
of dissociation can be clearly recog- 
nized; in such instances the entry in- 
cludes two (or more) rows specifying 
the relations between the different ag- 
gregates. 

In some instances an arbitrary deci- 
sion has been made regarding the 
"natural" molecular weight, since some 
proteins form aggregating as well as 
disaggregating systems. Some such sys- 
tems, such as the seed proteins, have 
been omitted entirely from Table 1 be- 
cause it is still difficult to decide what 
is their "natural" state. 

The most accessible references are 
given for each entry; they do not nec- 
essarily include the source most de- 
serving of credit for establishing the 
subunit interrelations; such sources are 
mentioned in the cited works. Certain 
reviews (1) give less-complete compi- 
lations with more details for individual 
proteins. 

IRVING M. KLOTZ 
Department of Chemistry, Northwestern 
University, Evanston, Illinois 60201 
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Activity and Responsivity in Rats after 
Magnesium Pemoline Injections 

Abstract. Rats injected intraperitoneally with magnesium pemoline avoided a 
buzzing sound (conditioned stimulus) associated with an electric shock to the 
feet (unconditioned stimulus) more frequently than controls. Drug-injected rats 
did not avoid the foot shock more frequently than controls, although the experi- 
mental rats did have shorter response latencies in the active avoidance task. In sub- 
sequent experiments which measured activity changes and response to the buzzing 
sound alone, it was found that magnesium pemoline caused a lesser decrease in 
activity level and a more sustained responsivity to the buzzer's sound than did 
control injections of tragacanth. This may account for the latency differences 
observed in the avoidance task. 

Recently, Glasky and Simon (1) re- 
ported that magnesium pemoline, a 
mild stimulant of the central nervous 
system, also stimulates the synthesis of 
brain RNA polymerases in the rat (2). 
Plotnikoff (3, 4) investigated the effects 
of oral administration of magnesium 
pemolinae on the subsequent active 

avoidance behavior of rats. In the first 
of these behavioral studies (3), it was 
reported that rats receiving this drug 
had shorter response latencies after the 
first trial in an active avoidance task, 
and that this difference was still present 
24 hours later during a retention test. 
Plotnikoff concluded, on the basis of 
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Table 1. Mean (- S.D.) "jump-out' time 
(in seconds) and percent avoiding shock on 
day 1, slow and fast learners. N = 24 in 
each group. No drug administered. 

Slow learners Fast learners 

Mean Percent Mean Percent 
+ S.D. avoiding ? S.D. avoiding 

Trial 1 
27.8 1.8 0 27.8 1.5 0 

Trial 2 
27.1 ? 2.6 4.2 24.6 5.2 21 

Trial 3 
26.4 + 2.4 12.7 11.5 + 5.0 100 

these and other data (4), that such be- 
havioral differences were due to an en- 
hancement of learning and memory in 
the drugged rats, presumably due to the 
RNA synthesis-stimulating effects of 
magnesium pemoline. The present re- 
port concerns an attempt to replicate 
Plotnikoff's findings (3) and to explore 
alternative explanations for the behavi- 
oral changes observed following admin- 
istration of magnesium pemoline. 

Our first experiment followedthe pro- 
cedure of Plotnikoff (3). Our apparatus 
consisted of a 30.5- by 30.5-cm wooden 
box. Wire screening, attached to one 
wall, provided the means of escape. for 
the rats, allowing them to reach a 30.5- 
by 30.5-cm escape platform 30 cm 
above the grid floor of the box. A 1.5- 
ma electric current, delivered equally to 
all parts of the grid floor, served as 
the unconditioned stimulus. A buzzing 
sound, approximately 75 db, served as 
the conditioned stimulus. 

The subjects were 48 experimentally 
naive male Sprague-Dawley rats, 70 to 
75 days old, weighing 230 to 250 g. 
On day 1, following Plotnikoff's proce- 
dure (3), three test trials were given 
to select the slow learners, defined as 
subjects showing at most one avoidance 
during the three trials, jumping onto 
the escape platform only after the grid 
floor was electrified. Each trial was as 
follows: The rat was placed on the 
grid floor and 15 seconds later the con- 
ditioned stimulus was presented. The 
duration of the stimulus was 15 sec- 
onds, and during the last 5 seconds of 
the stimulus the grid floor was electri- 
fied (unconditioned stimulus) (see Table 
1). On day 2, 24 hours later, the ex- 
perimental subjects were injected intra- 
peritoneally with magnesium pemoline 
(either 5, 10, or 20 mg/kg) suspended 
in 0.3 percent tragacanth (10 mg/ml). 
Control rats received equivalent vol- 
umes of the 0.3 percent tragacanth ve- 
hicle. Training trials began 30 minutes 
later and ten trials, 10 minutes apart, 
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were given. On day 3 a series of ex- 
tinction trials (5) was given in which 
neither the unconditioned nor the con- 
ditioned stimulus was administered. Our 
procedure differed from that of Plotni- 
koff only in that: (i) tragacanth, rather 
than saline, was given to the control 
rats; (ii) the drug (magnesium pemo- 
line) was administered intraperitoneally 
rather than orally [Plotnikoff had indi- 
cated, however, that the apparent en- 
hancement of the acquisition effect can 
be obtained with intraperitoneal as well 
as oral administration (6)]; (iii) al- 
though the groups were analyzed sepa- 
rately, fast as well as slow learners were 
tested. 

The results represent a partial repli- 
cation of earlier reports. The rats treated 
with magnesium pemoline did have 
shorter average response latencies for 
the ten acquisition trials (p < .02 for 
the slow learners and p = .05 for the 
fast learners, Mann-Whitney U-test, 
two-tailed). These latency differences 
were not present on each trial, and 
were more noticeable on later trials 
(see Table 2). 

The extinction results on day 3 dif- 
fered from those of Plotnikoff (3). The 
groups given 5 or 10 mg of the drug 
per kilogram of body weight did typi- 

cally have shorter response latencies, 
but these differences were not statisti- 
cally significant, with the exception of 
the difference between the 10 mg/kg 
group and the tragacanth controls on 
trial 5 (p < .01, two-tailed). In general, 
however, no significantly improved "re- 
tention" was observed, and the 20 mg/ 
kg group had in general longer response 
latencies than did the tragacanth con- 
trols (see Table 3). 

Further analysis of the acquisition 
data in Table 2 revealed that while the 
rats injected with magnesium pemoline 
had shorter response latencies, a some- 
what more meaningful measure of 
learning did not reveal any differences 
whatsoever. The drugged rats did not 
avoid the foot shock more often than 
the control rats, all groups displaying 
a high percentage avoidance. Typically 
however, the drugged rats jumped out 
of the box before the conditioned stim- 
ulus sounded, thus avoiding this stimu- 
lus (the buzzer) more 'often than con- 
trol rats. Also, on the first acquisition 
trial, before any drug-enhanced learn- 
ing could have occurred, the median re- 
sponse latency for the drug-injected rats 
was 10 seconds, as compared with 18 
seconds for the tragacanth-injected con- 
trols. Thus 70 percent (25/36) of the 

Table 2. The effect of magnesium pemoline (MgPe) on acquisition phase, in slow and fast 
learners. Results are mean times (+ S.D.) in seconds for "jump-out" responses, and percent 
avoiding shock. The means of the ten trials given the groups of slow learners and the means 
of the nine trials given the groups of fast learners are shown in italic type. Abbreviation: n.s., 
not significant. 

MgPe (5 mg/kg) MgPe (10 mg/kg) MgPe (20 mg/kg) Tragacanth controls 

Avoid- Avoid- Avoid- Avoid- p* 
Mean ing Mean ing Mean ing Mean ing 
time shock time shock time shock time shock 

(%) (%) (%) (%) 

Slow learners (N - 6 in each dose group) 
14.0 ? 9.9 67 15.1 ? 9.4 67 11.7 ? 9.0 83 17.8 ? 1.7 100 n.s. 
8.9 ? 7.2 100 10.0 5.2 100 6.9 ? 4.1 100 10.4 + 5.3 100 n.s. 

10.0 ? 4.9 100 14.1 ? 9.2 83 6.0 ? 2.3 100 13.9 ? 4.9 83 .05 
8.5 + 4.7 100 8.0 6.2 100 14.3 ? 7.7 100 11.5 ? 5.5 100 n.s. 
8.6 ? 9.9 100 9.3 ? 7.1 100 8.5 ? 4.8 100 14.6 ? 4.8 100 < .05 

10.6 9.4 83 9.1 ? 9.2 83 9.4 6.1 100 13.4 ? 4.9 100 n.s. 
6.0 ? 4.7 100 5.6 ? 2.3 100 12.4 ? 7.0 100 14.0 ? 6.9 100 < .05 
8.0 + 5.3 100 3.1 ? 1.9 100 9.2 ? 5.3 10 15.2 ? 7.8 83 .02 
7.0 ? 5.0 100 10.1 ? 3.0 100 10.2 1.7 100 12.9 4.0 100 < .05 
8.5 7.6 100 3.2 1.9 100 11.8 6.4 100 13.6 7.8 83 .10 

9.0 ? 1.7 95 8.5 ? 2.8 93.3 9.8 ? 2.6 98.3 13.7 ? 2.8 94.9 < .02 

Fast learners (N = 6 in each dose group) 
13.3 ? 4.8 100 10.7 6.1 100 9.7 5.4 100 15.5 ? 8.5 83 n.s. 
13.7 8.2 83 13.9 ? 11.6 67 10.5 + 6.8 100 15.2 5.7 100 n.s. 
14.4 ? 7.2 83 9.0 ? 9.6 100 16.0 ? 9.4 83 17.0 ? 8.5 67 n.s. 
10.6 + 6.2 100 9.9 ? 6.1 100 7.6 ? 6.5 100 15.2 ? 7.9 83 n.s. 
9.5 ? 4.8 100 9.8 ? 9.3 100 11.2 8.9 100 16.4 8.1 83 n.s. 
7.4 ? 2.6 100 5.0 ? 2.7 100 11.2 ? 9.9 83 10.4 ? 4.9 100 n.s. 
9.3 ? 8.6 100 9.3 ? 9.7 83 9.7 ? 2.4 100 8.4 ? 5.7 100 n.s. 
6.3 ? 5.2 100 4.1 ? 1.9 100 8.5 9.4 83 8.1 ? 6.6 100 n.s. 
5.4 3.1 100 3.7 ? 2.0 100 4.1 ? 2.4 100 12.1 ? 5.9 100 < .02 

9.0 ? 1.9 96.2 7.7 ? 1.9 94.4 8.8 ? 3.0 94.3 11.5 ? 2.4 90.6 .05 

* Mann-Whitney U-test, two-tailed. 
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drugged subjects jumped out on trial 1 
before the conditioned stimulus or the 
shock was activated, as compared with 
42 percent (5/12) of the control rats. 
These facts of shorter response latencies 
with no differences in frequency of 

shock avoidance for the rats treated 
with magnesium pemoline suggested to 
us that increased activity and/or in- 
creased responsivity to the buzzing 
sound used as the conditioned stimulus, 
rather than an enhancement of learn- 

Trial I 
10 

3;~~~~~~~ -- -a -o--- 

^ ~~W * 

10 
Trial 6 

S 

3 6 9 12 15 3 6 9 12 15 3 6 9 12 15 
Before After 

Ti me (sec) 

Fig. 1. Mean -activity and buzzer responsivity of magnesium peemoline-injected (solid 
line) and control (dashed line) rats for each of three 15-second periods, before, during, 
and after presentation of the conditioned stimulus. Arrows indicate onset and offset of 
conditioned stimulus. On trial 6 (bottom) but not trial 1 (top) all differences between 
groups are statistically significant (p <.001, t-test, two-tailed). A deflection of 1 on the 
ordinate would be equivalent to a turn of the head by subject. 

Table 3. Effect of magnesium pemoline on the extinction phase, in slow and fast learners. 
Results are mean times (+ S.D.)* in seconds for "jump-out" response. The mean latencies 
for the ten trials, for slow learners and fast learners respectively, are shown in italic type. 

Treated with magnesium pemoline Tragacanth 

5 mg/kg 10 mg/kg 20 mg/kg controls 

Slow learners (N - 6 in each dose group) 
14.8 + 8.9 12.1 ? 12.0 16.8 ? 11.4 19.7 + 11.0 
14.5 10. 1 19.6 ? 12.9 17.4 ? 12.7 18.8 ? 12.9 
10.9 ? 10.5 18.8 11.4 21.5 ? 13.3 19.5 ? 11.6 
11.9 + 10.6 18.7 12.5 22.4 ? 12.0 18.6 ? 12.6 
13.5 + 12.6 17.6 + 13.6 23.4 + 10.2 19.3 ? 11.8 
14.0 + 12.5 21.7 ? 11.8 21.5 + 13.3 19.0 + 12.1 
14.4? 12.2 18.1 ? 13.2 20.9 14.1 19.6 11.7 
15.8 + 11.2 18.0 13.6 24.8 11.2 19.2 ? 11.7 
15.6 11.3 17.6 13.5 22.6 12.2 18.8? 11.3 
14.2 12.3 17.1 14.0 25.3 11.6 19.6 11.4 
13.9 + 11.2 17.9 12.8 21.7 + 12.2 19.2 ? 11.8 

Fast learners (N - 6 in each dose group) 
5.9 + 2.5 10.5 ? 2.2 13.1 + 10.9 11.9 + 9.2 
4.4 _ 1.4 6.8 ? 3.8 15.9 ? 12.3 10.1 + 10.1 
5.1 + 1.9 3.8 + 1.6 11.8 + 11.3 10.8 9.8 
5.3 + 3.8 5.9 4.2' 13.7 + 12.7 13.5 13.2 
5.6 + 4.0 3.2 1.4 14.1 ? 10.7 14.5 _ 12.5 
6.8 + 2.8 5.2 3.5 13.9 10.3 11.0 ? 10.1 
9.2 + 10.4 5.4 2.3 13.6 ? 10.4 13.3 ? 9.8 
9.8 + 10.4 6.7 + 3.8 14.5 + 12.5 14.6 ? 10.4 

11.1 + 11.7 6.6? 2.5 16.3 + 11.0 15.8 ? 12.4 
9.5 10.2 9.4 6.6 17.2 + 10.6 18.3 _ 12.9 

7.3? 5.9 6.8 3.2 14.4 _ 11.3 13.4 + 11.0 
* S.D. may not be 'an appropriate indication of variance, since the distribution typically was not normal. 
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ing and memory, might serve as an 
alternative explanation for theserYesults. 
A second experiment was designed to 
investigate this possibility. 

In the second experiment, the appa- 
ratus used was capable of recording 
very small movements of rats. An ac- 
celerometer (modified RCA tube type 
5734) was mounted at the top and 
center of the rear wall of a 27- by 20.5- 
by 20.5-cm wire home cage. A false 
bottom, 30 by 30 cm, containing a litter 
tray, was attached to the cage. Total 
weight of the apparatus was 3.4 kg. 
The apparatus rested on 2.5- by 9- by 
4-cm foam rubber pads and was par- 
tially supported from above at each 
corner by taut elastic bands. The sig- 
nals from the accelerometer were fed 
into a two-channel Offner-Beckman pen 
recorder, as were the signals from the 
buzzer used as the conditioned stimulus 
in the first experiment. A 4.5- by 0.2- 
cm glass rod, weighted with wax, was 
attached to the accelerometer in order 
to obtain sensitivity to movement in all 
three dimensions (7). 

The subjects for the second experi- 
ment were experimentally naive male 
Sprague-Dawley rats, weighing 300 to 
375 g, approximately 90 days old. As 
in experiment 1, 30 minutes before test- 
ing, the experimental rats were injected 
intraperitoneally with magnesium pemo- 
line (either 5, 10, or 20 mg/kg) in 0.3 
percent tragacanth suspension (six rats 
per group). Ten control rats were in- 
jected with equivalent volumes of trag- 
acanth. Subjects were given six trials 
20 minutes apart. On each trial the rat 
was placed in the activity apparatus and 
15 seconds later the conditioned stimu- 
lus used in experiment 1 was activated 
for 15 seconds. Subjects remained in 
the apparatus for an additional 15 sec- 
onds after termination of the buzzing 
sound, for a total of 45 seconds per 
trial. Response to the buzzing sound as 
well as pre- and postbuzzer activity was 
recorded as deflections on the pen re- 
corder chart. As shown in Fig. 1, the 
entire 45-second period was divided in- 
to 15 3-second episodes for analysis. 
No significant differences in prestimulus 
spontaneous activity or buzzer respon- 
sivity occurred among subjects on trial 
1. By trial 6, however (approximately 
1 hour and 40 minutes after trial 1), 
large activity and responsivity differ- 
ences between the experimental and 
control subjects were readily apparent 
(p < .001, for each of the three periods, 
prebuzzer, buzzer, and postbuzzer), the 
rats treated with magnesium pemoline 
being significantly more active. Essen- 
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tially identical results were obtained a 
week later ,with a group of 16 pig- 
mented (Long-Evans) rats. In this lat- 
ter experiment, subjects were male rats, 
270 to 370 g, and about 90 days old. 
Eight tragacanth-injected controls were 
compared with eight rats injected with 
magnesium pemoline (10 mg/kg). 

Thus, the major finding of our sec- 
ond experiment was that rats injected 
with magnesium pemoline (either 5, 10, 
or 20 mg/kg) maintained a higher 
level of spontaneous activity and re- 
sponsivity to the buzzing sound used as 
the conditioned stimulus in experiment 
1. There appear to be two major inter- 
pretations that could account for the 
observed increased activity and sus- 
tained stimulus responsivity in these 
drug-treated rats. Since no noticeable 
differences occurred on trial 1, tthe 
growing difference across trials between 
experimental and control subjects could 
be interpreted as a slower rate of ha- 
bituation to the buzzing sound in the 
drug-treated rats, resulting in the sig- 
nifican't differences seen in succeeding 
trials. 

An alternative proposal is that the 
magnesium pemoline effects are time 
dependent and the full behavioral ef- 
fects of the drug are seen only on trials 
2 to 6 (50 to 130 minutes after injec- 
tion). Our experimental design does not 
allow us to choose between these two 
alternatives. It is interesting to note, 
however, that brain RNA polymerase 
in vivo increases in a linear fashion 
up to at least 2 hours after intraperi- 
toneal injection (20 mg/kg) in Sprague- 
Dawley rats, according to Glasky and 
Simon (1). 

In experiment 2, spontaneous activity 
and stimulus-responsivity differences de- 
veloped without training and within a 
time period comparable to that of ex- 

periment 1 and Plotnikoff's report (3, 
6). Thus we consider the important 
finding of this study to be that an alter- 
native explanation, based on increased 
spontaneous activity and sustained stim- 
ulus-responsivity, can be offered to ac- 
count for the shorter response latencies 
of the rats treated with magnesium 
pemoline in experiment 1. This alter- 
native explanation, rather than "en- 
hancement by magnesium pemoline of 
learning and memory," must also be 
entertained regarding Plotnikoff's find- 
ings (3). The fact that percent avoid- 
ances, a more meaningful measure of 
learning, was not increased in the drug- 
treated rats supports the supposition 
that when the effects of magnesium 
pernoline are evaluated on a short time 
scale, as. in the present and previous 
(3, 4) experiments, the behavioral 
changes observed are primarily due to 
the effect of the drug on performance 
systems, not directly on "learning and 
memory." 
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Primordial Rare Gases in Unequilibrated Ordinary Chondrites 

Abstract. The primordial gases of eight unequilibrated ordinary chondrites are 
strongly fractionated with respect to "cosmic" proportions. The absolute amounts 
are roughly proportional to the degree of disequilibration. Apparently, ordinary 
chondrites originally contained considerably larger amounts of primordial rare 
gases. 

A few ordinary chondrites (currently 
some 24 are known) have recently re- 
ceived considerable attention because 
they contain olivines and orthopyrox- 
enes highly variable in content of Fe 
(1-5). This feature is remarkable be- 
cause ordinary chondrites proper have 
silicates of virtually uniform composi- 
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tion (1). The unequilibrated ordinary 
chondrites (UOC) are obviously less re- 
crystallized than the ordinary chon- 
drites proper (3, 4); in fact, it has 
been argued that UOC are the "primi- 
tive" precursors of the ordinary chon- 
drites (6). 

Judging from the known primordial 

rare-gas contents of another variety of 
primitive chondrites, the carbonaceous 
chondrites, we expected the UOC to 
be systematically richer than ordinary 
chondrites proper in these gases. Since 
little could be concluded from avail- 
able data (7), we have determined by 
mass spectrometry the rare-gas con- 
tents (He, Ne, Ar, Kr, and Xe) of 
nine UOC; the experimental methods 
and results will be detailed elsewhere 
(8). We now report two salient results 
that seem to have interesting implica- 
tions for further work on these chon- 
drites. 

First, the noble gases in !all the 
UOC listed in Table 1 are strongly 
fractionated with respect to their "cos- 
mic" proportions because the Xe132, 
Kr84 , and Ar36 abundances are about 
10-4 to 1O-5, 10O6, and 10-8, respec- 
tively, of their cosmic abundances (9). 
Only Khohar contains a significant 
amount of primordial Ne20-20 X 
10-8 cm;/g (standard temperature 
and pressure)-corresponding to about 
10-10 of the cosmic abundance of this 
isotope. 

Second, the absolute amounts of 
primordial Ares, Kr84, and Xe132 are 
roughly proportional to the percentage 
mean deviation of the Fe contents of 
the olivine (5); this trend is seen in 
Fig. 1, and plots for Kr84 and Xe132 are 
similar. The quantity plotted along the 
abscissa (Fig. 1) is calculated from 
measurements of the Fe contents of 
many ofivine grains (5). In UOC, the 
Fe contents usually differ substantially 
from the mean, or bulk, Fe content 
of the Fe-Mg orthosilicate. Thus, a 
high value for percentage mean devia- 
tion corresponds to a highly unequili- 
brated chondrite, and vice versa. Note 
that high primordial rare-gas contents 
-occur in general among the most high- 
ly unequilibrated UOC, and vice versa. 

It is generally accepted that the 
strongly fractionated noble. gases were 
acquired by the meteorites, together 
with carbon, and other volatiles, at an 
early stage in their history (for discus- 
sion of this point see 10). In this re- 
spect it is interesting that UOC general- 
ly have significant carbon contents and 
that several contain organic com- 
pounds, although not to the degree of 
carbonaceous chondrites of types I and 
II (4). The relatively high contents of 
fractionated noble gases are thus com- 
patible with structural and composi- 
tional characteristics. 

The trend of Fig. 1 suggests that the 
recrystallization of the UOC and the 
redistribution of Fe in the silicates 

701 


