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STlDIES CN THE DIETHYLAMIDE OF LYSERGIC ACID • 
. ....... 

l II. EFFECT OF PHENJXYBENZAMINE 

ON LSD-REACTION IN WAN. 

A number of the signs and symptoms observed after 

administration of LSD-- pupillary dilatation, elevation of 

blood pressure, gooseflesh, anxiety, sense of gastrointestinal 

oppression, etc. --suggest hyperactivity of the sympathetic 

(adrenergic) ner~ous system. Roth I rn and coworkers fl) have 

postulated that LSD has central vegetative Cautonomicl effects. 

Chlorpromazine partially ameliorates the· LSD ·reaction {2;3,41, 

and since chlorpromazine is a peripheral (5) and possibly a 

c~ntral (6) adrenergic blocker, one might hy~otheslze that 

chlorpromazin~ ameliorates the LSD reaction by virtue of 

central adrenergic bloc~ing effects. 

~ecentty Elder !.ill· (7) and Gogerty !.±. !.!..• Cg) have 

presented some interesting f'iodings in ex::'er!m~nta! anir::a!s. 

Pretreatment with chlorpromazin~ reduces LSD-induced hyp~rtherm.ia . . 
. . . 

in rabbits ·and nfe.l ine-man ian in· cats.. If l.SD is given to. 

rabbits within two hours after reser;>ine, hyperthermia is 

accentuated. At this particular tim~, release of norepinephrine 

( 9 ) a n d s c r o t on i n ( I 0 l f r o.":l b r a i n i s o c c u r r i n g • t f LSD i s g i v en 
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ten hours after reserpine (when norepinephrine and serotonin 

have·been depleted) LSD effects are attenuated. 
,· 

Most important, 

phen~xybenzamine (dibenzylineJ, an adrenergt~ blocker with no 

known central effec~s, attenuated t1fel ine-manian induced by LSD. 

Since very large doses of LSD are required to induce 

definite behavioral changes i~ animals, and since the relation

ship of any behavioral change induced in animals to psychotic 

symptoms tn humans is always doubtful, tt seemed important to 

study the effect of phenoxybenzamtne on the LSD psychosis in 

ma n • The pur p os e of t h e pres en t ·report i s t o pres en t · d a t a 

showing that pretreatment with phenoxybenzamine did not alter 

significantly the mental symptoms produced by LSD in human 

subjects, de~pite d~finite evidence of peripheral adrenergic 

blockade. 

GENERAL METriO')S 

Subjects. All were former ~orphine addicts serving 

sentences for violation of narcotic laws who volunteered for 

the ex~eriments. All were physically healthy adult Negro males 

who presen-ted no evidence of ·p·sychosis on ·psychiatric 

examination. 
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Druqs. ·LSD tartrate and LSD placebo w~re administered 

orally ln solution to patients in the fasting state. Phenoxy-

ben~amlne and phenoxybenzamine placebo were given in capsules. 

L-Epinephrine HCL and epinephrine placebo were administered 

subcutaneously. Specific details on dosage are gtven under the 

particul•r experiments. 

Experiments were "double-blind"-- neither the patients 

nor the ~bservers knew what drugs had been given. In evaluating 

the effect of phenoxybenzamine on the LSD reaction the following 

combinations of drugs were administered at intervals of seven 

ddys in randcm b~lanced or~er: LSD placebo plus phenoxybenzarnine 

~lacebo, LSD ~Ius phenoxybenzamine placebo, LSD plus 

phenoxybenzamine, and LSD placebo plus phenoxybenzarnine. 

Methods of Measure~ent. Intensity of the LSD reaction was 

assessed by methods previously described t111. The following 

observations were obtalhed at h~urly intervals twice before and 

eight times after administratJcn of LSD, or LSD placebo: 

pupillary slze, threshold fqr kneejerk, systolic blood pressurz, 

number of positive answers on a modification o~ the qu~stionnalre 

de'lised ·by Abramson ll_ 21_ ... {12),_ dnd the clinical grade, based 

·on a-short me:1tal status exa;nination {11). Areas under tlme-

action curves were calculated by the method of Winter and 

Flataker C!31 and resu+ts express.cd as mm. hours <pupilsl, 
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mm. hours (blood pressure), and degree-hours {kne~jcrkJ. In 
.. 

addition, rest1ng pulse rates, resting systolic blood pressures, 

and pulse rates and systol lc·p~essure aft~r standing for one 

minute were determined and time-action areas calculated. These 

.~ latter measurements could not always be obtained (experiment 4) 

' 
'' 

due to postural hypotensicn·with resultant faintlns on standing. 

Effects.of epinephrine were assessed by measuring pulse 

rate and_systolic and diastolic blood pressure at the fol-lo'wlng 

interv~ls: 10 minutes before, and immediately before subcutaneous 

injection of epinephrfne or epinephrine placebo; 5, 10, 15 1 20, 

30, -40,·. and 60 minutes after injection of epinephrine ·or placebo. 

Ttrne-action areas were also calculated for these measurements. 

Ex per i men t I • E f f e c t of I m 9 ./kg. c f ? he-n ox v benz am i n e 

Reaction lnduced by 0.5-J.O mcom./kg. of LSD. Phenoxybenzamine 

or phenoxybenzaminc placebo was admi_nistzred orally in capsules 

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

thus allowing three to four h~urs for adrenergic blockade to 

develop prior to expected pe~k of LSD effects. Four p~tien7s 
. . 

r e c e i v e d c or.1 b i n a t i on s of I • 0 m c sr;, • of ph e n ox y b en z a i':'l i n e Q r 

phenoxyb~nzanlne pla6ebo with ~.5 ~cgm./kg. of LSD.or LSD placebo.· 

Since the number of subjects was s:nall, and since the resul b 

were. similar ~o the group that receiv~d 1.0 mc~m./kg·. ct LSD, 

the results will not be prese1ifej in detail. 

------- --- -------·---- -- -~ ------------- ------
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Six patients received co:nbinarions of 1.0 mg./kg. of 

phenoxybenzamine or p:henoxybenzamine pl~cebo with. 1.0 mcg.n./ks. 

of LSD or LSD placebo. Resul·ts· are presented in table f. Both 

----- · the number of answers and the cl lnica I grade were less after -
the combinalion of LSD plus phenoxybenzamine, as compared with 

LSD alone. The differences.,- however, were not s_tat.tstically 

signi~icant. PhenoAybenzamine dtd reduce pupillary dil~tation 

significantly ~fter LSD, but had no effect en the LSD-induced 

r i s e i n res t t n g s y s t o l i c b I o ad pres. s u r e o.r on t he dec rea s e d 

threshold for the kneej2rk. Mtbsis, postural hypotension, and 

postural tachycardia indicated that some degree of peripheral 

adr~n~rgic blcckade hdd occurred after phenoxy~enzamine alone. 

LSD was an effective antidote for the postural hypotension after 

this dose of phenoxybenzamine. 
f. 

Experim~n_u. Blocking of Epinephrine by J.O mg./kp.·cf 

Phenoxybenzamine. Since ·no definite attenuation of the LSD 

reaction was observed in the p~evicus experiment, it seemed 

wise to determine whether the.dose of phenoxybcnzamine u~ed 

would significantly alter the response to epinephrine. Four 

pa_tients .,.,;er~ "challeng~J" with 0.4 to 0.6 mg./70 kg. of 

eptn~phrine ·s~b~utaneously before and three hours after ingestion 

of 1.0 mg./kg. of phenoxybenzam.ine. R~sults were controlled by 

placebo injections before and aftir phenoxybenzamine. 

ments ·wer~ those described above under _ge~er~(_methods. 
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Results are shown in table 2. As expected, no blocking 
,. 

of the, increase in pulse rate. induced by epinephrine was 

observed after phenoxybenzamine. Ri~e in svstol ic blood 

pressure after epinephrine was reduced by phenoxybenzamine, 

but the reduction was not significant statistically in this 

small sroup. Th~ decrease in diastot lc pressure after 

~pinephrine was enhanced after phenoxyb•nz~mine. These results 

indicated that some degree of adrenergic blockade was present. 

Experiment 3. Blocking of Epinephrine by 2.5 mg./kg. of 

Phenoxybenzamine~ Eight patie~ts received 0.5, 1.0 and r.o 
mg./kg. [total of 2.5 mg./kg.l of phenoxybenzamine at 26, 13, 

and 3 hours prior to challenge with 0.6 mg./79 kg. cf epinephrine. 

A second test with epinephrine was carried out. five hours after 

.the last dose of pher.oxybenzamine. The resul-ts are shown in 

. table 3. A definite diminution in the rise in systol tc 

pressure after epinephrine was observed five hours after the 

last dose of phenoxybenzamlne·-as well as a marked enhancement 

of the decline in diastolic blood pressure aft~r both test 

·doses cf epinephrine. ln addition, alI patients were unable 
. . . 

to ·stan~ quiitly for ~ore than~- minute wltho~t becoming dizzy 

or f~intlng. Since these findings were compatible with a 

·considerable degree of adrenergic blockade, this dosage of 

dibenzyl ine was used in experiment 4. 
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Exoertment 4. Effect of 2.5 mg./kg. of Phenoxybenzamine 

(Dtvtded Doses 1 on the LSD-Reaction. Ten patienfs received 

0.5~ 1.0 and 1~0 mg./kg. of phenoxybenzamine (Dr phenoxybenza-

. mine placebo) 24 6 II, and 2 hours prior to 1.0 mcgrn./kg. of LSD. 

Results are shown in table 4. Although the effects of 

phenoxybenzamlne were so pronounced that 5 of the patients 

fainted on standing for less than on~ minute, there was no 

reduction in the number of symptoms reported or in the intensity 

(cl tnical grade) of the reaction after phenoxybenzamine combined 

with LSD. A significant reducfion in pupillary diameter was 

noted but the other indicators of LSD effect, including the 

rise in systolic blood pressure, were unaffected. LSD tended 

to antagonize the effect of phenoxybenzamine on the pulse rate 

when standing. 
'· 

DISCUSS ICN 

No definite evidence of .a}tentJation of the. LSD-induced 

mental symptoms by phenoxybe~zamine was observed in the 

experiments described above. l t hardly see;ns I ikely that this 

·could be due to tnddequate dosage of phencxybenzamine, since 

signs of a considerable desree of adrenergic blockade were 

present after phenoxybenzamine lmiosis, parti~l attenuation of 
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the epinephrine-induced rlse in systolic blood pressure, 

accentuation of epineph~ine-Jnduced drop in di~stol ic pressu~e, 
and marked postural hypotension and.tachycardial •. ,. 

c:ven though 
the adrenergic blockade may not have been complete, the doses 

of LSD used were small, so some evidence of attenuation of the 

mental symptoms should have been detected. 

Failure of phenoxybenzamine to block the mental changes 

~aused by LSD might indicate that the LSD reaction is not 

mediated adrenergically, or that phenoxybenzamine lacks centrat 

adrenergic blocking actrons. ·Stnce r61~ of epinephrine and/or 

norepinephrine as central synaptic transmitters is strrr 

speculative, these alternatives cannot be assessed at the 

present time. 

Failure to confirm amelioration of the LSD•reJction 

'observed in animals after phenoxybenzamtne emphasizes that care 

t s n e c e s s a r y i n ex t r a p o I a t i n g be h a v i or a r c h a n g e s i n a n im a I s t o 

mental symptoms in man. 

SU.NA~Y 

1.0 mg./kg.· of p·nenoxybenzamine or 2.5 mg-~/k·g. of phenox'/-

b e n z a.m T n e . ( d i v i d e d i n f h r e e c o s e s 1 d i d n o t a t t en u a t e s i D n i f i c ~ ;: t I 'I 
mentaf changes induced by 0.5 to 1 •. 0 mcgm./kg. of LSD-25 • 
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TABlE I. 
Effect of LO lvtg./l(g •. of Phenoxybenzamlne on the l~eact lrJn 

I n d u c e d by I • 0 Me gm • /K 9 • of l SO 

LSD Placebo 
Plus 

Phenoxybenzamine 
p 

TREATMENT 
LSD 
Plus 

Phenoxybenza~Jne 
r 

LSD 
Plus 

Ph en oxv b~~n zarr~_r~ 

I' o :J·~ I I 

I 

LSD Placebo 

:e 
h 

I 

~ 

PI us 
Phenoxvb~nza.ntne 

i 

.i'vl"'Jc Rate, I . I ! 
: ·ecu~bent ~ 31.6! 16.6 ~57 1 14.9 ~ 80.3. t 14. I · 
·~- . -

:;'ulse ·Rate, 
,) tandIng · 

:> r s t o I I c P r e s s u r e , 
·~ecumbent 

· ·r s t o I I c P res s u r t , 
,.tanding 

Size 

~liar Reflex 

:~'"r of AnsW~ 

~·.'c:a I Gr~de 

""45.7 .:1:. 58.3 

~ 29.4"" 11.7 

~ 23.6 + 10.2 -
"" 

3.7 .J. o.a -
2.8 .J. 0.9 -

0.33 .,. I • 8 -
0 !. 0 

~ 39 ~ 102 .J. 82. I 1 15. I 

+ 78 ~ 5.0 ~ 100 .t- 18.5 -
. ' . 

I .J. 65 .J. 17.8 .J. 68.9 1 32.8 -
"" 12.9.! 0.7 ~ 8. I 1 1.8 -
-1- 5.9 .!. 2.0 

"" 
3.9 .J. I • 9 . -

49 -1- 23 19.4 .J. 6.6 -
2.2 .J. o.s 1.6 .J. 0.6 

i 

~ liS l ,39. 3 

.J. 52 .1- IS. 2 

53 ! 18.3 

1.2 .1-'4.2 

0.44 .J.' 0.6 

0 !.'0 -
0 ± 1

0 

Ftgures are means -1- standard errors of observations on 6 patients. in case of pulse rate, 
.p~essurt, pupillary ~lameter and patellar reflex, they represent time-action calculation$ 

Jreas I ~nd are expressed as beat-~ours (pul$e rateJ, mm. hours (blood pressure), etc. Number of 
~swers represents _number of positive responses on questionnaire &fter LSD (or LSD placebo) which 
·~re not $cored positively before the drug. Clinical gradP. assigned by rl'lethod oftsbell et al .. . . --- _..... 
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TABLE 2. 

-Eff~ct of 1.0 Mg./Kg. of Phenoxybenzamlne on Rcspons1. 
' 

to 0.4 - 0.6 Mg./70 Kg. of Epinephrine. 

--

l'uue 12 

.. __ ....,;,. 

~ 
'I' 
~-t 

·BEFORE PHENOXYBENZAMINE A F T! R PH EN;:~ B Ef' JZI\1\11 N E 

Placebo h>i ncph i- t~e Ep I n e p hL J n e · .:::::::1.~ Plac<d:-o ---·-- ----------- --
; 

- 331 !. 94 -1- 433 4- IU6 "' 466 .J. 95 - 318 .J. 46 -
-· ---

1 s t o I t c B I o od ! 

~"~ssure - 187 .f. ~4 ~~ .J. 453 1 197 -1- 205 .:!:. I 82 - 173 1 97 - i -...:.- ---

J 
.•.. . I 

i d s f u I t c B I o od . ' I 

rl!ssure "' 142 ~ 306 - 441 .f. 219 - 657 ~· 340 .J. 208 "" 71 - - '----------

' 
( 

Figures are means± standard err~ts of observ~tlons o~ 4 subj~cts. i 
I 

(..'\ - Th~y r~l->r~sent time-action ~alculatJons lareas) expressed as b~at-ntln~t·~s (pulse I,\ 
. . I 

bnd mm. ·minutes lblood pressure). A poslflve figure Indicates an Increase over : . . 

predr_ug measuremenh; a nega.tlve figure, a decrease·. 
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ulse Rate 

\' s t cl I c B I o od 
res sure 

i a s t c... I I c B I o od 
res sure 

-

( 

• 

" TAI3lE 3. 

Effect of ~.5 Mg./Kg. (Three Divided Doses) of phe:noxybenzamtne 

on Response to 0.¢ Mg. Epinephrine /70 Kg. 

- -

P.:~t;e I J 

BEFORE PHENOX YBENZAMI NE A f T E. P. PH ENC:X Y G ENZAiv': I N E ' 
( I > -- ,-nr 

~-

~\ .. 
k ,,) 
I''· 
{'-'\ 

I 

'L-· ·..,_ 

PI a cebo Epinephrine Eplne)Jhtlne Epinephrine - --·---

. \ 

-- ---··· 
- 273 "' 57 "' 545 1 122 "' 780 ±.. 144 . -

.. 

- 129 .! .12 7 "' 459 .:l 126 -1- 299 + 129 -
... 

(I) 

'2 J 

. I 

84 .t 74 - 552 .:1:. 91 -I m~2 + 148 -

Tested two huurs after last dose of phenoxyberizamlne·. 

Tested five hours after last dose of phenoxybe~%amine~ 

figures are means + ~tand~rd errors of obs~rvatlons on 

. a ·s u b J e c t s • 

-· ---
"' 684 !. 99 

.. 90 -1- 162 -

-1206 .j. 442 
' -

-

, ..... 
' 
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~ASURE 
/ 
I 

i•.1l~- Rate, 
:cuml>cnt 

tdse Rate,. 
, i·a n d In g 

.. ,. s tv I I c B .1, ood 
~ressure, ~~cumbent 
'. 

i '-'P t I I a rv S I z e 

dellor Reflex 

l'ogc It!. 

• TABLE 4. 

Effect of 2.5 Mg./Kg. ( Thret Divided Doses J of Ph~noxybenzamln•'! 

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

"" ~ 
" / 

~ 

II 
LSD PI acebo 

Plus LSD PI us LSD Placebo 
Phenoxybenzamlne Phenoxybenzamlne LSD PI us·. Plus 

Placebo Placebo Ph e "~ox :t benz om t n e _ Ph en ox~ benz a rn In e 

~ I + 56 I I -~. 48.0:!. 10.1 ... 20.8 "' 5.2 + 19.7 + 77.4 ... 13.0. - - -

II· .... 36.3! 18.5 I +. 12 I I 4- 157 -J-. .J. ~3 .2 ... 16.0 1 39.8 .· 45 - ' 

II ... 27.0! 25.4 I .J. 69.9 ,J. 9.3 1 "" 75~2 .J. 10.9 I + 38.4 .._. 12.8 

II ... 3.15 + 1.3 I .&. 14.2 _t 1.5 I ... 9.5 ... 0~7 I - 1.4 ... 3.5 

II - s.o ... I. 7 I .J. 6.65 J. 1.2 ... 8. 35 .J. I . 6 .. I .J. 0.9 ... I • 12 - -
er ofAns~ 0.2 .... o.oa 

I 
33 ±. 12 47 + IS I 0. I .J. 0.9 -

.:1:. 0 I '"',c a I Grade 0 1.65 .l o. 37 1.05 + 0.37 I 0 ... 0 

Figures are mean_s! standard errors of observations. <>n 10. subjects.' 
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