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. CROSS TOLICRANCE BETWEEN LSD=25 AND PSILOCYDIN.

Recently 1t has Been shown (Hofmann et al, 1958;;
Isbell, 1959) that GePhosphoryle=l=hydroxy=iedinzthyl tryptamine
{hercafterrrefer?ed te as peilocybin), a compound fzolated froa
certaln species of mushrooms (Hofzmann ct al, 1958b) which ars
usecd ceremonially Ey,Méﬁican Ind{sna (ﬁhsscn and tassoa, 16571,
has psychotca{;gtlc properties very similar to thosze of LSD=25.
The close rescemblance of the patterns of symptoma induced by
L350 and psilocyblia suggested that thess drugs cause a psychosis
by some commaon blochéaical or physieloglecal mechaniza, Since
the effecis of LSD diminiah rapldly when the drug {z given
dnily {(Isbell et al, 1956}, it was felt that the hypothesia
that tﬁa LSD and psiloaybin psychoses arz identical cquld be
tested by determining {f crossetoizrance existed between the
twe drugs. I1a other words, if the degree of tha reaction
induced by a given desa of psilocybin was zignificantly less
in a pérsan made tolerant o Lsﬁ, crosg tolerance would be said
to exist, and, conversely, the rezactlion to a given dose of LSI
should e reduced Iln g person tolerant to psilocybine In the

latiar cgse, {4 la {mplied that tolerancz te pailocybhia would
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METHORS

Sud izcts. Fivs male former opiate pddicis who were
serving gsentences for viclatlon of the Ue S. narcotic lawa
voiunteared for the exparimenis. Their ages varled between
25 and 35 yea?s; A1l were physically healthy and none presented
any evidence of the majer psychsses. All had received LSD=25
in previcus expcrimgnté. | :

General Condliiona., Ths subjects were houzed in a special
< .

ward devoted to clinical research. Temperaturas, respiratory
rates and blood pressurcs were measured three tlmes dally after
the patlents had restzdvquietiy in bed during days in which
gpecial mcasurements'were not being nmades. The patients were
sbservaed by speeially trained aldes with long experizsnce in.
detaéﬁing drug=induced changes in behavior. |
Druas. The design of the experiment is summarized In
Table . LSD and psilocybin were givea in 30 cc of cherry syrup
at 3 a.m, with the patiénts fasting. All doses wers caiculsted
oen a mcg/kg bazis, Control experiments were carried oul, using
1,8 meg/itg of LSD, 150 meg/kg of psilocybia and a placchbo,
before the Tirst perled of chronle Intoxicatlion and after the
perlod of placabo medication prior to the sgcond periced of

tntoxication. Control tests with LSD and psilocybia were
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conducted ai least Tive days spart in order to preveat the
developmgnt of tolerance, The order of administration of
plagedbes, LSD an& pellocybin was randomized in both conlrel
perisds, .

There wers iwo periods of chronic drug admlnistration ==
cne with LS3 and cnz wiin psllocybine. Ths order in which the
S patients recaived tpe'hrugs chronically (first or second)
was raadcmlzgd; with 3 receivingﬁLSD first and 2 recelving
gsilocytin first. Aftsr the necessary meas#rements had been
obtalnad, L3SD or psliiccybin was replacsd with placebos for at
izast zeven days, after which the second controls were oblalned.
Following this placsbo peried, those patlenls whe had rseslived
L5D chronlcally recssived psilocybin chroniecally, znd vies versa,

T%e doses of LSD and pailocybia on the first day of
chronic Intoxlcation were 0.25 mag/ug and 25 megfig respectivaly.
Thess doses were increased by 0.25 meg/kg (LSD) or 25 meg/xg
{psitocybin) on each sncééeding day until 1.5 meg/ig ¢f LSD or
130 meg/lig of vsilcaybia were being given‘cn the gixth dave.
On the eighth or ninth day of chronic gdalnistraticn detaited
megsurencnts ware meade after adminisiration of the drug which a:

thez patient had deen recelving chrenlcalive This perved a2 s
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‘test of "direct! tolerance to that drug. On the subsequent

doy, the paticnt was “chéllenged“ with the drug (1.5 mcg of
L3SD or 150 meg of psilocybzn) that he had #ct heen recelving.
This sarved 33 a test of “crcssh tolerancs. .

The patients were thea placed on placehos for 7-10 days
after which they were ?zgted ééain with placebo, 1.5 mcg/ig of
13D, snd 150 meg/ug of’;silocybin‘ Thesz "second caatrois®
were obtained o detafmina if tclefancé had besn lost,

The patlents were then rcturned to chroalc msdicatlon
follawing the sche&u!a descriled above, with those petlientis
who received LSD in the first period of chronle administration
now being glven psiié;ybin, and vice varsa. The patients were
then chgllenged with LSD and psilocybin in the manner described
abeve, |

Chservations, Duriag each day of the canlirol periods and

the perleds of chronic drug adainistiration during which the
patienta were "chaliengzd” with placedo, LSD or psilocybin

the following ehservaiions ware mazde al hourly intervals twice
befors énd eight'timcs after gdmalnistration of the drugs:
rectal {experature, pulse rate, systolic blood pressura,

pupillary size, and threshold for ellcitation of the kneejerk,
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The methods uéed were those previously described (Isbell et gl
19563 Isbeil et al, 1659; lIsbell, 1959)« Ina additlon the
patiecnts camplateﬁ, with the help of an aide, @ apecial

guestionnaire at nourly intervals from 7330 &.0. te 3:30 p.m.

s

AL thesz sSams txmcs, qenaral notes on behavior were uritien.

(:3

Clinical grades of tac intensity of the reactlon wera assigned
on the basls of thz ,ysten of Isbell et a2l (1956).

Analvynts of Data,. ter drug auainisbration the changs

fn rectal tdmparature, pulse and resplratory. rotes, pupillary
size, bisod pressure and threshold for ellcitation of the

ez jerks were éalculated ty subtracting the averags of the

two preedrug ohssrvauians from the values ebtzined at varlous
hourze The areas under the timee-action curves-fcr each |
particular ucasaremuut compesed of these flgures were calculated
By the method of ‘winter and Flatsker {1950), thus coaverting

all the data on a particzlar sublect, a particular drug and &
particular day to one figure termed ®degreg=hours” (tempsrature),
Tyeat-hours® (pulss rate}, etecs 7The £ota! number of positive
reaponses on the questionngire were counted over the entire
period, eliminating answers vhich were also scored pesitively

refors the drug. eans and standard errors c¢f means were

caleulated accordiag to siandard statistical technigues.




The diffsrences In the varlous msasurements after placabo,

1.5 meg/kg of LSD, and 150 meg/kg of psilocybin In the firat
‘and second contrel periocds were evaluated by a tetest for paired
ebgervations {ZIdwards, 1944}, Since none of the differences
were stetistically significant in the twﬁ sels of controls, they
éere averzaged and the averages uzed in evaluatlag the pfcsence
and degree of tolérancé;and crossetolerance, .
Ths differencesfiﬁ the effect ér iSB and pslioceydbin gfter
chronic administratlon of LS8R and psllocyblin were then evaluated
by the same‘statisfical iachnlqua for differances In paired
ctservstions. Four ceomparissns were made: (1) response to LED
after chronlc administration of LD {direct tolerancas to LSD};
{2} response to psixacybin after chronle administration of LSD
(crosg toiarance.LSD and psilocybin); (3) response to psilocybin
after éhronic administration of pslilocyblin (direct tslorance to
psllocybin); and {4} response to LSD éfter chronic sdainlstraticn
ef psilocybin (cross tolerance psilocydin end LSD). Thz signs
of the differences were so arranged that g mianus (=) sign
ind{cated a decreass in the measurement af;ét chronic {ntoxicatisa

a3 comparsd with conirol, and a plus (+) sign Indicated an

{ncrsense,
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RESULTS

The dlfferences beiwesn the first and sccond controls are
shownt in Tadble 2. ﬁdne of the diffecrences are statistically

significant, as indicated by the large standard errors. There

€«

did scea to be a tendency for the measurements of pulse rate,
blood pressure, and threshsld fcr_tha kneg jerk to decrease on
the second control,. /A'élight ée;%eaaeiin the nunber of positive
responses on the sccond control ;lso ﬁccurred with both LSO and
psilocybin.' These decreases may possibly tndlcats that scome
degree of residual tolerance and croés tolerance wasg present
even after a wsek's tine. |

The diffsrences in the responses to LSD and pailceybin
after chronic administration of either drug are showm §a Table 3.
The ff?sg column shows ths response to L%p after chreonlce
sdministration of LSD, and reflects direct telerance to LSD.
The second column shows tha response to psilocybin after chronle
treatment with LSD, and fefiecta Targss" tolerance between LSD

and psilocybin. The third eslumn shows tha respconse to LSD after

chronle administration of pailoecydln, and 1z a measurs of croas

toleronce between LSD and psilecybin. The last (fourth) colum =
shows the rasponse to psilocybdin after chronic treatment with

psilceybin, and is g measure cf dirgct toleranss ic psilocybin,




Inspection of ths table shows that all tha slgns were minus

signs, which suggests ths presence of tolerance and cross
tolerance to both drugse In thz case of direct tolerance {first
column) to LSD, tha changes were highly significant statistically
(P <0.01) on thrze measuras (bla?d'pfessurz, pupillary 'size, and
clinical grads) and sign;ficantQ(P <Q.05) cn one measure {pulse
rate}e In the cases of ¢}fe¢t tslerance o psilocybin {fourth
column), highly significant decreasss efé observad in threshold
for thz kneelsrk, and on ¢linical grade. A significant change
in ihe pulse rate was also seen, In the cass of cross tolerancs
between LSD and psflo;ybin, 8 highly significant dscyrease was
obzerved in ith2 thresholid for ths knee jark, aad signifiicant
decreases wsro ssen on blood pressure, pupillary size and
clinical grada, Thas resulis are not as cicar in case of cress
tolerance batwzen psilocybin and LSD (coluwn 3). Although the
responses wsre less on all reasures, the changss were signif-
fcant oaly In the cases of the blood pressurs and clinical
grada.

The data legve little doubt ithat a great deal of direct
telerance to LSD was inducad, and that, whils tﬁe patienls wer

tolcrant to L3D, considsradble cross tolerance to psiloeybin was

préssnts  In the case of direct tolerance to psilocybin,
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intérpretaticﬁ {3 not gs easy. Although all the changes were

in the preper ﬁirectica,iand, {a the casg of two of the
measurcaents, highly significant, ths magnitude of the decrease
{n the resconses was less than with dire&t toleranece to LSD.
Thesea facts'suggest.that, sltheugh teleranse to psilo;ybin does
develop, it dosvelops mors slowly or {s less complete than is
tolerance to LSD, For %his réascg, the relatively szall {though
consistent}) dsclins ln the 23ponse tg iSB after chroaic
treatnent with psilocyblan is not surprisiag.

The faiiare to reach sigaiflcance in the decreasz {n
respansss on the questlonnaire wes due in‘evs:y case to one
individual who was very sensitive ta hoth drugs whila not
tolerant. He scored ever 200 responzes after LSO, and over G0
responses alter péilccybin in both the first and second contrels.
The runber of responses on challenge wiih elither LSD or psilioe
cybin after chrenic adminisiration of eliher drug varied bstween
10 and 30. The decrease in the auaber of positive responses
was,; therefore, very greai and indicstive of a high degreas of
toleranca and ecross toleranse. The large size of ths differcence,

: for the group as a whole
however, shkewed the disiribution ef the data/and nade the

varfance very large, and therefore pravented a statisticaliy

significant rescit,




. Since tha expsriment was not entirely concluslive; and

stnce the fallurs to rcech a completely conclusive result
might bs duaz to the small nuaber of sublacis, It should be
repeatzd using the same deéign in the hope that the large

mumber of subjests will reduce the varlance, It s also

-
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pessible that the failure to reach statlistlcal sigalficance

wzs due to a relatlvely;QCw degrez of tolerance to psllocybin. w |

Ia the latter case, tﬁe'pericd oc-chfanic treatmant with

peilscyblin shodld be extended and, perhaps the psllocydbin

dosage shculd b2 increased te 200 meg/Kg.
Although net watirely conclusive, ths results ara |

sufficliently suggesiive to suppert rathar strongly the notien

that LSD gnd psllcocydin induce a paychesis by some common

bicochenical or physioclogical mechanism,
SUMMARY

1, Crogssz tolerance between LSD=-25 and psilocybln was
tested by "challangiag; 5 men with 150 meg/ig of psllocyblin
after they ha& recelved L3D=25 onca daily for 7-8 days
{25 meg/kg increasing to 150 meg/hg)a |
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2. A high degree of "direct” tolerance developed to LSD

after chronic administration for 7-8 days. The development of
fdtrect™ toleranez to psilocybin was not provad conclusivaly,
althoush thec results are sirongly suggestlve that partial
tolerance to psilocybin was preszat,. ‘_

3. Responses Lo gsilocybfn after chronie administrailon
of L3D ars highly sugg%;tive el cross }saarancc batween st and
psilocybin. Diminutiocd in the responses to LSD after chroalc
treatzsnt with psilecybin, while suggsstive,. were nol sulficieatly
qreal to estahiish conciuvsively the presance of créss tolerance |
setween psilocybin and LSD.

L. The experiment should be extended to include at least
5 oiher 3ﬁbjests and, if tha reanlis are still incoacluslve,.

LSO and paitocybin should be exlended for a ionger pericd of

timg and higher doses gliven.
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Footnota t. We are fncebtzd to Dr3e Re Bircher snd

C, Henze of Sandog pharmaceuticalss Hanover, He. Jo foT

supplies of psilocybin and LSD.




Table 1.

Lrperlmental Design for Testing Cross~Tolerance

Il

Z?*iZO

Detween LSD-25 and Psllocyhin {(V=C=9),

Day o 2
Periosd [ rrriient hub lects d Suhlects ¥~ Rumpris
nutrol 1, 2or 3 LSk, 1.5 meg/ig V=C=5, 150 meg/ig To obtnin basal data
£ A L, % or & Placebho - Plancebo Order df tests rancomized

2, 10 or 11

Vel=b, 150

meg/lg

LSD, 1.5 mcg/fitg

Al leant five days belwoen tests
with LSD sid VaUa5

“hronle
fininige
tration

12 or 13 to

19 or 20
29 or 21

Lsh, lncreaslng

to 1.5 ncq/nq

Lsh, 1,5 meg/x
7 kg

V=G4, lncreasing
to 150 meg/kg
V=Ce5, 150 meg/iyg

To develop tolerance

Test of "direct™ toleranse

il 21 ar 22 Veoiml 159 mon LSD, 1.5 mca/ka Teat of "erosa" tokernnce
Flacebo or 22 or 23 to Placebo Placedo To lose tolerance
Jithdrawal 29 or 3 h
!m 1’ qhﬂ o
vontroel 30, 31, or 32 ‘Placebo LSD To prove loss of tolersnce
<2 21, 3, %, VeGat,. 150 meg/ig Plucebo To replicate basal datn

34, A7, 36 or L350, 1.5 mag/kg VaC=5, 150 mcg/ig Orter randomlzed al least flve

. acays between teats with L3D

. ' end pailocyhin,

fhroale
Nonfnlge
tvoetion

A

39 or 110 to
Wé or WY

b7 or I3
Y9 er ©n0

Vil >, increasing
to 150 mcg/kg

VeCe3, 150 mtg/kg

Lsn, 1.4 mealiig

150, Increesing
te 1.5 meg/ig

1.Sid, 1.5 meg/kq

V-Cwh, 190 mcq/lig

"Crosa~Cyer™

To cevelop tolerance
Test "direct”" tolerance
Test Ycrosa” tolersnce

1. Subjects " first recelﬁed L3h chronically.

2. Subjects "Y" recelved psilocybin first,

L




Table 2.

Differences in Reaponses Lo Placcho, I.S meg/kg of LSD=25,

and 150 meq/ig of Psilocydin on First and Sccond Coatrols.

MEASLRE nRLG |
Placebo L30=-25 . Psilocybin

Temperature + 1.2 0.93 - 0.2’2 el > 0,72 0.5
Puise Rate -10.8 + 13.1 -2h.8 = 28,2 T oa15,14 13,1
Blood Pressure 22,2 2 25 o =wibeb 2 22 - -20.3 2 9.1
Pupillary Size #0.22 2.3 - 0022 1.3 - 0,3 % 1.22
Kﬂeejerk. - 3,6 % 5.3 §.§ + 21 «25.5 £ 15.5
Rasponses on P

Gusstionaaire - o -l % 31 - 8,82 13.8
Clinical CGrade 4 - 0.2 2% 0.37 0

Flgures represant the mean differences : standard crrors of
the differcnces hetwgen measurements on the {irst and sgcond
contrals in 5 subjects. lloae of the differences are significani.
», lmdicates that the average measurement was {ncreazed on the
sagend coatlral}

~, Indicates that'it decreased,
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Differences Petween Control Response to L5D~25 and Psllocyblin, Fy

NI

and Responscs after Chronlic Administration of Either Druge.

- o . AFTER _LSD CHAOWICALLY : AFTER PSILOCYBIN CHRGHICATY
‘ - L5D Psilocybln - LSD Pellocybin
‘ FEASURE | ("Direct™ Tolerance) ("Cross™ Telerance) ("Cross” Tolerance) ("Cross” Tolerancd

Tewmerature - 1. 2 0.7l : -1.1 & 0,99 - 002 0.93 - 0T % 0.3
' ¥ X
Fulse Rate e 2.0 ¢ 1.0 -12.5 % 180.3 . =15.0 & 10.7 «313.,2 ¢ 11.2
-” ] . . ’x x ‘
lilood Fressure ~108.5L: 17.1 ... -33.ﬁ. + 9.01 o Wh2.7 2 1347 ~35.1 & 13,0
. . v xx x * . . .
\ r"plllary Size had 1“.0 h 7 2.h : - 802& * 3.2 : - 301 4 2037 . "EQO A 1,2
| | iy b 34 "
“Heajerk 0-23.7 : lsnh - -h207 2 8.6 -~ 6-9 + 6.7 -30.6 + 792
itegponses on - T7.2 ¢ 15.5 ~220 %-10.3 ~67.0 & 38.6 ~-18.0 £ 15.6
Guestlonnaire
- X! . 'x . x 7"1
Thinical Grade - 2.3 % .Q:uﬁ. - 1.5 2 045 “ 1.2 0.5 - 1.1 % 0.23

_ Flgures represent the mean aifferences 2 standard errors between the
N averane of the two controls and the values Tound when the patlenl wos
’ tested with LSD or pellocyhin after recelving efther drug chronically.

( | -y Indicates a decrense in the response sfter chronlc drug admlnistration
' ("tolerance™) as compared with control (nontolerant).

ix, Difference ntga!ficant.ét 1% level (chﬂ.ol)

X Difference significant at 5% level (P < 0.05)




