P

*Significant at the 0-01 Icvel of confldence.

Tesults on serum cholinesterase activity in moental discasos
&o equally at varianco with one anothors®, Of interost
wtho oxtonsive work of Kalow ef al.” on & genotic approach
to tho correlation of human serum cholinostorase to
verious factors.

A population consisting of 321 samples has been
analysed. Of this population, 169 omployees of the
Hospital (clerks, nurses and labourers), 50 por cent of
them males, woro designated on the basis of their availablo
medical rocords as ‘healthy’, and 152 mental patients
(80 per cont males) made up the schizophrenic group.
All blood samplos wore collected 1 h before the mid-day
meal and in the caso of the patients, at tho day of admission,
only individuals without previous medication wore
oonsiderod for analysis. At the timo of tho assay tho
ychiatric diagnosis was not known to tho laboratory.
owover, after the psychiatric record bocamo available
only 76 mental patients (89 per cent malo), all cloar-cut
cases of schizophrenia uncomplicated by opilepsy, ecarly
meningo-encephalomyolitis, alcoholism, barbiturato addic-
tion, liver damage, otc., were oonsidored for statistical

analysis. Samples of 0-01 ml. of blood withdrawn from
fingor-tip puncture were immediately pipottod into

2 ml. of 1: 1 mixturo (kept at 25° C) of 0-1 M potassium
hosphato buffor pH 74 and salt solution containing
04 M magnesium chloride and 0-1 M sodium chloride.

Samples were also taken for hematocrit. For analysis of

cholinesterase activity 0-2 ml. of the foregoing solution

was added to the assay system as described elsewheres,

The spectrophotometric method® was used throughout tho

analyses. The substrates in the assays were acetyl

(ASCh), butyryl (BuSCh), and acetyl-8-methyl(AcMSCh)-

thiocholine 1odides respectively.

The results given in Table 1 show the lovols of cholin-
estorase activity of whole blood as moasured by the
hydrolysis rate of three substrates, that is, acotyl, butyryl,
and acetyl-8-methyl-thiocholine iodides respectively. Tt
was anticipated that those three substrates would be
helpful in rovealing differences, if any, with respect to the
presonce and function of the different typos of cholin-
esterases in tho blood of healthy and schizophrenic
individuals. In applying Student’s ¢ test to tho data
obtained from cholinestorase activity of the whole blood
of hoalthy and schizophrenic individuals, irrespective of
ago, sox, and race, ono is led to the conclusion that thore
is a significant increaso of hydrolysis (P < 0:001) of each
substrato by blood cholinosterase in schizophrenia. Indi-
cation of this difforonco is already intimatoed by the worlk
of Early et al.® on sorwm cholinesterase activity of a small
number of psychotic patients.

In Tablo 2 an analysis of variance is given for a total
of 243 patients for two substrates (ASCh and BuSCh) and

of 207 for acetyl-8-methyl-thiocholine, according to tho
toctini indicated by Snodecor’®, The rosults show that
thio > of cholinosterase activity of the whole blood
inc orenie individuals is significant, the confidonco
leve - & bettor than 0-01. Furthermore, the differonces
Low rvhe soxes aro orually significant, with tho malos
b fughor cholinostoraso activity if the groups are
analysid without rogard to the state of health. If, how-

over, the offoet of sox is considered with the state of hoalth
in view, then in tho schizophrenics, in contrast to the
hoalthy population, tho females will show high values of
cholinesterase activity. Othor factors according to our
results, such as ago and race (Negro versus Caucasian)

R
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1 Table 2. ANALYSIS OF VARIANCE 0F WHOLE BLOOD CHOLINESTKRASE AOTIVITY
PR . ASCh BuSCh AcMSCh
5 S8 Dr MS F S8 DF MS b SS Dr MS F
2 'IEotn.l 15,3190 244 — — 18,854 223— 0—5 0—6‘%6 G,Zgg 8 2(4)8 -3—-7 o {)39
: CEression on g 31-7 49 0-65 0-014 131 2 -0d 5 . )
Male vorsus female 11070 '3 110998 3. Al 1 93300 12-400*° 2790 1 2790 7.800%
¥ Control versus exp., 4,950-0 1 4,950:00 105-000* 3,302 1 3,302-00  44-300% 4910 1 491-0 13-100*
¥ Between races 218-0 1 21800 4600 171 1 17100 2-300 224 1 224 0-600
. Lrror 0,012+Q 102 4700 —_ 14,827 102 74:60 — 5,765+0 154 374 -
Substrates : acetyl-, butyryl-, acetyl-g-methyl-thiocholine respectively.

do mnot show correlation to differences in cholinesterase
activity in the whole blood. It is to be noted, however,
that unfortunately there were no samples available of
Negro female in the schizophrenic population. Therofore,
further assays would be desirablo to establish whether
race is another difforentiating factor of cholinesterase
activity in the whole blood.

These results, while they are in apparent support of
earlier obsorvation! on incroased blood cholinosteraso
activity in schizophrenics, ought not to be construod as
proof in assigning a direct responsibility to cholinesterase
as & causative factor for the behaviour charactoristics of
schizophrenics. The scope of this communication pre-
cludes an extensively cogent discussion of the many
variables contributing to contradictory results in similar
work on interpretation and technique. Such surveys
have been presented by othersil:i2,

I thank all the blood donors and the management of
the Veterans Administration Hospital for their collabora-
tion. These statements and conclusions are the results
of my own work and do not necessarily reflect the opinion
or policy of the Veterans Administration.

EMERY M. GAL*

Veterans Administration Hospital,
Sepulveda, California.
* Prescnt address: Department of Psychiatry, College of Medicine, State

University of Iowa, Iowa City.
! Rubin, L. 8., Science, 128, 254 (1958).

‘Kr(ech,S)D., Rosenzweig, M. R., and Bennett, E. L., Science, 128, 1176
1958).

* Rubin, L. 8., Science, 128, 1176 (1958).
¢ Ellman, G. L., Nature, 192, 1216 (1961).

* Ravin, H. A., and Altschule, M. D., Amer. Med. Assoc. Arch. Neurol. and
Psych., 68, 645 (1952).

* Plum, C. M., Clin. Ckem., 6, 332 (1960).
? KalIow, )W., and Staron, N., Canad. J. Biochem. and Physiol., 35, 1305
(1957).

® Gal, E. M., and Roth, E., Clin. Chim. Acta, 2, 316 (1957).

® Early, D. F., Hemphill, R. E., Reiss, M., and Brummel, E., Biochem. J.,
45, 552 (1949).

1 Snedecor, G. W., Statistical Methods, fifth ed. (Iowa State Univ. Press.
Ames, Iowa, 1961).

' Kety, 8. 8., Science, 129, 1528 (1958).

1* Augustinsson, K. B., in Methods of Biochemical Analysis, 5 (Interscience
Publishers, New York, 1957).

Effects of Lysergic Acid Diethylamide on Urinary
17-Ketosteroid and 17-OH Corticosteroid Levels
of Female Rats

THE marked aberrations in mental functions produced
by minute doses of lysergic acid diethylamide (LSD-25)
rosemble aspects peculiar to schizophrenial:?. As a rosult
the drug has been suggested to be, and used as, an effective
tool for tho exploration of mechanisms and patho-
physiology common to schizophrenia and LSD-25 intoxi-
cation?®3,

Various investigators havo oxplored tho effocts of
LSD-25 on the pituitary-adrenal axis via alterations in
adrenocortical output®-®. It has becn roported that
LSD-25 appeared to stimulate the pituitary-adronal
system as indicated by increasod urinary 17-ketostoroid
levels in mans. Bliss e al.b similarly reported elevated
17-OH corticosteroid levels in the peripheral blood of
subjects who reacted to the drug with significant emo-
tional disturbances. Nadel et al.s, however, investigating
urinary corticosteroid levels, claimed that LSD-25 did

S —
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‘hot significantly alter the activity of the pituitary--

bdrenal axis in treatod guinea pigs.

The present investigation sought to determine the effects
of prolonged and intormittent administration of LSD-25
on adronal function by evaluating alterations in urinary
17-kotostoroid and 17-OH corticosteroid-levels. The
#xcretion of urinary 17-kotosteroids?™® and 17-OH corti-
¢ostoroids®® have boon frequontly used as indices of
adrenocortical activity.

Forty-eight femalo Wistar rats averaging 100 g in
body-weight were divided equally into 3 groups. (All
rats, including controls, were housed singly in metabolism
eagos. The room temperature maintained by an air-
conditioning system ranged from 22° to 24° C. The average
Iovol of the laboratory background noise during the
period of experimentation was 68 decibels during the
daylight hours?%:22, The laboratory recognizes, moreover,
that isolation per se, by its neurotic-inducing tendencies,
may counteract or minimize the endocrinological effects
of an experimental situation. Previous investigations of
isolated versus paired mice indicated significant increases
in adronocortical funetion?®®) Group 4 and B rats wore
injocted subcutaneously with 50 and 75 ug doses of
LSD-25 dissolved in normal saline. Group C control
animals roceived an equivalent 1 ml. volume of saline.
To diminish the development of tolerance®:1, six injec-
tions were administered on alternate days. Urino samples
were collectod on the twelfth day for the 24-h period
following the sixth injection. One ml. volumes wore
subjocted to 17-ketosteroid analyses by the mothod of
Rappaport et al.’2. Similar volumes wero used for free
17-OH corticosteroid analyses'. Urine volumes moasuring
less than 2 ml. were discarded.

Table 1. EFFECT OF LSD-25 ON URINARY 17-KETOSTEROID AND 17-OH
CORTICOSTEROID PRODUCTION IN FEMALE RATS

. n Dose 17-Keto 17-0H
Group (u2) (uglday) (ug/day)
€Group 4 + S.E. 14 50 550 + 62 73+ 15
Group B + S.E, 14 75 584 £ T4 111 + 44
Group C + S.E. 15 — 459 + 53 42 + 0-6
p difference between 4 and C + 19-8 + 73-8
value 0-28 0-08
z, difference between B and ¢ + 272 + 1643
value 0-18 0-12
o difference between 4 and B + 62 + 521
value 0-73 042

Table 1 lists the alterations induced by LSD-25. It is
epparent that although the 50 and 75 pg doses induced
19-8 per cent and 27-2 per cent increases in 17-ketostoroid
eutput, these increasos were not statistically significant!4.
Analyses of the 17-OH corticosteroid data revealod 73-8
and 164-3 per cent increases in group 4 and B values
which approached the 0-06 and 0-12 levels of significance.
Whilo the differences between group 4 and B roactions
wore not statistically significant, the results demonstrated
that the highoer dose produced somewhat greator altera-
tions in the steroid levols.

It is of interost that Bliss et al.? reported raised 17-OH
eorticosteroid levels in subjects displaying significant
emotional disturbances but normal diurnal response
patterns in subjects remaining emotionally calm after
sdministration of LSD-25. Although the psychological
response patterns of the various individual rats were not
obsorved sufficiently to permit correlation of emotionality
responsos with the corticosteroid levels, the highest 17-OH
eorticosteroid value observed in group C rats was 8-6 ug.
This value was excceded by 4 rats in group A and 5
rats in group B, which attained lovels as high as 52 pg.
This suggosts the importance of comparing graded
psychologion] rosponso pattorns of emotionality against
tho biochemical paramoter being investigated.

In goneral, thoe results prosented here agree with claims
reporting stimulated adrenal activity*s.  Additional
evidenco of alterations in eosinophilic*'5 and leuko-
gytic'® froquoncics similarly support this premiso. Al-
though Nadol et al.b reported no significant alterations in
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pituitary-adrenal activity, their data, nevertheless, indi-
cated that LSD-25 caused a 19-2 por cent increase in
urinary corticosteroids. The use of pooled guinea pig
urine volumes in the Nadel et al. investigation woula
tond to neutralize and limit tho observation of individua:
variations.

In conclusion, the work recorded here indicates tha:
LSD-25 induced pronounced increases in free 17-OH
corticosteroid levels and moderate increases in “he
17-kotosteroid lovels. This suggests incroased pituivery-
adrenocortical activity effects in tho fernale rat. It is of
interest that the LSD-25-induced hormonal alterations
resemble pathophysiological patterns noted in coriain
schizophrenias. This indicates a possible relationchip
of LSD-25 intoxication responses to schizophrenia which
may go beyond more hallucinogenic similarities. To
illustrato, Sackler et al.’® prosent cvidence indicative of
elevated adrenocorticoid effects in schizophrenic paticnts
and counter evidence of an improvement of psychosis
following massive sex steroid therapy. These improve-
ments were likewise associated with increascs in eosinophil
lovols. Bliss et al.® reported increases in 17-OH corti-
costoroid output of disturbed schizophrenics and Alt-
schulo!” similarly noted increased urinary 17-kotosteroid
excretion in schizophrenics. Thus, the presont findings
of a stimulatory offect on the pituitary-adrenal system
parallels conditions observed in schizophrenia. This
lends support to thoe Sackler et al. hypothesis that relative
and operative hyperadrenocorticalism and related con-
comitant eondocrine deficiencies, such as relative or
absolute hypothyroidism and/or hypogonadism, may be a
possible wetiological and pathogenetical factor in at least
one subgroup of schizophrenins!®19,

We thank Sandoz Pharmaceuticals, Hanover, New

Jorsoy, for supplying the LSD-25.
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