ure under the two conditions suggests
that relatively stable individual char-
acteristics may be inherent in these
patterns. The difference between the
means suggests that the range of statis-
tical dependency in the temporal pat-
terns is sensitive to the instructions
under which the speech is generated.
One may speculate that the 4- to 5-sec-
ond range reflects some syntactical
unit in the lexical pattern of speech or
perhaps the respiratory cycle, but this
cannot be ascertained from the present
data.
JosrrH JAFFE
Department of Psychiatry,
College of Physicians and Surgeons,
Columbia University, New York
Lours Cassorra
STANLEY FELDSTEIN
Research Department, William
Alanson White Institute, New York
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Psychological Changes Associated with

Induced Hyperammonemia

Abstract. Normal volunteers infused with ammonium acetate for 3 hours de-
veloped a characteristic behavior pattern resembling that of prehepatic coma.
They demonstrated certain specific defects in motor performance and recognition
as well as significant lowering of critical flicker fusion. These findings are cor-
related with the concentration of ammonia in arterial blood.

Attempts to prove ammonia intoxi-
cation as the necessary and sufficient
cause for hepatic coma have thus far
been unsuccessful. Some investigators
feel that hyperammonemia is only inci-
dental to the coma state, while others
consider it crucial either alone or in
combination with another substance
(1). 1t has been reported that patients
without liver disease who were acci-
dentally infused with large amounts of
ammonium chloride over several hours
developed a state resembling hepatic
coma (2).

The data presented in this report
bear on the role of hyperammonemia in
altering behavior with special reference
to the coma of hepatic disease. A
method for obtaining an altered be-
havioral state with ammonia is also de-
scribed. .

Twelve prisoner volunteers free of
liver and central nervous system dis-
case were infused intravenously for 3
hours at two periods: in one period 0.75
meq/kg per hour of ammonium ace-
tate in 2% percent of glucose in water
was infused; in the other, 2% percent
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of glucose in water, considered us a
placebo, was given. The infusion pe-
riods were separated by at least 24
hours. Six volunteers received the am-
monia first and six were given the
placebo first. The subjects were un-
aware of which substance was being in-
fused. On a day prior to infusion, the
12 prisoner volunteers were given prac-
tice sessions with the critical flicker-fu-
sion apparatus (3, 4) and with the
repetitive psychometric measures (5,
6).

In a separate procedure, five other
prisoner  subjects  were  given  the
ammonium infusion alone and arterial
blood samples were drawn at O time
(5 to 10 minutes before infusion was
begun) and at half-hour intervals there-
after for 3 hours. Ammonia determina-
tions were done within 10 minutes by
a modification of Seligson’s method
(7). For technical reasons, only two
arterial samples were obtained for the
3-hour measurement.

The mean concentrations of ammo-
nia in arterial blood obtained from the
group of five subjects and the corre-

sponding characteristic behavior pat-
terns noted at each stage in the group
of 12 subjects are combined in Fig. 1.
These behavioral observations were
found in 10 out of 12 subjects during
ammonia infusion. The disturbances
that occurred disappeared within 1 to
1¥%5  hours after the infusion was
stopped. Seven of the 12 subjects vom-
ited at some time during ammonia in-
fusion. The behavioral observations
were made by the experimenter alone
and were of a direct clinical type. Al-
terations were found only during am-
monia infusion.

In Table 1 arc depicted the mean
ammonia, mean placebo, and the mean
and standard deviation of the mean of
the placebo versus ammonia perform-
ance differences plus the r-tests of these
differences on the repetitive psychomet-
ric measures and critical flicker-fusion
tests (3, 6). Analysis of variance of the
psychometric measures showed no sig-
nificant amount of variation due to the
order of infusion, or between subjects
under placebo infusion, or between sub-
jects that did and did not vomit [ex-
cept with the aiming test (5)]. For the
critical flicker-fusion tests, at the 15-
minute test period only, the subjects
receiving ammonia first and placebo
second showed significantly greater low-
ering of the critical flicker-fusion value
than those receciving placebo first. In
this respect then, with the flicker-fusion
tests at 15 minutes, there was a statis-

Stage € g § ]
Hgmin) * W70 min) B2Omin) 27 (80 min)
0 M0 30 0 808016 o o
Time (min)

Fig. 1. Mcan and range of arterial am-
monia concentrations correlated with the
characteristic behavior pattern during 3-
hour infusion of ammonium acetate (0.75
meq/kg per hour). N =15 for ammonia
concentrations; N == 12 for the behavioral
observations; *N == 2. Behavioral observa-
tions: stage I, giddy, blurred vision, and
apprehension; stage II, increased verbal
activity, more alertness, and greater inter-
personal interaction; stage ITI, generalized
uncomfortable feeling (7 out of 12 subjects
felt very jittery, nervous, or jumpy); stage
IV, progressive decrease in speech, flac-
cid muscles, less alertness, decreased inter-
personal interaction, and tremor appearing
toward end of infusion.
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tically significant variance due to order
of infusion (p < .05).

The range of concentrations of am-
monia in the blood achieved by this in-
fusion procedure (Fig. 1) is the same
as that found in clinical states of hepat-
ic precoma and coma, between 2 to
5 pg/ml (8). At the end of the in-
fusion, the observed state of these sub-
jects (flaccid facial muscle tone, de-
creased speech, decreased interaction
with the examiner, and tremor) is simi-
lar to the picture of hepatic precoma.
Figure 1 shows that the peak concen-
tration of ammonia in the blood cor-
responds to stage III of the character-
istic behavior pattern which was marked
by generalized discomfort and in most
subjects by anxiety. In studies with ani-
mals, it has been demonstrated that
appreciable amounts of ammonia ap-
pear in the brain tissue only after this
peak concentration of ammonia in the
blood is reached (9). If this is also
true for the human being then one
might reason that the findings in stage
IV are associated with elevated con-
centrations of ammonia in the brain tis-
sue. The fall in arterial ammonia con-
centration may be understood in terms
of a clearing mechanism which be-
comes operative when the concentra-
tion reaches a certain peak. Evidence
for such a mechanism located in both
brain and muscle has been brought
forth in both animal and human studies
9, 10).

With the repetitive psychometric
measures, it is considered that the dec-
rement on the aiming test at 180 min-
utes reflects disturbances in eye-hand
coordination. This may be related to
the tremor found in hepatic coma. The
defect on the speed of closure test (5)
at 180 minutes was ascribed to dis-
turbance in recognition which might be
the analog of the disorientation in the
clinical hepatic precoma state. The ini-
tial stimulatory effect on this test is re-
flected in the #-value at 15 minutes,
which shows significantly improved per-
formance. This stimulatory effect cor-
responds to the hyperactivity of stage
II (see Fig. 1) noted in the characteris-
tic behavior pattern. Such an initial
stimulatory effect is reminiscent of the
action of other drugs such as alcohol
and anesthetics which, when adminis-
tered over longer periods, have a de-
pressing effect.

The significant ¢-tests at the 90-min-
ute period on both the number facility
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test and the visualization test (5) may
relate to the effects of anxiety on per-
formance rather than reflect psychologi-
cal impairment with impending hepatic
coma. If this is so, the subsequent im-
provement of performance on these
tests at 180 minutes demonstrates that
the abilities required for their perform-
ance are not sensitive to prolonged hy-
perammonemia. The lowering of the
critical flicker-fusion value is considered
to be an indicator of organic perceptual
disturbances and is consistent with what
might be expected in prehepatic coma.
Such lowering is found both with chlor-
promazine and with reserpine (I1).
The data suggest that an altered be-
havioral state is associated with a 3-
hour period of hyperammonemia. This
altered state resembles prehepatic coma
in the detachment, disturbance in rec-
ognition (speed of closure test), tremor,
and impaired eye-hand coordination

(aiming test) that were found. The ef-
fects do not appear to be due to the
infusion procedure itself since they
were not observed during the placebo
infusion period. Work with ammonium
chloride has been challenged because
of the question of whether the changes
in pH that occur would alter the per-
meability of the blood-brain barrier
(12). Ammonium acetate was used in
this study in order to avoid this possi-
bility.

It might be reasoned that these find-
ings of altered behavior are not specific
for hepatic precoma but would occur
in other precoma states as well. In both
the clinical hepatic state and the ex-
perimentally induced state, however,
the arterial ammonia levels are in the
range of 2 to 4 ug/ml. The fact that
in some clinical cases of hepatic coma
elevated ammonia levels are not found
presents a problem which remains to

Table 1. The mean scores for performance on repetitive psychometric measures tests; and
critical flicker-fusion test, during infusion with ammonium acetate (% meq/kg per hour) and
placebo (214 percent glucose in water); plus the mean differences plus or minus standard devi-
ation, and the #-test of these mean differences. The values for the psychometric measures tests
are the number of units done correctly per time limit for each test [see (5) for further expla-

nation]. The critical flicker-fusion test value i

further explanation].

s number of flashes per second [see (3) for

Mean scores

- Mean
‘Tests N A::;rtl;)tr:a Placebo difference 4
At 15 minutes
Aiming test 12 — 8.1 — 34 —4.7+ 9.0 —1.51
Speed of
closure test 12 72 3.1 4.1+ 2.5 2.67*
Number
facility test 12 0.1 0.8 —0.7+ 5.1 —0.54
Perceptual
speed test 12 1.9 2.0 —0.1+10.0 0.03
Visualization test 12 — 1.5 1.3 —2.8+ 7.7 —1.14
Critical
flicker fusion 10 40.2 40.7 —0.5+ 1.5 —1.15
At 90 minutes
Aiming test 12 — 95 — 3.8 —5.7+ 8.4 —2.18%
Speed of
closure test 12 5.1 7.0 —19+ 33 —1.85¢
Number
facility test 12 — 24 2.0 —4.4* 6.8 —2.19%
Perceptual .
speed test 12 1.2 52 —4.0%= 99 —1.70
Visualization test 12 — 29 2.5 —5.4+°9.8 —1.80t
Critical .
flicker fusion 10 39.5 40.2 —0.7+ 1.3 —1.60
At 180 minutes
Aiming test 12 — 89 — 03 —8.6+11.0 —2.47%
Speed of
closure test 12 4.0 6.4 —24+ 35 —2.37%
Number .
facility test 12 0.3 1.6 —1.3+ 5.1 —0.81
Perceptual
speed test 12 2.0 4.0 —2.0% 6.7 —0.95
Visualization test 12 — 0.8 1.8 —2.6x= 7.7 —1.15
Critical
flicker fusion 10 39.5 40.3 —0.8+ 12 —2.00t

* Significant at p < .025 (one tailed) in opposite direction to that predicted.

tp < .025 (one tailed).

Tp < .05 (one tailed).
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be clarified. Nevertheless, from this
study it is submitted that prolonged
hyperammonemia produces an altered
behavioral state analogous to the early
stages of hepatic coma.

MyroN EICHLER
Psychiatric Institute, University of
Maryland, Baltimore
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Induction of a Stereoscopic Depth Effect

Abstract. Two pairs of horizontal lines of equal length, with different configura-
tions of dots above and below, are presented stereoscopically. Upon fusion, the
two lines are perceived as tilting in space in directions opposite to the depth effects

of the dots.

It is generally assumed that an ob-
ject will look flat if its image on one
retina is an exact copy of the image
on the other retina. If a pair of horizon-
tal lines of equal length is presented
stereoscopically, one line to each eye,
the fused lines should not have any
depth. And this is what happens if the
lines are presented in isolation. I con-
sidered the possibility that the context
in which the lines are perceived may
induce a depth effect in the stereo-
scopically combined lines.

In my experiment I assumed that a
depth effect in the context induces an
opposite depth effect of points in its
immediate neighborhood. Figure 1 may
be considered to be a test of this as-
sumption. The dots above and below
the lines form the context. The hori-
zontal distances between pairs of dots
on the left side of the figure are un-
equal to those of the corresponding
pairs of dots on the right side of the fig-
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ure. Of course, the image of the dots on
one retina is not an exact copy of the
image on the other retina. All horizontal
lines are equal in length. Upon stereo-
scopic fusion the dots either recede or
move forward. For example, with re-
spect to the upper half of the figure, the
right-hand dots recede and the left-hand
dots move forward. In accordance with
the assumption, the right-hand end of
the fused line should move forward and
the left-hand end should recede. Thus,
the line should appear slanted in space.
The lower line, on the other hand,
should appear slanted in the opposite
direction (/). A preliminary experi-
ment confirmed this particular test of
the assumption.

There was the possibility that in set-
ting the type for Fig. 1 slight dif-
ferences in the lengths of a pair of cor-
responding lines emerged that might
have been responsible for the depth ef-
fects. This would mean that the left

Fig. 1. The figure is viewed stereoscopical-
ly. The length of a line, 13 mm, provides
the scale for all other measurements. Re-
duction 22 : 13%4.

upper line and the right lower line
should be slightly longer than their
paired lines. As a control for this pos-
sibility a new figure, in which only the
positions of the dots were shifted, was
composed from the same type as that
used for Fig. 1. Essentially, the upper
and lower halves of Fig. 1 were re-
versed for the new figure.

Twenty subjects viewed the two fig-
ures, first one then the other, through
a Keystone No. 46 Telebinocular stereo-
scope. Each subject was informed that
a given line could appear in one of
three ways with respect to his line of
sight: the right end could appear closer

‘than the left end, the left end closer

than the right end, or both ends could
appear equidistant. In giving his report,
a subject oriented a pencil in space
in order to illustrate what he saw. Six-
teen of the 20 subjects perceived the
predicted slantings of the lines in each
of the two figures. Moreover, upon
questioning, the subjects reported that
they perceived a particular line as a
unit slanting in space. Apparently, they
did not judge either end of a given line
in relation to its surrounding dots and
then infer a depth effect (2). The re-
maining four subjects perceived slants
only in some of the lines. Finally, pos-
sible printing errors are not responsible
for the depth effects of the lines.

It may be concluded that the depth
effects of the fused dots induce opposite
depth effects in the horizontal lines.
Further experiments, testing the gener-
ality of this effect, are in progress.

NICHOLAS PASTORE
Queens College of the City
University of New York,
Flushing 11367
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