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SmM1, involuntary movements of the eyes occur even during the 
steadiest fixation of a small spot. These movements, first accurately 
recorded by DOHL~A~r (1925), are known as physiological nystagmus and 
have three principal components: 1. t remor or mieronystagmus, having 
a mean amplitude of t 0 - -  14 sec of arc and a mean frequency of 85 cycles 
per second (cps) ; 2. saccades, rapid flick-lille movements with a mean fre- 
quency of 1.08 per second within a range of 0.16--2.75 and having an 
amplitude of 5--10 mill of arc; and 3. irregular drifts and waves (HwB- 
BA~D, 1957). Research by RIGGS et al. (1953) and by DI~CHBV~r and 
F ~ D ~  (1955) showed that  rather than being a useless or even undesir. 
able by-product of the ocular motili ty apparatus, the physiological nys- 
tagmus is, in fact, essential for vision, since immobilization of the retinal 
image by optical means produces a fading away of detailed vision. This 
phenomenon may be accounted for by HAttTLINE'S (1938) findings, which 
showed tha t  the optic nerve impulses resulting from fllumination of the 
retina occur largely from changes in illumination and that  most of the 
impulses are either "on"  impulses or "off" impulses, with comparatively 
few resulting from steady illumination. Consequently, when the retinal 
image is immobilized there are no "on"  or ':off" impulses. However, 
when the eye is normally fixating, owing to the physiological nystagmus 
there are frequent changes in illumination of the retinal elements near 
contours of the retinal image, with a resultant peaking of neural activity 
at such sites. 

Working with the eat, HEBBARD and MARG (1960) have shown tha t  
systemic administration of Nembutal  or curare reduces and, in sufficient 
doses, eliminates the physiological nystagmus while neostigmine increases 
its amplitude markedly. I t  may  be, therefore, that  recordings of the 
physiological nystagmus provide an additional quantitative method for 
determining drug effects and their duration in man. 

In this s tudy we have investigated the influence of the psycho- 
tomimetic drug, Psilocybin (HO~MANN et al., 1959), on the physic- 
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logical nystagmus in healthy young men. Control experiments, without 
the drug, and a few comparative experiments with D-lysergic acid 
diethylamide (LSD), mescaline, and alcohol were also conducted. 

Method 

Eye movements of four healthy men were recorded using the optical- 
lever method described by I.I~BA~D (1962). A tightly fitting scleraI con- 
tact  lens was placed in the subject's left eye. The subjects were experienc- 
ed in wearing such a contact lens and could usually keep it in the eye for 
6 consecutive hours or longer without noticing significant discomfort or 
a reduction in visual acuity. A small plane mirror mounted on the lens 
reflected a beam of light to an oscillographic camera. During the photo- 
graphic sessions, the subject a t tempted steadily to fixate the center of a 
small ring of light 10 min in diameter located 3 m directly in front of his 
left eye, while his right eye was occluded. The ring target was selected 
because previous work (I-IEBBAI~D, 1957) had shown that  it was the most 
effective type of target for minimizing the physiological nystagmus. 
When crosshairs, for instance, were fixated, it  was found that  they dis- 
appeared temporarily, producing larger changes in fixation position. 

The effect of Psiloeybin on physiological nystagmus was studied for 
each of the four subjects. Two of them were also studied after they 
received LSD ; one was studied after the administration of mescaline, and 
one with alcohol. 

In  a typical experiment, 20 recording sessions each of 4g see duration 
were scheduled. The first sessions were recorded in the half-hour before 
the oral administration of the drug. The remaining sessions followed at 
intervals of a few minutes to several hours. At least 1 week elapsed 
between experiments. Control experiments, without a drug, were also 
performed ca each subject. All records were made on Kodak Linagraph 
paper 9.2 cm wide, traveling past the camera aperture 3.3 cm per second. 
The records showed all components of the eye movements, except unusu- 
ally large fixation movements causing the eye trace to fall off the record- 
ing paper. 

Subject 1, age 24, weight 84 kg, was a participant in other research on 
Psilocybin, and for his first two experiments, with doses of 10 mg 
(119 ~g/kg) and 13.5 mg (161 ~g/kg), he was not available for eye-move- 
ment  recording during the first 90 rain after taking the drug. However, 
during his third experiment, with a dose of 15 mg (179 ~g/kg), he was 
continuously available. 

Subject 2, age 22, weight 59 kg, took I0 mg of Psilocybin (170 ~g/kg) 
during his first experiment and 12.5 mg (212 ~g/kg) during his second 
experiment. During his third experiment he was given a placebo that 

I0" 
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looked like a Psilocybin tablet. During his fourth experiment he was 
given 12.5 mg of Psflocybin (212 ~Lg/kg). 

Subject 3, age 23, weight 79.5 kg, participated in two experiments 
with Psilocybin, the first with 12.5 mg (157 ~g/kg) and the second with 
15 mg (189 ~g/kg). Follo~_ag these, he participated in an experiment 
during which he was given 123 ~g of LSD (1.55 ~g/kg), and another 
during which he was given 450 mg of mescaline hydrochloride(5.65mg/kg). 

Subject 4, age 22, weight 91 kg, participated in three experiments 
with Psilocybin, with doses of 10 mg (110 ~g/kg), 12.5 mg (137 ~g/kg), 
and 15 mg (165 ~g/kg), respectively. His next experiment, with LSD, was 
with a dose of 120 ~g (1.32 ~g/kg). 

Results 
Inspection of the records revealed that  probably the most conspicuous 

effect of Psflocybin, LSD, or mescaline on the physiological nystagmus 
was the increase in frequency of the saccades. We obtained 1,020 eye- 
movement records made over a year's time on subject 1 without any 
drugs, each record having a duration of 45 sec. His mean frequency of 

Fig. 1. Representative control record of eye movements of subject 1. The two larger, rapid displace- 
meats  arc saceades. The drift and micronystagmus arc also evident. The length of the vertical arrow 
corresponds to 10 rain of arc eye rotation. The length of the horizontal arrow corresponds to 1 sec 

of t ime 

saccades was 0.35 cps, with a range of 0.05 cps to 0.80 eps. On some other 
occasions, for no obvious reason, the contact lens produced definite irri- 
tation, but  even so, the highest saccadic frequency did not exceed 0.97 cps. 

A section of a record obtained for subject 1, prior to the ingestion of 
15 mg of Psilocybin, is shown in Fig. 1. Three 45-sec records were obtained, 
with mean saccadic frequencies of 0.43, 0.41, and 0.65 cps. Fig. 2 shows 
a section of a record taken 141 rain after giving the Psilocybin. The 
increased/requency of saccades is evident, its mean being 2.95 cps during 
this session. The saccadie amplitude also increased markedly when the 
frequency was considerably elevated (Fig.2), but  for lesser increases in 
saccadic frequency, saccadic amplitudes were close to normal. In  Fig. 2, 
the eye-movement pat tern shows more or less the form of square waves; 
i.e., saeeades were followed by saccades in the opposite direction. During 
this session, the subject reported some difficulty in fixating the spot, 
although he claimed to see it  clearly. 
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Prior to taking Psfloeybin, almost 52~ of this subject's saccades 
could be said to form square waves. Under Psilocybin this increased to a 
maximum of 890/o simultaneously with the saccadic frequency peak. 
However, the decline in square waves was slower than that in frequency 
of saccades, with 80 ~ of the saccades still forming square waves 3.5 hours 
after ingestion of the drug. 

~ Isec ~ 

Fig.2.  Eye-movement record of subject 1, 141 min after taking 15 rag of Psilocybin. The saccades 
are larger and more frequent than for the control record. The square-wave pattern of the trace was 

typical of all records showing the effects of Psilocybin, LSD, and mescaline 
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Fig.  3 a - -d .  Frequency of saceades during the course of experiments with subject 1. a Control experi- 
ment,  without drug. b and  e After  10 mg and 13.5 mg of Psilocybin at zero hour. The subject was not 
available for eye-movement recording for the first 90 rain after taking the drug. d After  15 mg of 

Psiloeybin at zero hour 

The relationship between frequency of saccades and time after taking 
Psiloeybin for subject 1 is shown in Fig. 3b- -d .  Within the dosage range 
studied, the effect of Psilocybin on saceadie frequency followed a dose- 
response relationship. The time course of saccadic frequency for the 15 mg 
dose of Psilocybin (Fig. 3d) follows a slightly-skewed, bell-shaped curve 
with a peak frequency at 75 min. This peak agrees reasonably well with 
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the time of maximum effect of ]Psiloeybin on pupfllary size and intensity 
of drug experience (IS~V, LL, 1959). The increase in frequency of saccades 
near the 1--2-hour time segment is mot likely a result of irritation from 
wearing the contact lens since, after the peak, the frequency of saccades 
decreased, returning in less than 3 hours to what can be considered a nor- 
mal level (Fig. 3 b). For  the larger dose, the frequencies were still some- 
what elevated after 3.5 hours, but  after 8 hours a normal level had been 
reached (Fig.3 c). Moreover, typical control records, such as tha t  for 
subject 1 (Fig.3a), do not show a significant increase in saccadic fre- 
quency. 

0 I 2 s 0 1 . x  s ~ 0 I 2 s ~ 5 0 l Z  s ~ 5  e 
Zinc (hours) 

]Fig.4 a - -d .  ]Frequency of saccades during the course of experiments with subject 2. a After placebo 
at  zero hour. b - - d  After 10 rag, 12.5 rag, and 12.5 mg of ]Psilocybin at zero hour 

The time course of saccadic frequency for subject 2 after the adminis- 
tration of a placebo (Fig. 4 a) is not noticeably different from tha t  ob- 
tained during an ordinary control recording. I t  should be noted tha t  
subject 2, with a mean frequency of 2.33 saccades per second, always had 
a higher base line of saccadic frequency than subject 1, but  it  was well 
within the normal limit of saecadic frequency of the twelve subjects of 
HI~BBAI~D (1957). About 40 mia after the placebo administration, subject 
2, who had twice previously taken Psilocybin, was questioning the 
efficacy of the "drug" and wondered whether he had been given a 
"tranquilizer." 

Fig .4b and c show the dose-effect relationship, i~ the 10--12.5 mg 
Psiloeybin dose range, with an increase in maximum saccadic frequency 
from 3.0--4.5 cps. A comparison of Fig.de and d illustrates the reason- 
ably good reproducibility of the experimental results. Fig.dd shows the 
results obtained 2.5 months later, when 12.5 mg of Bsflocybin was admi- 
nistered again. 

Fig.5a shows the time course of saccadie frequency for a control 
experiment of subject 3, who, with a higher variability in response to 
Psilocybin (Fig. 5b and e), nonetheless displayed the dose-effect relation- 
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ship shown for subjects 1 and 2. Fig.5b and e are response curves 
showing the influence of 12.5 mg (157 ~g/kg) and 15 mg (t89 ~g/kg) of 
Psflocybin, respectively. 

Fig. 5 d and e illustrate saecadic frequency responses of the same sub- 
ject, but  during experiments with 123 txg of LSD, i.e., 1.55 ~g/kg (Fig. 
5d), and, at another time, after ingestion of 450 mg of mescaline, i.e., 
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Fig.  5 a - - e .  F requency  of  saccades dur ing  the  course of exper imen t s  wi th  subject  3. a Control ex- 
pe r iment ,  wi thou t  drug.  b - - e  Af te r  12.5 m g  a n d  15 m g  of  Psi locybin,  123 y.g of  LSD,  and  450 m g  

of  mescal ine,  a t  zero hour  

5.65mg/kg (Fig.5e). The peak in saccadic frequency, reached after 
40 rain, occurred sooner than with the dose of 12.5 mg of Psilocybin and 
was comparable to the response obtained with 15 mg of Psilocybin. With 
LSD, the decrease in frequency after the peak was delayed as compared 
to Psflocybin. 

The main features of the mescaline response (Fig. 5e) are a less pro- 
nounced peak frequency compared to Psilocybin or LSD, and a longer 
duration of response, with the frequency still well above normal after 
6 hours. 

Fig.6 shows the saceadic frequency response curves of subject 4, 
Fig. 6 a during a control experiment, and Fig. 6 b - -d  during experiments 
with 10, 12.5, and 15 mg of Psilocybin, respectively. The last three curves 
provide another illustration of a clear-cut dose-effect relationship in this 
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range. Fig. 6 e depicts the response of the same subject under the influence 
of 120 ~g of LSD (1.32 ~g/kg). The patterns of the LSD responses in this 
subject and subject 3 are similar, displaying a delayed decline in saccadie 
frequency after the peak. 
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Fig.6 a--e .  Frequency of saceades during the course of experiments with subject 4. a Control ex- 
periment, without drug. b - - d  After 10 rag, 12.5 rag, and 15 mg of Psilocybin at zero hour. e After 

120 ~tg of LSD at zero hour 

~ig.7. Eye-movement record of subject 1 after alcohol. The saeeadie amplitude and frequency are 
Ngher  than for the control record, and the eye-movement trace forms a saw-tooth pattern, distincti- 
vely different from the square-wave pattern found with Psiloeybin, LSD, and mescaline. For the 

meaning of arrows, see legend of Fig. 1 

A fairly large amount of alcohol (corresponding to 125 cm ~ of ethyl 
alcohol) was also administered to subject 1, in the form of vodka in five 
portions over at 2-hour period. Fig. 7 is a record obtained 195 rain after 
the subject took his first dose of alcohol. In addition to the higher saceadie 
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amplitude and frequency as compared to the control (Fig. 1), the eye- 
movement trace forms a saw-tooth pattern; i.e., saceades were compen- 
sated by slow movements and followed by saccades in the same direction. 
This pattern is different from the square-wave pattern consistently 
observed in this and other subjects after the administration of the psycho- 
tomimetic drugs Psilocybin, LSD, or mescahne. This finding is consistent 
with that  of l~Avsc~x~ (1958), who reported a fixation nystagmus and a 
position nystagmus of characteristic saw-tooth pattern after ethanol 
administration. 

Following the administration of alcohol to subject 1, the proportion 
of square waves dechned to a low of 15~ which preceded the frequency 
peak by half an hour. At the frequency peak only 37 ~ of the saccades 
formed square waves. After the saceadie frequency returned to normal, 
the proportion of square waves had risen to a normal level of 60 ~ 

Asc~A~ et al. (1956) had previously recorded positional nystagmus 
produced by alcohol intoxication in man and found it to be of saw-tooth 
form; i.e., the rapid movements, or saccades, were in one direction, and 
the slow movements were in the opposite direction. The direction of the 
rapid phase depended on the lateral position of the head, whether to the 
right or left. In other positions, such as the supine, they seldom observed 
nystagmus. They recorded eye movements behind the closed eyelids 
using electro-oculography, a procedure by which eye movements of 
about one degree or larger may be objectively studied. Their published 
records indicate that  the positional nystagmus was generally larger than 
10 degrees, as compared to amplitudes no larger than 15 rain of are for 
the alcohol-induced fixation nystagmus of our subject. Movements 
smaller than 30 rain are almost impossible to detect with the unaided 
observing eye, whereas 10-degree movements are readily seen. 

Discussion 
The temporal pattern of saccadic frequency in our Psilocybin or LSD 

studies closely parallels the temporal pattern of pupillary diameter, as 
noted by ISBELL (1959). HIDALGO (1960), confirming the work of ISBELL, 
showed that  the most reliable autonomic response was, indeed, pupillary 
dilation (mydriasis), which occurred in 100% of his subjects not only 
after Psiloeybin, but also after LSD and mescaline, ff these drugs were 
administered in the doses of 110 ~g/kg, 1.5 ~g/kg, and 300--400 rag/total 
body weight, respectively. The consistent significant increase in saccadie 
frequency of all our subjects under Psilocybin, LSD, and mescaline, and 
the repeatedly demonstrated dose-effect relationship, suggest that  sacca- 
die frequency is another quantitative parameter of psychotomimetic drug 
effect, along with the size of the Weber ratio in gustatory chemoreception 
(FIscHER, G~IFFIN et al., 1965), mean computed finger-tapping rate 
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(FISCHEIr ENGLAND et al., 1966), and changes in handwriting size and 
pressure (FIscHeR and MEAD, in press; FISCHER, in press). These findings, 
when added to those of H~BA~D and MA~G (1960), imply tha t  the record- 
ing of physiological nystagmus may also have value in characterizing 
compounds sharing common biological activity and action mechanisms. 
Such reasoning is substantiated by  the contrast between the saw-tooth 
pat tern found with alcohol and the square-wave pat tern of saccades 
recorded under Psfloeybin, LSD, or mescaline, suggesting that  these drugs 
have a common mode of action. Is]~LT, (1959), in observing the markedly 
similar effects of Psilocybin and LSD on autonomic activity and mental 
performance, has already hypothesized that  common biochemical or bio- 
physical mechanisms may account for the drug effects. 

However, the most direct evidence for the concept of biological iden- 
t i ty  in the ultimate mechanism of action of these drugs has come from 
the demonstration of cross tolerance between Psflocybin, LSD, and mes- 
caline. ROSE~B~O et al. (1963) have found that  on chronic administra- 
tion, cross tolerance develops between LSD and Psilocybin, as has pre- 
viously been shown by ISBnLL et al. (1961). Similar cross tolerance has 
also been shown to develop between LSD and mescaline (WoLBACH et al., 
1962). 

The two distinctive patterns of saccadic movement, one for alcohol, 
the other for Psflocybin, LSD, and mescaline, suggest tha t  certain species 
of drugs may  produce a characteristic pat tern of eye movements, and 
these patterns may  aid in the classification of types of excitatory and 
depressant drugs. However, the drugs may also produce these effects by 
acting on the fixation feedback mechanism. Indeed, RASHB~SS (1961) has 
previously shown that  barbiturates interfere with smooth tracking move- 
ments and tend to produce step-like movements. 

We infer tha t  the increased frequency of saccades is a corollary of the 
excitation produced by  pyretogenic, psyehotomimetic compounds, such 
as LSD, Psilocybin, and mescaline. The changed pattern of saccadic re- 
sponse could be a result of direct drug action on the neuromuscular or 
fixation feedback systems of the eye, or it could result from some common 
substance produced under the effect of either LSD, Psfloeybin, or mesca- 
line. I t  might even be a direct expression of the excitation syndrome that  
is characterized by hyperthermia, hyperglycemia, mydriasis, etc. (ttOF- 
~ A ~ ,  1963). I f  the latter assumption is correct, excitation without drugs 
could also be expected to increase the saccadic frequency. 

Although the contact lens method used in this study provides a means 
for recording all components of the physiological nystagmus, it has limited 
applicability. In  view of our results, indicative of possible wider appli- 
cability, another, somewhat less sensitive method not requiring a contact 
lens, such as one described by  Yov~G (1963), could be recommended. 
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This  m e t h o d  m a k e s  use of  a pa i r  of  photocel ls  to  de t ec t  t he  pos i t ion  of  the  
l imbus,  or b o u n d a r y  be tween  the  whi te  sclera and  d a r k  iris seen beh ind  
the  clear  cornea.  This  p rocedure  does no t  involve  a n y  d iscomfor t  for the  
subject ,  does no t  in ter fere  wi th  eye movement s ,  and  is no t  compl ica ted .  
I t  therefore  provides  a p rac t i ca l  means  for s tudy ing  saeeadie  f requency.  

Summary 
The influence of  Psf locybin,  LSD,  mescaline,  or alcohol on physio-  

logical  n y s t a g m u s  was inves t iga ted .  E leven  hund re d  e ye -move me n t  
records  served as control  da ta .  I n  242 sessions, a significant,  dose depen- 
den t  increase in  f requency  and,  to  some ex ten t ,  a m p l i t u d e  of  saccades 
was found  af ter  the  oral  admin i s t r a t i on  of  10- -  15 mg of Ps i loeybin ,  120 ~Lg 
of  LSD,  or 450 mg of  mescaline.  These th ree  drugs  p roduced  a charac-  
ter is t ic  square-wave  p a t t e r n  of  saeeades d i s t inc t ive ly  d iss imi lar  f rom the  
saw- too th  p a t t e r n  p roduced  b y  alcohol. There  was no difference be tween  
the  control  and  placebo pa t t e rns .  The  recording  of physiological  nys t ag .  
mus  m a y  p rov ide  a va luab le  biological  p a r a m e t e r  for s t u d y i n g  the  effects 
of  var ious  drugs.  
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