Pharmacological Effects from Drugs Injected
Intracerebrally in Unanesthetized Animals®*

By THOMAS J. HALEY

certain drugs had rather specific actions

areas in the brain.

central activity withour the complicating facto;-s of general anesthesia or diffusion
across the blood brain-barrier,

ANY DRUGS have diverse cffects on the cen.

tral and avtonomic nervous systems, and

by the large it is difficult to sepatate their centrat
from their peripherai effects. In many fnstances
diffusion of drugs into the central RErvous sys-
tem is so slow that centra] effects appear to be
entirely absent or appear only at toxic doses.
Furthertnore, studies are often conducted in the
presence of general aresthesia which tends to
pattially or completely obscure any central
effects. In the past many investigations have
been conducted on curarized, artificially re-
spired animals in an effort to obtain estimates of
central activity of drugs. Recently, Feidberg
and Sherwood (1-4) devised a canmula for itijec-
tion of drugs into the lateral ventricie of the con-
scious cat. Haley and co-workers (6-9) employed
a similar cannula in studies with the unanesthe-
tized dog. It is the purpose of this paper o sum-
marize these dog experiments to date and point
aut the similarities of response elicited by drugs
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of unreluted chemical structure as weli as the
ditferences in response which appear to be re-
lated to certain drugs.  In addition an attempt
will be made (o relate Iharmacological effects
with possible sites of uction in the braia.

EXPERIMENTAL

Healthy, adult dogs of either Sex were prepared
for implantation of a cerehral cannula according to
the method described previously (3, 9). Aspiration
of cerebrospinal fluid as wel] S roentgenograms
showed thut the cunnyla penetrated into the third
cerebral  ventricle. Intraventrieufur injections
varied in voluhe from 0.2 to 1 ml. Intravenous i
jections within comparable dosage Tilliges werw
made viu the anterior subeutaneous vein of the fore-
leg. Electroeardiographic  records were  obained
with lead I using 2 Sanborn Viso-Cardiet te.
Figure 1 shows a schematic drawing of the needle
in pusition and sinie of the areas in the ventricular
system which could be affected by the injected
drugs.

RESLILTS

Cardiac Glycosides.—Jutmvoulrimlar injeetion
of 1.2 to 4.4 meg. /Kg, of tryptamine-strophanthidic
or .4 1o 8.4 meg. ke of stroplunthin-k, produced
bradycardin: nnd depression of (he 8T segment of
the  eleetrocardiogram claracteristic of digitalis.
Seeondary  effects  wore: sadiviation, defecation,
miydrinsis, shivering, generulized tremior, aml mueous
membrane aued retingl pallor. Al of these clfects
disappearcd after 1] mintes and the auingds
appreared normal. With lirger dioses, 108 1o (7.9



September 1956

Fig. 1. =Median sagittal view of dog brain show-
ing mdwelling cannula.  Arrows indicate cireulution
of cerebrospinal fluid; cerebrum, CB; cerebellum,
CBL; thalamus, TH; hypothalamus, HY'; third
ventricle, 3; fourth ventricle, 4; manunillary body,
MB; medulla, MO.

meg. /Kg. of tryptamine-strophanthidin or 31 .4 to
574 meg./Kg. of strophanthin-K, ventricular extri-
systoles and paroxysmal ventricular tachycardia
appeared in three minutes.  After two to nine min-
utes, some animals had bigeminy, trigeminy, sints
tachycardia, multifocal ventricular tachycardia and
periodic P-wave suppression.  Death resulted from
respiratory paralysis and ventricular fibrillation,
Additional secondary effects were: barking, general-
ized excitement, lateral and vertical nystagmus,
opisthotonus, tense abdominal musculature, retch-
ing, emesis, micturition, tachypnea, and orbicularis
muscle twitching. These effects must be centrally
induced because intravenous injection of 8.9 to 9.8
mceg./Kg. of tryptamine-strophanthidin or 31 meg./-
Kg. of strophanthin-K had no effect. Daoses of 20,1
to 26.8 meg./Kg. of tryptamine-strophanthidin pro-
duced a deep Q-wave and a biphasic T-wave or an
inverted T-wave with a late sagging ST segment and
a bradycardia. Such effects had a duration of only
ten minutes. Strophanthin-K, 77 ncg./Kg. pro-
duced only a bradycardia of nine minutes duration,
Secondary effects were not observed.

Injection of the vehicles into the third ventricle
produced no effect. The intravenous administri-
tion of 15 to 37.3 mg./Kg. of hexamethonium chlo-
ride completely abolished the secondary effects and
re-established normal cardiac rhythm within cight
minutes.  Chlorpromazine, 20 mg./Kg., also was
effective. Furthermore, anesthetization with petito-
barbital decreased the cardiuc rate and induced a
regular sinus rhythm.

Quinidine Sulfate.—Intraventricular injection
of quinidine sulfate in doses ranging from (145 to
4.0 mg./Kg. produced paroxysmal ventricular tachy-
cardia, alternating nodal extrasystoles or nuricn-
lar tachycardia followed by a diminishing sinus
tachycardia. Immediate secondary cffeets con-
sisted of retching, micturation, defecation, mydrinsis,
nystagmus, respiratory depression, mucous mem-
brane pallor and Stage I11, Plane 11 general anes-
thesia with corncal reflexes still present.  None of
these effects were seen after intravenous injection of
2.8t0 8.1 mg./Kg. of the drug. Furthermore, intra-
ventricular injection of 0.5 ml. of propylene glyeol,
which composed 20 % of the vehicle, produced none
of the above effects. Quinidine sulfate did not cause
any fatalitics,
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Procainamide. lntraventricular injection of 5.2
to 7 mg /Kg. of procainamide had littke or no
effect on the clectroeardiogram.  Side offeets were
limited o defecation, nystagmus, slight twitching of
the Tacial musculature and Stage 1, Plane 11
aesthesia, None of these effects were seen after
103 mg /Kg. intravenousty.,

Chlorpromazine. lutraventricular ijection  of
0.3 mg. /Kg. tranquilized the animal for 16 minutes
and produced a0 lowered, biphasic T-wave.,  No
other effeets were observed. When the dose was
inereased to 093 to 110 mg./Kg. the following
cardiac effeets oceurred: bradycardia; an inverted,
lowered or biphasic T-wave; followed by tuchy-
cardiu; series of one, two, or three ventricular extra-
systoles und coupled normal beats,  After about 20
minutes the T-wave became upright.  Side effects
were: analgesia and tranquilization, shivering, de-
creased respiratory rate, defecation, mydriasis and
occasional barking.  Body temperature fell 0.3 to
L.6° over a period of 35 minutes and then returned
to normal 15 minutes later.  Ten to 12 hours later
the animals appeared normal.  Intravenous mjec-
tions of 20 mg./Kg. produced variability in the
hieight of the T-wave with tachyeardia followed by
bradycurdia. Normal  clectrocardiograms — were
obtained 11 to 20 minutes later. Sceondary effects
were:r attempted emesis, defecation, vertical and
lateral nystagmus, miosis with reactive pupils,
ataxia, micturition, and analgesiu with no reaction
to painful stimuli. Body temperature decreased
0.6° and a slight respiratory depression occurred.

Reserpine.—Intraventricular injection of 2.2
to 4.5 mcg./Kg. produced salivation, retching, and
emesis. No other effects were observed, and the
animals appeared normal 20 minutes after the injec-
tion.  When the dose was 25 meg./Kg. the following
cffects were observed: salivation, repeated emesis,
slight miosis, and defecation. Eleetrocardiographic
changes were tachycardia, biphasic or inverted
T-wave, and an accentuated P-wave. The animals
were normal within 24 hours,

Lysergic Acid Diethylamine (LSD-25).—Intra-
ventricular injection of 1.6 to 10 mcg./Kg. produced
the following symptoms within one to three niinutes:
whining, shaking of the head, salivation, retching,
emesis, micturition, tachypuea, and ataxia. After
six minutes, mydriasis with reactive pupils was
observed.  Recovery oceurred after 15 to 20 min-
utes, but throughout this period the animals ap-
peared frightened. The animals barked for several
hours uiter the other effects of the drug were gonec.
The unfmals reverted from an adult behavior to a
puppy one, but there was no impairment of their
ability to obey commands or perform simple tasks.
This personality change was the most striking effect
which occurred.

DISCUSSION

The various pharmacological effects produced by
intracerebral injection of drugs in the unanesthetized
dogare summarized in Tables I and II. The possible
sites of action listed should not be considered as the
only sites because activation of receptors in the
cerebral ventricles may, through interneuronal path-
ways, cause more distant centers to be affected.
These centers may give rise to the observed cffects
which are for the most part evidence of a profound
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TasLe 1L.—CoMMON EFFECTS FROM INTRACERENRAL INJECTION OF DRUGS
Strophanthin-K Quini- Chior- . . .
and Tryptamine Procain- dine proma-  Reser- LSD- Possible Sites of
Effect Strophauthidin amide Sulfate zine pine 25 Action

Salivation + + - - + +  Pre-optic hypothalamus

Retching + - + - + +  Brain stem reticulur formation

Emesis + —_ — - + + Chemorecceptor trigger zone

Mydriasis + - + + - + Posterior hypothalamus )

Nystagmus + + + — - ~ Poutine area or medial longitud-
inal fasciculus

Defecation + + + + + — Hypothalamic, pre-optic and
supra-optic nuclear areas

Micturition + - -+ - - +  Pre-optic hypothalamus

Vusoconstriction + - + - - — Posterior hypothalamus, vaso-
motor center in medulla

Shivering + - - + - ~  Posterior hypothalamus

Tachypnea -+ - - - - + Rcsp}mtory center in medulla

Bradypuea - - - + + — Respiratory center in medulia

4+ Present; — absent.
autonomic nervous system activation. Further-  brain stem reticular formation. Borison and Wang

more, it would be inconsistent to insist that certain
specific sites in the walls of the third ventricle are
the only ones being affected because the brain ven-
tricles form a closed system and the drugs eventually
will spread throughout the entire system. The pos-
sibility of diffusion into the mass of brain tissue sur-
rounding the ventricles also could play a part in the
overall effects observed. As can be seen in Table
I, there are many drug effects produced which can-
not be related to the chemical structure of the com-
pounds studied. It may be that certain areas in the
brain are more susceptible to the drugs than others.
On the other hand certain drugs appear to have very
specific effects on certain areas (see Table I1). Cor-
relation between the central sites of action and the
observed peripheral effects may be obtained by com-
paring our results with those in which the electro-
physiological approach has been used.

(12) have pointed out the distinction between retchi-
ing and ewnesis, relating the latter effect to an activa-
tion of the chemoreceptor trigger zone in the wall of
the fourth ventricle. From this zone interneuronal
fibers activate the emetic center in the dorsal portion
of the lateral reticular formation, producing emesis.
This may not be the only area involved because
Hess (13) has shown that stimulation of the caudal
portion of the diencephalon also produces retching
and emesis. Ependymal receptors in the lateral
ventricles also cause emesis when stimulated (12).
Hess (14) produced mydriasis by stimulation of
the posterior hypothalamus, but centers for this
activity also exist in the cerebral cortex and the
brain stem. In all probability intracerebrally in-
jected drugs act directly on the hypothalamic cen-
ters and then the impulses are conducted to the other
centers of mydriatic activity. Miosis oceurs after

TaBLE II.—UNCOMMON EFFECTS FROM INTRACEREBRAL INJECTION OF DRuUGS

Drug Effect Possible Site of Action
Strophanthin-K and Abnormal electrocardiograin ending in Anterior and posterior hypothalamus
tryptamine- ventricular fibrillation, Generalized
strophanthidin excitation
Procainamide Stage 1II, Plane I general anesthesia Ascending reticular system; hypo-
with corneal reflexes present thalamus
Quinidine sulfate Stage III, Plane II general anesthesia Ascending reticular system; hypo-
with corneal reflexes present . thalamus
Chlorpromazine Analgesia and tranquilization, Hypo- Hypothalamus and brajn stem,
thermia, bradycardia followed b thermoregulator center, posterior
. tachycardia and anterior hypothalamus
Reserpine Miosis Optic_chiusmu, optic tract, pretectal
region
LSD-25 Ataxia.  Change from adult to puppy UllklglOWll

behavior pattern

Furstenberg and Crosby (10) have related saliva-
tion to stimulation of the pre-optic hypothalunus,
However, the salivatory nuclei in the medulla may
also he stimulated. This may be of particular im-
portance because of the well known relationship be-
tween salivation and emesis. Magoun (11) has cor-
related the postural changes accompanying retching
with a facilitatory and inhibitory system in the

stimulation of the optic chiasun, the optic tract or
the superior quadrigeminal brachium.  Ranson
and Magoun (15) also obtained this cffect after
stimulation of the pretectal region, the posterior
commissure or the fibers emerging from the pos-
terior commissure that arch around the ventral
aspect of the central grity nuttter at the upper end
of the cerebral aqueduct., Intracerebrally injected
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drugs could reach and direetly or indirectly activate
any or all of these arcas. Nystagmus, generally con-
sidered to be a pontine effect, may have heen brought
about through a collateral effect on the medial
longitudinal fasciculus, whiclh is represented in the
hypothalamus by a nucleus in the POSterior coine:
missural arca.

Defecation may he considered a peripheratly medi-
ated action, but Kuntz (16) states that experimental
evidence suggests the existence of a defecation cen-
ter in the medulla oblongata and of a center in the
mesencephalon which exerts a tonic influence on the
rectal musculature.  Sheenan (17) has sunnmarized
the available evidence relating gastrointestinal hy-
perfunction to stimulation of the hypothualamic pre-
optic and supra-optic nuclear arcas.  Uvnas (18)
reported that stimulation of certain arcas in the
hypothalamus results in wmicturition.  However,
tonus of the bladder musculature is also regulated
through centers in the rostral border of the hind-
brain and these centers are subject to influences fraom
the cortical arcas of both cerebral hemispheres.
Autonomie centers in the diencephalon also influence
bladder function.

Mucocutancous vasoconstrictiont may be brought
about by stimulation of the sympathetie arcas of
the posterior hypothalamus and also through activa-
tion of the vasoconstrictor center in the medulla.
Blair and Keller (19) have rélated shivering to the
posterior hypothalumus with its descending path-
way through the lateral hypothalamus passing
dorsolaterally to the mammitlary body and entering
the mesencephalic tegmentum. Stimulation of
hypothalamic nuclei in the caudal border of the
lateral hypothalamus results in hypothermia. The
changes in respiratory rate observed may have becn
related to effects on the respiratory center in the
medulla. The changes seen in the electrocardio-
graphic tracing and heart rate are probably due to
stimulation of the hypothalamus. Hess (14) has
shown that a cardioinhibitory center exists in the
anterior hypothalamus and a cardioacceleratory
center exists in the posterior hypothalamus.

States of consciousness have been summarized by
Magoun (20) as being related to the ascending reticu-
lar activating system adjacent to and having eficc-
tive collaterals in the hypothalamus, Activation of
this system could explain the general anesthesia and
perhaps the analgesia and tranquilization observed.

As can be scen from the preceding discussion the
areas of the brain which can be affected by intra-
cerebrally injected drugs are numerous und diverse
in activity. The results obtained by such injections
are of central origin because the rapidity of ouset of
action and the amount of drug producing the ob-
served effects are such to rule out peripheral sites of
action. Much larger parenteral doses are required
to produce effects and in many instances the effcets
are diametrically opposite to those obtained by
intracerebral injection. Furthermore, the blood-
brain barrier would effectively prevent the intra-
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cerebrally injeceted material from entering the hlood
stream rapidly  thus further reducing the overall
concentration which could affeet the peripherid

reeeptors,  The vehicles alone did not produce the

effects observed so they must bhe related to the drugs
themselves,

SUMMARY

(1) Studies have been made of the cffects
produced by the injection of drugs into the third
cerebral ventricle of unancsthetized dogs,

(2) Cardiac glycosides, quinidine sulfate, pro-
cainamide, chlorpromazine, reserpine, and lyser-
gic acid dicthylamide all produced certain effects
in common hut each drug also appeared to be able
to affect certain specific areas in the brain.

(3) The possible sites of action in the brain
were discussed and the difficulties of exact local-
ization of such sites of action pointed out.

(4) The intraventricular injection of drugs in
the unanesthetized animal allows a true assess-
ment of central activity at doses which produce
fittle or no effect when administered intrave-
nously. Furthermore, the cffects produced are
not related to the vehicles used.
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