equations for the electroencephalogram have been 
reported previously for normal children and brain disorder has been shown to cause 
substantial deviations from this developmental norm. The present report describes 
directly parallel phenomena with regard to postural tremor. 

Developmental equations that de- coefficients associated with the P, a, 8, 
scribe electroencephalographic (EEG) and 8 frequency bands taken from the 
changes in children aged 6 to 16 years parieto-occipital, central, temporal, and 
have been reported by John et a1 (1). frontotemporal regions of the brain 
These authors noted that the regression change systematically with age. Data 

Table 1. A statistical analysis of data reported by Marshall (3) on the peak frequency of 
physiological tremor in 287 normal children (in hertz). 

Average Standard 
Age 

Predicted Deviation 
N peak peak from deviation 

of peak (years) frequency frequency prediction 
frequency 

outstretched hand for a brief but unspec- 
ified time. Although the subjects were 
instructed or coached to hold their arm 
as steady as possible, small movements, 
described as physiological tremor, re- 
mained. Marshall calculated the domi- 
nant or peak frequency for each child 
and displayed these data in a figure relat- 
ing tremor frequency to the subject's 
age. Upon reanalyzing Marshall's data, I 
discovered an unreported correlation [r 
(13) = .9433, P < .001] between average 
age and average peak frequency. This 
result clearly establishes an average de- 
velopmental sequence that is well de- 
scribed by Eq. 1. 

Table 1 shows the average peak fre- 
quency and standard deviation associat- 
ed with each age group studied by Mar- 
shall plus the value predicted for that age 
group by Eq. 1. The difference between 
the observed and predicted peak fre- 
quency values is also reported. Both the 
obtained data and the theoretical calcula- 
tions show that the peak frequency slow- 
ly and regularly increases as a function 
of chronological age. The slope of Eq. 1 
reveals that the peak frequency in- 
creases by 0.2612 Hz or about 0.25 Hz 
per year. This developmental sequence 
continues until the adult frequency of 10 
Hz is reached. Equation 1 predicts that 
the 10-Hz peak frequency is reached 
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when the subject is 21.28 years old, thus 
marking the end of this developmental 
epoch. 

It should be noted that Eq. 1 predicts 
the average peak frequency for postural 
tremor from average age. Although this 
equation suitably describes the underly- 
ing developmental sequence, it is not 
appropriate for predicting the specific 
peak frequency for a single person. 
Hence, a correlation over all 287 sub- 
jects was calculated between age and 
peak postural frequency [r (285) = 
.5610, P < .001]. The corresponding re- 
gression equation is given as Eq. 2. 

This equation also specifies a develop- 
mental rate of approximately 0.25 Hz per 
year. Moreover, the Y intercept value is 
in rather good agreement with that found 
in Eq. 1. In sum, the regression equation 
based on all 287 individual subjects 
agrees rather well with the regression 
equation based on average age and aver- 
age peak tremor frequency. 

Nashold (4) reported that the peak 
frequency of postural tremor in patients 
with Parkinson's disease is about half (5 
Hz) that of normal persons (10 Hz). 
Friedlander (5) reported the peak fre- 
quency of postural tremor in parkinson- 
ian patients to range from 4 to 7 Hz. This 
same author reported the dominant fre- 
quency of postural tremor in alcoholics 
to be 6 Hz. He also reported that the 
dominant frequency of patients with uni- 
lateral damage of the central nervous 
system ranges from 3 to 7 Hz. 

There are two striking parallels be- 
tween the previously reported data on 
developmental equations (1, 2) and those 
reported here concerning postural trem- 
or. First, well-fitting regression equa- 
tions are available that accurately de- 
scribe normal development. Second, 
brain disorder decreases the dominant 
frequency of both the EEG and postural 
tremor. Hence, it now appears possible 
to obtain two separate physiological 
measures of development that are sensi- 
tive to organic impairment. Perhaps 
more such measures will soon be report- 
ed. 

WARREN W. TRYON 
Department of Psychology, 
Fordham University, 
Bronx, New York 10458 
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Migration Inhibition of Endothelial Celts by 
Lymphokine-Containing Supernatants 

Abstract. Many of the reactions of cellular immunity are mediated by soluble 
lymphocyte-derived factors (lymphokines). One important category of Iymphokine 
action involves effects on cell motility. These effects have been described mainly with 
respect to inflammatory cells. In this report, we describe the ability of a lymphocyte 
product to inhibit the migration of endothelial cells in a system in vitro. The 
responsible factor is distinct from a previously described mediator that inhibits the 
migration of tumor cells. The ability of lymphocytes to influence the migration 
properties of endothelial cells is consistent with data of others showing a relation 
between the immune system and processes involving neovascularization. 

Many of the reactions of cellular im- 
munity are mediated by lymphocyte-de- 
rived soluble factors known collectively 
as lymphokines. These mediators exert 
profound effects on inflammatory cells 
such as monocytes, granulocytes, and 
lymphocytes themselves. Such actions 
fall into three main categories: effects on 
cell motility (migration inhibition, chem- 
otaxis, and chemokinesis), effects on cell 
proliferation or cellular viability, and ef- 
fects on cellular activation for specific 

Table 1 .  Migration mhibition of endothelial 
cells by lymphokine-containing supernatants. 
Confluent cultures of endothelial cells were 
harvested by incubation with warmed trypsin- 
EDTA for 10 minutes at 37'C. The reaction 
was stopped by the addition of cold Hanks 
buffered salt solution (HBSS) supplemented 
with 10 percent FCS. The cells were washed 
three times with HBSS and resuspended in 
RPMI 1640 medium supplemented with 10 
percent FCS and anitbiotics, placed on a 
rocker (Uni-Mixer, Lab-Line Biomedical 
Products), and incubated at 37'C for 3 to 4 
hours before use in the agarose microdroplet 
assay (8). Migration indices (MI 5 standard 
error of the mean) are calculated as follows: 
MI = (A,IA,) x 100, where AE is the area in 
the experimental supernatant and Ac is the 
area in the control supernatant. MI 5 80.0 
represents significant migration inhibitory ac- 
tivity. Each MI value is the average of at least 
six determinations. 

Experiment No. Migration index 

RPMI 8392 
1 66.2 t- 2.9 
2 61.8 5 2.2 
3 67.0 t- 3.0 
4 63.1 t- 2.8 
5 72.8 t- 2.7 

Concanavalin A activated lymphocytes* 
6 75.2 t- 1.8 
7 76.5 t- 4.3 
8 70.0 t- 3.6 
PPD activated lymphocyte5 

9 71.0 t- 5.0 
10 68.3 t- 4.1 

Unstimulated lymphocytest 
1 1  98.4 t- 3.2 
12 102.7 5 4.6 
13 96.5 t- 5.1 

Toncanavalin A was removed from experimental 
and control supernatants by incubation with 0.1M a- 
methyl-omannoside for 30 minutes at 37°C prior to 
assay. tlymphokine-free control. 

specialized functions [reviewed in (I)]. 
Of these, migration inhibition has been 
considered the prototype, in part be- 
cause a migration inhibition factor was 
the first lymphokine to be described, and 
in part because such factors could play 
important roles in vivo by virtue of their 
capacity to immobilize or retain cells at 
critical tissue sites. 

Migration inhibitory factors for macro- 
phages (MIF) and neutrophils have been 
studied extensively (1). More recently, 
we have described a lymphokine, TMIF, 
that inhibits the migration of a variety of 
tumor cells including P-815 mastocy- 
toma, Ehrlich ascites, hepatoma 129, 
sarcoma 37, and the Walker carcinosar- 
coma (2). TMIF is distinguishable from 
both neutrophils and MIF on the basis of 
molecular weight, monosaccharide inhi- 
bition profiles, and enzyme inactivation 
spectra. In addition, it is possible to 
dissociate the production of these factors 
by appropriate experimental conditions 
(2, 3). 

The present study was undertaken in 
part to explore the specificity of TMIF 
for tumor cells and in part to determine 
whether lymphokines can influence the 
migration of cells that participate in re- 
parative processes in a manner similar to 
their well-known effects on the migration 
of inflammatory cells. In this report we 
present evidence that human lympho- 
kine-containing supernatants from a va- 
riety of sources have the capacity to 
inhibit the migration of endothelial cells. 
This activity is separable from TMIF but 
not from MIF activity by Diaflo ultrafil- 
tration (Amicon). 

For these studies, the human lym- 
phoblastoid line RPMI 8392 was the 
source of most of the supernatants. Such 
culture fluids, which we have previously 
characterized, are known to contain lym- 
phokines that are indistinguishable from 
those obtained from antigen- or mitogen- 
stimulated normal human lymphocytes 
(4). In addition, normal human lympho- 
cytes were cultured with concanavalin 
A, or, when obtained from a suitably 
sensitized individual, purified protein de- 
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