


Procainamide. hllravvntricul;lr injvcti,,n _f 5.2

to 7.1 mg./l'_g ,,f I_r_w;linalrti(le had little or llO
"_-" " -- eff('ct -n tilt, clt'etr_w;trdi.grmn. _%ide effceis wt'rc:

[iulilc(I I<Jdt'fi'eali.ii, nystagnnls, slight twitching +_f
_" l the' [;ieiiil nitisctlhtlilre aim Stage Ill, l'!alie 11

t "- ;lllt'_.tilt'Sia, ._'l_lll" ill |ht'se efTt.('{_ were _cen after

103 ilig /_g. illll_tVell_ltlMy,
_, Chl0rpr0mazine. ]lltravenlrielllilr illjec'l i_lll ,)f

(}.'l lilg.,/Kg, tr;ln(luilized tilt' :Lililll_l] frlr Ill inillUtCS
_llid pri>dtlccl[ :l fir.el're(I, Ilipilasie T-wave, HI>
iltller t'llt,ets were ol)_erved, ltVllell tile dose was

inere:e_ed t,_ O.!):l h) l.]l) nlg.,iKg, the [ollowing
cardiac t'!Tects .ecurred: I)radyeardia: all inverted,

Fig. 1. -Median sagittat view of dog brain sll_W- lowered .r biphasie T-wave; ft>ll*_wed hy taehy-
illg lll(Iwelling eannnl_t. Arrows indlcu.te eiretll;ltit)ll car(lia; series of i_lle, [wtl, i_r three vetltricular extra-
_>fcerebrospinal fluid; cerebrum, CB; ecrel)ellunl, syst<llcs tuid c,upled n_wlnal heats. After ab<>ut 20
CBL; thalanms. Tt{; hypothalannls, flY; third lninntes tile T-wave hecanle upright. Side effects
ventricle, 8; fourth ventricle, 4; niamnlillary body, were: amtlgeskt and tranquilization> shivering, de-
MB; inedulkl, MO. creased respirat,_ry rate, defecation, nly(Iriasis and

occasional barking. Body temperature fell 0.3 t_
1.6 _ .vet a period of 3.5 ininnles anti then returne(l

meg./Kg, of tryptautine-strtqlhaiithidin -r :11.4 t_ to n.rnlM 15 niinules latter. Ten to 12 hours later
57.4 mcg./Kg, of strophanthin-K, ventricular extra- the animals appeared n,wnial, hltravenons irijee-

ti, ms of 2ll mg./Kg, produced wmability in thesystoles alld parilxysinal Velltricular taehycardi,'L
appeared in three minutes. After two t. nine rain- height of the T-wave with taehyeardia followed by
utes, some animals h.'td bigenliny, trigeminy, sitltlS I:wa(l_vcar(lia. Yl>rnl;tl cleetr.car(lillgrams were
taehyeardia, multif0cal ventricular tachycar(lia and ,_btained 1l to 20 minutes latter. Secondary effects
periodic P-wave suppression. Death resulted fr,_m were: attempted emesis, defecation, vertical and
respiratory paralysis and ventrieular fihrillati_[L lateral nystagmus, miosis with reactive pupils,

Additional secondary effects were: barking, general- ;ltaxia, mieturition, and analgesia witli no reaction
ized excitement, lateral and vertical Ilystagtnus, to painful stimuli. Body temperv, ture decreased

().6 ° and a slight respiratory depression occurred.opisthotonus, tense abdominal muscnlature, retell-

ing, emesis, mieturition, tachypnea, and orbicularis Reserpine.--Intraventricular injection of 2.2
muscIe twitching. These effects must be centrally to 4.5 incg./Kg, prllduced salivation, retching, and
induced because intravenous injecti_m _f 8.9 to 9.8 emesis. NIl other effects were observed, and the
meg./Kg, of tryptamine-str(_phanthidin or 81 meg/- animals appeared n(wmal 20 minutes after the injec-
Kg. of strnphanthin-K had no effect. Doses of 20.1 ti,m. When the (lose was 25 meg./Kg, the following

to 26.8 meg./Kg, of tryptamine-strophanthktin prll- effects were observed: salivation, repeated emesis,
dueed a deep Q-wave and a hiphasie T-wave or an slight miosis, and defecation. Electrocardiographic
inverted T-wave with a late sagging ST segment an(t changes were tachyeardia, biphasie or inverted

a bradyeardia. Such effects had a duration Ill only T-wave, and an accentuated P-wave. The animals
ten minutes. Strophanthin-K, 77 meg./Kg, pro- were normal within 24 hours.
dueed only a bradycardia (If nine nlinutes duration. Lysergic Acid Diethylamine (LSD-25).--Intra-
Secondary effects were not ilbserved, ventrieular injection of 1.6 to 10 meg./Kg, produced

Injection of tile vehicles into the third ventricle tile folh)wing symptoms within one to three minutes:
produced no effect. The intravenous administra- wJiitlillg, shaking (if the head, salivation, retching,

tion of 15 to 37'.3 mg./Kg, of hexamethoniun_ chh,- etnesis, nficturition, tachypnea, and ataxia. After
ride completely ab(,lished the Seclmdary effects and six mintttes, mydriasis with reactive pupils was
re-established normal cardiac rhythm within eight iibserved. Recovery occurred after 15 to 20 ulin-

minutes. Chlorpr(imazinc, 20 mg./Kg., also was utes, but through(lut this period the animals ap-
effective. Furthermore, anesthetizatilm with peuto- peared frightened. The animals barked h)r several

Inlurs a|tcr tile other effects of the drug were gone.
barbital decreased the cardiac rate and induced a . The auMmls reverted frotn an adult behavior to aregular sinus rhythm.

Quinidine Sulfate.--Intraventrieular ilijeeti_lll liUppy one, but there was ll(i ilnpairnlent of their
of quinidine sulfate in doses ranging fronl ().4,_ Ill aliility hi obey cllnnn_uds or perfllrln simple tasks.
4.0 mg./Kg, produced paroxysnlal Velltrietillir taehy- This pcrsouality change was the tnost striking effect
eardia, alternating n_ial extrasystoles _lr uurleu- which oeeurrcd.
far taehyeardia followed liy a dinlinishiug shlus

taehycardia. Immediate _ellndary effects clln- DISCUSSION"
listed of retehlng, mieturation, defecutilni, lnydriasis,

nystagmus, respiratory depressinn, rnnclmS lUt.ln- "[_he variilus phtlrnlaeillngieal effects produced by
brane pallor and Stage II I, Plane It geileml anes- hitraeerebral injectilln of drugs iu the unanesthetized

thesitl with corneal reflexes still liresznt. N_llie ,if dogare sulnnlarized ill Tables I alnl I I. The possible
these effects were seen after inlraveil, lUS illjeeti, lii .f sites of :tetil.i listed shlmld not be e, msi(lered as the

2.8t1_ 8.1 mg./Kg. (if the drug. Furthernn,re, intra- .lily sites beeanse aetivatitnl of rccclltors ill the
ventrieular injection of (I,,5 nil. of propylene glye,_l, cerebral ventricles inay, through interneuroual path-
whiell clnnp_sed 2()_0 ill tile vehicle, prodneed ll_llle ways, (liuse lllOre distaut centers to be affected.

Ill the abovc cffects. QUiililline sulfate did lil_t eause These eenlcrs lllaV give rise Ill lilt' _llscrved effects

any fatalities, whk'h are fllr lilt, niiisl llarl evideilet, ill a prlifouud
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TAllLI_ I.--CoMMON EFFECTS FROM[NTRACI*.REHRALINJECTIONliF I)RUGS

,%trol)h_nthilt-I_ Qtdui. Chhw-
and Tryptamine Proeairt- dine proma- V.eser- I.SD- Possible Sites of

Effect _trophanthidin anlide ,%ulfate zinc pine :2.5 Action
Salivation + + -- -- + + Pre-optic hypothalaluus
Retching + - + - + + Brain stem reticular forlnation
Enlesis + - -- -- + + Chemoreceptor trigger z_me
Mydrlasis + - + + -- + Posterior hypot halanms
Nystagmus + + + -- -- -- P<ltttine area or medial Iougitud-

inal fasciculus
Defecation + + + + + - l-Iypot halamic, pre-optic and

supra-optic nuclear areas
Micturition + - + -- - + Pre-optic bypothalamus
Vastmonstriction + - + -- - - Posterior hypothalamus, vaso-

nlotor center in medulla

Shivering + - - + - - Posterior hypot balanltlS

Tachypnea + .... + Respiratory center in medulla
Bradypnea -- -- -- + + -- Respiratory center in medulla

+ Present; -- absent,

autonomic nervous system activation. Further- brain stcnt reticular fornlatit,n. Boris, m aiid Wang
more, it would be inconsistent to insist that certain (12) have pointed out the distinction between retch-
specific sites in the walls of the third ventricle are ing and emesis, relating the latter effect to an activa-
the only ones being" affected because the brain yen- tips of tire chemoreceptor trigger zone in the wall of
trieles form a closed system and the drugs eventually the fourth ventricle. Fr.m this zone interneuronal
will spread throughout the entire system. The pos- fibers activate the emetic center in the dorsal portion
sibility of diffusion into the mass of brain tissue sur- of the lateral reticular formation, producing emesis.
rounding the ventricles also could play a part in the This may not be the only area iuw)lved because
overall effects observed. As can be seen in Table Hess (13) has shown that stimulation of the caudal
I, there are many drug effects produced which can- portion of the diencephalon also produces retching
not be related to the chemical structure of the corn- and emesis. Ependymal receptors in the lateral
pounds studied. It may be that certain areas in the ventricles also cause emesis when stimulated (12).
brain are more susceptible to the drugs than others. Hess (14) produced mydriasis by stimulation of
On the other hand certain drugs appear to have very the posterior hypothalamus, but centers for this
specific effects on certain areas (see Table II). Col activity also exist in the cerebral cortex and the
relation between the central sites of action and the brain stem. In all probability intracerebrally in-
observed peripheral effects may be obtained by corn- jetted drugs act directly on the hypothalamic ten-
paring our results with those in which the electro- ters and then the impulses are conducted to the other
physiological approach tras been used. centers of mydriatic activity. Miosis occurs after

TABLBII.--UNCOMMON _FFECTS FROM1NTRACI_RI_BRALINJI_CTIONOF DRUGS

Drug Effect Possible Site of Action
Strophanthin-Kand Abnormal electrocardiogram ending in Anterior and posterior hypothalamus

tryptamine- ventrieular fibrillation. Generalized
strophanthidin excitation

Procainamide Stage III, Plane It general anesthesia Ascending reticular system; hypo-
with corneal reflexes present thalamus

Quinidlne sulfate Stage III, Plane II general anesthesia Ascending reticular system; hypo-
with corneal reflexes present thalamus

Cblorpromazine Analgesia and tranquilization. Hypo- Hypothalanlus and brain stenr,
thermia, bradycardia followed by thernioregulator center, posterior
tachyeardia and anterior hypothalamus

Reserpine Miosis Optic chiasma, optic tract, pretectal
region

LSD-25 Ataxia. Change from adult to pul>py Unknowu
Iff:'havior pattern

Furstenberg and Crrrsby (10) have related saliwi- stinlnlatiou of tile optic ehiasnla, the nptic tract or
lion to stimulation ,f the pre-optic hypnthalamtts, the sttpcrit_r quadrigeminal braehium. Ranson
However, the ._livatory nuclei in the medulla nlay aad iagoun (15) also nbtaiued this effect after
also be stimulated. Tbls may be of partlenlar iln- stiluttlatiou of the pretcetal region, the posterior
portance because of the well kuown re|utinnship be- commissure or the fibers emerging from the pos-
tween salivation aml emesis, iagonn (1 I) has enr- tcri_r connnissure that arch arotttul the ventral
related the p_stural changes accompanying retching aspect ill tile central gray nlaltcr at the upper cud
with a faeilitatory and inhibitory system ill tile of lhe cerebral aqueduct, lnlraeerebrally illjected



St.iitctnbcr It.l,_t+ _CII,INI'II,'IC l_l)ll'l()N 4;+)7

drugs t',_uhl rt*acll autl dirt'etly .r iudirt'vlly activate ct'rehrally itljt'elt'd tlmtt't+iai fr<,tH _ml('rfllg lht. hl<.,d
ally (W all of thvst_"art'as. N)'-;tllglnlls, g,-'m'ralty c<m- _;II'CILItlrtq)idly thu'< ftlrther r<'dl.'il_g lilt. .'+t.r:tll
+idcrcd to hc a 1)*.tltim' efft'cl, may h:P,'eheelt brottghI t'.m't.tHrati..n whivh c,>tthl _tfTt.<'l Iht, I>t,riph('r+tl
al).+ttt th1"otlgh a o+IIalcral cffecI tlll lht' mr'dial rt,et.lit<_r>;. "l'ht' vt.hi_lu_..I,,,<' did ll<ll pr+,dtl¢'e Ilw
]Ollgi|tllIiD;l] f_lY, Cit'lt]lI+, which i'+ rt'ort'st'Htv+] Jtl lht' t,ITvt'ls +,b+vl",,l'd_;+.lilt.,,' iJJll_.l Ill, rt Jab,<] I<+lilt" drtlg,-,
h3'liotlt_ll:l.ttttts l)y _i Ittltqtqt3 itl lilt' i_o_,l,.,i-i_r ClHll- th+.'tlIHt'lL¢t'_',
tnissural _irca.

Defeeatiott may be c.msidere(I a iwril>herally me(li-
ated action, but Kuntz (ltl) stales that exl)eritllt'llt_tl SUMMARY
evideuce suggests tilt, existt:ltCC ,ff a dcfccatitm cett-
ter in the tncdulla ,_bhmgata and of a center iu the (1) Studies have been ntade of the effects

tneseucephah,i which exerts a tonic iuflueucc -u the l_r¢_dttced hv the injection of drugs into the thirdrectal muscnlature. ,Sheetlan (17) has stttntnarized +
the available evidence relating gastrointestinal hy- cerebral ventricle of unancsthctized dogs.
perfunctiott to stimnlation of the hypothalatnic prc- (:2) Cardiac glycosides, quinidine sulfate, pro-

optic and supra-optic nuclear areas. Uvnas (iS) cainatnide, chlor[)ronlazine, reserpine, and lyser-
reported that stinmlatiou of certain areas in the gic acid dicthylamide all produced certain effects

hypothalamus results iu nlicturiti.n. IIowever, in c+mlmttn Ira! each drug also aI)pe'trcd to be abletonus of the bladder nulsculature is also regtflated
through centers iu tile rostral border q_fthe hind- to affect certain specific areas in the brain.
brain and these centers are snbject to influettces fr, mt (:|) The t)ossihlc sites of action in the brain
the cortical areas of both cerebral hemispheres+ were discussed "tml the difficulties of exact local

Autonomic centers ill the dieocelfltah+tl also itlflttence ization of such sites +,f action pointed out.
bladder function.

Mucocutaneous vasoconstrictiou tnay he brought (-l) The intraventricular injection of drugs in
about by stimuhttion .f tile synlpathelic areas of the unanesthetized attinlal allows a true assess-
the posteri<+r hypoth_.tlanms and also through activ:t- tnent of e<,ntral activity at doses which produce
lion of the vasoconstrict.r center in the mednlla, little or rio effect whctt administered intravc-
Blair and Keller (19) have related shivering to ttle

tt<>ttslx,. Fnrthernlore. the effects produced areposterior hypothalamus with its descendiJtg path-

way through the lateral hypothalamus passing not related to the vehicles used.
dorsolaterally to the mammillary body and entering
the meseneephalie tegmentum. Stimulation of
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