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., The effects of LSD, psilocybin, mescaline, amphetamine and cold water swimming stress late

on the metabolism of _H-norepinephrine in rat brain were determined. Graded doses are
(130-1300 _g/kg) of LSD showed no specific effects on brain catecholamine metabolism, simi
suggesting that this drug had little direct activity on brain noradrenergie neurons. (Fr,

Psiloeybin (25 mg/kg) had effects similar to those obtained with amphetanfine (2 rag/ crit,

kg), as evidenced by a prominent and sustained elevation in _H-normetanephrine content, cat_
:_ These findings are consistent with an increased release of norepinephrine from central Beb

nera-e endings. Cold water swim stress, on the other hand, resulted in a profound in- 197t
crease in _Ii-deaminated catechol metabolites, suggesting that the intracellular catabo- anti
lism of norepinephrine was affected specifically. Mese.qline (25 mg/kg) had a bipbasic he ,

effect on brain _H-norepinephrine metabolism. Shortly after injection, mescaline-treated 1;ep
rats had a metabolite pattena similar to animals subjected to cold water swimming; hm_
fl'om 90 minutes to 4 hours after mescaline, however, 'It-normetanephrine levels were becj
eh_vated markedly. Based on these data, mescaline appears to cause an initial increase in 196_.

intracelhflar 3H-norepinephrine metabolism, followed by a period of enhanced release (Til
similar to the effects of amphetamine and psilocybin. These data indicate that the T

psychotomimetic drugs tested share no single common effect on brain norepinephrine LSI
metabolism, wat

" _'_+ ami:
Av:-,il-b!e information on the relationship be- after psyehotomimetic drug treatment indicates thet

._ tweeu 0ioehemical and psychological variables that altered cerebral 5-hydroxytryptamine (sero- tom
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Freedman and Giarman, 1962; Freedman et al., water were available ad libitum until the start of

1970; Tilson and Sparber, 1972). Interactions the injectionprocedurcs.
between the psychotomimetics and brain cate- All drug solutions were prepared immediately

__ D R U CT cholamine containing neuronal systems, al- prior to the time of injection. LSD tartrate (doses
indicated in the text), psilocybin phosphate (25

H R I N E though much discussed, have not been exten- mg/kg) and mescaline (25 mg/kg) were dissolved
sively investigated (Freedman, 1961b). Barehas in 0.9% saline and injected intraperitoneally. Ani-
and Freedman (1963) first demonstrated that reals subjected to the cold-water swimming stress
LSD caused differential effects on brain norepi- were placed into larg_ coni_incr:; fd]_d with water
nephrine and serotonin content, suggesting that (15°C) either 90 minutes _norepinephrine metabo-

A.V. L the potent behavioral effects of the drug might lism studies) or 40 minutes (catecholamine synthe-
be related to imbalance in the activity of brain sis studies) after recei_-ing the appropriate radio-

catecholamine-and scrotonin-containing neurons, chemical. Rats remained in the water for a maxi-
Indirect evidence for participation of brain cate- mum of 20 minutes, but were removed prior to that

;a and cholamines in the LSD response was obtained time if they became exhausted and were unable
by Horita and Hamilton (1969), who observed to stay on the surface.

Norepinephrine metabolism studies. Subjects
that inhibition of catecholamine biosynthesis af- were anesthetized lightly with ether and injected
fected a portion of the behavioral response pro- intracisternally with 8.3 /_c of DL-norepinephrine-

" file of lysergic acid diethylamide (LSD) in the 7-all (New England Nuclear Corporation, Boston,
rabbit. The latter finding, although interesting, Mass.; 6.88-8.76 c/retool). The radioactive care-
is tempered by the apparent lack of catechol- eholamine was diluted with Merle's solution to the

oc_._N A_D amine involvement in several of LSD's be- appropriate concentration; injection volume was

aratbrain havioral effects in rats (Appcl et at., 1970; 25_l. Cold-water swim stress, drug or saline (0.9% )
Tilson and Sparber, 1972). Psilocybin and re- injections occurred 90 minutes after the intra-

ning stress lated behavioralh, active compounds, like LSD, eisternal injection.
Norepinephrine-"Hand its metabolitesin whole

lded doses are structurally similar to serotonin and cause brain were estimated by the method of Schanberg
mtabolism, similar effects on cerebral serotonin stores et al. (1967). Aliquots of fractions containing nor-
: neurons. (Freedman, 1963); however, by biochemical epinephrine, deaminated catecholamines, normeta-
ne (2 rag/ criteria, they correlate poorly to activity on nephrine, and deaminated-O-methylated metabo-
_econtent, catecholamine-containing neuronal systems (see lites were counted in _ Packard liquid scintillation
,m central Bebbington and Brimblecombe, 1969; Praag, spectrometer. Count data were corrected for
ffound in- 1970}. The effects of mescaline, a phenylethyl- quenching, but not for metabolite recovery, and
_r catabo- amine derivative like the catecholamines, might expressed as disintegrations per minute of metabo-
t biphasic be expected to have activity on brain norepi- lite per gram of brain. Endogenous norepinephrine

content was measured according to the method
m-treated nephrine- and/or dopamine-containing neurons; described by Anton and Sayre (1962).
rimming; however, much of the relevant data either has Because of the number of individual experi-
vels were been inferential (Bebbington and Brimblecombe, ments performed, all radioactivity data within a
lcreasj_i_ 1969, Tonge and Leonard, 1972) or negative given experiment were re-expressed as percentages
'd tel( : (Tilson and Sparber, 1972). of saline control activity for individual metabolic
that the The present study compares the effects of fractions at each time of sacrifice after drug in°
inephrine LSD, psilocybin and mescaline to those of cold- jection (or 20-minute swim period). An analysis of

water swim stress and amphetamine on rat brain variance was performed for each block of con-

_H-norepinephrine metabolism and catechol- verted data on each metabolite fi'action at common
amine s_llthesis. Data obtained suggest that time points across all experiments to ascertain the

validity of the two-tailed t tests performed (un-
ment indicates there are large differences among the psycho- paired; adjusted for groups of unequal variance).
ptamine (sero- tomimetic drugs regarding their apparent rela- Significant differences obtained by t test but not
ed in the drug tionship to cerebral catecholamine metabolism.

species (see by analysis of variance are designated appropri-
lnmn, 1961a; Methods ately in the text and figures.

Cateeholamine synthesis studies, l_ats were
_te of Mental Experimental subjects were male Sprague- anesthetized lightly with ether. Eighty microcuries
pment Award Dawley rats weighing 160 to 250 g. Animals were of _-tyrosine-3,5-3I-I (Schwarz BioResearch, Inc.,

of Psychiatry housed in groups of four to six per cage in an Orangeburg, N.Y.; 20 e/mmol) in 0.9% saline were
ge of South environmentalb" controlled room for a minimum injected rapidly into the external jugular vein in a

of 5 days prior to experimentation. Food and volume of 200 gl. Drug or control (saline) injec-
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• tions were given immediately thereafter, and ant- experiments, data were corrected for quenching
reals were returned to their home cages until but not for absolute recovery. .. Endoge
sacrificed 1 hour later. Subjects subjected to swim
stress were placed into cold water 40 minutes after Results
the tyrosineinjection.Anadditionalgroupof con- I
trol subjects in the cold-water stress experiment Norepinephrine Metabolism
was s.tcrificed at the time of entry into the water - Effects of LSD. Alterations in the metabolism Cnntro

to account for any pos.-ible differences in the levels of intracisternally injected aH-norepinephrine LSD

of _H-catecholamines resulting from early sacrifice, and in endogenous brain norepinephrine content 260 g
The 40-minute and l-hour control groups were (whole brain) induced by a 1300 t_g/kg LSD in- 1300identical and data from the two contlol groups in " Psiloey
the swim-stress experiment were pooled in analysis jeetion are summarized in figure 1 and table 1, Mescal
of the results, respectively. The major effect of this (lose of Cold-w

Radiolabeled catecholamines formed fl'om 3H- LSD is to reduce the levels of'_H=norepinephrine

tyrosine were isolated on Biorex-70 cohmms by the isolated from brain. Significant reductions in the . Mi_
method of Barchas et al. (1972). Aliquots from the labeled eatecholamine were obtained by 20 nfin- _Nu
l_iorex-70 eluate were taken for estimation of utes after the injection, and were snst'dned over _ l)e:

endogenous norepinephrine and dopamine, and the the 6-hour postinjection period. Endogelmus nor- LSD,
remainder was adjusted to pH 4.5 with 0.3 N epinephrine content was reduced to about the
NaOH and passed over a Dowex 50W-X8 column metabt
(200-400 mesh, H + form, 4 × 35 ram). Norepineph- same extent as labeled norepinephrine at 20, 90 "q)pro)
rine was separated from dopamine as described by and 120 minutes after the injection, but had respon
Stalk (1973). Aliquots of the Dowex ehmtes (for returned to control levels 4 hottrs after LSD. labele(:
radioactive catecholanfines) and of the Biorex The metabolites of intracisternally injected the 13
effluent (for radioactive tyrosine) were assayed in "H-norepinei)hrine tended to be uniformly at or consist
a Nuclear-Chicago liquid scintillation spectrome- above control metabolite levels during the 2-hour tion.
ter. Recover)" of norepinephrine and dopamine period after LSD. When compared to the redue- Psil

from Biorex-70 was 92 and 91%, respectively; tion in"H-norepinephrine content over this same mild a
cumulative recovery from Biorex-70 and Dowex time period, it is apparent that catecholamine
50 was 70 to 72% for norepinephrine, and from metabolism is enhanced in general: there was no l)siloe)
60 to 68% for dopamine (recovery constant within endog(
an3" given experiment). Separation of norepineph- differentiation in the pattern of 3H-norel)ineph- 1) am
rine from dopamine on the Dowex 50 column was rind metabolites observed, suggesting that O- whole
nearly quantitative, with less than 5% cross-con- methylation and deamination both were in- tent w
tamination. As in the norepinephrine metabolism creased slight!:.-. By 4 hours after 1300 gg/kg of 4-ham

norepi
0 20 60rain 120 4 6 IZ eahr reduct

_" .-- leo I ' ' I J //I I //I I tea The n
.... i 0 Z _ _ Normetonephrin, ]

T ,oo drt,gio 90 \ 90 signifi
t 8o- ' .... -- 80 ofact

_- norel)!

• __ 70 _ LSD, h_OO._g/kg _ ..... J" 70 catecl

60 11 I I I // I I .;,I I 60 aless0 20 60rain 120 4 6 12 24hr
other_

Time after Drug Injection the rc

FIG. 1. Effect of 1300 _g/kg of LSI) On 3tI-norepinephrine metabolism in rat brain. 3H-norepinephrine deami
was injected intraeisternally 90 minutes prior to LSI); rats were killed at the indicated times after the eonju.
LSD injection. Values represent the mean met abolite level, expressed as a percentage of the level obtained
in control animals (100_7c), 4- S.E.M. for groups of at least 12 rats. Symbol identification: O, 3H-norepi- tion e

! nephrine; D, 3H-NMN; A, 3H-I)CA; O, _H-I)OM. ltepresentative absolute metabolite radioactivity in /_le
control rat.s 60 minutes after i.p. saline injection: aH-norepinephrine, 325 no/g; atI-NMN, 18.2 ne/g;

: ZH-I-)CA, 10.5 no/g; 3II-DOM, 336 nc/g. Solid symbols denote a significant difference (P < .05) from rine r
controls both by analysis of variance' (see "Methods") and t test, whereas semi-solid symbols indicate of m(
that a significant difference (P < .05) from controls was found by l test only• feren(

11
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or quenching TABLE1

Endogenous norepinephrine content in rat whole brain after treatment with various psychoactive drugs or
exposure to cold-water swim

I" "
Treatment 20 Min a 90 Min 120 Min 240 Min

8m

e metabolism Control 100.0 -4- 1.5 (27)b 100.0 4- 2.2 (19) 100.0 4- 2.6 (16) 100.0 4- 1.9 (24)
_repinephrine LSD
_rine content 260 g/kg 88.4 4- 4.2 _ (5) "

1300 g/kg I 89.3 4- 4.2 _ (14) 92.5 4- 2.6 _ (14) 90.1 4- 3.9 _ (12) 96.6 4- 3.8 (13):/kg LSD in-
Psiloeybin, 25mg/kgl 82.2 4- 3.0 _ (6) 79.1 4- 3.4, (5) 76.8 4- 4.F (6) 80.8 4- 3.0 _ (6)

and table 1, Mescaline, 25 mg/kg I 91.3 4- 2.3 _ (5)

this dose of Cold-water swim I 9i.7 4- 2.5 ¢ (6) 104.3 -4- 1.9 (6)
repinephrine
ictions in the _ Minutes after treatment (or after exposure to swim stress).
1 by 20 nfin- _ Number of determinations. All values represent mean 4- S.E.M.
tstained over _ Denotes a significant difference (P < .05) from control value.

ogenous nor- LSD, the levels of _H-norepinephrine and itso about the o t 2 3 4 5 a

_1 metabolites were comparable, all being reduced i, I _ i I i I Iine ._ ,90 al)l)roximatelv 20% from control values. A dose- 260 z6o
)U, la d " T

kfter LSD. response curve for LSD (260-1300 ttg/kg) on z4o _ z4o
Psilocybin, 25 mq/kg

dlv injected labeled norepinephrine metabolism revealed that 2zo ego

" the 1300 ttg/kg (lose _a_ lhe only one causing _ zoo /1\
formly at or consistent alterations ill catecholamine degrada- - \r--*,-.,*..,,,,..

200

tgthe2-hour /
tion. ¢3 _so ii_ mo

o the reduc- Psiloeybin. In contrast to the relatively .--o /co-- t/ 1\\ I -. _ t6o
"er this same mild alterations caused by LSD, 25 mg/kg of _ mo I _ _ .... - t4o *
_techolamine psilocybin caused dramatic changes both on _ leO I_ .;O ..ft.T"I".T ._<._._.fl,,T DOM _-

there was no endogenous brain norepinephrine content (table "- tz//po:ta_ _ ocA_-_".-.. T tzo
/ / _ _" _ _"_-- _oo.

-norepineph- 1) andonmetabolismof_H.norepinephrinein _.1oo ---___
ing that 0- whole brain (fig. 2) Endogenous amine con- eo __ - soh werein-

I00 ttg/kg of tent was reduced by as much as 24% during the 6o I m I t I I I I I 6o0 I 2 J 4 5 6hr

4-hour period after drug administration. Labeled
Time otter Drug Injection

norepinephrine content generally followed the

reduction in endogenous catecholamine levels. Fro. 2. Effect of 25 mg/kg of psilocybin on aH-
norepinephrine metabolism in rat brain. *H-nor-

The most prominent effect of psilocybin was on epinephrine was injected intracisternall)- 90 min-
_H-normetanephrine (:'H-NMN) levels (fig. 2), utes prior to psilocybin; rats were kilied at the
which were increased over 2-fold 1 hour after indicated times after the psilocybin injection.

Values represent the mean metabolite level, ex-
drug injection. _H-NMN levels remained elevated pre.-sed as a percentage of the level obtained in

C" significantly for 4 hours, indicating the duration control animals (100%), "+"S.E.M. for groups of at
of action for 25 mg/kg of psilocybin on br'un least 5 rats. Symbol identification: O, aH-norepi-

nephrine; r'I,'SH-NMN; A. _H-DCA; _, _H-
norepinephrine metabolism. The _H-deaminated DOM. Representative absolute metabolite radio-
catechol metabolites fraction (_H-DCA) showed activity in control rats 90 minutes after i.p. saline
a less dramatic spike 1-hour after psilocybin but injection: _H-norepinephrine. 247 nc/g; _H-NMN.

17.9 nc/g; att-DCA, 5.2 nc/g; _H-DOM, 311 nc/gl
otherwise were unaffected. Modest increases in Solid symbols denote a significant difference (P <
the major metabolic fraction, comprised of _H- .05) from controls both by anah-sis of variance (see

"Methods") and t test. _:hereas semi-solid symbols
aesrepinephrineafterthe deaminated-O-methvlated, products and their indicate that a significant difference (P "< .05)
vel obtained conjugates (3H-D03I), coincided with the dura- from controls was found by t test only.
), _H-norepi- tion of elevated 3H-N3IN levels.
ioactivity in Mescaline. The pattern of _H-norepineph- cybin. 'H-DCA content 20 minutes after rues-
[, 18.2 he/g;
< .05) from rine metabolism after the injection of 25 mg/kg caline is elevated by 40%, but declines rapidly
)ols indicate of mescaline, indicated in figure 3, is quite dif- thereafter to near control levels. In contrast,

ferent from those obtained after LSD or psilo- 'I-I-NMN levels, normal shortly after drug

. : @



a.. .

46 STALK ET AL. Vol. 189 197_

0 Po 90 240rain on 3H-norepinephrine metabolism were us'ed as
_ I I I "_--T--q laO a reference point in evahmting tlle effects of the

t3at°° _ /_"'_°cA_5."'_..t ,3o psychotomimetic drugs employed in the experi-
................ meats described above. D-Amphetamine sulfate Group

tea _'r .:.._ o,,t,,oph,_,e [ 12o (2 mg/kg i.p.) injected 2 hours after the intra-

_/_'_,':")_ ,I ......... _,,=_.---[___.__jtlO cisternal injection of _H-norei)inephrine results_6 IIO -- "_....... / tOO greater than control content) but no alteration
*_ toa in a prominent increase in _H-NMN levels (75% Control

,. 90 , Mescal,,e, e5mg/k¢'_----- _ -1 90 in other metabolic fractions; these data are in Control
_- 8o -- [ l I /, _1 -J 80 close agreement with more detailed analyses of Psilocybin

a 20 90 24orain the temporal and dose-related effects of amphet-

Time after Drug Injection amine on brain norepinephrine metabolism (Cook Control
and Schanbcrg, 1970; Scheel-Kruger, 1971; Swimming

Fro. 3. Effect of 25 mg/kg of mescaline on SH- Tflson and Sparber, 1972; Taylor and Snlser,
norepinephrinemetabolismin rat brain. 3H-nor- ° Meanva

¢_.. epinephrine was injected intraeisternally 90 min- 1973).
.. utes prior to mescaline; rats were sacrificed at the _Denotes

indicated times after the mescaline injection. Catecholamine Synthesis drugs were
Values represent the mean metabolite level, ex- jeered into t
pressed as a percentage of the level obtained in The effects of LSD (1300 /_g/kg), psilocybin waterswims
control animals (100%), - S.E.M. for groups of at and cold-water swimming stress on formation of All subjectsleast five rats Symbol identification: C), 3H-norepi-
nephrine; EI,_tI-NMN; z_,_H-DCA; O,'H-DOM. norepinephrine and dopamine from "H-tyrosine
Representative absolute metabolite radioactivity are summarized in table 2. Endogenous norepi-
in controlrats 90 minutesafter i.p. salineinjec- nephrine cc
tion: '_H-norepinephrine. 276 nc/g ; _H-NMN, 0 20 90 e40mi, groups is in,
21.1 nc/g; 3H-DCA. 15.7 nc/g; 3H-DOM, 354 i I I /"---q---- in table 2.nc/g. Solid symbols denote a significant difference
(P < .05) from controls both by analysis of vari- ego A-- Cold-Water (15°c) T -- 220 significant

anee (see "Methods") and t test, whereas semi- _ 200 Swim Stress ._ ........ activity, wit!
solid symbols indicate that a significant difference _ j. 2OO ruing group_,

(P < .05) from controls was found by t test only. _ 180 .."_",oot r 180 increases, at.
o 160 _ 160 nephrine fo3

treatment, increase progressively and are ap- ._ ./ d.
nificant alter

proximately 40% higher than controls at 4 hours. _ me - ..." _._ _-oo_ and failed toThere were no significant changes in either the i_.._. ...... - 14o

*H-nore0inephrine or _H-DOM fractions at any _ IZO - ._Norepi.ephri.# -- IZO Tyros;ne c(

"2"_:,,._" i. _.._ .... // _--IO0 groups were
time after mescaline, although estimates of too • ..._ =---
endogenous norepinephrine content revealed a 80 - -- - 80 trol values ix

small but significant decline 20 minutes after in- I I I // I
jection (table 1). o 20 90 z4omm

Cold-water swim stress. Rats forced to Time offer Start of Swim The differ,

swim in 15°C water for a maximum of 20 minutes Fro. 4. Effect of cold-water (15"C) swim stress psilocybin m
revealed a significant increase in all metabolic on "H-norepinephrine metabolism in rat brain, arc readily

fractions except 3H-NMN immediately following _H-norepinephrine was injected intracisternaUy LSD was obs
90 minutes prior to placement of rats into the endogenousthe stress (fig. 4). Endogenous norepinephrine water; rats were sacrificed at the indicated times

':_--_ concentration, nn the other hand, was decreased after placement into the water. Total time spent but no spc_
,-a._._ S);_ u_, tins time after swimming, indicating that in the water was 20 minutes maximum with ex- metabohsm,,

hausted rats being removed prior to that time if (table l; fig.norepinephrine specific activity increased by 13% necessary. Values represent the mean metabolite
over controls. There was a large and prolonged levels, expressed as a percentage of the level ob- and labeled r.

tained in control animals (100%), ± S.E.M.. for caused a ma
elevation of the _H-DCA fraction obtained 1.5 groups of at least six rats. Symbol identification:
and 4 hours after termination of the stress, which O, _H-norepinephrine; n, _I:I-NMN; /X, _H-DCA; levels (table
was accompanied by a smaller increase in _H- _. _H-DOM. Representative absolute metabolite obtained aft,

radioactivity in control subjects 90 minutes after cybin caused
DOM. Labeled norepinephrine, 3H-NMN and stsrt of swim study: aH-norepinephrine 304 no/g;
endogenous norepinephrine levels were normal _H-NMN, 16.0 no/g; _H-DCA, 6.8 no/g; _H-DOM, metabolism ,
during this time period. 296 nc/g. Solid symbols denote a significant differ- N3IN levels.

ence (P < .05) fi'om controls both by analysis of facts on endo_Amphetamine. The effects of D-amphetamine variance (see "Methods") and t test.
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TABLE 2
_m were used as
dm effects of the Effects of L,_D, psilocybin and cold-water swim stress on the synthesis

_d in the experi- of catecholamines from *H-tyrosine in brain .
hetamine sulfate Group N Dopamine Norepinephrin¢

; after the intra-
_ag/gbrain dpra/_gamine pg/gbrain dPrah_amine

inephrine results Control 6 0.575 ± 0.024 _ 1564 + 194 0.334 4- 0.012 938 4- 74
MN levels (75% LSD 6 0.690 4- 0.029 b 1790 _ 112 0.332 4- 0.009 1172 4- 40b
)ut no alteration

_ese data are in Control 5 0.974 ± 0.025 710 ± 36 0.488 :t: 0.029 1130 ± 52
ailed analyses of Psiloeybin 5 0.862 ± 0.049 1118 -4- 123_ 0.389 -4- 0.019 b 1648 -4- 357b
Fleets of amphet°
mta_u,,_-m(Cook Control 12 0.954 ± 0.033 1196± 67 0.349 ± 0.016 1336± 85

/-Kruger, 1971; Swimming 6 0.873 ± 0.040 1459 =I=105_ 0.331 ± 0.009 1875 ± 16P

ylor and Sulser, ° Mean values ± S.E.M.

Denotes a significant difference (P < .05) from respective control group. Doses of psychotomimetic

hesis drugs were as follows: LSD, 1300 ug/kg, psiloeybin, 25 mg/kg, both injected i.p. aH-tyrosine was in-
jected into the external jugular vein immediately prior to drug injections. Animals exposed to cold-

;/kg), psilocybin water swim stress were placed into tanks of 15°C water 40 minutes after receiving the tyrosine injection.
on _aation of All subjects were sacrificed 1 hour after tyrosine injection.

!rom_x_-tyrosine

logenous norepi- nephrine content in the three experimental a biphasic change in catecholamine metabolism

ZaOmin groups is in close agreement with the data shown (fig. 3) ; this was characterized by an initial in- _
-'-¢/----y---_ in table 2. All three treatments resulted in a crease in deaminative metabolism, similar to the

_: 220 significant elevation in norepinephrine specific sustained changes obtained after cold-water
... ,'"'""

CO0 activity, with psiloeybin and cold-water swim- swim stress (fig. 4), followed by a delayed eleva-
ming groups both causing approximately 50% tion in _H-NMN content, resembling that ob-

- too increases, and LSD a 20% increase, in norepi- served after psilocybin or amphetamine treat-

._;- t6o nephrine formation. Only LSD caused a sig- ment. These metabolic differences imply that£
-- t#o nificant alteration in endogenous dopamine levels the three psyehotomimetic drugs tested interact

"-sou and failed to increase dopamine specific activity, with brain noradrenergic systems in funda-
- 12o Tyrosine concentrations in all experimental mentally different ways, in contrast to the similar

--/_ _-- Ioo groups were not significantly different from con- effects of psilocybin, mescaline and LSD on
= "-- trol values in any of the experiments, serotonin metabolism (Freedman et at., 1970;

- 80 Tilson and Sparber, 1972).
-1,/ I Discussion The initial finding of Barchas and Freedman240 rnin

The differences between LSD, mescaline and (1963), corroborated by this (table 1) and other' Swim
psilocybin on brain norepinephrine metabolism investigations (Tonge and Leonard, 1969a, b),

5°C) _vim stress
in Aig.t brain, are readily apparent from the present study, suggested a correlation between brain norepi-

inter- "ernally LSD was observed to cause modest reductions in nephrine and behavioral responding. Further
of ra_ .'into the endogenous and tritiated norepinephrine levels, evidence for implicating cerebral norepinephrine

, indicated times but no specific alterations in norepinephrine metabolism in the response to LSD was providedFotal time spent
ximum, with ex- metabolism, despite the use of high drug dosages by Horita and Hamilton (1969), who demon-
:to that time if (table1; fig. 1) Psilocybin decreased endogenous strated that pretreatment of rabbits with a-meanmetabolite
of the level ob- and labeled norepinephrine content in brain, and methyltyrosine eliminated or attenuated the pos-
), ± S.EM., for caused a marked increase in labeled "H-NMN tulated central hyperexcitability, and the
ol identification: levels (table 1; fig. 2), effects similar to those peripheral sympathetic stimulation to LSD with-N ; A, SH-DCA ;
olute metabolite obtained after amphetamine treatment; psilo- out-affecting the liyperthermie response. How-

90 minutes after cybin cattsed a transient increase in deaminative ever, direct assessment of brain cateeholamine
phrine 304 no/g;
nc/g; 3It-DOM, metabolism during the peak elevation in "H- metabolism in the present study, through use of

significant differ- NMN levels. Mescaline, which had minimal ef- intracisternally injected "H-norepinephrine, re-
h by analysis of fects on endogenous or aH-norepinephrine, caused vealed only minor alterations, and those ob-test.
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served occurred only after high doses of LSD. and the comparable behavioral effects observed equal impo]

This lack of a specific alteration in norepineph- in at least one test system (Uyeno, 1969), notable norepinephI
rine metabolism leads to the conclusion that any differences exist between these two psychoactive formation.

effect of LSD on cerebral norepinephrine metab- drugs with respect to serotonin metabolism, intra- vs. e_.

olism probably is secondary to the direct ac- Thus, psilocybin treatment causes an elevation are importa
tion(s) of the drug, i.e., hyperthermia or periph- in serotonin content (Freedman, 1963) and a Following
eral sympathetic stimulation. In this respect, it reduction in the levels of 5-hydroxyindoleacetic lular "H-nor
is perhaps significant that the stimulation of acid (5-HIAA; Freedman et o2, 1970; Tonge mescaline in
norepinephrine formation from _H-tyrosine and Leonard, 1969a) and inhibits the binding of metabolism
(table 2), although significant, is quantitatively serotonin to synaptosomes (Marchbanks, 1967), from that ol
much less than the alterations obtained after all of which are effects of psilocybin shared with or amphet_

psilocybin or cold-water swim stress. The in- LSD; additionally, these two drugs exhibit cross- accelerated :
direct nature of LSD's effect on brain norepi- tolerance behaviorally (Appel and Freedman, by one refl

nephrine suggested here is supported by meta- 1968). Amphetamine, on the other hand, causes nephrine. A
bolic evidence in previous reports. Tonge and both increases and decreases of serotonin con- (apart fron
Leonard (1969b) detected no alterations in tent in mottse brain, depending upon dosage mun behavi_
endogenous brain NMN content after LSD treat- (Smith, 1965), and increases rat brain 5-ttIAA present stu(
ment. Similarly, Tilson and Sparber (1972) ob- levels (Tagliamonte et 02, 1971). In view of tbe Sparbcr an(

served no changes in the release of _H-norepi- similarities between psilocybin and LSD (but larities bet_
nephrine, 'H-NMN or 3H-deaminated-O-methyl- not amphetamine) on serotonin metabolism on particularly

ated products and their conjugates (_H-D03_I) the one hand, and between psilocybin and am- tonergie sys
during the peak period of behavioral activity phetamine (but not LSD) on norepinephrine Tilson and ;
change due to LSD. Thus, available data indi- metabolism on the other hand, it is difficult to differences [
care that central noradrenergic systems proba- ascribe functional significance to either of the merit more

bly are not directly related to the effects of LSD, effects of psilocybin on biogenic amine metabo- to dose par_
at leastinthe rat. lismat the presenttime. Differenti_

Psiloeybin injection resulted in a prompt and The response of _H-norepinephrinc metabo- psyctmtomir
sustained (4-hour) elevation in 'H-NMN levels, lism to mescaline is the most complex pattern whether att_

accompanied by consistent reductions in both observed in the present study. The initial (40- logical or
endogenous and _H-norepinephrine (table 1; fig. minute) metabolic pattern reveals a pronfinent categorizatk
2); other metabolite frac_io_,- generally were increase in deaminated eatechol products, with "sympathor_
not altered significantly during the 4-hour period neither _H-norepinephrine nor the remaining ogy is that
after drug treatment (exceptions: _H-deaminated labeled metabolite fractions being affected sig- eoinbe, 1969

_" cateehol metabolites at 1 hour and _H-DOM at nificantly (fig. 3). This change is indicative of other sourc_
4 hours). Brain norepinephrine formation in- an increase in deaminative catabolism of nor- and Frecdm

creased by 50% shortly after psilocybin treat- epinephrine intracellularly, since monamine _ubclassifical
ment. Since alterations in NMN levels generally oxidase activity is localized to mitochondria; chotomimcti
are thought to parallel changes in norepinephrine Tonge and Leonard (1969b) postulated aeom- lucinogens
release from presynaptic nerve terminals (Schild- parable effect on the basis of reductions in en- mine) can 1
kraut eta/., 1967), these data suggest that psilo- dogenous NMN concentration after mescaline. It cthylamine

_. cvbin selectively enhances the release, as well is interesting to note that cold water swimming thoxy-a-4-di
as the synthesis, of brain norepinephrine, re_-ui[_ in a similar alteration of brain _H-norepi- effects on b

":_ A comparison of the effects of psilocybin and nephrine metabolism, although slower in onset dolealkylami

amphetamine on brain _H-norepinephrinc metab- and longer in duration than after mescaline (fig. content and
olism reveals a marked similarity between the 4). Whereas the effect of cold water switmning phenylethyl,_

two drugs. Carr and Moore (1969), Wise and on brain :'H-norepinephrincmetabolism may well serotonin an
Stein (1970) and Tilson and Sparber (1972) all be directly related to marked reductions in body (Freedman ,
have demonstrated a correlation between am- temperature (Stone, 1970), such is not the case and phenyle

phetamine-induced stimulation of norepinephrine after mescaline. In terms of neurotransmitter differentiatec
release, and NMN formation, and the behavioral availability at receptor sites, changes in intra- cross-toleran
effects of the drug. Despite the biochemical cellular eatecholamine metabolism, as seen for 1968), tIowe
similarities between amphetamine and psilocybin mescaline and cold-water swim stress, may be of veal promin_

e
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oral effects observed equal importance as those generally ascribed to fccts on norepinephrine metabolism between

Jyeno, 1969), notable norepinephrine release and extracellular NMN three"sympatbomimetic" hallucinogens that can-
ese two psychoactive formation. The n_echanislI_S regulating enhanced not be accounted for by molecular structure (i.e.,
rotonin metabolism, intra- vs. extracellular catecholamine catabolism indolealkyl- or phenylethylamine nucleus). While

causes an elevation are important topics for future consideration, this points more to the heterogeneity of these
,dman, 1963) and a Following the apparent increase in intracel- compounds than to a shared action on central

i-hydroxyindoleacetic lular_H-norepinephrinedegradation shortly after noradrenergic neurons, it is readily apparent
et ol., 1970; Tonge mescaline injection, the pattern of catecholamine that an effect on brain biogenic amine metabo-
Lhibits the binding of metabolism changes to one indistinguishable lism (be it serotonin and/or norepinephrine) is

(Marchbanks, 1967), from that obtained with either psilocybin (fig. 2) a maior characteristic of drugs possessing "psy-
_ilocybinshared with or amphetamine; thus, the initial period of chotomimetic" activity. Although the docu-
o drugs exhibit cross- accelerated intraneuronal degradation is followed mented effects of these compounds lead to no

)pel and Freedman, by one reflecting enhal_.ccd relc:_,_e ot norepi- single distinguishing neurochemical mechanism,
_eother hand, causes nephrine. Although mescaline and amphetamine the initial hypothesis of Barchas and Freedman
es of serotonin con- (apart from structural similarities) share corn- (1963) relating psychotomimetic activity to an

ending upon dosage nmn behavioral activity at doses employed in the imbalance between central noradrenergic and
._s rat brain 5-HIAA present study (see Uyeno and Mitoma, 1969; serotonergic function remains viable. Alterna-

971). In view of the Sparber and Tilson, 1972), prominent dissimi- tively, the notable differences in biochemical ef-
,'bin and LSD (but larities between these compounds also exist, fects of the psychotomimetic drugs are valid

toni_.etabolism on particularly with respect to effects on sere- bases for concluding that individual compounds
t_i"ff_ybin and am- tonergic systems (el. Tagliamonte et O2., 1971; derive their psychotomimetic activity from char-
on norepinephrine Tilson and Sparber, 1972). The similarities and acteristic and peculiar mechanisms.
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