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Analeplic Action of Lysergic Acid Diethylamide

(LSD-25) Against Pentobarbital
JULIA T. APTER, M.D., Chicago

Adventitious findings in this laboratory kilogran_ kills a cat within 30 rot,rotes of intra-

indicate that lysergic acid diethylamide peritoneal injection.) The animal was immohilized

ILSI)-25) protects cats against the toxic in a Horsley-Clarke apparatus, and one fenaoral
vein was exl_sed. The parietal cortex was ex-

effects of large doses of pent.barbital. Oue lapsed, lind platinunl electrodes were placed in

hundred fort)" cats have survived inordinate contact with the surface. Silver electrodes were

;mlounts of pent,barbital at the ternlination placed trader the skin of the al_lonaen anti of the

of experiments in which l._l)-2.g solution thorax. All electr(_les were led to a Grass electro-

was given systemically, encephalogral)h. In this way cortical, respiratory,
and cardiac activities were recorded. Forty minutes

(;astaut. as Bradley, s.4 and others B.s,14,1s after the original anesthetizing d(w_e of pent.-

provide electrophysiological evidence that barbital, one of the following drugs was given

LSD-25 antagonizes the action of at,esthetic imraperitoneally :

,loses of barbiturates. In these studies the To 101 cats, LSD-25 solution, 50tzg. per kilogram

actions of both drugs on the frontal cortex ,,f 1,_ly weight; to 7 cats, brona-LSD (2-brom-d-
lysergic acid diethylamide), 50tag. per kilogram

and on the reticular formation were investi- of belly weight; to 17 cats, pierotoxin, 1.5 nag.

gated. There appear to be no reports, how- lver kilogram; to 7 cats, pentylenetetrazol, 0.05 g-re.

ever, of the extent to which I.SD might per kilogram; to 14 cats, crystalline LSD-25,*

inhibit or reverse lethal effects of larger 50t, g. per kilogram, and to 7 cats, no drug other

,loses of barbiturates. It seemed worth while, than pentoharbital.Fifteen minutesafter the test
drug was injected, two-thirds of an anesthetizing

therefore, to investigate in greater detail dose of I_entobarlfital (called the first lethal do._e)

this protective l)roperty of I..%I). _as administered intraperitoneally. The LSD

L'nder the conditions of the preseltt series is large because at first we suspected that

studies. I.S1)-25 safely and effectively re- *,ttr pentoharhital was weaker th:na labeled. \Ve
used three different supplies of Iron,.barbital. 1"o

versed respiratory and central nervous sys- 13 animals still surviving lv.'canse of a previous

lena depression induced in eats by lethal dose of I.SI) solution, repeated lethal do_s of

doses of pent.barbital. \Vhat is hi.re, pent.barbital were _ziven at 10-minute intervals

1.SI)-25 was more effective lhan lficrotoxin ntltil all la eats were dead, as confirmed hy I{F.(;.

or pentylenetetrazol ['..'<. l'. I Metrazol) in reslfirator.v, and cardiac records.

this regard. "l'hirty-nhm cats were given 50tzg. of I.SD-25
per kilogram, followed 15 mhuttes later hy a single

injection of a double anesthetizing dog" of iv..'nll_-
Material and Procedures harhital. No surgery was done on these cats.

._IEilIOD l.--.'lbility ,,f I)rttgs t,, l'rc2'cnt ._'up- Ml-:rliolp l l.--.'lbility +,f /}rugs t,, Rcz'crsc

pression _,] Respiratory and (',,rtical .h'tivity by Respirat,wy and ('cntral .\'er_',,us .'fyst,'m l_,'prcs-

lligh D,,s,'.¢ ,,f l',mt,harhital. ()no hundred eighty'- st,,, Indnced by Iwthal I),,s,'s ,q I'rnt,d,arbital.--
-ix cats anesthetized with 42 rag. of pentoharhital Fighty-three cats _ere prepared for recordings

-,_lium Ivcr kih,gram intralwritoneally ,,,,ere used as in the first group of tests. F(,rt_v nmnttes after

it+ this part of the study, t Sixty nfinigrams prr Ihe ilfitial anesthetizhlg dose o( Iwntoharhital, all

Suhmitte, l f,,r I,'uldicati,,n I)cc. 11. 1957. cats 'at're given :t lethal dose ,,f the drug. The
It',hal dose ,Aas a second dose twl,-third,_ ,,f the

Northwestern Umversity .Medical Scherzi.

This study was SUplMWtcd in part by the 1". S. * I'revious studirs oil tilt' ,wttlar imq_rrlit., of
I'uhlic Ilealth Service (;rant No. 11-1177, and in I.SIL25 i.dicated that crystalline I.SI) 25, _a- n,,I
part 1,?. lhe filing,is I)vpartmvt_t ,,f l'ul,lic \Velfarc. a- aclivt, as tht' s,,luti, m
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I:lti,'a,'y ,,f l'ari,,t_s .-tn,ll,'ptic ,4g,'nts ..Ig,zin.<t the other h.if_(I, two lethal closes killetl ;ill
Lethal Doses o/Pentobarbital

the cats receivitlg petltylet_etetrazol (tr picro-

]kthalt),,s_. toxin but not those protectt_l by I.SI)-25.
Pento- No.

I_rbttat Surs't_-ed %Surxt_':d The 101 I.SI) cats with expost_tl parietal

No.of CatsTreatedwtth LSD-.?SSolution cortex survived twt) lethal closes at least

Itefore 140 140 t00 eight hours. They showed sonic Sttl)pressioll

After 42 _ rS.6 of I:.I:.G and resplrati(m. These tracings

NO. of Cats Tret_te*l with I'lta'otoxin returned to norulal sleep-spindle-tyl)e
lk:tore 17 17 100
After 29 It Sr.S records within 6 to 14 hours. It required

No. ,,ICats Treated with I'entytenetetrazot three lethal (loses of pet_tobarbltal giver1 at
nefo_ r r ]00 once or at 10-mitlttte itltervals to kill the
After 9 0 0

cats protected by I.SI) solution. The 39
No. of Ctlts Treated with Brom-LSI)

cats spared surgery and given two lethal
l_etore 7 1 14.3After 6 0 (loses of pentobarbital after L.ql) ;ill re-

No. of Cats "|'rearedwith I.SI)-2.5Cryst:_ls covered completely atl(t were used iu sub-
Before 14 l 7.2
After G 0 It seqtlellt experili]euts.

...... I I. All the cats gix'en a lethal (lose of

anesthelizit_g dose. Recordi_tffs were w;ttched, pentobarbit;tl showed marked sttppressiou of

\VhetJ cortic;d activity became markedly depressed the I:,E(; in 4 minutes, of respiratory depth

attd respiratiot_s ceased but the heart beat re- in 6 tnillutes, an(1 of cardiac acti()n ill 10

t11;lit_e_l,the test drttgs were given it] the following mitlttti, s. ]=Irom-l.Sl) fir crystalline LSI) didt'_'l_tllll¢_ r :

In tl_is series, 42 cats received I.SD-25 si_lutio_l, not chatlge this course ¢)f events. Picrotoxin

10/_g/kg. I. V., it(jeered very slowly, and 50/_g/kg. restored respiration and some EEG bursts

itttraperitoneally; -_) cats received picrotoxin of spikes for a few minutes and kept 62.2%
0.5 nllz/kg. 1. V. it( two doses, five rot(lutes :(part of the cats alive for 20 to 40 if(inures and

:twld 1.5 mg/kg, ilttraperitolteall_v; 6 cats received 37.8_)_ for more than 6 hours. I.SI) solu-
crystallitae I.SD-25 (_tt the satne dose schedule ;_s
th:_t ot_ which other c:tls reeeix'etl LSD-25 solt_tio_a; riot( restored rt.spiratiotl depth and rate
O c;tts received I,rom-l.Sl) ;_tso ot_ the same (lose in two minutes after irltravenous admil_istra-

sche(htle as LSI)-25. (ion. There were t_inimal sigt_s of restored

In Method II the EE(; traci_tgs ".,,'ere w_itched lv.EC; activity utttil 60 to 80 initlutes after

t_t_til restor_tiot_ _f t_orm:_l sleel_ EEG actix'itx I.SD was given. At that time, EI'_G activity
_tt_til (leatl_, or, i_ s_)me c:tses 8 'to 16 It_)urs ;_fter

was like tlortual sleep records, or nearly so.;t(hninistration of the test drugs (until ttt_ fttrther

chat_ge ('ot]ld l_e expected) Seventy-eight per cent of these cats lived
for at le;tst eight hours, at_d theft two lethal

Results doses were required to terminate the experi-
ment.

[. All cats not given a test drug died 6

to l0 minutes after receiving the first lethal Several itrt-cautiot_s were taken <luring

dose of pentobarbital sodium. Crystalline these experiments and are worthy of note.

I.SI)-25 did not change this course ()f The anitu;I.ls were never moved after injec- -

events. Cats receiving brom-l.Sl) before tiou of a lethal dose of peutobarbital. When-

the lethal tlt_se of pet_tobarbital showed ever atl at_im;tl was carried, however

tuarked suppression of the 1:.1:.(; and respir- carefully, it l)ron_ptly died. These cats are

atious after pentobarbital and died within not included in this series. The ;u_imals

two h(_urs after the lethal close. All the cats were kept _,v;trm, :rod all handling was

receiving I_entyleuetetrazol. picrott_xitl, or gentle, if the ;_uit_als lost a great deal of

I.SD-25 solution survived ;it least six hours blood during surgery, they were discarded

after otte lethal di_se t_f ltet_tol)arbit:d and from this series.

showed no suppressit_n t_f the El'(; ,u_d very The tliscrep:tttc.v in ,lotion bt.tween 12SIt-

slight SUpl_ressi_ttt _tf resl,iratltr.v r:tt_.. ()t_ 25 s_tlttti_tt ;u_d crystalline l.._l) sh_uhl I_e
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(A) In each pair of tracings tile upper one is tile EKG. with slow oscillations from
movement of the abdomen during respiratio_l; the lower tracing is of potentials from the
surface of the parietal cortex. 1, recordings after anesthesia with pentobarbital; 2, depres-
sion of cortical potentials and cessation of respiration six minutes after a lethal dose of
pentobarbita.l; 3, cortical spikes and restored respiration two minutes after injection ,,f
picrotoxin intravenously and intraperitoneally; I, irreversible changes leading to death:
tachycardia, absence of cortical activity, apnea.

(B) In each pair of tracings the lower one is the EKG, with au electr(,nyogram of
respiratory muscles superimposed; tile upper tracing is of potentials from the surface of the
parietal cortex. 1, recordings after anesthesi;g showing sleep spindles; 2, depression of
cortical activity mt(l apnea (LSD-25 was given intravenously and intraperitoneally Riven at
tiffs point); 3, restored respiration hut not much change ill cortical potentials 20 minutes
later; 4, restored cortical potentials three hours later. This animal stnrvive4 eight hour_
and was killed by a douhle anesthetizing dose of pent()barbital.

Time marking 0.4 second. Amplitude calibration is not eontrihutorv.

eml)hasized. In studying the ocular proper- Comment
• lo

ties of I.SD. '- we foun(| that the crystalliue The iicutobarbital-iuduce(l I:A(.(, ch;lnge._

form induced the sanle reslliratory an(I rel,orte(I by Clark and %Var(I, _ ];razier. r'

ear(liac stimulation that ].SD solution di(I. and ];incsinger and ];razier TM helped orient

but the crystalline form did not induce the depth of anesthesia in the I_resent sttt4v.

similar ocular results. Therefore, the suc- .";lee|, spin(lies were l_rominent in the parie-
tal cortex before the lethal dose of I,Cnt,,-

tess t)f 1.$1)-25 st)lutitm in the 1)resent study
barbital was given. .\s the lethal dose took

should I)e attribute(I-not to respiratory ;unl effect, ran(|orn _,]ow activity, then long

cardiac stimtt]atiot_ ah)ne t)ttt, rather, t- quiescent periods with a few bursts ,)f spike,

solne Sl_,cial l,r,)perty yet to 1_" identified, were rec,,gnized. _ix nlintttes after tile

Apt, r 71,_



.I .11 .-I . IRtIlIIE.', (_i .\El R_I.(_(;F .I.\'1) /'.',)(///.-ITRF

lethal d_J,c the hur,t_ ,,i -l,ikc- disappeared l,entoharbital. This fact can he uscful to

and resl,irations ceased. .-\t this I,oiut the w.rktrs who fi,td ;m animal succumbing to
analcptic ,lru_'- were given intravenously. ;ill overdose of pcntob, irbital during an ex-
All the successful drugs _I.S[), l_icrotoxiu, periment. It may also prove useful iu cases

peutyleuctetrazol I _tartcd reslfiration within of acute pelitoharhital intoxication ill huulau
;t few second.;. ()nlv pentylenetetrazol and subjects when heroic measures are called

l,icroloxin initi;flcd cortical spikes,"" how- for to protect the subject from the tuxicosls.
ever. Each intravenous (lose of ;ill analcptic The best m;umer in which to use I.S[) uuder

dru_, was _.Ul,l,orted by an intraperltoneal such circtllllstitUCt'S calmot be deduced fr(ltll

dose, In about 10 minutes the effect of the the present report.

sustained supply of analeptic drug appeared It should bc emphasized that the doses of
ill the l'/E,(; as h_w-amplilude spikes. All I.S[) used in this study arc harmless to vital

the l_'mylenctctrazol - and 62ri of the Ificro - functions in Ix)th anesthetized :uul tmanes-
toxin-supported cats eventually died. Of thefized cats."_'_'q ()n the other hand, the
the I.SI)-..upl,,,rted cats, 78.60 eventually doses of lficrotoXiU necessary 1o reverse
recovered normal sleep spilulles. The t.SI) l_eutobarbital intoxication ;ire colwulsivc ill

(';its that were not exposed to sprgery sue- unaucsthetized animals and l)ro(luce cortical
vivcd this hazardous experienc_ and were spikes indicating a near-convulsive st;tie in
used in subsequent experiments, anesthetized animals.

These studies give no information con-
cerning the basis for an antagonism between Summary
1..ql)-25 and prntol>arbital. The work of The relative value of I.SD-25 solution,
others, however, provides clues. French et I._1)-25 crystals, l_entylenetetrazol U. S. 1'.
al. it find that barbiturates inhibit synaptic (Metrazol), picrotoxin, and brom-l.GD to
transmissiou in the reticular formation, l)reveut and to reverse pentobarbital (Nero-
Bradley and Key _ report that I.S1)-25 ill- t)utal) intoxication was investigated in 26q
creases the aml,litu(le of spontaneous 1)oten- cats.

rials iu the peripheral (but not in the 1.51)-25 st>lutio1_proved more effective in
cortical) affercnts to the reticular formation, safe doses than did picrotoxin, i_,ntylene-
Moreover, peripheral stimulation is one tetrazol, and brom-I..ql) (in that order)
method employed ill preventing collapse in preventing death from subsequent lethal
from large doses of barbiturates in hu- doses of pentobarbital. Crvstalllne l..ql)had
roans 1.-,and is based on physiological evi- no protective effect.
denceY __z These facts suggest that I.SD-25 I.SI)-25 solution was more effective than

may be capable of increasing" the input from picroloxin ill safe doses ill reversing cor-
the periphery into the reticular formation, tical suppression and cessati_n of respirati(m
Ill this way I.SD could help the organism to induced by previously administered lethal
overcome resistance built up by pentobar- doses of l_entobarbital. Crystalline I.SD and
bital at the synapses in this region. If this I)rom-l.SD had no such efftx'i under the

resistance l_ is the cause of death from large conditions of this experiment.

doses of peutobarbital, then overct.niug the "]'he doses of 1.S1)-25 solution necessary
resistance would prevent death. Umil more to prevent and to reverse l_entobarbilal death
is known concerning the actions of pento- are harmless to vital functions ill t_dh tm-
I_trbital and of I.S[). further theorizing is anesthetized and anesthetized cats. where;t.

merely Sl_:culation. the doses of l_iCrotoxiu uccessarv to reverse
The contribution of the l,rcsent study is l,cm.barlfital loxicosis ;ire convulsive or

ill the demonstration that I.S[) safely and sul_.'ouvulsive even in anesthetized cats.
effectively ()xlerc_)nles cortical and respiratory The relevance .f this protective 1,r.l_'rly
inhibition induced in cats by lethal doses of .f I.S!)-25 I. the theralLV -f barbituratc
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hltoN.]ca.thm ]11 hlJmallS rcqtz]rt+'s [urlht'r ex- l+l.eetrical Activity in the Cat's Visual System.

i,l<_ratiot+" Am..I. i'hysiol. 182:51"M.-598,1955.10. Finesinger, J. E., and P,razier, M. A. P,.:
7135 S. Jeffery Ave. (4_). Vulnerability to Drugs of Various ('ortical

Regions as Evidetwed Ii3" }:.lectroeneellhalogram,
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