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light went off and I)hotographs were taken over the first 10seconds and at 5 minutes in the
dark. The complete series was then repeated.

Apparatus. The suhject was seated in an ophthalmic chair, his head held in a headrest
with the right eye positioned in front of the camera lens. The stimulus light was a micro-
scope illuminator producing an illuminanee of 23 foot-candles on a test plate placed in the
location of the eye. The light beam wt_.sdirected on the eye through a lens, neutral density
filter, and prism system from a location equivalent to a distance of 35 era. and 15 deg. to
the left of the optic axis. The light stimulus appeared subjectively to the eye as a bright,
homogeneously illuminated disc, 2.8 era. in diameter. It was controlled by an automatic
timing system which interrupted the electrical circuit to the lamp. With eyes directed
straight ahead a low luminance spot was visible through the pri,sm to the left cyc at a
distance of approximately 1 m. The subject was instructed to fixate this point as an aid in
keeping the orientation of the pupil of the right eye constant with respect to the camera
lens .rod in minimizing accommodative changes. The camera took successive pictures on
35 ram. film at a fixed rate of 2.25 pictures per second. Pupil image diameters were meas-
ured directly from the film to the nearest 0.1 mm. and corrected by reference to a scale
photographed at the same dist'mce ,_s the eye.

Measures. The 5 pupil diameters obtained at the end of 5 minutes in the dark were aver-
aged together for a dilated pupil size score. The last 3 diameters at the end of 5 seconds'
light, exposure and the single diameter after 2 minutes' light exposure were averaged to-
gether for a constricted pupil size score. The slope of the best fitting straight line was com-
puted by the least-squares method for the differences between drug and placebo diameters
along the contraction curve, yielding a score for effect on average contraction speed. A
similar slope measure for the points along the dilation curve was computed for effect on
average dilation speed. The points beyond which each curve leveled off were not used.
These various measures refer to the light and clark conditions of the experiment, and two
of each measure were obtained at the same testing session for each subject under each
drug condition.

Analysis. The primary method of analysis was correlational, and all correlations re-
ferred to in this paper are product-moment coefficients. A zero-order coefficient of 0.6,3
and a first-order partial coefficient of 0.67 are required here at the 5 per cent level of
confidence (Fisher, 1950). All partial correlations referred to are based on statistieally
significant zero-order relati,mships between the two main variables involved. Wherever
correlation coefficients were averaged, the averaging was done I_y means of Fisher's
z-t ransformation.

RESULTS. Average effects. The overall effects of LS1) and chlorpromazine were
in the expected directious (table 1), and the higher doses produced greater
effects than the lower doses (table 2). In addition LSI) had a significantly

greater effect on the coustricted pupil that_ on the dilated pupil (p < 0.01).
The difference between the 100-mgm. close of meperidine and placebo is of the
same order of magnitude as that reported by Fraser ct hi. (1954). This difference

is of doubtful siguiificance here, prol)at)ly I)ecause the measurements occurred

well into the l)cri_xl of declining effe('t for this drug. The averaged values for
sccol)arbital wet'(* very nearly the ._tm(; qs the placcl)o vah|es, h|dividual effects
varied apprc_.iably, however. The average (iitT_re|u.e from placel)o for the sub-
je('t showing the grcalcst effect of i,SI) xqas 2.0-I ram., while this difference for

tho subjecl sh|)willg lira Icasl effect was 0.38 ram. The corresponding values for
chl.rpromazin_, "Ln, 1.89 hi|||, and 0.15 ram., respectiwqy. Individual variations
wq,r,, n_arly as grq'at for mcl)cridin_' aml secolmrl)it:d, "rod differences in direc-
t i(m as well as nmgnil ud_' _',.urr(_l.

l_ tig. I n lill,. I):lrulhq t,) the z|,rq) h'vel would italic'lie nlo average effect ,m
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TA IH,E 1

.I veraffc pupil diamcter._ in ram.

LSI) i ('hlorpromazine 1 Mepcridine

Light condition Place Measure

,00 50 200,400 100.200[ rain. 50mgm.

microgm, microgm. 5,56 6.fi3

-- _ mgm. mgm.

0.51 0.73 1.53 0.97 f 1.31 0;85

<0.05 <olo <o_)1 <o.lo1>olo >olo
Pupil, constricted 4.48 3.83 2.22 2.66 I 2.74 3.16

0.88 0.91 0.36 0.47 I 0.37 0.62
! -- <0.001 <0.00[ <0.001 <0.05 [ >0.10 >0.10

* Probability associated with the t-wdue for the difference between correlated drug
:rod placebo means, df = 9.

TABLE 2

Average high-dose pupil diameter minus low-dose pupil diameter in ram.

LSD ] Chlorpromazine Mepcridine

Light condition Measure

100microgm. 200,400. mgm. 100 mgm.
vs. vs. vs.

50 microgm. 100,200 mgm. 50 mgm.

Pupil, dilated Mean 0.30 - 1.07 -0.65
tr O.32 O.70 0.83

p* 0.02 <0.01 <0.05

Pupil, constricted Mean 0.65 ' --0.43 --0.42

0.24 0.19 0.41

p <0.001 <0.001 <0.02

* Probability associated with the t-value for the difference I)etween correlated higher
and lower drug dose means, df = 9.

contraction and dilation speeds. Positive slope reflects a decrease in contraction

speed, while negative slope reflects a decrease in dilation speed. The departures
of the curves from zero slope were evaluated by means of a trend test (Alexander,
1946), leading to the conclusion that the speeds of pupillary contraction and
dilation are significantly slower on the average for LSD, meperidine (100 mgm.),
and chlorl)romazine (p _- 0.01). In the case of I,SI) this effect on speed wouhl

appear to be a secondary consequence of the fact that the drug effect is relatively
much greater on the constricted pupil than on the dilated pupil, l"or chlorpoi'-
mazine the lack of a differential effect on constricted and dilated pupil sizeh
suggests that the effects on stal)le size and on speed may not be interdependeht.
The statistical analysis also provided a test for the signiticance of individual
sul)ject differences in the speed measures, and for all four drugs individual dif-

ferences contributed highly significant proportions of tile variance (p < 0.001):.
i_diabilily of imlirid,al effects. The reliability of the pul)illary measurement

itself and the stability of individual pupil size may Ire shown by the correl'ttions
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FzG. l. Average differences between drug and placebo pupil diameters, (A) during con-
traction in response to the light stimulus and (B) during dilation in response to cessation
of the light stimulus.

between the individual subject measures for placebo. The values for measures
obtained on the same day are 0.96 and 0.89 for dilated and constricted pupil
sizes, respectively. The values for measures obtained on different days are 0.80
and 0.90, respectively. Since pupil size in the various drug conditions is generally
correlated with placebo pupil size, however, it is necessary to correct for varia-
tion in the placebo values in order to evaluate the reliability of the pupillary
scores as measures of drug effect. This correction was accomplished by comput-
ing first-order partial correlation coefficients with the placebo values par-
tialed out.

The partial correlations between the first and second measurements taken
on the same drug day were uniformly high for all drug conditions except one.
The average value for dilated pupil size is 0.89, for constricted size, 0.81. The

only coetficient not reaching significance was that for the constricted pupil
measure for the 100-mgm. dose of meperidine. This generally substantial within-
day reliability means that the individual variations were not momentary chance
fluctuations. Day-to-day reliability for LSI) and ehlorpromazine iv evident from
the significant correlations between the higher aud lower dose conditions for
both of these drugs (table 3). "l'ho_ subjects tending to show a relatively greater
p,pillary effect with a low do_ tended also to show a relatively greater effect
., "t different occasion with a larger do._. This iv a more stringent test of relia-
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TABLE 3

Correlations between higher and lower drug dose pupil diameters

Light condition Measure LSD Chlorpromazine Meperidine Secobarbital

Pupil, dilated rm, 0.93 0.94 0.79 0..56

rilL.p* 0.82 0.68 0.54 0.05

Pupil, constricted raL 0.97 0.94 0.77 0.68

rllL.P 0.86 0.72 0.46 0.19

* Placebo values partialed out.

bility than an ordinary reliability coefficient, and the correlations for meperidine
might reach significance if the same dosages were used on the two different
occasions. The extremely low correlations for secobarbital, however, indicate no
consistency at all between the two occasions.

The results for the reliabilities of the individual pupillary speed measures
were substantially the same as those presented for the size measures, except
that drug effect on dilation speed tended consistently to be more reliable than
drug effect on contraction speed. The speed measures were significantly related
to the size measures for LSD, individually greater effect on stable size correlat-

ing with greater effect on pupillary speed. This was not true for chlorpromazine,
bearing out the possibility of independence noted above between the average
effects of chlorpromazine on stable pupil size and on pupillary speed.

Between-drt_g correlations. The partial correlations between LSD and chlor-

promazine were computed separately for higher and lower doses, constricted
and dilated pupil sizes, and contraction and dilation speeds. The correlations
for effects on stable pupil size were in general not significant, although they
consistently showed an inverse relationship. The correlations for effects on
pupiUary speed were significant separately, however, and the average correla-
tion was -0.74. Referring to fig. 1, this means that the individual subject show-
ing a steeper curve (greater slowing down) with LSD tended to show a less steep
curve (less slowing down) with chlorpromazine, and vice-versa, for both con-
traction and dilation speeds.

DiscussioN. For the drugs tested the degree of reliability of individual varia-
tions in pupillary response agreed exactly with the order of average pupillary
potency, from most to least: LSD, chlorpromazine, meperidine and secobarbital.

This would be a very useful principle in organizing data on the difficult problem
of individual differences, if it should prove to possess sufficiently wide generality.
It is not true of necessity, for one individual may react reliably in one direction
and another in a different direction, resulting in what appears to be no effect
in averaged data.

From the average effects for LSD and chlorpromazine it is clear that these

two drugs have different rather than simply opposite effects on pupillary be-

havior. This is in agreement with the view that LSD may exert a primarily
central sympathicotonic influence on the pupil (Rothlin, 1957), while chlorpro-
mazine may affect the pupil through a predominantly peripheral adrenolytic
action (Holzbauer and Vogt, 1954). There would appear to be meaningfully
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related aspects of action, however, for if both drugs are administered together
chlorpromazine reduces both the psychological and the autonomic manifesta-
tions of LSD (Hoch, 1955), including a reduction in the pupillary effect of LSD

(Isbeli and Logan, 1957). Although it is an over-simplification to reduce the
emotional effects of these two drugs to a single dimension, we may think of I_D

as having, generally, an agitating, anxiety-producing effect and chlorpromazine,
a calming effect. The pupillary effects appear to be compatible with the emo-
tional effects for both drugs in that fear, anxiety and emotion-provoking stimuli
produce pupillary dilatation (Bender, 1933; Gang, 1945) whereas sleep and other
quiescent conditions tend to produce pupillary constriction (Kleitman, 1923;
Byrne, 1942). In terms of the consistency of individual pupillary reactions ob-
tained here, a subject showing relatively greater effect with LSD tends to show
relatively less effect with chlorpromazine. Psychologically, it would also be en-
tirely reasonable for the individual who is most "agitated" by LSD to be the
least "calmed" by chlorpromazine. This is a matter for further test, of course,
since subjective effects do not necessarily correspond closely to what one might
predict from physiological effects.

SUMMARY

Ten normal subjects received higher and lower oral doses of LSD, chlorpro-
mazine, meperidine, secobarbital and placebo. Pupil photographs were obtained
under light and dark stimulus conditions for each of the drug conditions, yield-
ing measures of effect on pupil size and on speeds of contraction and dilation.
The data were analyzed primarily in terms of the reliability and consistency of
individual pupillary reactions to these drugs.

LSD and chlorpromazine produced significant average pupillary effects,
meperidine produced little effect and secobarbital, none. The degree of reliabil-
ity of individual variations in response corresponded to the degree of average
pupillary potency among these four drugs. A relationship was found between
the effects of LSD and chlorpromazine on the speed of pupillary contraction
and dilation, subjects showing relatively greater effect with LSD tending to
show relatively less effect with chlorpromazine.
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