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ROSE, S. E., W. 0. DWYER AND A. L. YEHLE. Delta 9-tetrahvdrocannabinol: Elevation of absolute visual thresholds
of rabbits PHARMAC. BIOCHEM. BEHAYV. 10(6) 851853, 1979.—The effect of Delta 9-tetrahydrocannabinol (THC) on
the ability of rabbits to detect a minimal light stimulus (absolute visual threshold) was examined using the method of hmits
with an aversive classical conditioning paradigm. Both of two dosage levels of THC, similar to an amount ingested by a

human from a single cigarette, significantly elevated the absolute visual threshold of all animals

thresholds, however, returned with 24 hours.
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DURING the past decade there has been considerable re-
search interest in the effect of Delta 9-tetrahydrocannabinol
(THC) on visual functioning. THC, the active constituent in
marijuana, has been associated with distortions in subjective
visual processes, although there is some contradictory evi-
dence as to the nature and degree of its effects [1]. In addi-
tion to subjective perceptual phenomena, a few psychophys-
ical studies have also assessed the effect of THC on some of
the standard visual functions. Studies have shown that THC
reduces visual acuity, has variable effects on critical flicker
frequency, and does not affect the differential visual
threshold, form discrimination or color vision [2, 12, 14, 18,
19].

With respect to absolute visual threshold, no human or
animal data are available which demonstrate the influence of
THC under conditions in which dosage levels were known
and highly controlled. However, reports do exist on the in-
fluence of other similar drugs on visual threshold. LSD, for
example, was found to elevate thresholds in both humans
and pigeons [3,5], and amphetamine was found to signifi-
cantly lower the absolute visual threshold in albino rabbits
[17].

There is experimental evidence regarding the effect of
THC on the neural system which could be interpreted as
indicating its potential influence on the absolute visual
threshold. It is known that, among other things, THC serves
to lower the turnover rate of 5-hydroxytryptamine (5-HT), a
transmitter substance in the central nervous system and the
lateral geniculate nucleus of the thalamus is one of the areas
in which 5-HT is concentrated [9, 11, 20]. Studies have
shown that when this transmitter system is interfered with
directly in the geniculate, evoked responses to a single light
flash are inhibited [7,22]. It has been demonstrated that THC
causes maximal alterations of 5-HT concentration in the rat

midbrain, as opposed to the cortex and further, that THC
concentrates heavily in the monkey visual system, especially
in the lateral geniculate, as soon as 15 minutes after THC
administration [11,13]. Other studies supporting the notion
that THC can block sensory input in the geniculate have
been reported in which single cells in the rat lateral genicu-
late, which normally respond to a single light flash, were
inhibited by 200-300 micrograms of THC [2].

The purpose of the present study was to provide needed
data on the effect of THC on the absolute visual threshold.
Measurements were made on albino rabbits, by employing a
classical conditioning technique previously shown to be suit-
able for use in studies investigating the effect of drugs on
sensory behavior [6,15].

METHOD

The experiment called for a shock stimulus (US) to be
delivered to the rabbits’ eyelid, in combination with a white
light stimulus flash (CS). Measurements of eyeblink activity
were then obtained by recording changes in muscle poten-
tial. The light flash was delivered through an optical system
containing an incandescent source, lenses, neutral density
and polaroid filters, a shutter and fibre optic bundle, the end
of which was held in a fixed position directly in front of the
rabbits’ right eye by means of a holder surgically mounted on
the rabbits’ skull. The duration of the CS was 0.7 seconds
and it subtended a retinal angle of 17°.

Two dual purpose shock and recording electrodes were
fashioned from small steel dress hooks and placed on the
rabbits’ upper and lower eye lids. These electrodes were
used first to deliver a 3 mA shock which produced the blink
response (UR), and then to record the marked change in
potential caused by the muscular contraction of the lids. A
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standard shock generator was used to produce the shock and
a Model 7 Grass polygraph was used to record the eye
blinks.

The rabbits were run in a Plexiglas rabbit restraining box
which was housed in a dark, ventilated and sound attenuated
chamber.

After a half hour of dark adaptation, each rabbit was ini-
tially classically conditioned to respond with an eye blink to
a light flash, in the following manner. The light (CS) was
presented for 0.7 sec and 0.4 sec after its onset, a 3 mA shock
(US) was delivered to the rabbit’s eye lid for 0.3 sec. Thus,
the CS and US were terminated simultaneously. The training
sessions were repeated on a daily schedule until each of the 8
rabbits reached a criterion of 100% conditioned responding
to a CS of relatively Jow retinal illuminance (—1.00 log mil-
lilamberts).

Using the psychophysical method of limits (0.1 density
steps), absolute thresholds were then determined for each of
the rabbits. The threshold for a given rabbit was judged to be
stable when the average thresholds obtained on three con-
secutive days were not significantly different from each
other.

The 8 rabbits were then assigned to one of 2 groups: a low
THC dosage group (0.025 mg/kg), and a high dosage group
(0.50 mgfkg). The experimental sessions were conducted
using the following format: On the first day all groups were
run to determine a baseline for each rabbit. On Day 2 the
rabbits were injected with the vehicle (propyleneglycol,
Tween 80, and saline), dark adapted and one hour after in-
jection absolute thresholds were obtained from them using
the previously mentioned procedure. On Day 3 the two ex-
perimental groups were injected with the low THC and high
THC dosages respectively and the thresholds were obtained.
After a six day rest period, the same three day sequence was
repeated a second time after another six days a third time
and so on until a total of five replications were conducted.

RESULTS

The threshold values for the two groups were averaged
across animals and replications and are presented in Fig. 1.
They indicate a marked elevation in absolute threshold after
injection of THC; the mean increase for the low dose group
was 0.89 millilamberts and that for the high dose group was
1.50 millilamberts. T-tests used to compare thresholds under
baseline, vehicle and THC conditions show that in both
groups the vehicle injections did not significantly alter the
threshold value, while the THC injections did (p<<0.01).
Futhermore, it is clear that the threshold is dose dependent
because the mean threshold for the high dose group (—2.84
log millilamberts) is significantly higher than that for the low
dose group (—3.57 log millilamberts), (p<0.01).

An analysis of variance performed on the threshold
values showed no main effect due to experimental sessions,
indicating there were no cumulative changes in thresholds
measured under any of the experimental conditions
(baseline, vehicle, THC). Thus, there was no apparent re-
sidual effect of the THC on the absolute thresholds. It also
appears that the effects of the drug diminish fairly rapidly;
threshold measurements were made on two animals (one
high dose and one low dose) 24 hours after the fifth injection
of THC, and t-tests indicated that both animals’ thresholds
had returned to baseline.

In spite of the marked changes in threshold produced by
the THC, the drug had no effect on either the unconditioned
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FIG. 1. Mean absolute visual thresholds of rabbits showing 1nitial
baselines, baseline days, vehicle injection days and drug injection
days for the low dose (0.025 mg/kg) and the high dose (0.50 mg/kg)
groups. Measurement variability indicated is + 1.0 SD

eye blink response, or the topography and latency of the
conditioned response. Nor were there any observable effects
on the rabbits’ pupil size.

DISCUSSION

The present finding that even low dosages of THC serve
to elevate the absolute threshold in rabbits suggests at least
one basis for the subjective, often vague, reports of visual
alterations by human users. These findings are particularly
meaningful in light of the fact that many previous animal
studies have been criticized for employing dosages of THC
which would be much higher than the average amount of the
substance ingested by social users. Nahas (16] estimates the
quantity of THC in a single cigarette to range from 1.87 to
66.0 mg and that approximately 50% of this amount is in-
gested by the smoker, an amount which is equivalent to a
range of from 0.01 mg/kg to 0.47 mg/kg and is similar to the
dosages used in the present study.

The findings that THC inhibits light sensitive neurons in
the lateral geniculate nucleus of the thalamus [2], that LSD
blocks geniculate responding to a light flash [10], and that
both THC and LSD may act through decreasing turnover of
5-HT (heavily concentrated in the LGN) [11,23], provides
evidence that the threshold shifts found in the present study
may have been caused by altered LGN activity.

Another possible explanation for the present findings
would be that THC acting through the reticular formation,
affected the rabbits’ attention mechanism thus causing an
elevated threshold. However, Wallach and Gershon [24] ob-
served no changes in the reticular mulitiple unit recordings
obtained from cats which had been injected with THC (2.4
and 8.0 mg/kg). Domino [8] also ruled out THC effects on
reticular activity; he found that dimethyl-heptyl-pyran, a
THC analogue, depressed a conditioned photic driving re-
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sponse in dogs in a study where a light flash was used as the
CS and shock as the US. He interpreted his findings as indi-
cating a change in the visual system itself, not an alteration
of attention mechanisms. Thus, there is empirical justifica-
tion for believing that the present findings are not a function
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attention deficits produced by THC. Rather, the elevated

thresholds are probably caused by the direct effect of THC
on the visual system and, specifically on the activity in the
lateral geniculate nucleus.
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