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i were used. A week prior to the experiment the rabbits were cannulated while
(i under Equtthesin TH (Jensen-Salsbery Lab) anesthesia with mtcroinJectton guide
) sleeve assembly units, consisting of a 21-gauge needle tn a plastic mount. By
! use of the stere0taxtc atlas by H0nnter and Gsngloff as reference (13) the

guide sleeve was positioned at coordinates AP(-)1..Omm, L 1.5 ram,vv( ) 8.0 mm) m

i for the lateral ventricle and AP(-) 7.5 mm,LO.Omm,De(-) 13.5 mmfor the third
'_ ventricle. During the lowertng of the assembly, dural bleedtng was controlled _

with gel foam (UpJohn). The assembly was anchored by dental acryltc and stain-
,_ less steel screws to the calvartum. Ventrtcular cerebrosplnal flutd was mapped
:_: with a 2E-gaugemicrolnJectlonstyletattachedto a l-ml syringevia a length

of teflontubing.

i, On the day of the experiment,the animalswere conditionedfor 3 to 4 hr
in openwoodenstanchions(14). Colonictemperaturewas measuredwith a rectal
thermistorprobe (introduced5-6 inchesintothe rectum)connectedto a tele-!

:_ thermometer(YellowSpringsInstrument)and an automaticrecorder(Leedsand

i_ Northrup). At the end of the experiment,the exactdepth of the mlcroinjectlon
Ii_ was verifiedby use of a dye marker (15).

LSD, phenoxybenzamlnehydrochlorlde(SmithKllneand French),dibozane
!i (McNeil,de-alpha-methyl-tyros]hemethylester hydrochlorlde(RegisChem. Co.),

propranololhydrochlorlde(AyerstLab.),cyproheptadlnehydrochloride(Merck,
Sharpeand Oohme),and clnanserinhydrochloride(E.R.Squibband Sons)were pre-
pared in bacterlostatlcsodiumchlorideinjectionU.S.P.(TravenolLab.). The
intraventrlcularmicrolnJectionof LSD was set at I0 _I/30 sec by use of a 26-
gaugemlcroinJectionstyletconnectedto a teflontubingand a ].O-mlsyringe.
A manuallyoperatedmicrometerdrive (MicrometrlcInstrument)was employedfor
the dellveryof the InJectlon. Dosagefor the Intraventrlcularinjection(ICV)
is expressedas per animal,and for the intravenousinjection(IV)dosageis
basedon per kg of bodyweight.

Results

LSOat a doseof 2.5,5, and 10 _g given intothe lateralventrlclew111
elicita dose-relatedrisein colonictemperature(Fig. IA),accompaniedby
behavioralexcitation(Pupillarydilatation,increasedlocomotoractivity,con-
strictionof the ear vasculature,increasedrespirationand hyperalertness).
The temperaturepeakswithinI to 2 hr and graduallyreturnsto basaltempera- LSD
turewithin4 hr from the timeof injection,exceptIn the case of the I0 ug redu
dose in which the effectlasted6 hr. Behavioralexcitationlastedfor only
I-I/2hr from the timeof drug injection.Neitherthe plcurefrom the injection
stylernor the injectionof I0 pl of bacteriostaticsalineeffectedany change _ (I.C
in colonlctemperatureor behavior. 5 _

pyre
So that we could determine the development of pyretogentc tolerance upon the

microtnJection of LSD into the lateral ventricle, we challenged animals that the!
receivedI0 ul of saline,2.5, 5.0 or I0.0ug LSD ICV wlth an intravenous
injectionof 25.0ug/kgof the samedrug. Fig.IB shows that the normalpyreto-
genicresponseinducedby 25 uglkg IV of LSD was 1.35_0.15°C,whereasanlmals of !
thatreceivedan ICV doseof LSD 4 hoursprior to the IV injectionexhibited res(
responsesthatweremarkedlyreduced. This was especiallytrue in those animals the
thatreceivedthe 5.0 _g of LSD ICV;the peak temperatureresponsedroppedto Bot)
+0.4°C±0.I°C(Fig.IB), dat

The administration of 5 pg LSD tnto the third venttrcle produced artse
of +0.7%_0.I°C in temperature;the peakwas reachedwithinI-I 112 hours from
the time of drug injection(Fig.2A). The hyperthermlawas also accompanied
by behavioralexcitation. When theseanlmalswere challengedwith 25 pg/kg duc

tra
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FIG. I

m (A) Dose-responsecurve upon intraventricularinjectionof LSD
;o.), intothelatera]ventric|eof rabbits:
;k,
pre- <_,control salinelO _l, (n=5),0,2.5 pg LSD, (n=6);0,5.0
The pg LSD,(n=lO);[],IO.OugLSD (n=6).Eachcurverepresents
26- the averagecolonictemperatureresponsesof the individual
}ge. animals, n representsthe numberof animals. Verticallines
for representsSEM.
[xcv)
is {B) TolerancedevelopmentuponIntraventrlcularinjectionof LSD

into the lateralventricle4 hr priorto the intravenous
administrationof 25.0pg LSD:_, controlsaline,ICV,
+25 pg LSD IV (n=5);O, 2.5 ug LSD [CV,+25.0 ug LSD IV,
(n=6);_, 5.0 pg LSD ICV + 25.0 pg LSD IV, (n-lO);[], lO.O

#Ill pg LSD ICV + 25.0 ug IV, (n=6). Eachcurve representsthe
Y averagecolonictemperatureresponsesof the individualani-
con- mals. Verticalllne representsSEM.).
era- LSD IV 4 hr afterthe ICV injectionof 5 _g LSD, the temperatureresponsewas
Pg reducedfrom +1.35°C to +0.7°C (Fig.2B).
ly
ectie- Pretreatmentof the animalswith two antiserotonerglcdrugs,cyroheptadlne
hange (l.Omg/kg IV) and cinanserin(IO mg/kg IV),prior to the ICV injectionof

5 pg LSD intothe lateralventricleproduceda signlflcantreductloni'nthe
pyretogenicresponse,as comparedwith untreatedanimals(Fig.3). However,

upon the behavioralexcitationinducedby ICV injectionof LSD was not alteredby
_at thesedrugs.

,yreto, Phenoxybenzamine(5.0mg/kg IV) given 2 hr prior to the ICV injection
_ls of 5 pg LSD partiallyattenuatedthe pyretogenicbut not the behavioral
:ed response.Oibozane,anothera-blocker,at a dose of 5.0 n_J/kgIV attenuated
_nimals the pyretogenicresponseto a lesserdegreethanphenoxybenzamine(Fig.4).
Ito Both the phenoxybenzamine'and dibozanein controlanimalsproducedmild se-

dationand slighthypothermia.

•tse Discussion
from

mied A rapiddevelopmentof toleranceto the pyretogeniceffectof LSD is pro-
cg ducedwhen the drug is administeredby the intraventricularroute. In con-

trast,with parenteraladministration,it requiresat leastfourto flvedays
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FIG. Z

(A) Change in colontc temperature upon intraventrtcular injection
of 5.0 _g LSD into the third ventricle of the rabbits. O,
control saline 10 _1, (n=5);• , 5.0 _g LSD, in=7). Each
curve represents the average colonic temperature responses of
the individual animals. The n represents the number of anl-
mals. Vertical llnes represents SEM.

(B) Tolerance development upon intraventricular injection of 5.0,
ug LSD into the third ventricle 4 hr prior to an intravenous
dose of 25.0 pg LSD. _, control saline lO _I ICV + 25.0 ug
LSD IV, in=5); Q , 5.0 tug LSD ICV + 25.0 pg LSD IV, (n=7).
Each curve represents the average colonic temperature respon-
ses of the individual animals. N represents the number of
animals. Vertical lines represent SEM.

before partial tolerance can be achieved. Tolerance to the LSD-induced be-
havioral excitation was not observed. The rise in temperature upon intraven-
tricular injection of LSD is dose-dependent and is accompanied by behavioral
excitation. Microinjectlon of 5.0 i_g LSD into the lateral ventricle produces
a slightly higher degree of hyperthermia than is obtained with the third ven-
tricle; this may be due to the lateral ventricle being located nearer to the
preoptic region of the anterior hypothalamus, which is believed to be the ther-
moregulatory center in the central nervous system (16).

The attenuation of the pyretogenic response produced by pretreatment of
se_tonergic blockers prior to the ICV injection of LSD supports the hypo-
thesis that LSD mimics the action of endogenous serotonin, since experimental

observations in our laboratory show that ICV injection of 150 _g 5HT to rabbits
pretreated with the same dose of cyproheptadine and cinanserin will attenuate
the pyretogenlc response by 60-70%.

The _-blockers phenoxybenzamine and dibozane also attenuate the pyre-
togenic response of ICV LSD; this effect is a strong indication of the inter-
action Of LSD with catecholamine receptors in the central nervous system. The

pyretogenic response to norepinephrine at a dose of lO0 lJggiven into the
lateral ventricle of the rabbits was also attenuated by these _-blockers. The

B-adrenergic blocking agent propranolol did not alter either the pyretogenic
nor the behavioral response induced by intraventricular injections of LSD.
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that the pyretogenic response induced by intraventricular injection of LSD is
inediatedby its action on both 5-HT receptors and adrenergic a-receptors..
Studies are now underway to determine the exact mechanism of its action by
intracerebral injection of the drug Into the different areas In the central
nervous system where these amines are present.
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FIG. 3

,e- The effect of serotonergic blockers cyproheptadine and cinanser-
ven- in given intravenously prior to the intraventricu_ar injection of
,ral 5,0 pg LSD into the lateral ventricle. _, 5.0 _g LSD ICV, (n=lO); 0 ,
_uces i cinanserin control lO mg/kg IV 20 min prior to lO ul saline;

yen- I (n=5); _, cinanserin lO mg/kg IV 20 min prior to 5.0 pg LSD
the - ICV, (n=5); •, cyproheptadine control mg/kg IV 2 hr prior to
ther .... lO pl saline, (n=3); _, cyproheptadine mg/kg IV, 2 hr prior to ii

5.0 pg LSD ICV, (n=5).
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I_ The effect of alpha blockers phenoxybenzamine and dlbozane given

ii_ Intravenously 2 hr prior to the Intraventrlcular injection of
:_ 5.0 ug LSD into the lateral ventricle. I-I,intravenous saline +

5.0 pg LSD ICV, (n=5): _, Dibozane S.O mg/kg IV + 10 ul saline

ICV (n=3); _, Dibozane 5.0 mg/kg IV + 5.0 pg LSD ICV, (n=5);O ,
phenoxybenzamlne 5.0 mg/kg IV + 10 pl saline; 0, phenoxyben-
zamine 5.0 mg/kg IV + 5.0 _g LSD ICV, (n=5). Each curve represents
the average colonic temperature responses of the indlvidual
animals. N represents the number of animals. Vertical line
represents SEM.
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