References and Notes

. R. H. Smith, Science 143, 1337 (1964); U.S. For.
Serv. Tech. Bull. 1532 (1977); K. B. Sturgeon,
Evolution 33, 803 (1979).

. J. W. Hanover, Annu. Rev. Entomol. 20, 75
(1975).

. G. F. Edmunds, Jr., and D. N. Alstad, Science
199, 941 (1978).

. D. N. Alstad, G. F. Edmunds, Jr., S. C. John-
son, Ann. Ent. Soc. Am. 73, 665 (1981).

. S. W, Brown, Evolution 12, 115 (1958);
and H. L. McKenzie, Hilgardia 33, 141 (1962).

. Because the trees were originally chosen to
represent a wide range of insect adaptation as
part of experiment, some host trees carried high
insect densities, and others were more sparsely
infested. Colonization of a new host tree by
scales usually takes many attempts, and subse-
quent density increases are very gradual, requir-
ing 20 or more annual generations to achieve a
heavy infestation. Scale density during this in-
terval is correlated with increasing fecundity
and specificity. By adaptation we mean the
process of increasing density, fecundity, and
specificity over many generations of selection.

7. Wilcoxon matched-pairs signed-ranks test; for

1979-1980, P < .001 and for 1980-1981,
P < .005.

8. Spearman rank correlations (r) for the 3 years:

1979, N = 11, r = 0.51, .10 > P > .05; 1980,

N =18, r=0.50, .05> P > .01; and 1981,

N = 18, r = .03, not significant. Sampling effort

was increased after 1979 data showed interesting

patterns. Statistical significance of the correla-
tions reflects this change in effort from 1979 to

1980. Rank estimates of density used in all

correlations were made in 1977. The declining

correlation coefficient illustrates a more rapid
change in sex ratio on trees with low density and
low male frequency. The 1980 frequency of

males is inversely correlated with the 1980-1981

increase of sex ratio on each tree (r = .48,

A s W N

Early Morning Insomnia with

0.05 > P > .01). Weather affects the survival of
scale crawlers and produces variations in densi-
ty that are independent of selection and host
adaptation. All pines in the study area carried
low insect densities in 1980 in comparison with
1979 and 1981. The consistently increasing fre-
quencies of males indicate that density alone is
not a major determinant of the sex ratio pat-
terns.

9. Wilcoxon matched-pairs
P < .001.

10. J. B. S. Haldane, The Causes of Evolution
(Cornell Univ. Press, Ithaca, N.Y., 1966), p. 75.

11. E. L. Charnov, The Theory of Sex Allocation
(Princeton Univ. Press, Princeton, N.J., 1982).

12. F. D. Bennett and S. W. Brown, Can. Entomol.
90, 317 (1958).

13. W. D. Hamilton, Science 156, 477 (1967); J. H.
Werren, ibid. 208, 1157 (1980).

14. The effects of adjacent pairs of trees on local
male density must be reciprocal. An ontogenetic
bias should change direction between pair part-
ners. Local mate competition models predict
increased male frequency with gene flow.

15. E. L. Charnov, personal communication.

16. D. N. Alstad and G. F. Edmunds, Jr., in Vari-
able Plants and Herbivores, R. F. Denno and
M. S. McClure, Eds. (Academic Press, New
York, in press).

17. L. il;l‘) Fox and P. A. Morrow, Science 211, 887
(1981).

18. We thank J. J. Bull, E. L. Charnov, K. W.
Corbin, J. W. Curtsinger, J. A. Endler, M. T.
Ghiselin, T. C. Gibson, K. G. Lark, D. J.
Merrell, P. A. Morrow, D. A. Polhemus, M. D.
Rausher, M. J. Simmons, D. R. Strong, O. R.
Taylor, and D. W. Tonkyn for helpful criticism.
M. Fors, P. Hofgaard, G. Jeppesen, D. Kim,
and A. Ryther assisted in the laboratory. This
Ylolgk9 was supported by NSF grant DEB 80-

30 June 1982; revised 9 November 1982

signed-ranks test,

Rapidly Eliminated Benzodiazepines

Abstract. Early morning insomnia, a significant increase in wakefulness during the
final hours of drug nights, occurred after 1 or 2 weeks of nightly administration of
benzodiazepine hypnotics with short elimination half-lives, when tolerance had
begun to develop. Early morning insomnia may be a variant of rebound insomnia
and therefore specific to benzodiazepines, or it may occur with any rapidly

eliminated sedative-hypnotic agent.

Benzodiazepine hypnotics with rela-
tively short elimination half-lives have
recently received considerable attention,
since, compared with long half-life ben-
zodiazepine hypnotics, the short half-life
drugs have little accumulation and po-
tentially produce less daytime sleepiness
and smaller performance decrements (/).
As with any drug, however, benzodi-
azepine hypnotics with relatively rapid
elimination rates cannot be uncritically
accepted with the assumption that their
administration or withdrawal is entirely
without undesirable effects. In fact,
these drugs produce rebound insomnia,
an intense worsening of sleep relative to
baseline levels, after they are withdrawn
(2). This adverse effect occurs even
when these drugs are administered in
only a single nightly dose for short peri-
ods. We now describe a new finding of
early morning insomnia that is similarly
associated with benzodiazepines having
relatively short elimination half-lives.
This condition also consists of a worsen-
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ing of sleep, but it occurs during the final
hours of sleep during actual drug admin-
istration, whereas rebound insomnia oc-
curs after drug withdrawal. Both phe-
nomena can be interpreted as manifesta-
tions of drug withdrawal.

We now present data analyzed from
six separate sleep laboratory evaluations
of four benzodiazepine hypnotic drugs
(3). The subjects, whose primary com-
plaint was of chronic insomnia, were
continuously monitored by hypnopoly-.
graphic recordings consisting of an elec-
troencephalogram, electromyogram, and
electrooculogram (4). On every night of
these studies each subject received ei-
ther drug or placebo at ‘‘lights out,”” and
then was monitored for an 8-hour period.
Throughout the study the subjects were
instructed not to nap, not to alter their
level of daily physical activity signifi-
cantly, and not to use any drugs or
alcohol.

Two benzodiazepines with short elimi-
nation half-lives (5) were evaluated: mi-

dazolam (20 mg) (N = 6) in a 14-night
study that included four placebo nights
(the first for adaptation and the next
three for baseline measurements), 1
week of drug administration, and three
placebo-withdrawal nights; and triazo-
lam (0.5 mg) (N = 7) in a 22-night study
that included four placebo-baseline
nights, 2 weeks of drug administration,
and four placebo-withdrawal nights (3).
Two benzodiazepines with long elimina-
tion half-lives (6), flurazepam (30 mg)
and quazepam (30 mg), were also evalu-
ated. For flurazepam, a total of 15 sub-
jects were assessed in three studies, 4 in
a 22-night study identical to that de-
scribed for triazolam and 11 in two sepa-
rate 47-night studies that included four
placebo-baseline nights, 4 weeks of drug
administration (for this report, data were
analyzed for only the first 2 weeks of
drug administration), and 15 placebo
withdrawal nights. For quazepam, six
subjects were studied in a 47-night study
identical to that used for flurazepam (3).
For each drug, data were analyzed for
two sets of three consecutive drug nights
by comparing each of their mean values
with the mean value of the set of three
baseline nights [Dunn multiple-compari-
son, two-tailed #-test (7)]. For the mida-
zolam study, the first three drug nights
(nights S to 7) and the last three drug
nights (9 to 11) of a 1-week drug adminis-
tration period were used. With the other
three drugs, data were also analyzed
from the first three drug nights (5 to 7)
and the next available set of three drug
nights recorded in the sleep laboratory
(nights 16 to 18), which represented the
last three drug nights of a 2-week drug
administration period. (Because of the
design of these studies, sleep laboratory
data were not obtained on nights 9 to 11
as they were in the midazolam study.)
All four drugs decreased the time
spent awake during the first 6 hours of
the night on each of the two sets of three
consecutive drug nights. This effect was
variable across drugs for the last 2 hours
of these drug nights, however. On nights
5 to 7, midazolam decreased mean wake
time 37.5 percent below baseline for the
first 6 hours (from 47.5 = 5.5 to 29.7 =
3.1 minutes, P < .01), but during the last
2 hours, only 7.4 percent [from
13.5 = 4.6 to 12.5 = 3.2 minutes, not
significant (N.S.)]. Triazolam had a simi-
lar effect, decreasing wake time 46.6
percent for the first 6 hours (from
84.8 £9.2 to 45.3 3.4 minutes,
P < .01) but only 27.7 percent (from
8.3 1.2 to 6.0 = 0.9 minutes, N.S.)
during the final 2 hours. In contrast, both
quazepam and flurazepam were effective
in maintaining sleep throughout the
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Table 1. Early morning insomnia rate. Mean percentage (+ standard error) of subject nights on
which wake time during the last 2 hours was significantly greater (P < .05) than during baseline

nights (8).
Nights Nights 9 to 11 All drug
Drug N 5t07 (%) or 16 to 18 (%) nights (%)
Short half-life
Midazolam (20 mg) 6 27.8 = 13.4% 55.6 = 7.0* 41.7 = 9.4*
Triazolam (0.5 mg) 7 9.5+ 6.1 38.1 = 8.7* 23.8 = 6.1%
Long half-life
Flurazepam (30 mg) 15 . 6.7 £ 3.6 11.1 £5.3 89+ 36
Quazepam (30 mg) 6 5.6 5.6 56 £5.6 5.6 = 3.5
Combined rate 63+ 29 9.5 £ 2.1 79+ 2.7

*Significantly different (P < .01) from the combined rate for long half-life drugs.

night. Quazepam decreased wake time in
the first 6 hours by 55.6 percent (from
55796 to 247 2.7 minutes,
P < .01) and in the last 2 hours by 69.9
percent (from 14.3 + 39 to 43 £ 1.0
minutes, P < .05). Flurazepam de-
creased wake time by 47.5 percent dur-
ing the first 6 hours (from 68.4 * 6.4
to 35.9 = 3.7 minutes, P < .01) and by
60.3 percent during the last 2 hours
(from 15.1 = 2.4 to 6.0 = 1.5 minutes,
P < .01).

During the next drug administration
period evaluated, early morning insom-
nia occurred with the two short half-life
benzodiazepines. Midazolam produced
the most dramatic effect, reducing wake
time during the first 6 hours of the night
by 32.8 percent (from 47.5 = 5.5 to
31.9 £ 3.2 minutes, P < .01), but then
increasing wake time by 103.0 percent in
the last 2 hours (from 13.5 = 4.6 to
27.4 £ 5.9 minutes, P < .05). Triazolam
decreased wake time by 24.6 percent in
the first 6 hours (from 84.8 = 9.2 to
63.9 = 5.0 minutes, P < .01) but by the
last 2 hours had lost effectiveness; the
increase in wake time (from 8.3 = 1.2 to
13.5 = 3.3 minutes) was not significant.
In contrast, on nights 16 to 18, both
quazepam and flurazepam maintained ef-
fectiveness throughout the night. Flur-
azepam decreased wake time by 50.6
percent for the first 6 hours (from
68.4 =64 to 33.8x29 minutes,
P < .01) and by 43.7 percent for the last
2 hours (from 15.1 £2.4 to 8.5 14
minutes, P < .05). For quazepam the
values for wake time for the first 6 hours
were 55.7 £ 9.6 minutes on baseline and
40.9 = 5.8 minutes on drug (N.S.) and
for the last 2 hours, were 14.3 = 3.9
minutes on baseline and 7.3 = 1.8 min-
utes on drug (N.S.).

When we evaluated the second set of
three drug nights for each of the four
drugs on a night-by-night basis, we ob-
served that all six values of wake time
during the last 2 hours of the night for the
two short half-life benzodiazepines were
above baseline and all six values for the
two long half-life benzodiazepines were
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below baseline (sign test, P < .02).
Thus, with midazolam, wake time during
the last 2 hours for nights 9, 10, and 11
increased from 13.5 + 4.6 minutes to
384+ 124 (P <.01), 26.6 =109
(N.S.), and 17.2 = 4.8 (N.S.) minutes,
respectively. A similar increase was ob-
served with triazolam for nights 16, 17,
and 18: from 8.3 = 1.2 minutes to
12.9 £ 7.7 (N.S)), 18.1 = 6.1 (P < .01),
and 9.5 = 2.8 (N.S.) minutes, respec-
tively.

To further investigate the condition of
early morning insomnia, we estimated
the rate of its occurrence. For each of
the six nights of drug administration for
each of the four drugs, we determined
the total number of times that each sub-
ject’s wake time during the last 2 hours
of the night significantly exceeded base-
line values (8). In each set of three
consecutive drug nights, a mean rate for
early morning insomnia was obtained by
calculating the percentage of subject
nights exceeding baseline (Table 1). The
Dunn multiple-comparison, two-tailed ¢-
test (7) was used to compare the early
morning insomnia rate for each of the
short half-life drugs with the combined
rate of the two long half-life drugs. (The
data for quazepam and flurazepam were
combined since they did not differ from
each other on either set of drug nights.)

On the first three drug nights, midazo-
lam had an early-morning insomnia rate
during the last 2 hours of the night signif-
icantly greater than the composite rate
for quazepam and flurazepam (P < .01)
(Table 1). During the final three drug
nights, the early morning insomnia rates
for the two short half-life benzodiaze-
pines were each significantly greater
than the composite rate for the long half-
life drugs (P < .01).

For those nights on which early morn-
ing insomnia occurred, the average in-
crease in wake time and the total amount
of time spent awake (both values in
minutes) during the last 2 hours of the
night were: for midazolam, 30.3 = 9.4
and 44.7 = 12.6; for triazolam,
23.1 = 5.8 and 35.8 + 6.5; for fluraze-

pam, 7.8 = 5.1 and 14.9 = 7.7; and for
quazepam, 7.3 and 10.8 (N = 1).

These findings indicate that the rate at
which a drug is eliminated from the body
is critical in determining whether early-
morning insomnia occurs. We previously
demonstrated that the occurrence of re-
bound insomnia following withdrawal of
a drug also depended on its elimination
time (2). Thus, drugs rapidly eliminated
produce the most frequent and intense
worsening of sleep—either rebound in-
somnia or early morning insomnia; these
syndromes are either not present or, if
so, only minimally with benzodiazepines
that are eliminated slowly.

Throughout each of the studies dis-
cussed here, subjects also provided esti-
mates of their tension or anxiety levels
during the daytime on a seven-point
scale. For purposes of comparison, these
values were transformed to z scores rela-
tive to each subject’s own baseline. Dur-
ing the week of midazolam administra-
tion and the second week of triazolam
administration, tension or anxiety in-
creased above baseline and differed
significantly from the values for the
same week for the two long half-life
drugs (midazolam, 0.79 = 0.37 versus
—1.12 £ 0.58, t-tests, P < .05; triazo-
lam, 0.94 = 0.67 versus —0.80 = 0.41,
P < .05). This finding of daytime re-
bound anxiety during the administration
period of short elimination half-life drugs
is consistent with our previous specula-
tion (2) and with the recent finding of an
increase in daytime anxiety during the
administration of triazolam (9).

Previously we speculated that abrupt
withdrawal of rapidly eliminated benzo-
diazepines may result in intense rebound
insomnia because of a lag in production
of endogenous benzodiazepine-like com-
pounds (2). More recently, Snyder has
proposed a similar hypothesis involving
vy-aminobutyric acid mechanisms (/0).
The hypothesis proposed for explaining
the mechanism of rebound insomnia can
be extended to early morning insomnia,
since they seem closely related. Early
morning insomnia can be viewed as a
variant of rebound insomnia occurring
during an actual drug night.

In addition to a drug’s rate of elimina-
tion, its dose and length of administra-
tion, its absorption and distribution char-
acteristics, and the rapidity with which
tolerance develops, should be important
considerations in determining its poten-
tial for rebound insomnia and conse-
quently for early morning insomnia.
Also, changes in the number of benzodi-
azepine receptors in response to previ-
ous drug administration, the affinity of
the receptor for a given drug, and the
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possibility that benzodiazepines may se-
lectively attach to subclasses of benzodi-
azepine receptors must be considered
an.

Early morning insomnia may not be
unique to benzodiazepines, as rebound
insomnia is (2); it may also occur with
other sedative agents such as nonbenzo-
diazepine hypnotics with relatively rapid
rates of elimination. Alcohol, which is
known for its sedative properties and its
short elimination half-life, also increases
wakefulness during the second half of
the night (12).
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Shadows of Thought: Shifting Lateralization of Human

Brain Electrical Patterns During Brief Visuomotor Task

Abstract. Dynamic spatial patterns of correlation of electrical potentials recorded
from the human brain were shown in diagrams generated by mathematical pattern
recognition. The patterns for ‘‘move’’ and ‘‘no-move’’ variants of a brief visuospa-
tial task were compared. In the interval spanning the P300 peak of the evoked
potential, higher correlations of the right parietal electrode with occipital and central
electrodes distinguished the no-move task from the move task. In the next interval,
spanning the readiness potential in the move task, higher correlations of the left
central electrode with occipital and frontal electrodes characterized the move task.
These results conform to neuropsychological expectations of localized processing
and their temporal sequence. The rapid change in the side and site of localized
processes may account for conflicting reports of lateralization in studies which
lacked adequate spatial and temporal resolution.

Many investigators have reported that
brain activity is lateralized during cogni-
tive tasks. Advanced radiological meth-
ods reveal relative localization and later-
alization, but cannot resolve temporal
sequencing because of the long time re-
quired for observation. Studies of on-
going, background electrical activity do
not reveal split-second changes in neuro-
cognitive patterns, and those that have
reported lateralization of neurocognitive
activity have been questioned on meth-
odological grounds (/-6). Although the
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components of averaged event-related
potentials (ERP’s) may indicate the se-
quencing of some neurocognitive pro-
cesses, they have not revealed consist-
ent, robust signs of lateralization, even
for language (7). Conclusions derived
from patients with focal brain lesions or
with ‘“‘split-brains,”” cannot be directly
extended to normal subjects. Lateralized
processes inferred from reaction time
differences to hemifield or dichotic stim-
ulation have also been questioned on
methodological grounds (8). These fac-

tors have undoubtedly contributed to
conflicting reports of lateralization of
brain activity.

To observe the spatial patterns and
sequencing of neurocognitive activity,
we have developed a new method called
neurocognitive pattern (NCP) analysis.
In NCP analysis the average ERP’s of
each person are used to determine the
time intervals of task-related neural
processes. Within these intervals the
similarity of brain-potential waveshapes
over the scalp is measured on a single-
trial basis by computing the cross-corre-
lation coefficient between paired combi-
nations of electrodes. Although the neur-
oanatomic origin and neurophysiological
significance of these correlations is not
known, it has been suggested that cogni-
tive activity may be associated with
characteristic scalp correlation patterns
(9). However, task-related electrical sig-
nals from the brain are spatially smeared
in transmission to the scalp and are em-
bedded in background activity. Since
linear statistical methods were not effec-
tive in dealing with these obstacles, we
used a more powerful analysis called
trainable classification-network mathe-
matical pattern recognition (2, 3, 10-13).
For this method, artificial intelligence
algorithms are used to extract patterns of
correlation that differ between two con-
ditions with no assumptions about the
distribution of correlation values. The
algorithm is first applied to a labeled
subset of the experimental data called
the training set, and the invariant pat-
terns (classification functions) found are
then verified on a separate unlabeled
subset of data called the test set. If the
classification functions can significantly
separate the test set into the two condi-
tions, the extracted patterns have intrin-
sic validity.

Previously we reported the existence
of complex, rapidly changing patterns
of brain-potential correlation involving
many areas of both hemispheres that
distinguished numeric and spatial judg-
ments in a visuomotor task (13). Since
the sequencing of neurocognitive differ-
ences between numeric and spatial proc-
essing is not definitely known, the com-
plex patterns were difficult to interpret.
The present experiment was designed to
clarify this situation by highlighting pre-
sumably localized neural processes. In
comparing two types of spatial judg-
ment, the common activity of brain areas
should cancel, revealing differences in
the right parietal area presumed to medi-
ate spatial judgments. The right-handed
finger response in one task was designed
to elicit lateralized activity of the left
central motor area.

97





