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STWDIES oN THE DIETHYLAMIDE OF LYSERGIC ACID.
-~ 1Il. EFFECT GF PHENOXYBENZMMNE
ON LSD-REACTION IN MAN.

A number o? thé signs and symptoms observed after
adminks*gatfon of LSD == pupi!!ary dilaféfion, elevation of
blood pressdre, gooseflesh, anxiety, sense of gastrointestinal
Oppres§ion, etce == suggesf ﬁyperacfivify of the sympathetic
ladrenergic! nerous system. Rothlin and coworkers {1} have
posfula%ed‘fhaf LSD has central vegetative {autonomic] effects.
Chlorpromazine partially ameliorates the LSD reaction (2:3,4),
and since chlorpromazine is a peripheral (5! and pos;ibiy a
central (6) adrenergic blocker, one might hypofhéﬁlzz that
chlorpromazine ameliorates the LSD reaction by virtue of
cenfra!iadrenerglc Elocking effects.

Recently Elder et al. (7] and Gogerty et al. (8) have

presented some in%eresfinc findings in experf.enfa’ anim

:l.-
- L]

Pre%reafmenf with chlororomazine reduces LSD-nnduced Fyozrfherw:a
in rabbxfs qnd "’elane-nanta in ca%s. 1f LSD is given fo
rabblfs within %wo hour. afte } reserpine, hyperfhermie is
accentusted. At this particular time, releaserf norepfnephrine

() and scrotonin (10) from brain is occurring. I1f LSD is given

A-390

| Rd

I

v




L e by RS TN P SN e it 1 T 5 s e oh e et o S e SRR AT

- ten hours after reserpine {when norepinephrine and serotonin

have ‘been depleted) LSD effects are attenvated. Most impérfanf,

phenoxybenzamine (dibenzyline), an adrenergfc'blocker with no

- known central effects, attenvated "feline-mania" induced by LSD.

Since very large doses of LSD are required to induce

"~ definite behavioral changes in animals, and since the relation-

shlp_of any behavioéal change induced in animals to psychotic

symptoms In humans is always doubtful, 1t seemed important to

?sfudy the effect of phenoxybenzamine on the LSD psychosis in

Eman. The purpose of the presznf’reporf is to present data

showing that pretreatment with phenoxvybenzamine did not alter
significently the mental symptoms produced by L$D in human

subjects, despite definite evidence of peripheral adrenergic

‘blockade.

GENERAL METHCDS

Subjects. All were former morphine addicts serving
sentences for violstion of nargotic laws who volunteered fer
the experiments. All were physically heal thy adultt Negro males

who presented no zvidence of psychosis on psychiatric

examination.
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Drugs. - LSD tartrate and LSD placebo were administered
orally in solution to pafienf& in the fasting ;fafe. Phenoxy =
benzamiﬁe énd_phenoxybenzamine placebo were given in capsules.
. L-Epinephrine HCL.and epinephrine placebo were administered
subcutaneously. Specific details on dosage are given under the
parficqlar experiments. |

Exper!menfs‘wefe "aoubie-blind“ -~ neither the patients
ﬁbr the db#e?vzrs knew what drugs had been given. !n evaluating
the effect of phenoxybenzamine on the LSD reaction the following
combinafions of dfugs were adéinisfzred at intervals of seveﬁ
days in randcm balanced orders LSD placebo olus phenoxybernzamineg
slécebo, LSD slus phencxybenzamineg plécebo, LSD olus
phenoxybenzaming,,and LSD placebo plus phencxybenzamine.

Methods of Measurement. Intensity of the iSD reaction was

" assessed by methods previously described (l§). The following
observations were obtained at hourly In%ervafs twice before and
eighf bimes after administraticn of LSD, or LSD placebo:
pupilliary size, fhresho!& for kneejerk, systolic blood pressuvrez,
- number of posifive anéwers_on 3 medification of the questionnaire
"devised Ey Abfamscn gi_iL.:QIZf;'and.fhé clfﬁical gradé; hased
on aishoff mental status exémfhaficﬁytlli. Areas under }ime-
:‘_acfién éufves were ca%&u!afe& by the method of Winter and

Flataker (13! and resutts expressed as mm. hours (pupils},
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"_mm. hours (blood pressurel, and degree-hours {kneejerk). In

addition, resting pulsevréfes resting systolic %!ood pressures,
and pulse rates and systolic pressure after sfand:ng for one
minute were determined and flme-acfion areas calculated. These
latter measuremenfs could not always be cbtained (experiment 4!
dﬁc.fo posiﬁba|4hypéfensicn'wifh resuvltant fainfing-on s;anding.
Effecfs of eounephrine were assessed by measur:ng pulse
rafe and sysfolac and diastolic blood pressure af fﬁe following
intervals: 10 minutes before, and immediately before subcutaneous
cfuon of epxneohr!ne or epinephrine placcbo, S, 10, 15, 20,
30, 40 -and 60 m;nufesbc.fer f njectican of epinephrine or p!acébo.

Time-action sreas were also calculated for these measurements.

Experiment . gffecf of I'mg,[kg. cf Phenoxybenzamine

Reaction !nduced by 0.5-1.0 meam./ka. of LSD. Phenoxybenzamine

’.

or phenoxybenzaminc placebo was administzred orally in capsules

at 6 a.m., and LSD or LSD placebo orally in scivtion at 8 a.m.,

thus allowing three to four hours for adrenergic blockade to

develop pricr to expected peak of LSD effects. Four patients

-

received combinaticns of 1.0 megm. of phenoxybenzamine or

. phenoxybénzamine paaceoo with V.S_hcgm./kg._of LSD.or LSD placebo.

Since the number of sub;;c:s was small, end since the resvits
were similar to the grovp that received 1.0 megm./kg. of LSD,

the results will not be presented in deteail.
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Six paf;enfs received combinations of }.0 mg. /kg. of
phenoxyuenzamxne or phenoxybenzemane pldcebo with 1.0 mcgm./k;.
of LSD or LSD placebo. Results are_presenfed in tsble I:r.Bofh
fhe number of answers and the clinical gréee were less after

o fhe combinaf;on of LSD plus phenoxybenzanane, as compared wifh
LSD alone. The d\fferences, however were not sfaflsflcally
significant. Phencxybenzannne did reduce pup:!lary d:lafa.lon
significantly affer'LSD; but had no effect cn the LSD-induced
rise in resting sys%olicablooﬁ pressure or on the decressed
threshold for the kneejark. Miésis, postural hypofehsicn, and
poefural tachycardia %n&ieafed‘fhaf scme degree of peripheral
adrenzrgic bicckade bdd occurred after phenoxypenzamine alone.
LSD was an.effecfive antidote for the postural hypotension after

this dose of phenoxybenzamine.

R

Experiment 2. Blocking of Epinephrine by 1.0 mg./ka. of

Phenoxybenzaﬂine. Sirce'no definife attenvation of the LSD

reacfxon was observed in fhe previcus exoer;nenf xf seemed

wise to de%ermxne whefher fhe dose of phenoxybeqzeu,ne used

would significantly alter the response to epinephrine. Four
 patients were "cha!ienged".wifh C.4 to C.6 mg./70 kg. of

epinephr?ne 3dbCUfa5eousfy 5efore.and fhree Eoﬁrs after ingestion

of t.0 mg./kg. of phenoxybenzamine. Results were cenfrofled by

lacebo injections before and after phenoxybenzamine. Measure-
J

ments were ‘hose descrlbed above under general methods., = _
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Resul ts are shown in table 2. As expected, ne blocking
of'fhe:ihcreese in pulse raferjnduced.by epinepﬁrine was
obServed after pﬁenoxybenzamfne.’ Rise in svsfo!:c blood
pressure affer epinephrine was reduced by phenoxybenzannne

but the reducf:on was not significant statistically in fhls

.sma!l ¢roup. The decrease in dxasfolic pressure after

epinephrine was enhanced after phenoxybenzamine. These results

indicated that some degree of adrenergie blockade was present,

E}perimenr 3. Blocking of Epinephrine by 2.5 mg./kg. of

‘ Phenoxybenzahines Eighf patients received 0.5, 1.0 and 1.0

mg./kg. {total of 2.5 mg./kg.) of phenoxybenzamine at 26, I3

>

- and 3 hours prior to challence with O. 6 mg. /70 kg. of epinegshrine.

A second test with epinephrine was carrned out five hours after

.fhe.lesf dose of phenoxybenzamine. The results are shown in
rfab!e 3. A definite diminution in the rise in systolic
ipressure after epinephrine was observed five hours affer the

~lest dose of phenoxybenzamine -as well as a marked enhancement

of fhe deeline in diestolic blood pressurec after both test

"doses of epinephrine. 1In addition, all patienis were unasble
to stand quietly for dore'fhah'a minute without becoming dizzy
~or fainting. Since these findings were compatible with a

“considerable degree of adrenergic blockade, this dosage of

dibenzyline was used in exXperiment 4.
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Experiment 4. Effect of 2.5 mg./kg. of Phenoxybenzamine

" {Divided Doses) on the LSD-Reaction. Ten patienfs received

0.5, 1.0 and 1.0 mg./kg. of phenoxfbenzamine {or phenoxybeaza-

~mine pfacebo) 24, 11, and 2 hours prior to 1.0 megm./kg. of LSD.
Results are shown in table 4. Although the effects of

phengxyﬁenzémine were so prongunced that 5 of the pafien}s

fainted on Sfanding for less than one»mfnufe; there was no

reductionrin fhé number of'sympfgms reported or in the infeﬁsi%y

{clinical grade} of the reaction after bhenoxybenzamine combined

with LSD. A significant reduction in pupillary diameter wasv

noted but the other indicators of LSD effect, including the

rise in systclic blood pressure, were vnaffected. LSD tended

to antagonize the effect of phenoxybenzamine ;6 the pulse rate

when standing.

’.

DISCUSSICN

No definite evidence of attenvation of the LSO-induced
ﬁenfal syhpfoms by phenoxybepzamine was cobserved in the
experiments described above. L hardly seems likely that this

- could be due iollnadéquafevdosage of phehcxybeqzaminé, since
signs of a.considerable degrez of adrenergic blockade were

present affgr phenoxybenzamine {miasis, partis!l atftenvation of
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the epinebhrine-indUCed rise in systolic blood pressure,

‘accénfuafton of epinephrine-tnduced drop in dnasfollc pressure
and marked posfural hypotension and facHycardxa) . Even though
.fhe adrenergnc blockade may not have been compiefe the doses
of LSD used were smell SO some. evidence of affenuaflon of the
mental symptoms should Have been defccfed
‘ Failure of ohenoxybenzannne to bleck the mental changes

caused by LSD might indicate that fhe LSD reacfton is not
mediated adrenergically, or fhaf phenoxybenzamxne facks centrat
‘adrenerglc blocking acf:ons. “Since role of epinephrine and/or
norepinephrine as central synaptic transmitters is still
speculative, these alternatives cannot be assessed at the
present time.

Failure to confirm amelnorafxon of the L3D-<reaction
observed in animals after phenoxybenzamxne emohasazes fha. care
is necessary in extrapolating behav:oral changes in animals to

mental symptoms in man.

i

N

1.0 mg./kg. of yhenoxybenzanlne or 2.5 mg. /nc. of 6Hen¢xv—
benzam:ne‘(u|v1de“ In Three doses) d d not attznuate significantly

men.a! cHanbes induced by O 5 fo,!fO megm./kg. of LSD-25.
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TABLE |. | | R

. Q
Effect of 1.0 Mg./Kg. of Phenoxybenzamine on the Reactlon _ . &0
Induced by 1.0 Mcgm./Kg. of LSD ; P?
i TREATMENT
-~ LSD Placebo LSD I
_ ‘ Plus Plus LSD | ‘ LSD Placebo
L ' Phenoxybenzamine Phenoxybenzaniine Plus o Plus
i;;m._‘.\ﬁ"‘SURE Placebo - Placebo Phenoiybeznzamine Phenoxybenzamine
Qc Rate, | : ‘ , |
- ecumbent | + 31.6 & 16.6 + 57 L 14,9 4+ 80.3 & 4.1 38} 9.9
- . , ~ — '
"ulse Rate, ‘ o
“ytanding { 45.7‘i,58.3 + 39 4102 + 82,1 L 15,1 . 4 115 & 39.3
% ystolle Pressure, ' , . . | .
“tecumbent $29.4 4 11,7 | +78 4 5.0 4100 +18.5 | & 52 }15.2
é lstollc Pressure, ' : ) B . . '
; tanding : a + 23,6 1 10.2 4 65 +17.8 + 68,9 § 32.8 - 53 4 18.3
Joptllary Slze b 374 0.8 | 412,94 0.7 el 1.8 - 1.2 4 4.2 ,
Nler Reflex = - 2.8 4 0.9 + 5.94 2.0 | + 391 1.9 .| 0.4 406
*m},,,, of Answers 0.33 4 1.8 49 4 23 19.4 + 6.6 o 040
er;?;t-(’."‘#cai Grade | 0+0 2.2 1 0.5 1.6+ 0.6 . | 010 ;
f o Flgurcs are means + standard errors of observations on 6 patients. fn case of pulse rate, |

!ood pressure, pupilliary diameter, and patellar reflex, they represent lime-action calculations
.ireas) and are expressed as beat- hours ipulse rate), mm. hours (blood pressurel), etc. Number of

fﬂswers represents number of positive responses on questionnaire after L3D (or LSD placebo! which
cre nof scorcd positively before the druge Clinical gradp assligned by mefhod of Isbell et al.
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| ' : ' ? U
, . TABLE 2. | N
i Effect of 1.0 Mg./Kg. of Phenoxybenzamine on Responsa. | \éL ' . _
to 0.4 ~ 0.6 Mg./70 Kg. of Epinephrinc. ! h
L J A _BEFORE PHENOXYBENZAMINE AFTER PHENCKY BENZAMINE
| ASURE L Placebo | Epinephrine Epinephrine . | Placeho
nlse Rate ol - 331 4 04 4433 4186 L 486 1 95 - 318 4 46
stfollc Blocd i : : v NE SRR ’ : -
iressure R - 187 4 242 4453 4 197 b 285 4 182 .- - 173 4 97
. - . o ' !
fidsfullc Bloed ‘ ' : o : L ' o
iressure ol + 142 & 306 - 441 L 219 |l -657 ¥ 340 | L 208 4 71
1
; |
: | . L |
; ( ~© Flgures are means 4 standard errors of observations on 4 subjects. |
% N They repfesénf time-action. calculations larcas! expressed as beat-minuteas (pulsel%
' and mm. minutes {blood pressurels A positive figure Indicates an incresse over ;
: predrug measurements; a4 negative fTigure, a decrease. - :

|
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. TABLE 3. o | ' g?
Effect of 2.5 MQ-/KQ. (Three Divided Doses! of Phenoxybenzamine o _\“'-t';»- ..

on Response to 0.6 Mg. Eplinephrine /70 Kg.

: BEFORE PHENOX Y BENZAMINE . AFTEP PHENQXYBENZAMlNE‘
_ - : , ' (1) : {2
;vEA JRE . . Placebo Epinephrine : Eplnepheine Epinephrine
Sulse Rate - 273 4 57 } 545 4 122 1780 4 144 .4 684 4 99 ‘
flvsfcllc Blood : - . ' T '
.ressure o - 120 % 127 | . 4459 & 126 +200 4129 | 1 90 1 l62
{jestcllc Blood o , } . o
ressure - + o84 L T4 - 552 1 Ol -10v2 & 148 ~1286 4 442
i , : ‘ _ . i
g (0 1) Tested two hours after last dose of phencxybenzamine. !
b - ) Tested five hours after last dose of phenoxybenzamine. |
- Figures are means { standard errors of observafions on %
f% VB—SUbjécfs. : _ : o ‘ g E .
*. \ |
I o | @
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Effect of 2.5 Mg./Kg. (Three Divided Doses) of Phenoxybenzamine

4

TABLE 4.

on the Reaction Induced by 1.0 Mg./Kg. of LSD.

Vage 14
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TREATMENT

LSD Placebo . :
~ Plus LSD Plus “LSD Placebo
Phenoxybenzamine Phenoxybenzamine LSD Plus. Plus
Placebo Placebo Phenoxybenzamline Phenoxybenzamline

L ZASURE

Lo
juls. Rate,
prcumbent

4 20'8 i 5.2

56 4 18.7

+ 77.4 4 13,0,

S

} 48.0 4 10.1

fulke Rate, .
. randing

$+ 36.3 4 18.5

——
—

12 4 23,2

$ 16,0 1 39.8 -

vstulic Blood
wressure, Recumbent

+ 27.0 4 25.4

4699 + 9.3

L 752 4 10,9

L =

+ 157 4 45

} 38.4 +°12.8

fuptllary Size

3154 1.3

+14.2 4 1.5

b o954 0.7

- 1.4 1 3.5

—

}erller Reflex

i

5

ﬁ
i

- 5.0 4 1.7 b 6.65 4 1.2 } 8.35 % 1.6 b 094 1,12
" er of Answers 0.2 4 0.08 33 4 12 47 1 15 0.1 4+ 0.9
Fa - o - ’
"1l ocal Grade O & 0 .65 4+ 0.37 1.85 + 0.37 0t O
.Flgures are means % standard errors of observations on 10- subjects.
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