
the subjects were tested for 4 days 
after removal; the others continued 

wearing the spectacles, in connection 
with a study of adaptation to spatial 
distortion. Prismatic dispersion is indi? 
cated in terms of a standard measure, 
namely, the relative angular displace? 
ment of the Fraunhofer C and F lines, 
which bracket the region of the spec? 
trum to which the eyes are most sensi? 
tive. In terms of this measure, the 

spectacles worn by the subjects had a 

dispersion of 10.2 minutes of are. The 
data points show the mean compensa? 
tion power of the subjects* eyes, that is, 
the amount of prismatic dispersion in 
the variable prism which was just bal- 
anced by the adaptation response. The 
solid lines describe the data in terms of 
a steady state before spectacle-wearing 
and an exponential growth process dur? 

ing wearing. 
Two levels each of target-stripe ab? 

solute luminance (Li) and luminance 
relative to background (L1/L2) were 
tested, giving the four developmental 
curves shown in Fig. 1. Changing the 
relative luminance from 1.25 to 14.0 

produced no important change in the 

eyes' compensation power. Changing 
the absolute luminance produced a 

change in compensation power which is 

statistically significant (p < .01); a 
hundred-fold increase in absolute target 
luminance reduced the compensation 
power by approximately one-half. 

The same order of inverse relation? 

ship between compensation power and 
absolute target luminance was more 

general, in a special test series on the 
tenth day, throughout a luminance 

range from 10~3 to 40 mlam. At the 
lower end of this range, the compensa? 
tion power actually exceeded the dis? 

persion power of the spectacles. Below 
this region of ordinary color sensitivity, 
no color fringes were seen. Therefore 

although polychromatic light is not 

necessary to evoke the adaptation re? 

sponse, stimulation of the receptors 
participating in wavelength discrimina? 
tion is necessary. 

The effects of relative and absolute 

target luminance on the adaptation re? 

sponse itself cannot be directly inferred 
from their effects on its power to com- 

pensate for prismatic dispersion. Indeed, 
an analysis of the joint effects of pris? 
matic dispersion and target luminance 
on the retinal image indicates that the 

adaptation response must vary with 
relative target luminance, and to a lesser 

degree?if at all?with absolute target 
luminance. Our reasoning is as follows. 

The angular dispersion of the prism, 
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which we measured to determine com? 

pensation power, produces a relative 

displacement of the long- and short- 

wavelength components of the target 
image. Thus the long-wavelength image 
of the target is partially superimposed 
on the short-wavelength image of the 

background, and vice versa. The color 

fringes which a prism initially pro? 
duces are due, then, to the difference 
between the luminance of the target and 
that of the background. This luminance 
difference will be increased both by 
increasing absolute target luminance 
alone (by increasing target and back? 

ground luminance in proportion), and 

by increasing relative target luminance 
alone (by decreasing background lumi? 

nance). In accordance with this, the 

prism-produced color fringes are more 
vivid in high illumination than in low, 
and along high-contrast borders than 

along low-contrast borders. 
This means that for a fixed amount 

of angular dispersion, a constant level 
of compensation would require that 

adaptation response strength increase 
with increases of either absolute or rela? 
tive target luminance. Since we found 
that the amount of compensated dis? 

persion did not change significantly with 
increases of relative target luminance, 
it follows that the strength of the adap? 
tation response must have increased in 

proportion to relative target luminance. 
On the other hand, since the amount of 

compensated dispersion decreased with 
increases of absolute target luminance, 
we infer that the adaptation response 
does not change in proportion to abso? 
lute target luminance. 

We may hypothesize, therefore, that 
the adaptation response underlying 

compensation for prismatic dispersion 
consists of an alteration of some normal 

psychophysical function of relative 

target luminance, such as contour for? 
mation or color contrast. 

The possibility of similar adaptation 
to the chromatic aberration produced 
by spherical spectacle lenses, or to the 
intrinsic chromatic aberration of the 

eye (4), is not established. The disper? 
sion produced by these differs in certain 

important respects from that of the 

prism spectacles. As a fundamental test, 
however, it may be suggested that 
wherever adaptation such as that we 
have studied takes place, it should mani- 
fest itself in ineradicable color fringes 
along high contrast borders in mono- 
chromatic illumination. 
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Behavioral Response Rates in Pigeons: 

Effect of a-Methyl-m-tyrosine 

Abstract. An intramuscular injection of a-methyl-m-tyrosine (100 mg/kg), 
which differentially depletes serotonin and norepinephrine in both brain and 
heart, was given to two groups of pigeons trained to peck at a key for food. The 
first group received an injection 12 hours before the daily session and showed 
no behavioral effect. Response rates of birds in the second group, which were 
injected 30 minutes after the start of the daily session, decreased and returned 
to normal within 9 hours after injection. Preliminary data on brain serotonin of 
pigeons indicate that the disruption of the behavior follows the same time course 
as the change in serotonin. 

Since 1954, data have been accumu? 
lated which suggest that 5-hydroxytryp- 
tamine (serotonin) has an important 
function in the central nervous system 
and that variations in the physiological 

levels of this amine affect behavior. One 

way to investigate the effect of serotonin 

upon the central nervous system is to 
correlate the abnormal levels of this 
amine with changes in behavior. In- 
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jeetions of D,L-5-hydroxytryptophan 
hydrate, the precursor of serotonin, are 
followed by increased levels of serotonin 
in the brain and peripheral sites. In our 
recent work we have injected intra? 

muscularly 50 mg/kg of D,L-5-hydroxy- 
tryptophan hydrate into pigeons trained 
to peck at a key for food. Under these 

conditions, the length of time that the 
behavior is disrupted or atypical is cor? 
related with the length of time required 
for 5-hydroxytryptamine in the telen- 

cephalon and diencephalon to peak and 
then return to normal. There is no 
such correlation between the behavioral 

change and other brain areas or periph? 
eral tissues, such as heart, lung, or 
liver (1). The question naturally 
arises: what behavioral changes would 
follow a decrease in brain serotonin? 
Recent studies with cu-methyl-ra-tyrosine 
show that after administration of large 
amounts of this amino acid, serotonin 
and norepinephrine are differentially de- 

pleted in brain as well as in peripheral 
tissues, such as heart (2-5). Costa et al. 

(4) reported that rabbits receiving an 
intravenous injection of 100 mg/kg of 

cu-methyl-m-tyrosine showed no overt 
effects of sedation, although the sero? 
tonin was decreased by 35 percent and 

norepinephrine by 87 percent. Since 
direct observations of the behavioral 

response of an animal are at best ap- 
proximations, a more quantitative be? 
havioral measurement was made after 
administration of a-methyl-m-tyrosine. 
In the present study, using the be? 
havioral measures of operant condition? 

ing, we attempted to determine whether, 
after intramuscular injection of 100 

mg/kg of a-methyl-m-tyrosine into 

pigeons, a change in behavior could be 
measured. 

Ten pigeons (White Carneaux cocks) 

approximately 6 months old were 
trained to peck at a translucent plastic 
disk on a multiple schedule of reinforce? 
ment: FRbo FLo (FR, fixed ratio; FI, 
fixed interval). The details of the be? 
havioral techniques as well as the his? 
torical development of both the neuro- 
chemical and behavioral areas have 

already been published (1, 6, 7). 
Once a stable base line of behavior 

was established (after about 4 weeks' 

training), two 0.5 ml intramuscular 
saline injections were given 48 hours 

apart. Seven birds received saline injec? 
tions at the end of the third interval of 
the daily session. The birds were quickly 
removed from the experimental boxes, 

injected, and returned to the boxes to 

complete the session. On the second 

day after the last saline treatment, one 
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Fig. 1. Cumulative response curves of pi? 
geon receiving intramuscular injections of 
saline (Ca, C&) and a-methyl-m-tyrosine 
(100 mg/kg) 12 hours before daily session. 

intramuscular injection of a-methyl-m- 
tyrosine (100 mg/kg) was given (8). 
Three birds received saline injections 12 
hours before the daily session. One in? 
tramuscular injection of 100 mg/kg 
a-methyl-m-tyrosine was given to these 
three birds on the second day after the 

last saline dose, but 12 hours before the 

daily session. After this period, sero? 

tonin in the brain had returned to nor? 
mal levels whereas norepinephrine was 

still low (9). 
Typical cumulative response curves 

after saline and a-methyl-m-tyrosine 
treatments are presented in Figs. 1 and 
2. The overall response rate of pigeon 
3B (see Fig. 1) after the saline injec? 
tions (broken line Ca, C&) is virtually 

M I N U T 1 

Fig. 2. Cumulative response curves of pi? 
geon receiving intramuscular injections of 
saline (C?, C&) and a-methyl-m-tyrosine 
(100 mg/kg) 30 minutes after start of daily 
session. 

the same as after a-methyl-m-tyrosine 
(solid line). Pigeon 6B (Fig. 2) re? 
ceived saline injections and the a-methyl- 
m-tyrosine injection after the third in? 
terval of its daily session (30 minutes 
after start of session). After this latter 

injection the cumulative response curve 
for this bird shows a gradual decrease 
for 4 hours in response rate fol? 
lowed by nearly complete cessation of 

responding for about the next AV2 
hours. Between 8 and 9 hours after in? 

jection there is a sudden return of the 

response rate to normal. The duration 
of the behavioral effect differed for 
each bird, but all birds in this group 
showed a decrease in response rate 
after a-methyl-m-tyrosine followed by 
a gradual return to normal within 9 
hours. 

Preliminary data on total brain sero? 
tonin and norepinephrine after injec? 
tions of the same dose of a-methyl-m- 
tyrosine in untrained pigeons indicate 
that serotonin returns to normal about 
9 hours after injection, whereas nor? 

epinephrine remains depressed for at 
least 4 to 7 days (9). The atypical be? 
havior displayed by the pigeons was not 
related to the lowered levels of norepi? 
nephrine since the behavior returned to 
normal at approximately the same time 
as the serotonin levels returned. 
Whether dopamine levels also returned 
to normal at this time in the pigeon, or 
whether a-methyl-m-tyramine peaks at 
this period remains to be determined. In 
other species, it appears that the time 
course of the change in dopamine is 
different from that in serotonin and 

norepinephrine (4). 
Previously we have shown that in? 

creased total (free plus bound) brain 
serotonin is followed by a period of de? 

pressed responding in the pigeon work? 

ing on a schedule of reinforcement, 

multiple fixed ratio (FR50) fixed interval 

(FLo) (1), whereas in the present study 
the data indicate that a decrease in total 
brain serotonin is also followed by a 

period of depressed responding on the 
same behavioral schedule. One explana? 
tion for the two opposite biochemical 
situations which result in virtually the 
same behavioral changes is found in the 

concept that a neurohumoral agent or 
neurochemical modulator must be free 

(to diffuse to the proper receptor protein 
site) rather than bound (in synaptic 
vesicles) in order to produce its physi? 
ologie effect. Although the time course 
of the behavioral effects due to an in? 

jection of D,L-5-hydroxytryptophan hy- 
drate and a-methyl-m-tyrosine are dis- 

tinctly different, it appears that in both 

SCIENCE, VOL. 141 



these cases more free serotonin can be 

formed or released than in the normal 
state (6). Therefore, a physiological sit? 
uation can exist where greater amounts 
of the free form are available at syn? 
apses to produce its effect (10). 
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Hydrogen Ion Incorporation 

in Crystals 

Abstract. The protons in crystal 
structures can be related to the oxygen 
lattice through several spatial arrange? 
ments. In orthosilicates (for example, 
hydrogarnets), so-called tetrahedral hy- 
droxyls have been demonstrated by in? 
direct methods. Similar methods, when 
applied to kehoeite and viseite, lead to 
the conclusion that (H3Oz)~ units can 
occur in the framework of analcime, a 
structure in which all apexes of oxygen 
tetrahedra are shared. 

"Water of crystallization" and the 
water liberated during the thermal de? 
composition of "acid salts5' have been 
recognized for many years as ways in 
which hydrogen ions are incorporated 
in crystalline compounds. The possible 
incorporation in crystals of (HaO)+ has 
gained theoretical recognition. How? 
ever, comparatively little is known about 
(H404)4_ (so-called tetrahedral hydroxyls) 
or (H302)~, a newly discovered struc? 
tural component. 

On chemical analysis, one of the 
oxides reported for many substances is 
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water; it is conventionally reported as 
water liberated above 105?C (HaO+) 
or below 105?C (H2O-). This method 
of reporting analytical results is merely 
a convention, because more than a few 

hydrates lose part (or all) of their 
water of crystallization at temperatures 
below 100?C. No clue to the method 
of incorporation of the water within 
the crystal is ordinarily obtained in the 
absence of differential thermal analysis 
or thermogravimetric analysis. 

Some increments of water, those in? 

volving hydroxyl ions, may be tena- 

ciously retained; they may not be liber? 
ated below a temperature of 1000?C, 
or even higher. 

Many of the tetrahedral oxygen con- 

figurations of several minerals, chiefly 
orthosilicates, but also orthophosphates, 
and a series of sulfate-silicate-carbon- 
ates (1) lack the small, highly charged, 
centrally located cation. The evidence, 
to be sure, is indirect, but the iso- 
structural nature of Ca3Al2(Si04)3 and 
CaaALKHtO-Oa can leave little doubt 
about the association, in this hydro- 
garnet series, of four hydrogen ions 
with four oxygens which would other? 
wise comprise a tetrahedral anion? 
for example (Si04)4~. The evidence is 
not so much a question of an excess of 
water as it is the absence of silica, al? 
though the conformity between silica 
"deficiency" and "excess" water is 

astonishingly precise in several cases. 
In addition to the series of hydro- 

garnets (2), excess water (accompanied 
by a deficiency in P or Si or S) has 
been proposed to explain the composi? 
tions of antigorite, coffinite, crandallite, 
montmorillonite, griphite, and apatite. 
Most of these examples are ortho com? 
pounds, but two phyllosilicates, antigo? 
rite and montmorillonite, are included. 
The structures of these two minerals 
contain sheets of Si04 tetrahedra which 
are joined at three apexes to produce 
rc(Si205)2~. Here again, the substitution 
of four protons for one silicon atom 
appears to be the rule (3). 

Something different evidently occurs 
in tectosilicates, a well known example 
of which is analcime. The structure of 
analcime (4) is a three-dimensional 
framework of oxygen atoms in tetra? 
hedral configuration; all four apexes are 
shared with other tetrahedra containing 
Si or Al ions to give the formula 
Na(AlSi3Oe) -ftO. This framework, re- 
gardless of whether or not there is or? 
dering among the Al and Si atoms, 
can be described as being constructed of 
2/*(SiOa)0 and /r(A10?)" units?remem- 
bering that their structural configura- 

tion is essentially tetrahedral in both 
cases. 

Besides aluminum and silicon, an ap- 
preciable amount of phosphorus can 
occur as portions of this framework (5). 
However, the amounts of P, Al, and 
Si are quite inadequate to provide the 
framework of viseite. The deficiency of 

P, Al, and Si is compensated by pro? 
tons; the proton to oxygen ratio is 3:2, 
that is, n(H202)- (5). 

Recently, a more straightforward ex? 

ample of this (H302)~ "anion" (6) has 
come to light as a result of crystallo- 
chemical investigation of kehoeite (7), 
a mineral described in 1893 but not 

previously classified. Briefly, the struc? 
tural framework consists of essentially 
identical quantities of (HsOs)', (A102)~, 
and (P02)+ units, rather than (A102)" 
and 2(Si02)0, as in analcime. And 
while kehoeite and viseite both appear 
to be essentially isostructural with anal? 
cime, kehoeite contains no Si02, and its 
large cation is principally zinc, rather 
than calcium (viseite), sodium (anal? 
cime), or cesium (pollucite). 

As is true for the so-called tetra? 
hedral hydroxyls, the structural posi? 
tions of the protons for (H302)~ have 
not been determined by direct methods, 
such as neutron diffraction or nuclear 
magnetic resonance. Nevertheless, di? 
rect calculation of the number of oxy? 
gen atoms in the unit cell (8), in com- 
bination with chemical analysis and 
structural information obtained by x-ray 
diffraction, demonstrates analogies 
which cannot be explained except on 
the basis of protons substituting for 
P, Al, or Si ions (9), 
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