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_ Table 2. A,_._YsIs OF 1/AR1ANCI'] OF WHOLE ][_LOOD CHOLINEBT_I_.SE _kOTIEITY

ASCh BuSCh AcMSCh
" SS DF MS F _S DF MS F SS DF MS F

'lJotM 15,3 t.q .0 244 _ 18,854 244 -- _ 6,747.0 206 --
l_c_rcssion on age 31-7 49 0.65 0-'_14 13]L 49 2.68 0.036 190.0 49 3.7 0"_9
Mate versus female 1,107-0 1 1,107 "00 23.600* 923 1 923 "0O 12"400" 279 '0 1 279 '0 7 "500"

Control versus exp. 4,950.0 1 4,950 '00 105.000" 3,302 1 8,302.00 44,300* 491 '0 1 491-0 13"100"
Between races 218-0 1 218"00 4.600 171 1 171"00 Z'300 22'4 1 22'4 0'600
Error 9,012 '0 192 47 '00 -- 14,327 192 74 '00 _ 5,765'0 154 37'4

Substrates: acctyl-, butyryl-, acetyl-fl-methyl-thioeholinerespectively.
*Significantat the 0.01 le_'elof confidence.

r_ults on serum cholinesterase activity in mentM discuses do not show correlation to differences in cholinostorase
ij!r0 equally at variance with one anothorS,% Of interest activity in the whole blood. It is to be noted, however,
ilJthe extensive work of Kalow et ald on a genetic approach that unfortunately there were no samples available of
_o the correlation of human serum cholincstcraso to Negro female in the schizophrenic population. Therefore,
various factors, fmcher assays would be desirable to establish whether

A population consisting of 321 sample_ has been race is mmther differentiating factor of cholinestcrase
analysed. Of this population,169 oml?loyoesof the activityinthe whole blood.
_ospital (clerks, nurses and labourers), 50 per cent of These results, while they are in apparent support of
them males, wore designated on the basis of their available earlier observation _ on increased blood cholinosteraso
medical records as 'healthy', and 152 mental patients activity in schizophrenics, ought not to be construed as

(A�10iper cent males) made up the schizophrenic group, proof in assigning a direct responsibility to cholinesteraseblood samples wore collected 1 h before the mid-day as a causative factor for the behaviour character;sties of
mcM andhltho case ofthe patients, atthodayofadmission, schizophrenics. The scope of this communication pro-
only individuals without previous medication were eludes an extensively cogent discussion of the many
considered for analysis. At the time of the assay the variables contributing to contradictory results in similar

Chiatric diagnosis was not known to the laboratory, work on interpretation and toctmique. Such surveys
wover, after the psychiatric record became available have boon presented by othorsU,_%

only 76 mental patients (89 per cent male), all clear-cut I thank all the blood donors and the management of
c_sos of schizophrenia uncomplicated by epilepsy, early the Veterans Administration Hospital for their collabora-
moningo-encephalomyolitis, alcoholism, barbiturate addle- tion. These statements and conclusions axe the results
tion, liver damage, ere,, wore considered for statisticM of my own work and do not neoessarily reflect the opinion
analysis. Samples of 0'01 ml. of blood withdrawn from or policy of the Veterans Administration.
£mger-tip puncture wore immediately pipotted into
1_ml. of 1:1 mixture (kept at 25 ° C) of 0.1 M potassium EM:I_RYM. GAL*

osphato buffer pH 7.4 and salt solution containing Veterans Administration Hospital,
4 M m_gnesium chloride and 0"1 _1 sodium chloride. Sopulveda, California.

_mples were also taken for h_ematocrit. For analysis of * Present address: Department of Psychiatry, College of Medicine, State

cholinesteraso activity 0.2 ml. of the foregoing solution University of Iowa, Iowa City.
was added to the assay system as described elsowhercL aRubin, L. S., Science,128,254 (1958).
The spoetrophotomotric method s was used throughout the * Krech, D., Itoseuzwelg, 3I. It., and Bennett, :E. L., Sc/ence, 128, 1176(1958).

a_alysos. The substrates in the assays were acotyl 'Itubin, L. S., Sclenee,lP,8, 1176(1958).
(ASCh), butyryl (BuSCh), and aeetyl-_.methyl(AcMSCh)- , Ellman, G. L., Nature,192, 1216 (1961).
tl_ioeholine iodides respectively. , florin, E. A., and Altschule, M.D., Amer. Med. Ad*oc.Arch.Neurol.and

The results given in Table 1 show the lovols of cholin- Psych,, 6S, 645 (1952).' Phnn, C. },L, Ctin. Chem., 6, 332 (1980).

_toraso activity of whole blood as measured by the ' Kalow, W., and Starch, N., Caned. J. Bioehem. and Physiol., 35, 1305

hydrolysis rate of throe substratcs, that is, acotyl, butyryl, (_957).
and acetyl-_-methyl-thioeholine iodides respectively. I_ , Oal, :E. 3I., and Xoth, E., Olin. CMm. Acta, 2, 310 (1957).

was anticipated that those throe substratos would be , Early. D. F., HemphUl, R. E., Reiss, IK., and Brummel, E.. Biochem. J..45, 552 (1949).

helpful in revealing differences, if any, with respect to the _' Sncdeeor,G. W., StatisticalMethods,fifth ed. (Iowa State Univ. Press.
presence and flmction of the different typos of cholin- Ames,Iowa, 1961).

estorasos in _ho blood of healthy and schizophrenic n Kety, S. S., Science,129, 1528 (1958). lt* Augustinsson, K. :B., in Methods el Biochemical Anedys_, 5 (lnterscience
individuals. In applying Student's t _est to the data Publishers, :NewYork, 1957).
obtained from cholincst(u'aso activity of the whole blood
of healthy and schizophrenic individuals, irrespective of

ago, sex, and race, on(, is led to the conclusion that there Effects of Lysergic Acid Diethylamide on Urinary
is a significant incroa_o of hydrolysis (P < 0.001) of each 17-Ketosteroid and 17.OH Corticosteroid Levels
substrato by blood eholinostoraso in schizophrenia. Indi-
cation of this diffcrolwe is already intimated by thework of Female Rats
of E_rly et al2 on soru:-,_ cholinesteraso activity of a small T_E marked aberrations in mental functions produced
number of psycbotic patients, by minute doses of lysorgie acid diethylamide (LSD-25)

]n Table 2 an analysis of variance is given for a total resemble aspects peculiar to schizophrenia_,% As a result
of 245 patients for two substrates (ASCL and BuSCh) and the drug has been suggested to be, and used as, an effective
of 207 foe aeetyl-_-methyl-thiocholinc, according to the tool for the exploration of mechanisms and patho-
t_(,,_niquo indicated by Snodocor _s. The rostflts show that physiolog3r common to schizophrenia and LSD-25 intoxi-
t],,, ;.:-:'_...,,_ of eholincs_orase activity of the whole blood cation _,_.
in .... /.,.?,.vonic individuMs is significant, the confidence Various investigators have explored the effects of t
lc,_ -',., ;.;/better than 0-01. Furthermore, the differences LSD-25 on the pituitary-adrenal axis via alterations in
L,v .... :_ -,he so_os are equally significant, with the males adrenocortical output _-s. It has boon reported that
h:_ ;:; hl/her cholino._iorase activity if the gToups are LSD-25 appeared to stimulate the pituitary-adrenM
an.::,.-.d without r_)gard to the state of health. If, how system as indicated by increased urinary 17-ketosteroid
,w.c, _ho c,ffoct of sex is considered with the state of health levels in mant Bliss etal. s similarly reported elevated
in view, then in the schizophrenics, in contrast to the 17-OI-I corticostoroid levels in the peripheral blood of
healthy population, the females will show high vMuos of subjects who reacted to the drug with significant emo-
eholinosboraso activity. Other factors according to our tional disturbances, l_adel e_ a/.% however, investigating
results, such as ago and race (Negro versus Caucasian) urinary cortleosteroid levels, claimed that LSD-25 did
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'hot significantly alter the activity of the pituitary- pituitary-adrenM activity, their data, nevertheless, in, li-

_drenal axis in treated guinea pigs. eared that LSD-25 caused a 1(,}'2 per cent inere_,s_, i_,
• J_ The present investigation sought to determine the effects urinary eort.ieosteroids. Tim use of pooled gttine_, pi 2

i_f prolonged and intermittent administration of LSD-25 urine volumes in the N'adel et al. lures\ignition weui, i
pn adrenal ftmetion by evaluating alterations in urinary tend to neutralize and limit the obscrw,Aion of indivldm_i

i7-kotostcroid and 17-OH cortieostcroid-levels. The w_riations.

excretion of urinary 17-kotosteroids7,S and 17-Ott eorti- In conclusion, the work recorded here in(tieat_,s tim:

itosteroids a,9 have bonn frequorttly used as indices of LSD-25 induced pronounced increases in free 17-O}[
i_drenooortieal activity, corticostoroid levels and moderate increases it. _h,,

Forty-eight female' Wistar rats averaging 100 g in 17-ketosteroid levels. This suggests increased pitui,m'y-
body-weight were divided equally into 3 groups. (All ada'onoeortical activity effects in the fL'male rat. llt is o','
tats, including eontrols, were housed singly in metabolism interest that the LSD-25-indueed hormonal alt,_r:_tien,_

cages. The room temperature maintained by an air- resemble pathophysiologieM patterns noted in c'_,rt:'..ip.
conditioning system ranged from 22 ° to 24 ° C. The average sehizoptu'enias. This indicates a possible r('lation_hi 1)
level of the laboratory background noise during the of LSD-25 intoxication responses to sehizophreni_ which
period of experimentation was 68 decibels during the may go beyond more hallucinogenic similarities. To
daylight hours=0, 2x. The laboratory recognizes, moreover, illustrate, Saeklor et al. _ present evidence indicative of
that isolation per se, by its neurotic-inducing tendeneies, elevated adrenoeorticoid effects in schizophrenic patients
may co\interact or minimize the endocrinologieal effects and counter evidence of an improvement of psychosis
of an experimental situation. Previous investigations of following massive sex steroid therapy. These improvt_-
isolated versus paired mice indicated significant increases ments were likewise associated with increases in eosiItophil
in adronoeortieM fimetion22.) Group A and B rats were levcls. Bliss et al. s reported increases in 17-OH eorti-
injected subcutaneously with 50 and 75 _xg doses of eosteroid output of disturbed schizophrenics and Alt-
LSD-25 dissolved in normal saline. Group C control schulo _: similarly noted increased urinary IT-kotosteroid
tuHmals received an equivalent 1 ml. volume of saline, excretion in sehizophrenies. Thus, the present tk,_dings
To diminish the development of tolerance _°,n, six injcc- of a stimulatory effect on the pituitary-adrenal system

$ions were administered on alternate days. Urine samples parallels conditions observed in schizophrenia. This
were collected on the twelfth day for the 24-h period lends support to the Saekler et al. hypothesis that relative
following the sixth injection. One ml. volumes were and operative hyporadrcnocorticalism and related con-
subjected to 17-ketostoroid analyses by the method of comitant endocrine deficiencies, such as relative or

tRappaport et al. _2. Similar volumes wore used for free absolute hypothyroidism and[or hypogonadism, may be a
17-OIt eorticostoroid analyses _s. Urine volumes recast\ring possible a_tiological and pathogenetie_d factor in at least
less than 2 ml. wore discarded, one subgroup of schizophrenias\S,1%

"_Vc t,hank Sandoz Pharmaceuticals, I_anover, New

_l'able 1. EYFECT OF LSD-25 ox UItINAIIY17-Kt:TOSTEROIDAND17-0I[ Jersey. for supplying the LSD-25.
COlITICOSTEROIDPRODUCTIONIN FEMALERATS ' • i. _{. SACKLEI(

n Dose 17-Keto 17-Oil
Group (pg) (/_g/day) (_g/day) .A.S. _VELTMAN

lElroup A +_S.E. 14 50 55"0 ± 6.2 7"3 ± 1"5 I-[. OWENS
t3roup B ± S.E. 14 75 58.4 ± 7.4 11.1 ± 4.4
Group C ± S.E. 15 -- 45-9 +_5.3 4.2 +_0-6 Laboratories for Therapeutic Research,_[odifference between A and C + 19.8 + 73-8
JPvalue 0'28 0"00 Research Institute,
_ difference between B and 6' + 27.2 ± 164.3 Brooldyn College of Pharmacy,value 0"18 0"12

o difference between A and B + 6.2 + 5"2.1 Long Island University,
value 0-73 0.42 Brooklyn, New York.

Ferret, G. 1L, and Goldner, IL D., Arch. Neurol. and Psyehiat., 6_, 581
Table 1 lists the alterations induced by LSD-25. It is (1951).

spparent that Mthough the 50 and 75 [xg doses induced ' Lingjaerde, P., and Skaug, O. E., J, Nerv. and Mont. Dis.,124, 578 (1956).
19"8 per cent and 27.2 per cent increases in 17-ketosteroid ' Sackler, A. 5I., Sackler, It. It., Marti-Ibanez, F., and Sackler, ._1. D.,

J. Clin. and Exp. Psychopath., 15, 382 (1954).
output, those increases wore not statistically significant _. , Itoa_Iand, H., I_inkel, 5I., and Hyde, 1_. W., Arch. Neurol. sad Psyehiat.,
Amalyses of the 17-OH eorticosteroid data revealed 73.8 73, 100 (1,_55).

and 164.3 per cent increases in group A and B values _BIiss. E.L.,Migeon,C.J.,Branch, C. tt. tI.,andSamuels, L.T.,Psychosom.
Med., 18, 56 (1956).

which approached the 0"06 and 0.12 levels of significance. ' Nadel, E., Burstein, 8., and ltoagland, tI., Amer. J. Physiol., 189, 73
While the differences between group A and B reactions (1_57).
wore not statistice, lly significant, the results demonstrated ' tIerrnmnn, w. L., Sehtndl, I. K., and Bondy, P. K., Prec. Soc. E_p.

Biol. and Mcd., 103, 103 (1960).
that the higher dose produced somewhat greater alters- " M:umlay, K. A., and Blanc, G. J2., J. Endocrinol., 20, 266 (1960).
tions in the steroid levels. _Glenn, E. 5L, and Nelson, D. II., J. Clin. Endocrinol., 13, 911 (1953).

It is of interest that Bliss etal. _ reported raised 17-OI-I '0 Isbell. ]L, ]_elleville, R. E., :Fraser, H. F., Wiklcr, A., and Logan, C. R.,
eorticosteroid levels in subjects displaying significant Arch. _'eurol. and Psychiat., 76, 468 (1956).

n Fehl. 5I., Goodman, ft. II,., and Giudo, J. A., J. ,Very. and 3lent. Di_'.,
enlotional disturbances but normM diurnal response 126, 176 (i958).
patterns in subjects remaining emotionally calm after ': I_appaport, F., Fiseh], F., and Pinto, N., Clin. Chem., 6, 16 (1960).
Iclministration of LSD-25. Although the psychological '_ Liddlo, G. \V., Richard, Y. E., and Peterson, 11,.E., Endocrinol.. 57, 594
response patterns of the various individual rats were not (L%5).

_ Snedeeor, G. W., Statistical Methods, fourth ed. (Iowa State College Press,
' observed snffieiently to permit correlation of omotionality Ames. 1946).

leesponscs with the eortieosteroid levels, the highest 17-OH '_ Saekler, A. M., Wcltman, A. 8., and Sparber, 8. lq., Effects of Lysergie
Acid Diethlflamide (LSD-25) on the Total .Leukoeyte$ and Eosinophils

Imrtieosteroid vahm observed in group C rats was 8-6 Ixg. of the 1,'emeticBat (i_t the press).
This w_lue was exceeded by 4 rats in group A and 5 _"Saek/er,5[.D.,Sacklor, i2,.ll_.,Sackler, A. fI.,andvanOphuijsen, J. li.W.,
_,ats in group B, which attained levels as high as 52 Izg. J. Clia. Psychopath., 11, 15 (1950).
This suggests the importance of comparing graded "Altschule, _[. D., 2_'ewEngland J. 3Ied., 257,.919 (I957).'_Saekler, A. 5I,, Sacklor, It. 1_., _art|-Ibanez. F.. an4 Saekler, _I, D,.

: _ycholegieM response patterns of emotionaligy agMnst d. cIia. tt_d Exp. Psychopath., 15, 882 (1954).
i _0 biochemical parameter being investigated. '0 8ackler, M. 1)., Saekler, It. It., ?,Iarti-Ibanez, F., and Saekler, A. M.,
i In goneral, the results presented hero agree with claims Q_tart. ]tet,. t'st.¢chiat, and Neurol., 17, 297 (1956).
'. :0Sac!tier, A. 5[., Weltman, A. S., and Jurtshuk, jun., P., Aerospace Medicit_e.
i _porting stimulated adrenal activity _,_. Additional al, 749 (1960).

evidcne,_ of alterations in eosinophilic _,_ and leuko. :t Weltman, A. S., Sacklcr, A. 3I., and Gennis, J., J. App. Physiol., 16,

i I_rtic _ f'requcnei(_s similarly support this premise. A1- 587 (_96_).
_ \Veltman, A. S., 8acklor, A. 3r., Sparber, S. 1L, and Opert, 8., Pod. Prec.,

i t_aough l_adel etal. s reported no significant altorations in 21, 18.I (1962).


