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Statement of problem B

* INTRODUCTION

: 5_ The general a:.m of thls research 1s lto deten»lune'the effect of |
:selected vasoact:Lve drugs on regional cerebral blood volume (rCBV)
o in the presence and absence of funct:!_onal loadlng The drugs to be
included are the adrenal medullary hormone ep:mephrlne and the Vaso—"
: '.dllator papaver:me The nature, or even ex1stence of an effect by 7

.j‘epmephrlne on the cerebral vasculature has been debated ever smce.
epmephrme was recognlzed as an agent w1th sympathom:metlc propertles."l-?',‘

o Controversy also surrounds the dlstlnct dlsparlty between :t.n vivo Tt

i and in v1tro vasodllatory responses to papaverlne., Used together -
“and in conjunctlon with functlonal load:.ng, we hoped to gam 1ns:|.ght . -

- ;J_nto the role these agents play in alter:mg cerebral hemodynamlcs.

To achleve this goal a non—mvas:.ve technlque for measurlng

"rCBV was developed and evaluated using modlflcatlons of methods B

. 'descrlbed by Hoffer and co—workers (1969) For comparat:.ve purposes

" selected drugs and s:uru.lar technlques were evaluated in the hmd— &
B lJ_mb where 1t was possable to ‘measure the blood flow (BF) or blood

‘ volume (BV) by alternatlve technlques w:Lth and w:Lthout a metabollc .

load Dresent

 Review Of related' literature -

1. ‘Cerebral 'vvasc‘ulature reactivity to drugs



. a’. Functlonal vasodllatlon

B ,membrane, from J.mpulse 'I:ransmlssmn, an’ eff:LcJ.ent mechanlsm by wh:LCh

’ ,would appear to be requ:lred. Such a mechanlsm mght requ:re

L , alteratlon of a rate 11m:LtJ_ng event whlch holds :Ln check a

‘;.'reactlon for supply:.ng energy for the redlstrlbutlon of 1ons

R across membranes and resynthes31s of transmltters. Meta.'bolltes,
- rrsuch as glucose and oxygen are essentlal to ma:mta:m the blo_
" ‘ _synthetlc pathways reunred for maJ_ntenance (and growth) of

e f braln cells (Meyers and Erlcsson, 1971) 'I'hese metabolltes
durmg bursts of cellular act1v1ty In a llke ma.rmer nox10us

e .only is’ mcreased metabollc act1v1ty necessary for renewal of

R "transmltters and mamtenance of the sodlum pump, ert also A

| Dur:Lng and umnedlately after a perlod of neural act1v1ty
. reglon. S:ane there 1s constant bombardment of the post—synaptlc

'to achleve dynazm.c malntenance of neural synapses and cells

: must be avallable for the crltlcal tlme when they are needed

o _,'waste products must be removed from sens:Lt:Lve nerve s:.tes."-r_ f t

. contJ_nuous stlmulatlon in the absence of proper substrate ‘supply
| m_'l.ght lead to atrophy or cell death (Roberts and Matthysse,
."'.1970) Although synaptlc events are short-term, they may be -
jlJ.nked to. a longer termed blochem:Lcal event whlch replenlshes
_'-t:used metabolltes in at least two ways J_nvolvmg the actlon of :
4 agents r :leased Jnto the extracellular fluld l) by feedback

' "control on the act:Lve cell, or 2) by establlshlng a neurogen_lcally



produced vascular event. ThlS latter alternatlve may operate i
through a populatlon of nerve cells that is unlquely sens:Ltlve
to meta.bollc state having far reachlng effects on the hemo— '
dynamlcs in extens:Lve parts of the braln where the neurons
- proj ect. ~Such mechanlsms are well-knom for the perlpheral
systems where spec1al cells detect pCOz, p02 or pH of the _
~ blood and alter c:rculatory or resp:_ratory functlons accordmgly
Although frequently demonstrated the effect of a flmctlonal :

load or metabollc actlvatlon in. the CNS on reglonal blood ﬂow
g (rCBF) has not been generally apprec1ated Sokaloff (1961)

- made a key observatlon in qualltatlve terms us:mg a. radloactlve
mert tracer gas clearance rate to demonstrate rCBF The
" concentratlon of tracer in braln reglons was dete;muned by
produc:mg autoradlograms of brain sectlons and comparn_ng the ’
dens:Lty of exposed film over regions wh_tch were under mcreased
functional load w1th those hav:.ng normal act1v1ty. There was
evidence of Jncreased blood flow in the 1ateral gyrus, lateral

genlculate gangllon, and supern.or colllculus in response to :

-~ photic stimulation to the eye, these studies ref:.ned prevlous

| observatlons (Serota and Gerard 1938). However, the areas
affected J_n Sokaloff's experments were SO small compared to.
'the entire braln that total blood flow was not SJ.gnlfJ_cantly

- changed from control values. To att:empt to relate cerebral

" functions. to tot tal CBF and metabollc rate would be l:.ke trying
to correlate act1v1t1 es of parts of the body to card:Lac output

and total oxygen COI'lSUIIlp‘thl’I. Sokaloff 's results were confmned |



by McElllgott and Melzack ( 1967) usn_ng thermlstor probes Jm— a

‘_planted in the braJ_n to determlne rCBF The use of temperature -

probes to measure BF was challenged on the gmunds that meta.bol:a_c LT ‘

-act1v1ty also produces heat, however, these arguments were o

loglcally dlsposed of by Melzack and Casey (1967) usmg

N perlpheral nerve as a model A large number of other S'tudles S

using var:Lous techniques came to the same conclus:.on, support:.nos-
a locallzed functlonal vasodllatlon in cerebral tlssue (Meyer
and Goth, 1961 Baldy—Moullnler and Ingvar 19 68 Freeman and
Ingvar, 19683 Bondy, 1973, Moskale:nko, et al 1974) Spec:r.al
'mentlon should be made of recent Work reported by Ingvar and
o—workers from Lund Sweden ' Usmg hwnans they flrst reported. |
.~ (Ingvar a.nd Risberg, 1967) an increase :Ln rCBP durJ_ng mental |
 effort as determj_ned by . external monltorz_ng of xenon—l33

clearance. This was followed by reports of characterlstlc : ‘

rCBF patterns during: organlc dementla (Ingvar and Gustafson, o

A197O) memorlzmg and reasonmg (Rlsberg and Ingvar, 1973)

and speech and readlng (Ingvar and Schwartz, 1974) Indlrect
evidence for the close assoc:.atlon of neuronal cells and vas-
culature in the braJ_n was found by Barker (1972) using mJ.cro-“ " )
' a.natomcal methods in which Indla J_nk :Lnj ected Vasculature B
from slices of rat brain dlsclosed_a reductlonuln the number

of nerve cells per length of ‘ capillary from arterial .to

venous end. | Barker hypothesiZed thatv this was : du'e to a e

' reductlon in concentratlon of vital’ meta.bol:v_tes or. bulld up

of waste products as blood proceeded through the vascular tree. =



In a review artJ.cle Lierse (1963) summarlzed the pos:LtJ.on R
thus 'Up to now, caplllary dens:l.ty remalns the only ana-i i LT
tomical J_ndlcator of the oxygen consumptlon of lJ_m_'Lted E

reclons of the bra:Ln. -

b.: Autoregulat ion -

. The’ seenu.ng rlgldlty of the skull led Alexander Monro.’.,jf. Lo

(1783) to suppose that e1’<TP~5ms1on of cra.nlal contents was - : |
severely lJJ’ILl‘ted and that changes in the callber of cerebral - |
. vessels was unlikely. | T

| Thls observatlon was one of several wh:n.ch Monro made from '.

post—mortem examnatlons a.nd it was apparent that Monro L |

. together with other anatomlsts of h:Ls t:une recognlzed ne:Lther E

" the origin nor significance of cerebrosplnal ﬂuld Monro s :j' A
’- general concept was confirmed by Kell:Le (1824 a and b) partly
_from the post—mortem observatlons of men who had succumbed to o

; .exposure and partly from experlments on dogs., ThlS concept ‘

subsequently became known as the Monro-Kellle doctrlne and

exerted powerful lnfluence over the J.nterpretatlon of experlmental - L

results in the mneteenth century and for some years of the
present century »

The perceptlve work of Burrows (18%) acknowledged the L

B - condltlon of the rlgld skull, whlle reallzmg the :meortance of

the cerebrosp:mal fluid (CSF) Burrows emphas:.zec that although
the brain was mcompress:.ble this was not as Jmportant as the
fact that changes in braln vascular volume could occur at the

expense of other fluids. The J_ncompressnblllty of the sku.ll must ‘



: be quallfled in con31der1ng the work of Magendle (1836) and »'dd
many more: recent 1nvest1gators ‘who have demonstrated that the :
,occ1p1to—atlant01d llgament possesses sufflclent elast1c1ty to
etransmlt pulsatlons of the CSF s1mllar to the membranous p\‘f
‘coverlng of the anterlor fbntanelle in young chlldren Pressure—
volume measurements made by Langfitt, Welnstexn and Kassell |
.(1965) indicate that the volume of an 1ntracran1al balloon S
can be increased some 2 to 7 ml before CSF pressure staxts to ‘
'rlsev In thls regard, studies have revealed that the escape
of CSF around the cranlal and segmental nerves may be demonstrated
B by dye injection (Key and Retzius, 18763 Weed,’lglq).',lt,would o
seem, therefore, that the vascular volume of the‘brain COuldtv"'>
be expanded and reduced within certaln llmlts to accomodate R
functlonal loadlng | | | "

As vessels penetrate the cerebral surface, they are.
sheathed by extensions of the pia mater, S0 that, vessels are
surrounded by a subarachn01d space whlch contalns CSP (Rosen—‘
_vblum, 1975) ' These exten31ons are known as the VlrchowaRobxn
:spaces and end at the caplllary level It is proposed that
changes in total CBV will be compensated for by rec1procal y
changes in CSF volume; 1ndeed a circadian rhythm in CBV has
been observed in the mouse with changes of up to about 20)11
per gram.of “tissue (Edv1nsson, Nielsen and mean 1973) _

Early studles of total brain blood flow 1nd1cated the total
CBF remained constant over a w1de range of arterlal blood pressures,

Ci.e. autoregulatlon occurred. waever this does not exclude



regional changes due to shiftmg of flow and volume w:Lthin
the brain Autoregulatlon requires appropriate adjustment

- o1 :Ln vascular caliber with Vessels constricting when the

systemic pressure rises and dilating. when 'the systemlc pressure a .

falls Direct observation shows that the pia_'L ar'terioles part:\.— i o

c:Lpate in this response (Fog, 1937 Rapela and Green, 1964).
Pial arterloles (30-60 h diam.) are not as sensa.tlve 'to pressure
'reductions but they dilate when mean arterial pressure (MAP) -
drops below about 80 mm Hg, whereas pial arteries (lOO n diam.)’
dJlate even when the reduction in MAP is relatively minor.» It
appears that in the usual range of blood pressure (80-120 mm Hg.v) s
the maintenance of flow in the face of reductions in pressure is
| achieved by adjustments in caliber of the larger vessels (Kety and
‘Schmidt, 1948 b). | o o
The mechanism by which the adjustnenf 1n Vessel: caliber |
~occurs in response to changes in arterial pressure has not been
v clarified completely Two general mechanisms myogenic and
metabolic, have been proposed The myogem.c hypothe51s (Bayliss,
| _ 1902) states that the vascular smooth muscle :Ls inherently
‘respons1ve to stretch or changes in tens1on._ An increase in
trahsnural pressure causes increased contraction 'of ._'.the. Vascular "‘
. smooth muscle ‘andv results in vasoconsfric’c‘ion (F:)g, lé37; AMeyer'
and 'Denny;grom,' 1957; Yoshida, et ai.ﬁ,_ 19663 or £j<stfom-doda1," '
et al 1969). lividence for the metabolic 'theorj was first'
v presented by Roy and Sherrington (1890)3 'thlS theory proposes | .‘
that changes in blocd pressure produce- trans:.ent changes in

flow resulting in passive.variation in vessel cal_iber‘ These _



v changes in flow, 1n turn, alter the concentratlon of vaso— -
active metabolites and the vascular smooth muscle subse—

' _quently responds to. the new concentratlons of meta.bolltes
-(Car'pl, 1972) Attempts to distinguish between these two* &
mechanisms have been based on two types of experlments. One‘
type is concerned w1th the speed of response. | It has been

-shown under certain conditions that autoregulatlon is a fast

. process (Yoshida et al. 1966)' however, the cla:m that .

: : metabollc mechanisms are slower: due to the delay of diffusmn B
" has been challenged (Fieschi et al., 19683 F:Leschl et al., |
1969) The results of another type of experment on changes |

':Ln vessel diameter occurmg in response to an Jncrease in

venous pressure are more helpful Increases in ‘venous pressure n
should constrict arterloles if the myogenlc mechanlsm lS Opera-

: -'tlve; 'as mcreased pressure is transmitted to the_a:crl:erlal, system :
and an increase in transmral pressure would result. On the L
other hand, ‘the associated decrease J_n Flow would resul_t vindilation' o
~ of the arterioles 1f the meta_bo.lic mechanism 1s 'operative".» The o
evidence as reviewed supports the myogenic hypothesis, but _the -
evidence is not complete (Kontos; 1975). As :indicated' by ‘the‘
"find:ing of impairedautoregulation even though COé .re_activity'
was 'intact‘ in patients with acute cerebrovascular lesions (Fieschi. -
et'aL'L 1968), the best conclusion may be that both mechanisms o :
play a role in the autoregulation of CBF. | | |

As described above, when autoregulation is ‘operative a

reduction of systemic blood pressure in he_althy man and in



7' exp'ern;mental an:urals to about half .nonnal does not lower"
the CBF s.lgnlflcantly However, :Lt should be noted that
'under hypox10 and hypercapnlc condltlons, autoregulatlon is
:mealred since the relatlonshlp between pressure and f.Low '
"becomes pass:Lve, w1th hypotens:Lon produc:mg a drop :Ln CBF
| - Also, when hypotens:.on is f:u_rst present hypox:La and hyper—
‘capnia faJ.l to produce the usua.l :anrease 1n CBF (Dav:Les, 1969)
C. -Neurogen:n.c control | .
The ex15tence of autonomic receptors J.n smooth muscle -, ;
' of p:.al and J_ntracerebral Vessels has usua.lly h].nged on whether

- there is autonomJ.c J_nnervatlon. The argument may be academlc 5,}_ i-" o

| .;Slnce it was recently demonstrated (mean et al. 5 1973) that 1n e

: the case of the wnblllcal artery autonomlc receptors are present

ir w:Lthout a nerve supply to the receptors. Wlth the advent of the |
; Falck-H:Lllal’p fluorescence method for the hlstochemlcal demon— Vo -

o stration of catecholamlnes, (B]orklund Falck and mean 1972)

~ the presence of adrenerglc lnnervatlon :Ln the bra:Ln blood vessels

- is -conclusn.ve The questlon is no longer 1f cerebral vessels ave S

u.nder neurogenlc mﬂuence but rather how 'thlS J.nfluence by adre— =

| nerglc nerves operates in phys:.ologlcal control of cerebral blood

flow. In a recent rev:Lew, ‘Roserblum (1971) stated that there lS no

reason for regearchers to "

... believe that pos:LtJ.ve results
(related to neurogemc mechanlsms) are artlfacts of the experl—
mental s1tuatlon, caused by varlables not controlled by the .

mvestlgators" .

In several respects the intracranial vascular system is



* uniquely situated and would be expected' to be different: as
V' already noted it is in a ricrid compartment' | further.;, owing L
: to the presence of the blood- braln barrler (BBB) CchulatJ_ng

~ compounds may not have J_mmedlate access to vascular receptors

B (Oldendorf 1974) However, BBB does not exclude act:Lon on T ‘

exqulsn_tely sens1t1ve cells th.ch are elther st:.mulated by :
Aextremely low levels of agents or ar re more ea51ly access1ble o
‘through an openn_ng in the BBB. : Such openlngs have been
demonstrated in the area postrema, supraoptlc crest sub— e
fornlcal organ plneal body, pltultary gland and choro1d |
'-plexus (Truex and Carpernter, 19 69) . Further unlque cha.racter—
istics ‘of the cerebral circulation include the venous system S
(also heavily innervated by adrenergic nerves) -.which has' a h
'different construction compared to peripheral- veins Although
the dura mater is closely applled to the J.nner surface of the
'skull this is. not so for the splnal reg:Lon.‘ The epldural space,
which encloses an abundant venous plexus and fatty areolar o

: ’tlssue, is mterposed between dura and the bony vertebral canal

and segmental llgaments. Maynard et al (1957) have shown that .

mtracerebral venules may be up to 30 p :m dlameter before they
' acqulre a muscular coat. Venules are generally J_ndlstlngulsh-'
: able from small caplllarles hav:mg an endothellal layer restlng
“on a basement membrane Not only res1stance vessels but also .

Vessels with a cal:.ber correspondlng to that of conductlng

arterles recelve autonom:l.c immervation; in some areas that mner—, .

vation is more extensive in distribution and density than in

10



vascular supply of any other organ of the body (mean
’Edv:tnsson and N:Lelsen, 1974) | -
The ultimate demonstratlon of physmloglcally J_mportant

neurogenlc actJ.Vlty may now be at hand as a result of two _ IR

‘ recently reported abstr'aots whlch support the hypothes:x.s of
:Ovman and co—workers (1974) Based upon hlstologlcal and
| other J_n v1tro work the locus coeruleus (1ocated in the brain’ . |
stem) appears to be a center of neurogenlc mtracerebral mlCI’O—‘« .

' c:rculatory control (this may be con81dered ana.lagous to an- .

J_ntr*acerebr’al sympathetlc gangllon) Fzrst us:.ng mcroca:nnulae -

to st:.mulate the locus coer'uleus w1th carbachol Ra_'Lchle and

' 'Vassoc:Lates (1975) have produced a prompt reductlon 1n CBF and

an increase in BBB per'meablllty The Jntr'aventrlcular* adnunl- A
stratlon of" the alpha—blocker phentolam:.ne (25-100 )Jg) had the
_opp081te effect 'which could imply that tonlc sympathetlc con- |
striction was reduced Th:.s suggests that the centr'al noradre— -
nergic system in the bram may have the dual functlon of regu—

latlng caplllary permeablllty, as well as, blood flow. _ The TR

- 'second abstract presented at ‘the same symposwm was by de la Tor*r'e .- A-

_ Walker and Mullan '(197‘5) » Who postulated a role of bra:Ln stem
.nofad_renergic neufons (seen associated with intnacerebral -'a:r"ter;i-
oles)' as the source of inmervation of blood vessels. T’his‘was -
“based on mlcroelectrode st:unulatlon or ablatlon expem_ments done

1n conjunctlon with rCBF measurements

d. Autonomic agents -

Study of the reviews by Sokoloff (1959) and Carpi (1972)



flndlcates that the phanmacologlcal evaluatlon of the effect ofv-ll'
~sympathetlc amines on cerebral 01rculatlon has been at best
.controver51al and at worst unlntelllglble.‘ It is well | ,
Aestabllshed that marked changes in CBF (and CBV) are produced'Af”d
A“by alteratlons in pCO2 and perlvascular pH Such chemlcal .
"mechanlsms do not, a priori, exclude neurogenlc control both":
#mechanlsms may even lnteract or exert thelr actrons through a"fi'
common final- pathway “For 1nstance 1f 1ncreased CBF is needed
a 51multaneous lncrease in sympathetlc tone could operate to r;
-llnui the total 1ntracran1al blood supply to amounts necessany
for overall act1v1ty whlle the local nemabollcally medlated ‘f'
: 1ncrease 1n flow is satlsfled~ The generallzed constrlctumn .
would prevent a concomitant elevatlon of 1ntraoran1al pressure
..through an increase in cerebral blood volume due to the local
'.vasodllatlon added to the present volume (mean, Edv1nsson and ?'}
' Nlelsen, 1974) Dlrect and unequlvocal ev1dence for a neuro—’;;;
genlc mechanism in the braln c1rculatlon has been conflned to only
a few 'studies of the sympathetlc system in whlch several anatomlcal, .uv‘
:1phy81ologlcal and methodologlcal con81deratlons have been e N
"adequately controlled (D' Alecy, 1973 ‘D'Alecy and Pelgl 1972- .
James, Mlller and Purves, 1969).  The locus coeruleus work
cited above brings.a new facef to the neurogenic cOntrol"-
hypothe81s wnlch may nece581tate a re—evaluatlon of 1ts 1nportance fify
relatlve ‘to other control mechanlsms

Evidence for the presence of adrenergic receptors'in the -

brain vasculature is adequate (Nielsen and Owman, 1970;:'
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| N:Lelsen and Owman, 1971; Polltoff and Macrl, 1966 Uch:Lda
'.Bohr and Hoobler, 1967) however, the exact role a881gned |
to alpha or beta components is not clear Rosendorff (1972) > =
- _employn_ng mJ.cro:Lnj ectlons of. transmltters and 1sotope clear- ‘:'
“ance to measure rCBF in the hypothala:rus, presented ev1dence o
’ :whlch mdlcated that noreplnephrlne (NED has a dllator effect o
in low concentratlons and a constrictor effect in hlgher doses..
Subsequent studles implied that the effect was s:unllar when NE
was endogenously released by tyram:ne (M:Ltchell Scrlven and o
. Rosendorff 1975) Approprlate blockers J.ndlcated that dllator
_ effects are beta and constrlctor effects are medlated by alpha
_ receptors. ThlS approach has one major weakness, th.ch 1s v
probably more attendant to the beta medlated vasodllatlon, that
is, studles in which NE was applled to neurons by m:Lcro:Lonto— :
- phores1s may increase (Boakes et al. » 19683 Johnson, Robe*'ts and
Straughan -1969) or decrease (Blscoe and Straughan, 1966 ’

- Phillis and York 1967) the fJ_rJ.ng rate. Neuronal exc1tatlon

, ~has also been reported for isoprenaline adxmnlstratlon (Johnson

et al. 5 1969), and NE excitation may be blocked by both alpha
~and beta antagon:l.sts but more con81stently w:Lth beta antago— =
' nists (Brawley and Johnson, 1973) Stlll further alternatlves N
| come’ from the work of Stone (1971) who states that because of
the snmllar latency and time course between small vessel con— o
. strlctlon ‘and exc:Ltatlon of central neurons by NE the effects
on nerves J_n some areas of the CNS may be secondary to effects

on the vasculature. Indeed, depolarlzatlon produce_d by hypoxla



is well }mown, and some mvestlgators have proposed that the -
" oxygen supply to neurons is a major' cell act1v1ty modulator

(DaVJ.es and Bronk, 1957)

Exper:ments by Seylaz and co—wor'kers (1973) ‘using 1ntr'a.. ) ._2-' :

. arter':l.al adnn_nlstr'atlon of 1soprena11ne showed that vasodllatlon

T

- was produced (and blocked by propranolol) 1n the caudate nucleus ;

as measured by mdwellmg thermlstor probes. These expemments o

would tend to suppor*t Rosendorff 1f it can be substantlated

that these drugs ‘do not have an effect on nerve cell flm.ng TR

R when g:l.ven Vla thls route. The crltlcal pomt for comparlson
in these studles is that Rosendorff used mlCI’OJ.n] ectlon Whlle
Seylaz :J.ntooduced drugs mtraarterlally, both observed vaso~ -
dJ_latlon with a beta agonlst -

e.. Papavern.ne ‘

Papaverlne is repor*ted to be the only avallable pharmacolog:x.c - |

agent that has repeatedly been shown to produce cerebral vaso-»n».; a

: dllatlon (McHenry et al., 1970) Yet as stated by Dav1es .

(1969) "The use of vasodllators to Jmprove the cerebr'al

functlon is frought conceptually w1th at least two hazards, One,

that they will lead to generalized vasodllatlon in the body ,'
- as a whole and thus to d:um_nlshedvblood flow; two, that even if
‘an increase in cerebfal blood flow were to be shown as a result

of their use, this mlght, as in the heart (with dlpyrldamole)

be at the expense of ischemic areas :m the brain
The ‘major thrust in papaverine research has concemed its.

use for the “treatment of stroke. Agaln, the eVJ_dence does not



R E}‘CBF) produced by papaver:.ne (or any other agent) and a quantlfl—j &

fglve us. a. clear understand:mg, but does mdlcate the dJI’eC'.'t:LOl'l
. of J_nvestlgatlon Wthh must be taken,:m cllm.cal 81tuat10ns ,

}'there must be an evaluatlon of both changes in rCBF (not total

) f'catJ_on of the course of patlent recovery w1th approprlate

- ‘_"'controls a.nd statlstlcal evaluatlon (th:Ls requ:lres accurate

gdlagnos1s 1nto subcategorles of stroke) Certam types of

PR opposed to small-vessel d:Lsease w1th J.nfarctlon (Meyer et al

stroke appear more susceptlble to successful papaverlne R

treatment, namely so-called "major-vessel occlus1on" as

- 19653 McHenry et al., 1070).

. . verme—lnduced mcrease of blood flow was 1dent:|.cal J.n the two

In an. exper:mental mdel s:Ltuat:Lon, Betz and Schmahl (1966

as: rev:Lewed by Carpl, 1972) compared the effects of papaverlne B : B

‘ :‘on the c:rculatlon of symmetrlcal cortlcal areas :Ln the cat upon e
4occlus:|.on of one carot:l.d artery When the occlus:Lon caused no

’permanent change in homolateral cort:l.cal blood flow, “the papa—

7 areas. However, :Lf the occlus:Lon caused a per51stent reductlon R
- of the homolateral cortlcal blood flow, the effect of papaver:me

was reduced proportlonally on thls s:Lde. The dlsappearance of .

the normal vasod:Llator response to papaverlne :Ln bra:.n areas w:.th
| _' :‘_msuff1c1ent arterlal J_nflow and the pers1stence of th:Ls response
“in noﬁnal areas suggests that papaver:.ne causes anA "1ntra— B
cerebral steal", w:Lth a further reductlon of blood flow in the

"Wdamaged areas. ThlS would ‘be con31stent w1th most of the cl:Lnloal

_jfstudles c1ted whlch have a hlgh 1nc:Ldence of mfarctlon
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, “ Nevertheless, this should not be reg_ar‘ded,i'as evidence against

the usefulness of papaverine in cerebral vascular :Lnsuffl— -

- ciencies (Meyerl' et al. > 1965)' Papaverine may have a idelet'e—. - -

rious effect on rCBF in cases where the drug cannot reach the

A:‘locus of damage (as in small vessel occlusn.on w1th J_nfarctlon) > -. s
.{but certaln types of large vessel occlusion appear to be »_

: ‘.-i relleved Because most of the studles of papaverlne s effects .
‘on cerebral CJrculatory msuff:.c:.ency dld not cons:.der all the

: parameters necessary to determine 1ts role J_n regard to alleVJ_a—

thon of stressed tissues (w1th the exceptlon of Betz and Schmahl

19 61), no conclusion on the poss:lble mechanlsms respons:n.ble for

‘ changes in cerebrovascular react1v1ty to papaverme in varlous ‘¢

E types of cerebrovascular dlsease would be justlfled. ‘furrther

- evaluatlon of papaverlne under controlled experlmental cond:Lt:Lons S

~is clearly warranted

' Methods of rCBV or rCBF measurement

Almost tthty years ago Kety and Schm:Ldt (1948) demon—
strated that the Fick pr:mCJ.ple could be used J.n the measurement

of cerebral blood ﬂow In thls techn:Lque, they der:Lved cerebral

- blood flow (CBF) by J_ntermlttently measurlng the blood concen—‘ : :" o

.tratlons of an 1nert nonmetabollzable gas (nltrous ox:J.de)

in the carotid artery and the jugular bulb whlle the subj ect

breathed the 1nert gas. The resultant CBF values were expressed |

~in ml blood flow per 100 gram brain. pm nunute ' Further, when
- CBF was multlplled by the leference in concentratlon between

,arterlal and venous blood of metabolq_tes, such as glucose, 02 o



| and CO2 thelr metabollc rates could be estlmated S:.nce that
time the llterature on CBF measurements has contlnued to- expand

" (see reviews by:- Carr and Flsher, 1970 Brock et al. > 1969

Russell, 1971). Follow:Lng the ploneermg work of Kety there .
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evolved an :meortant dlstmctlon ‘between total cerebra.l blood _:‘ .

E ‘ fflow measurements and the reglonal cerebral blood flow (rCBF) o

measurements that were more recently :tntroduced and developed

'_.',by lassen and- co-workers (see e.g., Inwar and Lassen, 1973)

The methods of lassen utll:l_zed 1sotope clearance and

requnred inj ectlon 1nto the 1nternal carotld artery w1th

'v_extracranlal placement of a matrlx of photoelectr:l.c tubes for_.

reglonal count:.no Recent rev1ews J_ndlcate that there is a

. high degree of :Lnterest 1n applylng more sophlstlcated :

appnoaches to thls concept of rCBF (Ingvar and Lassen, 1973

: Kanno and Uemura, 1975; Waltz Wanek and Anderson, 1972) An o

J_mportant clmlcal and research development was made W:Lth the-'

| appllcatlon of the more readlly avallable scmtlllatlon

. camera (espec:Lally ‘the gamma camera developed by Anger, 1958)

| rather than dependence upon the ClaSSlC array of phototubes

wh:Lch have only recently become comerc:.ally avallable at a great o

cost and with restrlcted utJlJ_ty (Cannon et al. > 197u Helss, e

Prosenz and Roszuczky, 1972).

Reglonal cerebral blood flow can be calculated from 1sotope e

clearance data in two ways. mean blood flow (F) through the .
region in the view of the counter: eduals the product of the a

height (H) from the tracer washout curve and the partition"j‘,,' .
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'coeff1c1ent between blood and bra:l_n tlssue (7{) lelded by
the area under the curve (A). The equatlon (“f’ = Hi\ /A) based
on the Fick pr1nc1ple, is snnllar to the Kety-—Schmldt equat:z.ons
' (1948 a) The curve can be alternatlvely expressed as two 7 U
' : expOnential »functlons ThlS compartmental analy81s may be done, _ .
| . Has descrlbed by Hoedt-Rasmussen (1967) 1f the half-t:mes for' n
decay of a fast and slow component of the washout curve are ‘. .

’ d:LVlded by gray ‘and vhite matter partltlon coefflclents to yleld

" flow in fast and slow compartments. The assumptlon was made that |
these flows represent gray and whlte matter flow respectlvely. B

The multi-focal rCBF technlque has several advantages,

1) 1t measures many reglons of the brain and thus detects ) ;
local pathologlcal or phys:Lolog:Lcal changes, 2) it measures. at S
‘_least two compartments (believed to be gray and th.te matter)
3) it can dlstn_ngulsh between flow and size of those two |
compartrnents, and 4) it can be ‘repeated after a short time
,' because the isotope is readily' cleared from the bra_'in. ‘There _' -
~ are al-so several disad\}a'ntages the .major ones being “that |
it reqm_res an internal carotid artery puncture; and secondly, :’
its reglonallty is def:med geometrlﬂally in only two plan'esn |
(the x and y). The depth (or z plane) of‘ the. reglon can.only
be estimated by the degree of isotope radiation attenuation“' |
. from tissue‘witl'ﬁn the volume of detection (if there were |
essentially no attenuatlon the volume of tlssue wauld be shaped -
as a truncate cone passing through the ent:Lre skull).

Questions have been raised about the use of xenon—-l33, an
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i'sotope which because of 1ts low energy, undergoes conslder— o :
able absorptlon in the head before it reaches the detectors |
and undergoes considerable Compton scatter, causm_g the . .
regiona‘l»pxobes to 'show o'verlap'.' ‘At its best' energy errilssion
levels somewhere betneen ‘1‘3%“ and 20% of the_counts are'the L
result of Compton scatter Alsvo‘ the detector is affect'ed”j
more by counts near the surface than from the depths, and 1t ‘
is l:|_kely that dur:.nc the course of the flow study there is '
d:Lffu81on f_J_rst from gray to white matter, as the gray matter ‘
' saturates first; later the opposite occurs with isotope »_ |
diffusing from white to gray matter as the graj\/'rnatter de-: ,
saturates flrst - S R
In splte of such problems w:Lth the xenon—l33 clearance

technique 1t can supply useful and unique J_nformatlon on . ~' o
reglonal cerebral blood flow For example, 1t was used by '
R:sterg, Ancrl and Ingvar (1969) to cor'nelate between rCBF
| and rCBV. This correlation 1s of- fundamental mportance in the

present research pro:] ect.. Reglonal blood flow and rCBV were -
: measured SJmultaneously in the same cerebral reglon in anesthe—"- |
tized cats w1th controlled respiration. Both values came.
simultaneously from the same sc:.nta.llatlonedetector us:.ng the .
freely diffusible J'_ndicator xenon—.133‘ for flow detennjnations_ |
and the J'ntravascular tracer RISA-iodine-131 for volume estimates‘.
A very high correlation_was found between volume and flow .changes.
(r = 0.96, p<0.001). This finding indicates that variations o

of TCBV are accompanied by proportional blood flow changes.
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Thls reglonal volume lncreaseyls hypothesmed to take place.

" via a dllatlon of the cerebral vascular bed or through recrult-:-_-_A

ment of unopened vessels whlch become patent as. flow mcreases. ke
Wlth the advent of high resolutlon ﬂuorescence x—ray- |

_detectlon the use of nonradloactlve tracers (Hoffer et a_'L. s

19 69) allowed the next break—through which st:mulated the

._present studles (details of this phenomena are descrlbed o
below under 'methods') ‘The essential unlque features of thisv )
approach are, 1 avo:Ldance of. emlSSlOII from the scalp and skull - "
because of Jnherent geometrlc characterlstlcs and 2) el:.mlnatlon

. of the problems attendant to 1sotope adnu.nl_stratlon, Although
.‘it :vras claimed (Moody et al. s 1971) that.the tracer could.be -
~given by J_nhalatlon or J_ntraarterlal J_n]ectlon, the. quantltatlon

' J.nto mean:.ngful data from 1nhalatlon clearance measurements

- has only recently been reported and that was for the radloactlve

':Lsotope xenon-133 (ObI‘lS't et al. ) 1975) ’Ihe use of elther

o trans:.t time or clearance time made estmates of the ﬂow para—

: | meter only, wh:Lle appllcat:Lon to volume measurements was hypo— B
.thes:Lzed later by Ter—Pogoss1an and his assoc1ates (see. Hoffer,
Becl< and Gottschalk, 1971). Prel:m'mary results were first

" reported by Ter-Pogossian et al. (l97l_/1972’)' for a technique o
similar to that used in our studies. The lcey_ features of the

. volume detemﬁnation are to allow the equili_bration of a nonradiof_
active tracer that is restricted to the vascular ‘space -' (adm:inis—

tered by a relatively non—traumatic intravenous injection) and



to measure 1ts concentratlon in-a three dmen51onally .

def:Lned volume Calculatlon of blood Volume 1s made fmm .

a- concomltant measurement of tracer concentratlon 1n a
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'~ sample of blood Durmg the course of our research an exten— S

"sn_ve study of this method was publlshed in a series of

.repor*ts from Ter—Pogoss:Lan S laboratory (Grubb Phelps a.nd S

Ter—Pogossmn, 19733 Grubb et al., 19735 Phelps, Gr'ubb and
Ter-Pog0881an, 1973 a and b) B ' o

Recently, Kuhl et al (1975) repor*ted on measurement of

'rCBV determined by three dlmensmnally reconstructlng techne—f B »A B

't1um—99m br'aln scan data. In thls method, a t‘r'a.nsver-se

: 'sectlon ‘-scan is made after the venous lnj ectlon of technetlmn-‘-:' R

'9°m-labeled red blood cells. Absolute t‘ra’cef concentration 1s R

then calculated and a pomt—to—pomt estlmate is produced

__ that is analcous to an autoradlogbaph When the concentratlon

of act1v1ty is determined, the data are converted to a two—

| d:LmenSJ.onal map of rCBV.

Comparlson of the results from varlous studles ‘of rCBV
. are pr'esented in lable 1, the slopes of 11nes calculated .
from rCBV and elther pCO or MAP are presented because these

parameters are of crltlcal J_mpor*tance in quantltatlon of the

rCBV. As a crude est:.mate, the CBV may be con81dered to be o

about 5% of the tlssue volume. _



" TABIE 1. ‘RELATTONSHIP

of pCo, or MAP to rCBY

Animal pCO,, Slope

Goat . 0.043
- Rhesus monkey 0,049
. Rhesus moﬁkeyﬁt‘

Baboon . 0.049

MAP Slope

- 0.015

- 0.013 .

- Reference

Smith et al., 1971 . -

" Phelps, Grubb § Ter- -

Pogossian, 1973 -

Grubb et al., 1973 -

Kuhl et al.;11975"‘

22



MATERTALS AND METHODS

’Theory of X—ray activation for rCBV measurement

X-ray actlvatlon (or x—ray fluorescence) is a well establlshed

‘» technlque for the nondestruct ive qualltatlve and quantltatlve

analys:.s of elements. 'I’here has been recent interest. in the '

.application of this t’ecnnlque for in vivo studies in the fleld

of medlc:l_ne, the value of different approaches 1s evaluated :Ln the :
revieus of TJ_nney (1971) and Voldseth (1973). - |

The technlque of X-ray actlvat:Lon may be aporec1ated us:.né the '
analogy of more famJ_llar chemlcal ﬂuorescence' commonly used :Ln -

catecholam:me detectlon In the case of chemlcal ﬂuorescence, an

- ultravioclet 'wavelength photon interacts with moleCular orbital

electrons to produce a fluoresced photon of lower energy wh:Lch is
characteristic of the molecule from th.ch it arises. In xray
fluorescence, the incident photon is of x-ray wavelength and |

interacts with K or L shell electrons of atoms to produce an-

x-ray of characteristic energy (and therefore wavelength) dependlng

| on the atom that is struck. (To eliminate poss;ble msunderstandmg, .

the terms ’x—ray' and 'gamma-ray' do not distinzuish wavelength

or energy but only relate to the origin of the photon ;‘ ‘x—rays

originate from electron orb.ital 'transitions, as in x—ray 'tubes,
while gamma—rays arise from act1v1ty in the atomic nucleus ) In

elements with an atomic number greater than 46, the L and M+to K
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transitions -are accompanied by K—shell vx—raysgreater than 809"of .

the tJme. An L to K transition would produce a more energetic

X-ray, called Kﬁ , while a M to K trans:.tion would produce a Ka(

: Since the K-shell x—rays are unlque in. energy for each element,
: 'thls prov1des a means of quantitatively detectJ_ng the presence of

‘a particular element

‘The inc:Ldent photon must possess an energy equal to or greater o

than the: K«-shell blnding energy of the element to be detected in

V order to premove the K-shell electron In our work the J_n v1vo N

‘activation of an 1odinated radiographic corrt ast material meglu— -

mine (60 ) and sodium (30 %) salts of 3, 5—d1acetamido—2 L G—tr’llo—lf.»",..'

. dobenzoic ac1d (Hypaque—M 90°o) , is. used as a tracer to measure the"' ~‘

amount of blood per volume of cerebral t:Lssue. . In thls case the :

exc1t1ng photon beam must have an energy greater than 33 2 keV

(the K—-’shell bindJ_ng energy of iodine). The observed fluorescent o

spectrum of iodine consists of Kg( (28.5 keV) and Kﬁ’ (32 LL keV)

T x—rays, as well as, any scatter which results from the exc:Ltation R

source.
Instruznentation
1. Source:of activation X~rays
. vThe excitation source may be considered in 'ter'ms Of tuo ma jor

features. First, as alluded to previously, it must emit photons :

with an energy equal to or greater than the binding energy of iodine '
(33.2 keV). The closer the energy of the exciting beam’is to the - :

. binding energy, whicb must at 1east be exceeded the larger the

probability for a “5er1 photoelectric mteraction (activated x—ray
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prchuction)' However, the incident photon must also have ‘eno gh

- ‘energy to penetrate bone and soft tlssue to reach the reglon of

.g'lnterest. TJ_nney (1971) by cons1der1_ng the K—-shell x—ray

o fluorescence 1ntens:.ty to tissue surface dose, has reconmended for

| an 1od:Lne tracer and the probable organ depths to be encountered
"that the opt:.mum exc:Ltatlon energy be between '-PO and 60 keV. _ The -

second aspect to be considered is the :|_nten51ty of photon flux

‘Wthh must be great enough to produce statlstlcally s:.gm_flcant data.

- There are a number of avallable excltatlon sources such as long—
‘ llved radlolsotopes which produce peaks of smgle energy radlatlon,
x—ray gcnerators fitted w:Lth secondary radlators Wfllch produce ”
character:l_stlc energy pea.ks. In this work the flrst two types of
sources were used. i ‘ o

A nnncenergetic excitation source would theoretically- be 1deal :
. “ if the energy could be chosen to g:Lve opt:mum exc:LtatJ.on. _ There "

- are only a small number of monoenergetlc :Lsotopes, and thelr energy

range is l:Lm:Lted A long half-life source of large enough mass -

to achieve the hJ,gh photon :Lntens:Lty needed for in vivo studles ) _'

- has lz’mitations’ because _of problems in .self—absorption and geometry.' '
We used’ a dlSC shaoed one- curie source of americium-241 (59 5 keV a

gamma—ray) ) suppl:Led by Monsanto Nuclear, for 1n1t1al stud:.es but

found the beam :Lntensn.ty Jnsurflc1ent to produce statlstlcally
v51gnlf1r*ant count rates in order to follow dynam:n_c vascular events..
Later an x-ray generator, the Krlstalloﬂex 2H d c. generator
vmanufacturered by Siemens was used. It had a 60 kllovoltage peak
(kvp) output. This powered a 1,300 watt tungsten target tube

that had a true focus size of 10 by 0.75 m® . Calculatlons of the"
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f“maxmum allowable kVp—amperacre comb:.natlons and data on the relatlon- RPN

Shlp between the tube current and photon output at 60 kVp are glven TR

4' :Ln Table 3 (Results sect:Lon) By selectlvely fllterlng the photon

: }beam of the x—ray tube the br'emsstrahlung dlstm_butlon can have
_f‘,:,_for 1od1ne actlvatlon. We used 0 48 Tmm of copper to fllter the .
,F:Lgure l
Vﬂsources l) hlgh photon dens1ty from a small dlameter source (1t E

e ‘_dlameter, 1t produces about lOLL ‘times as many photons as the

e W problems of radlolsotope storage are avolded

"llts max:.mwn energy shlfted hlgher and above the b:LndJ_ng energy

o /. -
- beam and effects on bremsstrahlunc, dlstrlbutlon are :Lllustrated :Ln

The x-ray cenerator offers a number of advantages over J.sotope :_‘
f-, 1s est:.mated that even though the x—ray tube has a snaller source }:t,- -
,amerlcnun—ZL%l source) 2) the energy output can be remlated by -

. f_.changmg the potentlal on the X—ray tube or us:.ng dlfferent fllter‘S,:‘

3) varlable flux dens:LtJ.es allow the use of hlgher flux dens1t1es

| "J.n anJmals than would be safe in. humans (however, the same system

‘:fcould be employed for hum.n SU.bj ects by reduc:.ng the energy output),

>:'.. : 2., Detectlon of fluorescent x—rays a.nd data handlmg

The detector used in these studles was a Nuclear Dlodes -

llthlum—drlfted 5111con (Sl(Ll)) Semlconductor (or less accurate}_y N
: solld state') detector w:.th a 200 mm2 surface and accompanymg FET
. preampllfler’. } By defmltlon, a semlconductor lS a Ver'y POOr
'conductor of electrlcal charces The use of a sem:Lconductor as a

ﬁradlatlon detector is based on 1ts ablllty to absorb x—ray energy

' photons w1th effectlve 1onlzatlon of- the materlal ma]cmg it brlefly

conductlve



Plgure 1 Spectrfum of brernsstrahlung produced by ‘'scatter
from plastlc. Peak activity is shifted to =
higher energies when 0.24 mm copper: fllters out
some lower energy photons. :
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: W1th a hlgh voltage potentlal placed across the semlconductor crystal

"and negllgnble current transnuss:.on in the normal non-excrted state,

.:_the absorptlon of 1onlz:mg photons allows the ﬂow of pulses of ? o
- current.. Wl'thln lJm:Lts, ‘the degree of sem:Lconductor 1onlzatlon (or .
: Athe amount of current flow) is dJrectly propor*tlonal to the energy

’ 'absorbed due to the incident. radlatlon.' Th:Ls burst of charge after

proper ampllflcatlon forms the bas:.s for quantltatmg photon energles. ) fl

} v’ThlS ampl:Lf:Led burst 1s then changed from analogue to dlcltal values

which are sorted by a multlchannel analyzer (MCA) into a. Specm

of pulse amplltudes whlch are proportlonal to the energy of the

280

| -radlatlon be:Lng detected. This 1s schematlcally d:x.agrammed 1n Flgure T

- 2, together w1th a representatlon of the orlgln of a fluoresced

o x—ray descr:Lbed in the prev:Lous sectlon. | If as in our case, just one--:

' ,fpartlcular energy photon is requ:xred to be counted (the 28 5 keV
- “KK x—ray from 1odme) ‘a dev1ce called a s:Lngle channel analyzer lS |
used to sort or fllter out the pulses at some pre—set ampl:l_tude.

o 'The countmg of a parrtlcular energy radlatlon ‘takes place J_n the MCA

W after the detector has handled all photons that cross :Lt. _ As 1llus—

: ‘trated J.n Flgure l when the whole spectrum 1s counted the greatest o e

number of . events arise from scatter, courtt rates up to 20 000 per

' second are not uncommon. Compatablllty a_rong components and hloh

performance chamacterlstlcs must be obtalned at all tJmes S0 - that ‘.

meanlngful counts are not lost. The orlglnal system employed
~ contained an ampllfler which was oo slow To keep up w1th the cou.nt

rates produced by an x—ray tube, the r1etalls are in Appendlx A.



Figure 2 Schemat:Lc of the sem:u.conductor detectlon and -
- processing of a spectra from a source of
fluoresced X~rays.
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.The resolutlon of our system for the 5. 898 keV manganese K—shell
| x—ray is 58'+ ev full w:.dth at half maximum (HJHM) Th:Ls h:Lgh o
| resolutlon of the Si(Li) detector, which is related to 1ts ablllty
- to dlS'tlI‘lnglSh fluorescent x-ray from background (Woldseth 1973)
‘,18 necessar'y to quantltatlvely detect the low concentratlons of .
-1od1ne present as a tracer. - | | o ‘

In order to def:.ne the area of J_nterest geometrlcally, the
k f‘ detector and x—ray tube are flxed at rlght angles as dlagr'anmed
in Figure 3 The detector has a conlcal coll:unator whlch rest:*:.cts
the fleld of view to a 0.5 cm c:rcle whlch W:Ldens along a 5 cm |
» length to 1.5 cm at the detector w:.ndow. A penc:.l beam of photons
~ intersects th:Ls field of ,vq.ew after coll:matlon by a cyllnder 7 cm
long and 0 55 cm‘in diameter. This cross-colllmatlon glves a
region of :Lnterest of about 0.1 cec.

Con81dem_ng the small reglon of interest and relatlvely exact
pos:J.tlonJ_ng necessary to def:.ne the Volume of b“a:m tlssue J_rr"ended
for measurement, the X—ray tube and detector were mounted on a o

_ "comercially available stereotaxic devi‘ce’ Spec:.ally machmed o
»mterfaces were fabricated to connect the tube and detector to »A |
: stock heavyduty man:.pulator's obta:.ned from the Dav:Ld Kopf Instr'ument ’
Company. The stereotaxic frame and r'abb:Lt head holder were also
stock items from Kopf (see Plgure L for' clarlflcatlon)
7 The use of -stereotaxic technique fnrst descrlbed by Clarke and
Horsley (1906) is the foundation for' modem approaches in exolorlng |

~the neuroblology of deep str*uctures in the whole bra:l_n whlle 1t

remains in situ. The principle relies on the locallzatlon of an intra-



F:Lgure 3 Schematic of cmss—collmatlon between the .
: - X-ray tube and semiconductor detector.
Note also the placement of a monopolar EEG
electrode and its gr*ound in the ear. The
EEG was recorded only in the rCBV experi-
ments. Rendering by Lee Rose, Medical
College of Georgia.
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i Figuré y
. devices and the sterectaxic frame. .The ellip- -

Line rendering of the coupling between X-ray

toid-shaped object on the right represents a .
Grass photic stimulator used for visual stimu-°

~ lation of the rabbit. The stereotaxic frame is.
a model #1630 (special, with 15 inch A-P . bars =~ :

. and two sets of ear bar blocks) with two

model #1760 manipulators that position the X;-r'ay o
tube and detector. The rabbit head holder 1s a -

. model #1630. Drawing rendered by Lee Rose, -~ ... - .
- Medical Illustration Department Medical College SR

. of Georgla. _






‘ cranlal region with reference to a three dzmens_tonal coordlnate N
B system determJned by external landmarks on the skull ThlS

| system of three perpendloular planes is fixed by the pOSJ_tloang

of the most read:Lly identified plane, wh:Lch is, in the case of e
| the rabblt the basal (see F:Lgure 5) and is def:ned as belng per-»v |

. pendicular to the saglttal plane (a plane runn:nc, medlally through

 the saglttal suture) and pass:ng through the bregma and a po:mt
- 1. .5 mm above lambda (Bures Pefrat and Zachar, 1967) Two '

-referenoes were used to ascertam the depth of cortex in dlfferent

) areas: one, a olassmal work mcludlng hlstology of serlal sectlons -

from rabbit bra:tn (Winkler and Pot-ter, 1911) the. other 1llustrated

the rabblt braJn 1n coordlnates usmg the Horsley—Clarke system :
_ employed in this work (Sawyer Everett and Green, 1954). Electro—.

-physiological work of Thompson, Woosley and Talbot (1950) vas

_consulted to determine anatomical areas of cortex that recelved |

visual J.nput A schematlc of a surmnary from dlfferent researcher s =

~ maps of cortical reglons in the rabb:Lt is seen 1n Flgure 6 (from
Bures, Pefrén and Zachar, 1967). Estimates from these works and '
our omn histology (to be discussed in Section l-l,l):_yleld values
hetween 3 and 5 mm for the depth of cortex in the v1sual aveas.
The'daﬁzmacquired contain ﬁforﬂetion on rCBV which is in. |
the form of counts ’or pulses of x-ray photons orig:lnat:ing fr*om" =
.the activated tracer (Hypaque—M, which has 462 mg iodine per ml) :
and are summed for successive time periods to yleld volume changes ’
with respect to time. It is obllgatory that the tracer remaln :Ln

‘a defined vascular compartment; the iodine tracer used pri_marily

33



F:Lgure 5

- passing through bregma and 1.5 mm above lambda, " S

o w111 be the antero—posterlor zero (Apo) plane. o o

e Pigure'S

Rabblt skull a.nd refer'ence pomts for 1eve11ng
With the head leveled so the basal plane (H1?2) is

a perpendicular plane that passes through bregma -

J of ‘the pm] ection areas of ‘the cer'ebral cortex -

of the rabbit. Redrawn from BureS, Pefran and

| ~Zachar, 1967.
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~in these studles has been shown to be restrlcted o the plasma R
. space in the braJ.n when J_nfused slowly (Studer and Potchen, 1971)

" Reference to Figure 7 will ald in follow:.ng the steps necessary

_—

. to. process the raw pulse data from the detector to the flnal prlnt— o

.. out of volume changes First, the detector must have a h.lgh volt- L

’_age bJ.as of 400 volts (pos:u.tlve) before it w:Lll respond properly

to x—rays. As already dlscussed above, the spectral' pulses

(characterlstlc :Ln amplltude for different energy photons) undergo "

B ampllflcatlon by both a preamplifier and an ampllfler. ‘ The '

.ampl:.fler 1s set at a gain of 30 and a time constant of one |

| mlcrosecond (see ADpendlx A for ampllfler characterlstlcs) The L

,Aampllfled spectral pulses then proceed to the s1ngle channel R

analyzers (SCA) which respond to spectral pulses of the amplltude

‘ to which they are callbrated (see Appendlx B for callbrat:l.on w1th

the 1od3.ne K x—ray) Each time one of the SCA recelves a spectral
pulse in the range for which it was set, 1t responds w1th a loglc |
pulse (5V, 0.5 sec. , 10 ohms) w:.th characteristics that are

compat_ble with the electronlcs of the multlchannel analyzer (MCA) B o

~ The MCA accumulates counts for. perlods determ:.ned by the tlmer

(usually 2l sec) and temporarlly stores them J_n a memory. At th:Ls _

same tlme a second SCA, set to receive counts in the energy range
between the Kd, and K/g x—ray from 1od1ne recelves counts that are
processed in the same way and are stored separately as background
for time units 1dentlcal to the tracer counts Prom thls memory

(ferrite core, 1250 byte) a display may be photographed from an -

oscilloscope (analogue output) and/ or printed out by a typewrlter, a



P:Lgure 7 Con;ponents of the X-ray actlvatlon system for
blood volume determinations.
" detector: Nuclear Diodes, Model X5- 200 650 BCF - ‘
- high voltage power supply Nuclear Diodes Model -
#102-1 : SRR A
preamplifier: Nuclear Diodes, Model #107B
single channel analyzer (SCA) Tennelec, Model
TC 44l -
“single channel analyzer (sca): Orftec M'\del #451
fllp flop timer: a) Ortec timer model #719 '
. Db). %olid state flip flop .
' designed and constructed by -
" Biomedical Engineering Dept.
‘ : of the Medical College of Ga
: mﬂ_tlchannel analyzer (MCA): DNuclear Data, S
memory: Nuclear Data, 1024 " o
osc1lloscope (CRO) Tekt‘ronlx, type R564 B, storage ‘

X—r'ay generatof ' Siemens, Krlstalloflex 2H
X—ray tube: Siemens, ty'pe AG W30

photic stimilator: Grass, n‘odel #P822
" infusion pump: Sage, model #355 ‘
respirator: Harvard, model #607 - L
pressure transducer: Statham, model P23AC - ° S
- temperature un:Lt Yellow Spr:mgs Instrument’ Co.y . -
model #47 L , , R
€O, monitor: Beckman model LBL
. po_zLygraph Grass, model #7
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' ’(digital output) " The prlnted hard—copy is hand carrled and

" entered mto a progr*amable caleulator for pr'ocessmc, (see Appendlx s

* C for calculator program) 1nto data representatlve of consecutlve .

, blood volume changes._ ‘The data is also stored on magnetlc tape A
| by the ca_'l_culator for poss:Lble later reevaluatlon »

 The net peak count is the parameter tnat oarrles the .blood ‘

R uolwne :Lnfor'matlon ThlS Value is obta:.ned from two measurements,- ) o
j the total count (NT) ‘and the background (N ) Both observatlons —
carry a statlstlcal uncer'tamty The net count (N ) is obtalned -
_by_ subtractlng NB from N . T The dev:.atlon of the net count may
,then be‘: ohtained From the theory of comb:lnatlon of mdependent SR

- errors:

_ QJ(NO) =\[‘O{I‘2 + 6;2 I - " Eq. 1
and the relative percent error (% E):

100 4B @®+L B 2
E=Np "T"‘_B D

4

uhere B=N /NB, or the total peak to background rat:Lo E"quatj;_on 't"l':_‘:_

2 ylelds the error at the one. standard deVJ_atlon level (or 67° -

confldence 1imit) whlle in most of the evaluatlons of BV the two 7.; '

 standard deviation level (95% confidence llmlt) was the crlterla |

~for a 'Asignificant’ change Due to the ablllty of the sem_lconductor
system to, detect a range of the spectrum smultaneously, the back— N |
ground was taken from a region of the spectrum adjacent. to the |

iodine peak. Since Ny and Ny are obtained during the\_samei time



»‘(t) fne /relat‘ion'may‘be expressed in terms of :i_nt.en_sity:‘ ‘;I.i.. =
N/t and I =N ‘/1': A'deter;mjnat'ion of the fi]fonnation' r'*ates":
.(I and I ) permits an evaluation of the peaJ\ +o background ratlo -
(B) and from the requzrement for a cerfl:a:m prec1s:Lon, an est:tmate
may be made of the requlred ana.'Lys:.s tme (for a more deta:Lled
account of countmg statlstlc cons:t.der*atmns, see WOldseth 1973)

~ An exampleor Lhe calculator output generated _from a standard
R "iodine solution confained in a rabbit skull ’phanton is found:n G

- Figure 8' The values listed under s:.guﬁcance represent 'l:he

nurber of standard deviation unlts found between ad Jacent counts, : )

| . during a 24 second acquisition time (24 sec was typlcally used_m
C. The -e>éperimenta.1 anmal - o o
| At various stac,es, these studies employed the cat, dog ‘or 5

| rabbit, but generally preparatlon was s:.mllar, Wl'th pentobar'bltal

38

anesthes:La and galla:mne (Dav1s and Geck Company) for mmoblllzatlon." o

Ra.bblts ranged in welc,ht from 3 0 to k4. 2 kg and rece:.ved 30 mg/kg

) pentobarbltal via the ear vein, 0.5 mt,/kg gallam:me and a s:.ngle .
~dose of 2,000 IU of heparin (Upjohn Co.,) after surgery. Cats '
r'anged from 3.2 to 4.3 ]fg and received 25 mg/ kg pentobarbltal and
5 mg/kg gallanune. Dogs were anesthetized wrch 30 mg/ko pento—- . A‘
- barbital and immobilized with 0.k mg/kg gallamj_ne.v Any vsurglcal
wounds were mfilfrated with lidocaine (2% Astra Labofatoic'ies)' or »n
toplcal benzocaine (20° Arnar-Stone Laborator:t.es, Inc. ) was applled
Demetrescu and Julian, 197u found that benzoca:.ne does not 1n'ter—

fere with cortical actlvrcy. Until the time of their use, annmals



Flgure 8. Data prmtout feom a rabbit skull Dhantom‘*»
.. containing 0.06% iodine. Note that the . -
greatest value is 0.6 standard deviation R

- units which reflects the contribution of : - " -

random errors. Random errors may accrue ..
from fundamental random effects in the .~ - =

. 1nstrumentatlon, generally denoted as ;ﬁ
noise. - -
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sy
were housed J_n the Medlcal College of Georgla v1\v7ar1wn“fac:|.llt1es
and fed standard laboratory chow and water ad lJbltum

Spe01al mentlon should be made regardlng the rabblt, whlch
was used in the majorlty of these studles I_ongo (1962) :Ln :.
: 'hJ..s e‘ctenswe volume that relates drugs effects to changes J_n the

EEG of rabblts, has reported on a number of quaternary ammonlum : ‘i

compounds. A desynchronlzatlon analogous to that mduced by acetyl— S

choline can be el:Lc:Lted by adnunlsterlng, V1a the carot:Ld a number
. of these substances: tetramethylanmonlwn hydrate (1—2 pg) decame—
thonlum (2-5 )lg) d-tubocurarine (2 5 ug) and succmylcholme (3—7 pg)
: however, it was found that gallam:.ne produced no changes in the “
EEG pattern (Longo, 1955) which implies a lack of CNS effect. Por
this reason, gallamlne was chosen for_:umnoblllzatlon in the present
studies. | | | L ..

Other animal preparatlon unique to a glven experment w:L]_l be
elaborated in the approprlate sections whlch follow. ‘ ', o
D. Experlmental classﬁlcatlons and protocols

1. Clearance studies of tracer .‘

The rate of 1od:|_nated contrast materlal (Hypaque—M 906)
cleara.nce from the vascular system was evaluated J_n dogs by . |
X-ray fluorescence using the one Ci amerecium-241 source‘for‘ '
activation. The collimated ganma-ray_ source was v‘positioned
with the detector on the‘ aftached gingiva adﬁ'acent to the -
mandibular canlne teeth. Femoral arterial- andl 'venous cannulas
were inserted for blood pressure and tracer adm:lnlstratlon or "

blood sampling respectlvely



om

2. Blood volume in cerebral cortex
A summary of the e}@erlmental apparatus may be seen: :Ln Lo

Flgure 7. The X-ray actlvatlon and detectlon aspect of

!

~ this system has been desc.r:x.bed prev:Lously (Sectlon B, 2) The o i

"phys:.ologlcal parameters monltored mclude arterlal blood
_ pressure from a femoral artery, rectal temperature and -

‘ explred per cent CO2 The am_mal was also prepared by
~adm:|_nlstermg artlflclal ventllatlon (25 ml tidal volume

and 21 breaths per mlnute) through a tracheal tube, and

infusion cannula in both the rlght carot:Ld artery and the L |

femoral vem The carotld artery cannula was J_nserted J_n the .
manner descr:.bed by Capon (1960) to allow perfu81on of the L
1ps1lateral vertebral artery Lastly, a monopolar ]EEG ’
electrode was placed in a hole drllled in the exposed cal-
varium over the occ:LpJ_tal cortex us:.ng the pos:Ltlon:mg out- ‘
l:Lned by Longo (1962) | |

Because of the narrow range of wei'ghts allrabblts
recelved a unlform 10 ml dose of Hypaque—M 90° (Wmthrop
Laboratories) tracer, mfused at 1 ml/rnln, J_nto the femoral o
- vein. Other drugs admlnlstered include ep:mephrlne (Parke-“ o
Davis). R papaverme-—HCl: (Sigma Chem;.cal Co.) -and propranolol
‘(Aye'rst) which were made up to the appropriate, concehtratioh;:
in 0.9% saline (the epinephrine also contaihed 1074 M L
ascorbic acid as an a.ntioxidant) | |

The experlmental protocol 1s summarlzed in the followlng

elght steps:



w2

1. Infuse Hypaque; IV, 1 ml/min, 10 ml total
volume; wait 20-30 ming start BV record:mg
Photic test; 6 HZ for 240 se¢ - : b
. Infuse Epi; IA, 2 pg/ml at 0.5 ml/mln (0 5
‘pg/min) for a total of 6 mL~ .- . -

w R
.

Photic test; 6 HZ for 240 sec - T

. Infuse papaverlne—HCl TA, 5 mg/ml at 0 5 IR
‘ml/min (2.5 mg/min) for a total of2ml

Photic test; 6 HZ for 240 sec .. - R

Infuse Epi; IA, 2 ng/ml at 0.5 ml/nu_n (0 5

- . jg/min) for a total of 6 ml R

8. Photlc test; 6 HZ for 240 sec

o

6.
7.

' The PhO‘th st:.mulatlon con81sted of 1llum:1_na1:10n of the
anterior aspect of ‘the head of the rabblt w1th a Grass photo ';.
stnmulator (model #PS 22) at nﬁxzmwn :m‘tens:.ty |
3. Blood volume in the hindlimb |

Blood volume changes were evaluated in the left hlnd- e
1imb of rabblts using a radlolsotope labeled human serumn - B
albumen (HSA) tracer and the same detector' system descm.bed '
prev1ously (Sectlon B, 2) for the fluorescent x—ray 'l:echnlque
} 'I’hls altemate ‘method was employed because the actlvated tracer

V(Hypaque) escaped J_nto the interstitial flu:Ld whlle the HSA—
,technec*t1urn—99m (HSA—TC—QQm) remalned in the vascular space :
_:‘(see Appendlx D for more detalls on thls tracer) 'I'he size
i of the detector collimator was mcreased to 3 cm 1n1:ernal
dlameter_ in order to record changes in a larger volume of tissue.i -
The SCAls were set to accept the 140 kel photon from TC-99m.
Blood f_l.ow was measured s:unultaneously with BV by dlssectmg
out the femoral artery and posn.tlonlng an apor'oprlately 51zed
electromagnetlc flow probe around it (equlpment from Carolma
Medical Electr*om_cs, Inc., Model 501).  The response of the

vascular bed was determined after occluding the artery to'pfoduce"

r .



a state of hypoXia Occlusion was produced ~vby:'tension on ‘a '

loop of Li 0 SJ.lk suture placed around the artery This

~as eVJ.denced by reactlve hyperemla upon the return of flow.
. Blood flow in the hindlinb _' |

.' Blood flow stud:Les were conducted using the hlndllmb
- of mmblllzed (gallam:me 5 mg/kg) cats rangmg in welght

,' from 3. 2 to Ur 1 kg. Varlous concentratlons (dlluted in normal

sallne) of the vasoactive compounds acetylchollne—Cl (Ach)

“and dopam;me—HCl (DA) were glven by close arterlal J_njectlon

IlIl'tO the deep femoral artery Flgure 9 1llustrates the ‘

positioning of the mfus:.on cannula as well as the pressure

" and flow transducers The effect of these drugs alone on the

flow rate were deternu_ned as controls, followed by measur:mg

flow cha.nges produced a.Lter a s:.ngle IV :Lnjectlon of d:l_fferent

(analeptlc agent) was used in an attempt to._ produce a pharma- c .

‘cological functional load.

Lvaluatlon of cerebral perfusion studles o
1. Hlstology
H:Lstology of India ink inj jected vasculature was performed

on rabbit brams to evaluate the extent of possuble dlsruptlon

of the microvasculature exposed to osmotic (from the Hypaque) .

and radiation (X-ray tube) stresses (see Rapoport, Hori and - :

Katzo, 1972). At the termination of several experiments, an

inj ection of India ink (about 1 ml) was - given IV. and a perlod

'occlusn.on suppl:Led an effectlve functlonal load to the lmb -

doses of pentylenetetrazole (PI‘Z) or physostlgm:me. '-_I'he P‘I’Z
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L spec:unen was left undlsturbed for at least one month before

of 20 minutes allowed to elapse before sacrlflce Brains S

were removed as rap:Ldly as possible (under 4 nn_nutes) and ’

. placed in 150 nl of 10% buffered formalln (l° CaCIL2 buffer)

. ThlS solutlon was changed da1 ly for S days after whlch the

tlssue sectlonlng T:Lssue was dehydrated in ehtanol, cleared

- in xylene and embedded in parafin (Paraplast) us:Lng a standard
. technique .(see Appendlx T for detalls) Sectlons 20 }1 thJ.ck

were cut on a Porter—Blum mlcrotome. Cut sectlons were placed ‘

- on a pool of albumln on mlcroscope slldes and then warmed on §
a hot plate (about LLSOC) for 5 m:Lnutes. The excess albumln was '

_dralned off and the slldes ~upended to dry The slldes were V‘

placed in an J_ncubator (50°C) overnlght before sta:Lm.ng w1th
Hematoxylln—nosm as outlined in Appendlx E. o -i S
2. Arteriography | | } o

Two arfterlography studies were performed on rabblts in - .
wh:Lch the carotld artery cannula, :mtended to perfuse through ,
the vertebral axterles was inj ected w1th 5 ml of Renograpm_n—so )
to ascerta:n the valldlty of 'thlS route for perfusmn of the
bra:.n stem One rlght—-lateral (R—Lat) and one anterlor—posterlor
(A—P) view study was performed us:.ng a Ph:Lllps—Muller Super
lOO 3 phase x-ray unit equlpped w1th a Elema—Schonander h_lgh
speed fllm changer. The film changer was adjusted to del:t_ver‘ ‘
2 films per sec for 3 sec, then 1 film per sec for 8 sec. - |
The x-ray tube (1.2 m focal spot) dellvered 22 mAs (40 kVp, _
1/40 sec) for the R-Lat study and 25 mAs (45 Kp, 1/40 sec)

\



‘ fQP the A-P study. X—ray fllm was exposed usmg a go:Ld and‘ C
‘d‘e\er.lop‘ed by a Kodak automatlc processor : By changlnc the
.Vsubject to fllm dlstance (focal—flln dlstance, '+2" foca_'l.- e
| object dlstance, 30") it was poss:Lble to magm_fy the 1mage ) B

(J_n thls case, l 4 t:l.mes)



" RESULTS

-' Tracer Pharmacology

In order to evaluate the characterlstlcs of the X—ray actlvatlon. ’

equipment a number of experiments were conducted to detenn:me '

. stablllty, I'ePI'OdU.Clblll'ty and resolutlon of the system

Illustrated in Flgure lO 1s a serles of 24—second Jnte:c'val

‘count rates obtalned dur:.ng a b. 8 mlnute span from a 0.3% 1od1ne

'_ standard placed in a rabbit skull phantom. Prom ‘thlS data, a mean . -

- : count rate of 12, 20'+ with a standard dev:.at:n.on of + 174 was. cal-

culated. A count rate greater than 12 552 or less than ll 856 (+ i

348 or. + 2 standard dev1atlons) would be expected, purely by chance,

less than 5 t:tmes out of lOO trlals 'I'h:Ls measure of the I’epea't—- e

, ablllty of the count rate was used to detenm.ne the predlctablllty

of a change in the concentratlon of 1odme whlch would reflect a - s

© blood volume change.

A linear relationship between tracer concentratlon (expressed as .

per cent 1od1ne) and measured ﬂuoresced X-ray- count rate is

represented in Figure 11. The values in thls graph fall aﬂay from

‘the linear regression l’ine when above 0.26 1od1ne, ‘but this concen7

tration is never reached in the blood stream. The correlation coé

efficient calculated for in vivo concentrations of,_iodine"was ‘found :

to be close to perfect (+ 0.99). In the linear regression formula

used in Figur'e 11 the X value is the iodine concentration and the Y

u7



F:Lgure 10 Graph of count rate obtalned by Jrradlatlng a- ,4 e
0.3% lodine solution in a rabbit skull pha.ntom. SRR
Vertical bar indicates a plus and minus one

standard deviation and the horlzontal lme 1s |
the mean. :
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' Flcure 11 Graph of dlfrerent concentratlons of 1od1ne
Co - versus the count rate produced. Each value

is the mean of at least 18 repetitions of a ,t;;“\'

24 second count interval. Counts were
obtained from iodine solutions placed in a

rabbit skull phantom to reproduce. the- geometry»;;l,;‘,

fbund 1n the experlmental 51tuatlon
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- .".va_lue is the count.‘ rate. ’_Since this_ linear 'relationshlp_ exists
at normal blood concentrations of iodine.‘it' 1s also pos»s.ible’ to o
| 'determJne the. m:lnlmum detectable ‘blood volume change (expressed
“vas a change in the dlameter of a cyllnder Wthh represents a’

: blood vessel)

50

Table 2 conta:ns the mean count values obtamed for a serles of S

" standard 3_od1_ne concentratlons- on two different" days.‘ All comparable,

means fall w:.tth a two standard dev:Latlon range of each other at
‘the different measurlng tJ_mes. As shown in Table 2 for count rates
’obta:med from iodine concentratlons less than 0 06° (experlmental
range) it may be ca_lcu_lated that there is an Jncrease of about Lm |

~ counts per addltlona_l 0.001% of 1od3ne | Further, us:tng a max:.mwn |
‘computed standard dev1atlon of 70 (see Table 2) 1t‘ may be stated
that with all other condltlons equal, when consecut:l.ve measurements
are made a given count rate of + 140 with respect to the prev1ous :
. count rate rellably indicates an increase or decrease in :LodJ.ne Co
concentratlon 95% of the tlme (two standard de\flatlons). Therefore,
- a change of + 0. 003 % in lodine concentratlon is detectable at the
95% confidence limit (140 divided by the Ly counts per 0 001°) .
This detectable change of 0.006% (+ 0.003% ) may be alternat:Lvely
‘considered as a change of 6 parts in lOO 000 Con51der1ng that .

the Volume of a cyllnder changes with the square of its. radlus

(V =% rQl) a chance of 0.006% in volume would be reflected as a 7

change of 0.11% in radius (if the length is unlform). ' In other words,.

if the vessels expand 0.11% in radius, they will increase the amount.
of iodine in the field of the detector by a statistically significant

amount.



-

* TABIE 2.  STANDARD TODINE SOLUTTONS MEASURED
o © 0N TWO DIFFERENT DAYS

Per cént Iodihe

Parameter  0.50 _0.30 _ 0.10 _ 0.06__0.06 0.0
~ Day one - . ‘ v. T T R
- mean . - 21646 12204 4576 - 2524 1e2u .- 375 . - .
sO -~ .38 . 174 - 8 . 63 . 66 - u6 -~ -
‘ mean : 19857 11116 4515 ° 2052 = 1uu5 . 38u - -
s C 252 216 0 - . 70 ~4r 61 43

The measure of unlformlty within samples (the standard dev:.atlon) -
obtained on a given day is supplemented by comparison with samples

. ‘obtained on a different day to determine to what degree they may be -
described as coming from the same population dlstmbutlon. The t-

~ ratio for non-independent means was used to compare the results
obtained on different days and again the null hypothesis is rejected

- (P<.01), therefore, measurements made on different days of the

. same :|.od1ne solutions are comparable because they are members of
" the same populatlon dlStPlbuthI'I ’
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Tn Table 3 is shown the mean count rates obtaJ.ned from an
) iodine solutlon when the X-ray tu.be was operated at 60 kVp w1th
" variations in mA from l to 15. The tube lS rated for a max1mum B |

' power output of 1300 watts (kVp X mA = watts) therefore, 15 mA at.

. B0 kVp is a safe level to contlnuously operate the generator and

' tube. The flux dens1ty produced (measured as the count rate)
increases llnearly as the current of the tube is. J.ncreased at a .
set voltage level. It was de01ded to do most of the blood volume
'studles between 5 and 10 mA at either 50 or’ 60 kVp, thus produc:Lng
‘ ‘about 1 Rad per hour of surface dose radlatlon as measured by a
»ratemeter (Vlctoreen model). : f lv |

' Flgure 12 1llustrates the spatlal resolutlon of the detector »
and 1ts collimator when a po:.nt' source (1 .7 m dlameter) of 1od1ne
is actlvated ~ The tnree peaks in F:Lgure 12 quantltate the f:Leld |
’or view for the detector at mcreas:.ng dlstances (0 0 U 5 and 1.0 cm) |
from the coll:!_mator As would be expected the fleld of v1ew w1dens

as distance from the coll:l.mator :anreases but th:Ls would be 11m1ted

o the dlameter of the- actlvatlng X—ray beam

"’he :Lnltlal pharnacologlcal stud:Les carrled out :Ln- thJ.s research |

- project involved the effects of the 1od:|.nated contrast materlal '
F(I-Typaque—‘/l 90%) on the experimental animal. Usmg mong;rel dogs, o

the clearance of ‘Hypaque—M, 90 was detexmned from about 0.1 ml

volume of soft tissue consisting of mandibular 'gingiva"adjacent )

to the canine teeth. | Accumulation of counts, indicating ‘the concen—

) tration of tracer in the tissue, during 100 second’intervals. is |

shown in Figure 13. Also shown is a regression ‘_]_inewhich was



it;‘ TABLE 3. EFFECT OF CHANGING GENERATOR mA ON FLUORBSCED
: o ' X-RAY OUTPUT USING A STANDARD ‘

- IODINE TARGET
T mA _' Output (counts/lO sec. )
~at 60 kVp ' Mean - SD
1 1ms w22
2 1581 38.9
3 2132~ : 82.3
n o 2379 7 L 78.1
5 2538 - 43.6 - .
6 R S 2635 . 6l.9 .-
7 - 2972 .52.7
8 3376 - 63.7
9 3727 ¢ - 58.0
10 : o o 4163 - - u4.8
11 - 4506 - - 117
12 ©osom2 127
13- : ' 5221~ 50.6 .
o © - 5651 . 76.0

15 o o © 5998 .+ 111

linear regression: Y = 338 x +820 r = .99
Y is mA Values and X is output in counts per second



Flo'ure 12 Spatlal resolution of X—ray tube and detector :
system. A 'point' source of iodine (1.7 mm
,d:Lameter-) was moved across the field of view
" of the detector at intervals indicated on the
abscissa with count rates recorded on the
ordinate: The distances the point source .
‘was from the tip of the collimator are shown -
above each curve. '




counts | 24 sec (x10°)

Y “ pistAnce . - :
0.5 .

LO ~¢——  FROM

DETECTOR .



Figure 13 Scatter diagram of the concentration of
iodine in a volume of gingival tissue in
the dog with respect to time. Line is the -

 least square best fit for all the values. -
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drawn us:ng a Wang 600 calculator w:Lth an approprlate commerc1ally S

prepared program. It is evident that the early phase of the clear— o
- anee curve is unlformly steeper than J_ndlcated by the regressj_on

B llne. Thus asswm_ng a two compartment clearance, a llnear I’egres... LT

 sion 11ne was generated for an early (erst l 000 seconds or 16 6 -“ ' R

: m]nutes) and a late phase of the clearance as’ shown in Flgure 14
’ Although the dlstlnctlon between early and late phases is based

- upon the 'v:Lewers' judgement the commonly used techn_lque of "data

.S'tl"lpplng" as descrlbed by Solorrsn (1949) employs s:.mJ_lar judganmts.. .

Grubb et al (1974) have reported that cerebral autoregulatlon is

| lost. for about 15 m:l_nutes after ‘the IV inj ectlon of 1od1nated

contrast agents; thls is the same per:Lod of trne shown J.n our data - s

for the fast clearance portlon of the washout curve. ‘ Increased -

femoral artery blood flow was observed by Sako (1963) up to 30 -

minutes after inj ectlon of anglographlcal contrast agents. C‘qanges f

" in henmdynanucs after contrast agent :Ln] ect:Lon are of 1ll—def1ned

f‘orlgln, although Grubb et al. (1974) cons:.ders the observed changes |

in serun osmolarity to be important. Hypague-M, 90 1s, l:Lke other:" T

contrast agents, hypertonic_and produces a trans:.ent rJ.se 'in serum SR

osmolarity. The reported increase in serum osmolarity in conjunc-. -

tion with our clearance studies led us to 'consider the -fluid -

compartment relatlonshlp 1llustrated in the 1nsert of Flgure l‘+ as -

a representatlon of the fate of the tracer Upon mjectlon into the |
' plasma space the contrast agent will continuously be cleared_ by- the -
kidneys and for a period of time will diffuse into the extracellular

* fluid (ECF) space. When iodinated comtrast material in the ECF space'



Figure 1 ’IWoéompar*!:fhen‘li scafter diagram of the éoncén—

tration of iodine in a volume of gingival
- tissue in the dog with respect to time. Fach ..
‘line 1s the least square best fit regression
line for the values indicated. Each point is
the mean of four determinations. ECF = extra-
cellular fluid. ' ' - '
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. sources by Altman and Dittmer (1971) showed ranges for DCO

58

lS in equlllbrlum w1th 1od1nated contrast materlal in the plasma |

_space the clearance curve will represent only the k:Ldney clearance o

rate.

To ga:Ln further :|_n81ght into the hemodynamlc effects of adm:.n:.— S

- stered Hypaque—VI 90 the hematocrlt of ser:.al samples of femoral

a:rtery blood ‘was estlmated w:Lth a Clay—Adams 'Readacrlt' centrlfuge.

The results from 5 rabblts Wthh were sampled from b4 to 7 t:Lmes in -

o the course of an expermmt are graphed in Flgure 15. Although there

was a con81derable range J_n initial hematocrlt readlngs (32 O - l+0 5) .

the trend was clear, just after Hypaque mjectlon there was a hemo—

dllutlon effect last:.ng up to a_bout 12 minutes followed by a trend

Ctoward hemoconcentratlon

Blood gases and pH were determihed at convenient int_ervals ‘during,

5 experiments to insure that these important physiological ‘parameters

" were within physiological limits. Table 4 summarizes these findings

* with special reference to values before and after the ihfusion of

Hypaque. Animals number 3 and 5 underwent the ‘most dramatic changes |

(pO changes of 35 60 and -15 5% respectlvely) after Hypaque :mfus:Lon, )

however, these values after J_nfusmn may still be cons:Ldered phys:.ol—-
. - ogically normal. Data of rabbit arterial blood complled from many :
A 2 between o
22 and 51 mm Hg and for pH between 7. 21 and 7.57 in normal anlmals. A»
 The extremely hlgh range of pO values in animals 3 and 5 (Table 4) :
- is related to ventl_latlon for-a perlod ‘on pure oxygen.

Regional cerebral blood volume studies

Experiments, outlined in detail in the methods section,’ to

determine the regional .cerebral blood volume (xCBV) changes ina0.lce - |



* TABLE 4. Avterial Blood Gases and pH of Rabbl'ts
T : Durn.ng Cerebral Blood Volume Rt

Experiments

59 ..

Corrected® pCO,

S 1.
B 3'

ogEFEwN -

*corrected according to Severmghaus (1966) o
‘befor'e and aft& is relative to the :|_nfus:|_on of Hypaque S

.. n  mean + SD range . before*® © aftertt
1. 5 54.5 + 1.3 53.5 - 56.7 3.4 U B3 1.5
2. 6 33.8 T 3.4 29.9 - 38.2 33.3 . 33.2 . = .3
3. 7 0.5 4.3 34.1 - 46.3 39.1 . . 4L1.6 T B
u. 4 32.9 ¥ 5.0 35.3-35.7 '35.3 . 35.7 1.1
5. 4 uy.9 F7.5 36.6 - 54.6 36.6 42.6  16.4
Correcteds PO,
1. 5 35.3 + 3.2 3.8 + 40,2 '31.8 0. . 33.8 - . 6.3
2. 6 6l.8 T 7.5 47.2F67.9 62.8° . 64.8 . 3.2
7 49.5 ¥ 25.5 28.0 ¥ 99.6 99.6 .. 641 -35.6
L. 4 58.5 ¥ 7.6 50.5F 68.5 55.8 . 59.2 .. 6.1
5. 4 6l.6 ¥ 38.4 35.2 ¥ 118.5 50.3 - u2.5  -15.5
. ‘ ‘
.5 7.200 + .04 7.231 - 7.340 . 7.340  7.32% . -.20°
. 6 7.454 F .03 7.420 - 7.506 - 7.449 . 7.457 - .10
7 - 7.364 ¥ .08 - 7.225 - 7.451 7.421 - 7.354 % -.90
4 7.434 F .08 7.320 - 7.493 - 7.493 - 7.475 . -2 v
L 7.285F 01 7.147 - 7.400 7.400 . 7.3u5 - —.74



- Flgure 15 Scatter dlagram of the hematocrits recorded

in the course of five blood volume experiments.
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volume of occipital' cortex tissue were performed to evaluate the -5'

. 'effect of a functional load and the :Lnfluence of selected vasoactlve

‘ agents on the chancres produced by a functlonal load The procedure
j allows the determ:natlon in qualltatlve terms of an mcrease or |
: decrease in the relatlve BV w1th_1n the total tlssue volume (0 1 cc)
~ under observatlon. The chances reported are qualltatlve values
*J_ntegrated over a 2U—second :Lnterval Animals were :Lnfused w:Lth
the X-ray tracer mater:Lal (Hypaque-M, 90) before any studles were '7 ‘f -
Performed 'I’he LIYPélque—M 90 was slowly (l 0 ml/mln) Jnfused o
mtravenously to obta:I_n a blood concentratlon estJ_mated from the
~ body welght to be about 0.06 per cent. ~ The advantages T'hlS method o
has over others include: 1) the repetltlve sequentlal measure—
 ments obtainable (a value every 24 seconds) thus prov:.dlng a’ o
i temporal aspect to the measurement, and 2) the re_latlvely n‘on—- -
‘ invas:lve" natur_e of the dete‘rmination due to Unneeded surg:.cal lorl" '
fnechanical intervention. Also the tentatlve relatlonshlp between: A K
volume and ﬂow (d:l.scussed in the :Lntroductlon) may be used to ‘j :- |
interpret the meanlng of rCBV changes. A
The f__1rst regional cerebral blood volume 'exlaerime‘nts were ‘.
’evaluations of the response to Ainhaled 5% COQQ A ,consi_st'e‘nt Vaso;"‘:' _
dilat:"Lon and concomitant rCBV increase was derrbnstrated (ll. trials) |

durlng the first or in one case the second 24 second countlng per:Lod

 (see Figure 16) The delay in the one trial is attrlbuted to the

time necessary for the gas to traverse the ventllatlon apparatus and
reach the lungs. It is also due in part to varlablllty :Ln manually f

turm_ng on the gas mixture and marklng the polygraph record The



Flgure 16 Relatlve rCBV changes dur'lng J_nhalatlon of-
‘ % carbon dioxide by rabbits. Starred
data points indicate a greater than 2.
standard deviation units change from the
previous value. Each point is 24 seconds

apart.
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generalized and extensive cerebral vasodllatlon associated Wl‘th

' J.ncreased carbon diox1de tensions 1n the blood were not cons:.dered

a very demandlng test of the capabllity of this detectlon method

) The cru01al expemments were- the demonstrations of r'CBV :anreases - )
in the. v:Lsual corfl:ex dur:_ng exposure of the rabblt to 11ght L
-':j ﬂashes. It was noted that the light J_ntensz_tles used (settlng
number 16 on a Grass Photlc St:unulator) were mtolerable to 'thlSj.;. R
: :mvestlgator when v1ewed from the distance used (30cm) however, .
~ the rabblt has a more lateral location of the orblts and a state L
of max:mum v1sual st:mulatlon was desnred SO this mten31ty was .
employed | o ' |
| F:Lgure 17 (upper' half) represents. the 0001p1tal lobe EEG
. record observed dur:mg the onset of a’ photlc st:unulatlon exper':l.ment.
'_"I'he upper example of Figure 17 illustrates the entertamment or -
'followa_ng effect the light flashes have on the LEC whlle tl"e Er |
exalrple below it shows, in addition, .the phenomena of recr'ultment
evidenced by the increase in ‘trace amplitude after photic stlmul—- . )
- ation was started. | [T _

: In an attempt to demonstrate the cortical locallzatlon of the ‘1. o

photlcally induced rCBV increase to the v1sual corftex, measurements
- were made of the general somatlc area (refer to Figure 6 for ana- .
tomical 1ocation) during st:.mulation with negative results 1n three B o
trials usmg two animals. Reconc*d:mcr “the EEG from the creneral somatlc o “
area revealed no evoked potentlals as found on the oc01p1tal cortex . |
during photic stimilation. |

A further measure of the physiological condition of the preparation



Flgure 17 Electroencephalograms (redrawn) from occ1D1tal coe L
. : lobe unipolar electrodes placed into the bone
of the calvarium. Solid circles below the
records indicate a light flash (rate of 6
flashes per second). The two groups of four

lines of record each are from different rabbits. -
Note that the EEG becomes more regular with the

onset of light flashes ('entrainmment'), as well
as, a distinctively increased amplltude in the '
~ lower set or records. : :






L Flgure 18- Graph of relatlve cerebral blood volume changes Sl

during a hypertensive incident in the rabbit..
Starred data points indicate a greater than 2
- standard deviation units change from the =

previous value. MAP is mean arterial pressure.
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is a test For the presence of the atrtoregulatory response. ThlS
- was carrled out by deterrm_nmg the rCBV response ‘to an increase -

in sys-temlc blood pressure. A decrease in volume would J_ndlcate

normal autoregulation " The blood pressure .increase was produced‘-_ G

o by an J.nfus:Lon of noreplnephr:me J_ntravenously Flgure 18 shows o
a typlcal response to the tran81ent hyper‘l:ens:x_on. A decrease 1n
A rCBV in response to an increase in systemlc blood pressure was

| demonstra'ted 7 t:unes in 8 attempts Al preparatlons examlned had

prev:.ously had time to recover from the Hypaque 1nfus1on (30 1:0

60 minutes) and had not deterlorated or exhnblted hypoten51on o

‘(descrlbed as a low mean arterlal pressure w:.th loss of auto—

regulation). o B o | “ i PR | |

Prior to the evaluation of the effect on -I:he funcrionally -
induced occipital lobe rCBV changes by a vasodilator (papaverme),

and a. naturally occuring catecholamjne "(epinepnrine) 'the responses .

' to arterlal J_nfus:Lons of papaver:.ne and ep:l.nephrj_ne alone were
compared to controls Drug :mfus:Lons lastlng appmxmately 6

‘minutes produced rCBY changes as dlagranmed 1n Flgures 19 and 20.. ,7
Control values (obtained from perlods of no st:mulatlon in dlfferent |
exper:ments) are shown above the responses to papaver:t.ne in |
Figure 20. A -tendencj exists for stafistically d‘signif:.icant increases
in rCBV to aDpear during the papaverlne infusion (8. 30,- :anreases

' 1n rCBV x 100/total number of measurements) and a tendency fo_r,'.'

. decreases during the ep:.nephrme J_nquJ.on (4. 5 ). These values
may be compared to a 2% chance for any change to Qccur spontaneously '

in the control s1‘cua.t3.on. Further, there is a trend for all the rCBV



: : Flgure 19 Graph of relative cerebral blood volume changes

during an epinephrine infusion. Circled data . ¢

points indicate a greater than 2 standard
deviation units change from the previous value. - -

Epinephrine is infused at a 2 ug/ml concentr‘atlon-i
“at a rate of 0.5 ml per minute starting at the . - -

beginning of the graph. Each channel is 24
seconds long. The volume changes indicated are :

- relative values, each determined in relation to
the :meedlately preceedmg absolute va_'l_ue. :
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-values to decrease during the eDJneprhlne :LnquJ.on (negatlve slope)
- whlle the papaver:.ne values tend to. appear more lJ_ke the control

. values in slope (see Plgure 20). -
~ Photic stlmulatlon was employed as a reglonal functlonal load
Whlch hypothetlcally produces vascular responses assoc1ated W:Lth

metabollc (or chemlcal) changes accompanylng induced actlv:Lty 'I'he

68 -

rCBV response to this stzmulatlon was determ:l_ned follow:Lng success:.ve’

infusions of ep:.nephr:.ne and papaverine. 'Z’hls data is stmxmarlzed -
" in Table 5 ‘Two iniportant relationships are'evident: -1)' 'there AWas‘
a s1gn:|.f1eant (p< 02) decrease in the latency of the rlse in rCBV, -

w1th photlc stnmulatlon during ep:x.nephr:.ne :Lnfus:.on as compared to'. :

‘ non—:.nfus1on perlods. The rCBV response to photlc st:u.mulatlon'was o

| brought about on the average 37 per cent faster afl:er epmephmne e
J_nquJ_on 2) the response pat"ern to phO’th st:unulatlon after the -
. second eDJ_nephr:Lne :mfus:.on (followmg the papaverlne :|_nfus1on and v-

~ photic stimulation) was different from the varst trlal for each»

animal.. Referring to Table 5, it is seen that this situation pro-

duced a s:.ngle increase in rCBV th.le decreases were produced in ‘
three animals. The data where photlc st:mulatlon was ad.m:mlstered

after papaverine was noteworthy J_n..that onl_y- chance single increases

" or decreases were observed. Some charcresare to be expected because

of statlstlcal uncerta:.nty coupl ed w1th a backoround of spontaneous

rCBV changes (see Flgure 20), but many more changes were demonstrated |

during photic stimulation without papaverine (see Table 5). The

7.

well-accepted cerebral vasodilator effects of papaverme (McHenry

et al. ) 1970) in normal braln tissue may be eXpecLed to dllate
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gu-_ne 20

) greater than 2 standard deviation units change ) .

Graph of relative cerebral blood volume changes

during controlled periods (above) and papaverine |

infusions (below). otarred data points indicate

from the previous value. Values are 2U ‘seconds
apart. Papaverine was infused at 2.5 mg per
minute starting at the first value shown. The
relative volume changes indicated are determined
in relation to the :meadlately preceed_ng
absolute value. :
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 TABLE 5. Summary of Temporal Relatlonshlp'Be“tween S
o v Phot:Lc Stimulation and rCBV Change After . -
‘ Drug Infus:.ons : ~ . N

v TJ_me to 31gn:Lf1cant change (sec )

Direction = -  Photic P.S.% & - . P.S. & . - P 3. g

Study of Change Stimulation (P.S.) Epinephrine- 'Papaver'ine “ Bpmephrlne o

1 _‘:anr*ease 192 o T R MR S NR S

- (decrease) @ . - (WR) - (NR) -:- (ZLL) -

2 inerease 192 120 MR MR- o
(decrease)  (216) . QR . @GR L OR.

3  increase = 120 e Tl R

(decrease) (NR) o '-”(NR)' f' N (NR) e (120)

4 increase 188 . o aRC T 1g

(decrease) - (R (NR) | | (216) ,;(168':.)_.{_ L

5 increase - 240 Lome MR MR

Cerese  Gm @me - om R

Mean (n) increase 182(5)  67(5) . - 721 . -1%2a))

(decrease) C 120(2) o 216(1) Co16(L) L 104(3)

Dlrferences between photic stimulation (P. S.) and epinephrine infusion
' with P.S. was significant for all trials to the 98% confidence limit -

(Students t-test, t = 3.86, P.02 = 3.74, statistics of non-independent
. scores were used) ~ ' L

NR = no response in that category.
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-vessels to such a degree'that a metabOlic load could result in‘no:;‘
ikfurther 1ncrease, or poss1bly a delay in vasodilafion beyond the
observatlon perlod " l ) | '

Because “the photic stimulation was administered 1nmediately’ljiv
| ‘after the drug infusions some experments were carried out where
o photic stimulation was glven during the epinephrlne infu81on. ~Asf1
indlcated 1n Figure 21 a rise in rCBV was recorded in the fIPStj;'

' 24 second interval. This rapid response was observed in both of two |
trials. Mechanisms for the dlstribution of epinephrme (enzyme degre—
dation and tissue uptake) would be. expected +o rapidly change its :.‘

. vascular smooth muScle concentration at receptor s1tes. These factors
t may be the reason that the response to photlc \timulation was. faster

, durJ_ng :Lnfus:Lon than durlng the post—:mfusmn period as presented

' in Table s. The effects produced by papav_erine are not so tran— .
sient as epinephrine.' Gottstein (1962) has stated-thatlit is»among

| the longest acting of the 'vasodilator_ drugs; and for this reason it.

was not -thought necessary to- examine the photic stimulation response
A dur]_ng papaverine infusion. .v | | . ’

The most pronounced rCBV increase 1n response to. photic stlmul- _
. ation is diagrammed in Figure 22. Many'more photic stimulatran
responses are tabulated in Table 5 but the record diagrammed in
Figure 22 has a distinguishable feature. 'I_here is an unusual
continuing trend'of increase, or no change between data points_after
the starred point (statistically'significant value). ‘Since eaoh~>‘
point denotes the change in count rate from the prev1ous point an
extended 1ncrease 1s rarely seen. | The graphical representation of BV

data more often has a saw-tooth appearance (see Figures 18, 19 or 20).



Plgure 21 Graph of relatlve rCBV changes durmg photlc
.. stimulation in a rabbit arterially infused with '
. epinephrine. Starred data points indicate a
- greater than 2 standard deviation units change
from the previous value. . Epinephrine J_mused ’
via vertebral arteries at 1 ug per nu_nute
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Figure 22. Graph of relative rCBV changes during photic .
stimulation of the rabbit. Starred data points
indicate a greater than 2 standard dev1atlon
units change from the prev1ous value.
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. Studles with the hlndllmb »

Carpl and Cartonl (1972) conclude in thelr rev1ew that non—
"convulsant doses of the analept1c pentylenetetrazol (PTZ) 1ncrease‘:

- CBF both pass1vely, through a rise 1n arterlal pressure and

_ actlvely, throuoh a cerebral Vasodllator response The actlve : ‘Ef;

"-component is thought to be related to the 1ncreased functlonal

and metabollc activity of the brain, as reyealed}by‘the increased
EEG frequencyvand unchanged cortical 00, Or'cerebral‘ArV oxygenff

difference.» Although photic Stimuletionlwas used as a specific ‘-

physiological stimilus of cortical activity in the»present‘research'

most other 1nvest1cators used an analeptlc as a non—spec1flc pharma :

cological actlvator (Carpl and Cartoni, 1972) Therefore, 1t was |

thought 1mportant to 1nvest10ate the blood flow response of a

simpler system (the hlndllﬂ&bto PTZ w1th or w1thout the vasodllator

- -acetylcholine (Ach).

Blood flow was measured at therfemoral'artery to determine the

change in response to the close arterial 1njectlon of the vasoactlve

-agent acetylcholine (Ach) belore and after pentylenetetrauol (PTZ)

administration. In Table 6 the analeptlc PIZ is shown to potentlate

the vasodllatlon produced by Ach in the hlghest dose (7. S_pg/ml)
at both the one and two ug PIZ level. The 2 pg PTZ level also -
' increased the response to the intermediate (0.75‘ug/ml) dose of Ach.

In a further attempt‘to'evaluate the hemodynamic effect of a

- functional load on the hindlimb of the rabbit, the femoral artery

was occluded for 24 seconds and the BV and BF response measured}'
- Figure 23A represents the BV changes observed. It is ev1dent that

~the BV response to the occlusion was variable. Although durlng the-



TAB£ 6 Pentylenetetrazol Effect on Ace’cylcho_llne ‘
. Vasodlla‘tlon in the Cat H:Lndllmb L

o Acetylc'holine' e i o Meéan Change in Flow (ml/min) - | nE
o (ug/ml) , control 1 ug PIZ* 2 ug PIZ*
L0075 BT rEE W 812 8.8 ()
.75 o 15.3 + 1.5 () “‘13;1‘:(2)_‘ .22'4.'1: '<2) ' ' |
7.5 L 172 207 @) 29.7 .(3)]",“‘[,.3-0.‘5 @

Values are mean + standard deviation (number of samplps) :
*PTZ = pentylenetetrazol
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Flgure 23 Blood volume changes in the h].'['ldl:l_mb of 't:he rabbit
“during various oper'atlons A, femoral artery occluded - -
at arrow marked 'closed' and reopened 24 seconds later' -

at arrow marked 'open'. B, same as 'A' but animal
first treated with dlbenzyllne C, measurements of
BV change during epinephrine infusion. Starred data-
points indicate a greater than 2 standard deviation
units change from the previous value. Each point is
24 seconds apart. - : T
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occlusion the flowmeter élWays indicated no flow in the femoral

' artéry, the BV'change during-the-occlnsion mayfhave been increased

- or decreased. L1kew1se, after the occ1u51on, whlle +the BF alwaySv'

‘ eXhlblted a transient 1ncrease over the preocclu81on 1evel the R

BV mlght increase or decrease Due to thls unpredlctablllty a “

4subsequent series of BV experiments was conducted in Whlch rabblts
were given 30. mg dlbenzyllne by 1ntravenous 1nfu51on (HSO‘ug/mln)
: In these experlments (see Flgure 23B) the BV 81gn1¢1cantly fell

' durlng the- occlu81on in two of three experlments Par* C of Flgure 23

- In six of the 15 1ntervals shown there was a statlstlcally s1gn1f1—

cant change in BV i _ndlcatlng unusually hlgh 1nc1dence of spon—

taneous vascular activity.

Histology

In the course of the Bvaeasuring expefﬁnents Indiavink'wssu,nu

vasculature. The photomicrogfapns of histologic sections in

Flgure 24 A and B, are two magnlflcatlons (4x and HOX) frcm1the

.same ¢1eld of cerebral cortex tissue. Blood vessels are noted for’
their appearénce as dark irregular but generallyvelongated areas
sarrounded by a clear zone; The darkest ared is nelieved,fo be the
‘India'ink‘filled lumenbof the vessel. Section ofvcortex-exemined :

were unifcrm in appearance with no local abnormalities observed. . .

Theoretically, damage could have been produced by the ionizing
radiation from the K—pay beam.

Wltn the hlgh magnlflcatlon (lOOY) photomlcnograph of rlgure 25

i -

- shows the BV changes necorded durlnc an eplnephrlne,1n¢u51on (Z‘ug/nurﬂ

- injected into the brain to evaluate patency or trauma to cerebral S



Piguré 2 'Photdnﬁ.crographs (low magnification) of bcéipital
cortex from the brains of rabbits. injected with -

Tndia ink before sacrifice. Sections (12 microns

thick) were stained with Hematoxalin~Eosin. A. "
Magnification 4X, enclosed area is same field of -
‘view seen below in B, at 40X magnification. :






" Figure 25 Photomicrograph (100X) of occipital cortex '~
© ~. . section from the brain of a rabbit injected . -
.with India ink before sacrifice. Sections = - '
. was stained with Hematoxalin-Eosin. : .. . .+
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the globular appearance of the vessel lumen contents are apparent

The clear zone surround:.ng the vessel is also more dlstlnct w1th

nuclear structures ev1dent occasmnally The presence of these S

nuclei suggest that 'thlS clear zone may be a reglon of -swollen endo— :’.

thelial cells. The fact that no Indla ink granules are seen’ outs:.de

: he vascular lumen attests to the tlght junctlon between the endo— :

thellal cells.
Arteriography

A series of X-ray arteriograms were made to assure that the e

carmula placed J_nto the carotid artery was dellver:l_ng fl'(.Ild J_nto tho .

vertebral arteries. F:Lgure 26 is one of the rlght ‘lateral exposures.

The lower arrow in the figure points to where the vertebral artery -

leaves the aortic arch and begins ascending toward the brain stem.

'I'he upper arrow points to the beglnnlng of a 'caplllary blush'

',A(dlffuse whlten:n_ng) characteris L:Lcally found prlor to the venous phase |

of cJ_rculatlon This is J_nterpreted as pos1t1ve ev1dence that the -

~ brain stem is belng arterlally perfused In Flgure 27 an anterlor—

o posterlor v1ew shows similar detalls. The sharply opaque ob] ect in .

both exposures 1s a paJ_r of forceps used to hold the skm ﬂap and -

cammula in place..



Figure 26 Photograph of right lateral view arterio'gram -

of a rabbit. This 1s part of a series ina '

dynamic study.
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Flgure 27 Photograph of an anterlor—-posterlor view arrter'lo-' :

gram of a rabbit. This is part of a ser:Les ina . o

dynamic study.
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" DISCUSSION

:.;A,-iGeneral OVerview

| The 1mportance or a functlonal load and its concomltant.

h:metabollc activity in reoard to other vasoactlve determlnants suchv
‘as the presence of eplnephrlne or papaverlne is addressed in’ thlS.‘

. pesearch.’ The assumptlon that'local blood flow reéulation,isr“
relatedrtovthe functional'load‘of'a tissue inuolﬁes.a-metabolic df>?
l.bloch,mlcal process which llnks them Thls research pr03ect was
‘de81gned primarily to con81der one of the p01nts Where dlssoc1at1on f
- between rCBF and functional act1v1ty may be arlslng, namely'the L
»nature of vascular control exerted by eplnephrlne and papaverlnevon
~the runctlonally produce vasodllatlon The premlse that carbon sddi°
dloxmde and the related DH are key metabollc determlnants of rCBP
regulatlon is expermncntally supported accordlng to Purves (1972)

in hlS textbook of cerebral c1rculat10n. »It»seems reasonable teleo— .
‘loglcally that the cellular productlon of carbon ledee in dlrect
proportlon to functlonal activity links p“O w1th the blood flow ‘3
'whlch in turn supplles the tlssue with needed metaDOlltes; s

Because our methods did not measure rCBV quantltatlvely, the'f,

‘degree of change is not known, but the method is unlque in. show1ng>’
temporal relationships between stimulus and vascular response.
,Contihulng measurement at 24 second intervals of relative rCBY changes

83"
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R
alloms analysls of thls temporal aspect whereas conventlonal rCBP
Lechnlques us1ng 1sotope washout are estlmates 1ntegrated over lOO
'to 600 seconds with a single value obtalned fOr a glven flow 81tuatlon.
Employlng the relatlvely non-invasive methods prev1ously descrlbed
;fthe effect of eplnephrlne and papaverlne lnfu81ons together w1th a
‘}locallzed functlonal load 1n visual cortex were examlned in- regard
~to moment to momenL changes in rCBV in the present researdh.. 4
Photic stlmulatlon as a functional load |
This author believes a clearer relatlonship_betmeen the site df

Qasoactive stinmlation and the resulting vascularuresbonse.ls neces;i-
hsary for understandlng reglonal vascular control The pos31b111ty |
that selected areas in the braln stem sen81t1ve to carbon dlox1detare
‘ 1nvolved in the rellex regulatlon of CBF was explored by Shallt et al
"'(1967). This mechanlsm would allow correlatlons between 1nsp1red (or
vsystemlc) carbon dlox1de and CBF to be 1nterpreted on a neural reflex
“rather than local metabollc basis. Shallt and co—workers (1967) showed:'j-
that lesions in certaln deflned areas of the braln stem caused a 1arge ,'
1 reductlon in the vascular response to carbon d10x1de compared w1th
the control or w1th that observed when les1ons were made in other hp
‘iparts of the brain stem or brain. | These experlments.can be crltlched
‘on the grounds that CBF was not actually measured but . derlved from
.the rec1procal of the A-V oxygen dlfference (w1th the assumptlon that :
cortical oxygen consumption had not changed). Further, it could be .
objected that the reduced vascular response to;carbonﬂdioxide was.v'i
an artifact depending on initial surgicalvmanipulatlon_rather than'in',

" pesponse to the brain stem lesion. This objection cOuld'not>explainl
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- why some lesions were effective and' others only a féw- millimeters o
'away were not - Also, these workers showed that 1f the bra:u.n stem ) -
_les:.on was caused by local coolmg, the normal vascular response to

carbon dlox1de was restored upon rewarmJ_ng Cons1der3_ncr these

experlmental results it may be mterpreted that part of the cerebral C

‘vascular »resnonse to carbon d:Lox:Lde is reﬂex in orlgln and that the ,'

pathway lnvolved can be J_nterruoted by locallzed braln stem le81ons.

- Other :mvestlcrators have arrlved at sn.m:l_lar conclus:.ons w1th somewhat

"Iless elegant experlments: James Mlllar and’ Purves, 1969 I_ambertson
et al., 1959; Geiger, 195'8
For reasons discussed above the use’ of a sensory evoked functl.onal'
load to the cortex (such as photlc stlmulatlon of the optlc sensory
cortex) was cons:Ldered ideal for study:.ng local vascular responses.
Although compllcatlons from actlvatlon of reflex systens by ‘the VJ.sua_'L
stimulus used in these experiments is not completely removed the
o functlonally evoked act1v1ty is a stJmulus more cons:Lstent w1th
obtamlng data conce"'m_ng a local vascular regulatory theory u
‘To evalua..e the reglonal nature of the Vlsually evoked load to
the ootic cortex, neasurements of rCBV changes in somatlc cortex o
were oerformed durln» Dhotlc stunulatlon.~ As expected rCBV in |
© somatic cortex did not respond to the functlonal load evoked in 'the |
~visual modalits v nor did the EEG of that reglon manlfest the 1ncreased
amplltude or following tendency demonstrated in optic cortex durmg
pphotic stimulation (see Figure 17). It should be noted .that Since.‘ -
no response Vwas obtained in the somatic cortex with photic stimulation,

further evaluation of this area in the presence of drug infusions and



| 'functional load’ was not considered. necessa;r&;- . In retrospect, +his
) experﬁnent may 'yield positive. results as‘norepﬁlepllr'ilde 1nfus:|.ons
have been reported to pcoduce general spreadmg of EEG act1v1ty
,._‘--evoked through a s:mgle sensory modallty (Rothballer, 1959)

" The functlonal load and ep:l_nephrlne

Relatlonshlps between functlonal load and the sympathom.unetlc '

eplnephrlne on a cerebral vascular region have not been reported in

terms usmg an approach comparable to 'the one. employed 1n th:Ls research'._]

The classic experlments have shown a relatlonshlp between J_nhaled

. ‘ carbon dlox1de (cons:.dered a metabollc vasoactlve medlator) and

elther arterial infusions of sympathetlc amines or cerv1cal sympa— |

thetlc chain st:.mulatlon. Within lJ_mlts the results are 1n quall-

tative agreement and :Ldentlfy a clear. Jnterrelatlonshlp, ert dev:Late o ‘

in the degree of effect. The l:m:Lts are that only studles employ:mg

'the washout of a diffusable tracer measured by external detectors to‘

~ determine rCBP are cons:Ldered for conparlson, Purves (1972) cons:.ders

this method the most rellable measure of flow in the braln.» Alternate B

- methods generally requlre extensive surger'y in attempts to :Lsolate '

portlons of the cerebral c:rculatlon. _ This is thoucrht to be contrl— -

butory to the conflicting results and controversy that contmues to_

‘prevail with regard to these studies.

Purves and James (1969), us:t_ng an 1sotope clearance technlque,

observed that the vasodllatlon response to carbon dlox1de (above about

40 mm Hg) in the sheep fetus and newborn: lamb and in 'the adult baboon_ :

(James, Millar, and Purves, 1969) was essentlally counteracted when ,

the cerv1cal symoathetlc nerves were st:lmulated In a recent report,
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- Haroer (1975) u51ng the same parameters of strmulatlon (pulse w1dth
‘trequency and voltage) on the sympathetlc nerve as used by Purves;fr
"and co—workers, demonstrated that only a 25 per cent reductlon 1n CBF

l_was Droduced in baboons w1th hypercapnla (pCO2 about 60 mm Hg)

':‘x Harper explalned that thls quantltatlve dlscrepancy was due to the ;

.temooral muscle and ‘scalp whlch were not removed by Purves and co- F,f..
workers resultlng in contamlnatlon of'the xenon—l33 clearance curve.'-
rby cxttecranlal vascular phenomenon Harper (1975) - '

- These cémbined results demonstrate that the vasoconstrlctor
;aCt1v1ty medlated by the sympathetlc system is not constant but varies
with carbon ledee level. This, 1n turn, may explaln many dlscre—"
’.Dant results obtalned by early (and some current) workers. Conclu81ons
that the sympathetlc system had llttle or no effect on cerebral flow
could be a result of the abnormally low pCOz, since the pCO tends to .
fall durlng long experlments.- ”he present research,demonstrates two

further properties of the metabollc—sympathetlc 1nteractlon._ Flrst,

- that a vascular response can be produced by the local metabollc demands o

,produced by photlc stimulation in v1sual cortex (see Table 5) Thls

'_n.Oﬂmatlon has been prev1ously demonstrated by other 1nvest1gators

_‘us1ng various nethods dlfferent lrom.those used 1n the present research, -

(Sokoloff, 1961; Bondy, 1973). Furthermore, the‘present‘studies'demon_
strate that this response is induced more quicklylin the.presence of |
infused concentrations of circulating epinephrine'(see Table '5).
-This is in agreement w1th chronic sympathectomy experlments Whene:
Vreduced cerebral vascular react1VLty to carbon dlox1de was shown

(S one, Raichle, and Hernandez, 1974).  These authors also demonstrated



88

that- catecholarrunes were depleted by the sympathectomy The model
f of rCBF proposed by these authors depends ‘on mteractlons between
‘ noreplnephr:ne (NE) and extracellular fluid hydrogen ion concentratlon '
as dlagrammed in Flgure 28. They suggest that the local level of |
: NE will depend on. the degree of actlvatlon of the sympathetlo nerves |
‘whlch are in turn dependent on some area of the brain stem " The
asswnptlon is made that there is a 'tOl'llC level of act1v1ty :meosed
on the cerebral vessels. Some ev:|.dence for ‘thlS tonJ.c act1v1ty was |
' "referenced by these authors and recently more ver:Lf:Lcat:Lon has been
- found (Harper, 1975; Raichle et al., 1975; James, Millar and Purves,
1969 Hernandez Ralchle and Stone 1975; Edv:Lnsson, mean and ”est, :
‘ 1972). A local factor that will modulate the radius of the vessel
'could be the extracellular fluid hydrogen ion concen@atlon whlch

would be subject to alteration from the altered pC02 As the hydrogen ‘

" ion concentration increases, the release of norepmephrlne is reduced

~ (minus sign in F-lgure 29) with the radlus J_ncreas:Lng to some new ‘
| ‘level.' ‘(Thi's hypothesis is supported .by Puig and KJ_rpekar(197l) _;v N
“who demonstrated that (H+) increase caused reducednorepinephrine ,
release) . Although this scheme employs NE as a key medlator, the .
substltutlon of epz_nephrl_ne may be at least possmle. |

The presence of eplnephrj_ne (EDJ.) in the system:Lc 01rculatlon '
originating from release by the adrenal medulla is well known The
presence of Epl in noradrenerglc autonomc nerves due to uptake
mechanisms in ‘the nerve end:mgs has also been descrlbed (Innes and
Nlckerson, 13870). It is now evident that Epl 1s more ublqultous in

the CNS than previously thought due to the dlscovery in the braln



Flgure 28 A Droposed local control mechanism for cerebral e
- blood flow regulation. (From Stone, Ralchle and ‘

Hernandez, 197%). NE, norepinephrine; ECF,. extra- .

cellular fluid; H+, hydrogen ion concentratlon.»
. Dotted lines are tentatlve relatlonshlps.
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_ of the enzyme Dhenylethanolamlne—Namethyl transferase (PNMT) whlch
converts NE to Epl. U51ng chemlcal technlques, PNMT was. demonstrated
in the ollactory bulb and tubercle, hypothalamus and in the braln stem

(Pohorecky et al. 1969), also 1nmmnochemlcal methods have demonstrated
"‘.the presence of Epi in neurons transvers:l_ng the hypothalamus and ‘brain .
. stem.(Hokfel et al 1973)-- Even more pertlnent are the flndlngs of
' Saavedra, Crobecmer and Axelrod (1976) which revealed hlgher than '
normal concentratlons of PN‘\’IT in brain stems from hypertens:Lve rats.v- '

The study of pat;ents with llepa‘tth orthostatle hypotensmn or "
- ShyéDrager syndrome has nniformly indicated-that CBF oontlnuonsly
responds to normal fluctuatlons of carbon dlox1de eoncentratlon

Y(Gotoh et al, 19723 } xeyer et al , 1973; Caronna and Plum, 1973)

Tt was also demonstrated that there was varlablllty in the retentlon |
of autoregulatlon. Shy-Drager syndrome is eons1dered to»be the mani-
festation of the loss of fnnctionlfrom post—synaptic’cervical'sympa- f
thetic nerves. 'These results havevbeen used as evidenceufor'both |
the unrelatedness of chemlcal or metabollc reculatlon to autoregulatlon
and ‘more Dertlnent to thls dlseuss1on, the 1ndependence of'metabollc
regulation from autonomlc nervous 1nf1uence An 1mportant note of
caution was aDproDrlately interjected w1th conclu51ons based on the
ShyeDrager syndrome, that is, no hlstochemlcal or other mlcrotechnlque
has been used to substantiate the degree of post—synaptlc nerve degener—
ation in any of these studies. This author feels: that‘an Important
- locus of pathology may be found in the brain stem, in keeping with
- the pronosa_ by Owman and co-workers (1974) of an 1ntracran1al

sympathetic system. This hypothe81s was more fully explored in the
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| introduction to tb.is disser'tation.
The 'functional load and papaverine
The questlon of whether vasodllators nnprove rCBF in 1schem3_c
- or areas of compromsed CBF has been hotly debated Obj ectlons
- ;have a.lso been ralsed agalnst the theraoeutlc use of vasodllators <
: in occluswe cerebrovascular dlsease It has been observed that 2
‘ ;these agents’ may dlvent blood from the :Lschem:Lc area, wher'e Vascular Lo

' react1v1ty is depressed or absent, by lowem_ng the cerebr'al vascular :

’_re81stance (CVR) in surround:mg areas of the braln where a normal

vascular reactlvrcy is stlll present and so produce what has been " = S

termed a "cerebral steal” (Lassen, 1966; Shal:Lt et al., 1967 Waltz,dl" -
1968). | ’

The opposrce view cons:.der's Lhe pOSSJblll‘ty that Vasodllators
,. might J_mprove CBF in 1sohem1c areas of the braln. It has been shown S
_ that CBF and oxygen dellver'y were J_ncr'eased as well as clJnlcal :lmprove-. |
ment J_n stroke patlents after large doses of papaveplnelglven du:c':mg
a: ten~-day therapeutic per:l.od (Gll'my and Meyer', 1966) Other' ev1dence |
shows that the increase in CBF produced by papaver':l_ne was accompanled
by an increase :Ln cerebral metabollc ra e for oxygen (Geraud et al. ’-
| 1965); thls suggests that the increase in CBF was effectlve in
'reglonal areas of 1schem1a '

t may be concluded from our study that papavem_ne J_ndeed does
improve the perfusmn of Lhe brain to the extent that local d:Llatlon
(increase in rCBV) was no longer demonstrated in the face of a
metabollc load (see Table 5). . This mplles that the brain :Ls perfused

in excess of its needs after papaverine. The re_sul-ts of o‘ther" workers



- 'demonstratlng a "steal" of flow from 1schemlc reglons of braJ_n may

" be dependent on Lhe ablllty of’ papaverme to reaoh the locus of

:lschemla In our SL.U.dleS the lack of response to photlc stlmulatlon D

’ after papaver:me elther w:Lth or w1thout a subsequent eplnephrl.ne |
b_ _J_nfusmn (see Table 5) is in agreement w1th recent J_n v1tro work by
Keat::.nge and Graham (1974) These J_nvestlgators state that papa-—

' verine greatly depressed the stable contractlon produced in- sheep

o CaI’Ol_ld. ar*terles by noreplnephrlne"

Cerebral vasculature and functlonal load o A RETRVES
Roy and - Sherrjno-ton (1890) are generally credlted w1th bemg the
first to propose that blood flow in the braln is reoulated by
Jncreased metabol:_c acti v1ty It is J_nterestlng to note that changes B 'b
in brain volume were used as an J_ndex of blood flow 1n thelr studles
‘Since I.ancrendorf and Seelig (18\86) had shown bra_ln t:Lssue to become :
-acid when rendered 1schem1c Roy and Sherrlngton prepared a flltrate ' L

~ from the homogenlzed bram of an exangu_mated dog, when the flltrate

was :Lnj jected J_ntravenously they observed an Jncrease in bra:.n volume.

: ,_'Assum.mg that thls reDresented an :anrease in blood flow, they

‘concluded that cerebral vessels responded to a01d1f1catlon of - surroundlng ) .

- "Lymph" > which normally occurs as a result of J_ncreased cellular ‘7 "'j“' .
metabolic act1v1ty | |

In reviewing the 1it terature on the mterrelatlonshlp between o
: Acerebral funotlonal act1V1ty and cnrculatlon Carpl and Cartonl ( 1972) ‘
proposed a combmed neurogeni cblochem:Lcal hyoothesm which was com- -
patible with research *rom both v1ewp01nts _ Strychn:.ne or bra:m stem

stlmulatlon cons:.stently produced an increase in total or rCBF (Ingvar



'and Soderberg, 1956 1958 Gelger, 1958 Lano'frtt and Kassel 1968)

'.bv providing". , o md:rect eVJ_dence for a neu:fogenlc medlatlon of 1: cse . :‘
’cerebrovascular responses” (Carp:L and Cartonl, 1972) In dlscussn.ons N

of 'functlonal' and - neurogenlc deter'mmants of CBF an amb:Lgulty

. emsts however, 1t is ev1dent that bra:m functlon 1s nervous act1v1ty, L

-, and the “term 'neurogenlc embodles the concept of 'functlonal' in the
" case of this organ. . | Ll

Some data has been lnterpreted as confllctlng wrcn the concept

. that an increase in cerebral functlonal act:.v:.ty (as :mdlcated by

convulsn.ve or actlvated EEG pat‘terns) is accompanled by :anrease ,

- 'productlon of vasodllatory metabolltes In exoerunents by Mchedllshv:Lll. S

‘et al. (1970) cortlcal sp:ke act1v1ty in rabblts :Lnduced by local |

: ‘appllcatlon of: strychnlne was followed in. 1ts early phases by an ’

' increase in rCBF. In the later phases, there was dlscontmulty

between the EEG and vascular reactlons ' Dlssoc:Lat:Lon of EEG metabol:l.c e

(blochem:Lcal) and vascular phenomenon by pharmacologlcal agents

| has been reported by others. For example, the EEG convuls1ve

response and rCBF increase caused by bemegp:’:x.de were both abollshed by

A‘ chlord1azepox1de (AJ.zawa et al., 1966) nevertheless, measurements

“ .of extracellular sodlum revealed concentratlons even below the reduced

levels of ongoing act1v1ty in a majorlty of the cases. Wl’th the '

knowledge that decreased extracellular Naﬂ is a88001ated Wl'th electrloal

actlvatlon or metabollc J_nhlbltlon, it was concluded that chlordlaze— - .

pox1de had its prmary action through metabollc J_nhlbltlon since »

electrical acthlty was blocked (Alzawa et al. . 1966) ThlS author

would regard comparable studies of potasswm concentratlons as more ‘

revealing. The rest:mg nerve membrane -is normally 50 'to 100 tJJnes 'as .
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"_permeable to potasSLum as to sodlum r"herefore pnmass1um dlffusesv“
w1th relatlve ease through the restlng membrane whereas sodlum {gfx
. dlffuses only with dlfflculty Slnce pota551um can dlffuse throughf
f“the membrane very ea51ly in comparlson w1th sodlum, the Nernst
'equatlon predlcts that it 1s almost entlrely the concentratlon’
idlfrerence of potass1um across the membrane that determlnes the ?;J
_-magnltude of the restlng Dotentlal B 0 |
In another studj, convulsant doses of Dentylenetetrazol produced
'spected EEG responses in rats treated w1th the 1nsect1c1de llndane,'
~ but motor convuls10ns and more 1mportantly, changes in. cerebral
:metabollsm were suooressed (Coper, Herken and Kbransky, 1958)
; Although there was nO'flow studles performed durlng_these experlments, o
the pH.changes‘and C02 production were as'eipected‘frdmdan activatedv;":
- EEG. In short, the two aforementloned reports are 1nconc1us1ve on :7
the fundamental issue of dlssoc1atlon between cellular act1v1ty and
i, "r(CBF response. | »‘
| Non-convulsant doses of pentylenetetrazol dsuch as used 1n.thev
"cat hindlimb studles in the present work have also been shown to'fff*
' increase CEF. Jasber and Erlckson (1941) contend that thls 1ncrease
in CBF is due to the hyperten51ve effects of subconvulsant doses of
Dentylenetetrazol and indeed total cerebra_ electrlcal act1v1ty 1s
ot s1gn1f1cantly alt ered and there is.an alkallne shlft 1n cortlcal
ipH indicating lukurv perfusion. Other data (Ingvar, 1965) seem.to
sugcest that the BE increase from Dentylenetetrazol is due to an.

active cerebral vasodllatlon _n excess of the metabollc needs however, -
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‘no variation of cortical pOj acoompanied peritylenetetrazol"‘ihduoed -
vvascular and EEG chances A | |
‘The increased vasodllatory response to Ach and dopam:me found |
by this author in the hindlimb a_fter subconvuls:.ve doses of pentylene— L
tetrazol (see Table 6) could form the foundatlon for an altematlve |
hypothesis. Vascular respons.weness to phy51olog1cally produced
.agents may be exaggerated in a manner s:.mllar to that found in the |
h]l'ldllmb when Ach and DA were ade_nlstered Relavent to thls hypo-
- thesis, Jasper and Erlckson ( 1941) noted that after a subcon\mlsn_ve
V. dose of pentylenetetrazol it was possable to prec1p1tate a typlcal
| convulsive discharge by adlm_m_stermg ep:.nephrlne mtravenously. »
Ingvar (1969) and Freeman and Ingvar (196-8) demonstrated the bes_t
~ correlation between blood flow and. EEG when both measurements were
taken from the same bram reglon Control values were obta:Lned :Ln
‘cats under m_trous ox:Lde anesthe51a Reclonal CBF was measured by
Jrypton-85 clearance and the EEG speetra were characterlzed by manual
frequency analy51s Cortlcal act1v1ty vas alternated by thlopental
(5 mg/kg) with a reduced rCBF, and :anreased by subconvuls:Lve penty—
lenetetrazol (6~-10 mg/kg) w1th an increase in rCBF. These f:LndJ_ngs
: support the nypotheSJ_s that rCBF is locally adapted to the functlonal
act1v1ty Krupp and Carpi (1964) and Krupp (l9 66) however demon—‘
strated EEG activation w:.thout an J_ncrease in CBF af ter the adenJ— :
‘ stratlon of various barblturates. Increasmg doses of pentobarbltal; |
hexobarbital and butethal caused mcreasmg mhlbltlon of the dllatlng
response to carbon dioxide. Only pentobarbltal (wh:Lch was used :Ln :
this author's experiments) led to a s:multaneous J_nhlbltlon of both

the EEG activating and cerebral vasodllatmg- effects of carbon dloxlde.
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Hexobarbital had the least effect.on carbon dioxide—induced vaso;{7:Hi
dllatlon, but markedly obtunded the electrographlc reactlon to
~ carbon dioxide. Buteihal 81gn1flcantly depressed the vascular

reaction without alterlng the EEG response.. Krupp (1966) therefbre,

‘asserts that there is no causal relationshlp‘between_CBF and‘electrlcal;i S

‘ act1v1ty _ o .
‘Freeman and Incvar (1968) showed that cerebral hypox1a produced B

a combination of hlgh CBF (3. 25 ml/g/mln) w1th predomlnant slow -
‘wave act1v1ty 1n the EEG, these dlsturbances were explaxned in terms
of the loss of autoregulatlon in cerebral vessels A Alternatlvely |
.thls author thlnks that the type of EEG act1v1ty may in some cases

be as unportant as the quantlty ThlS would be in keeplng with a -
neurogenlc regulatlon of the CBF w1th the EEG reflectlng at least

in part activity 1n the vascular neurogenlc nerves. In thls regard

an increase in CBF was demonstrated prlor to desynohronlzed sleep,
1mmed1ately before the characterlstlo desynchronlzatlon of the EEG .
(Kanzow et al 1962) Slmllarly, Moskalenko et al. (1974) concluded;
that 1ncreased rCBF due to a functlonal load from evoked potentlals
-in cortex were due partly to neurogenlc mechanlsms because reglonal
p02 levels 1noreased durlng the stimulus before earbon dlox1de

changes occurred 1nd cating ant1c1pat10n of the fUnctlonal needs of
the tissue. In thls study a further characterlzatlon of the rCBF
mechanlsm.was made on the basis of vascular respon51veness w1th and i"t
without anesthesia (pentobarbital 35 mg/kg). .A two—fold response to
functional load was found in recordings of rCBF and reglonal pO

which converted to a 81ngle response after anesthe81a._ The component.

lost after anesthesia may represent the neurogenlc component whlle



the remaining response was the locally mediated one.

From these findlngs it can- be concluded that electrical aothity

“of the brain and CBF may not always be correlated although corre—'

lation is observed under ‘certain conditions When dissociation 1s

' observed between CBF and tissue act1v1ty, 1t 1s 1mportant to detail 4( e
-a Site of action for the dissoc1at1ng influence If this 1s done 34;.V

. it may be pos51ble to describe regional CBF regulation in terms of

functional load w1th the exceptions also explained by effects on df
mechanisms in-this model..
POSSlble complications due to evoked fUnctional load and anesthetics =

Sharpless and Jasoer (1956) as well as’ Hernandez (1961) demon—

strated that responses in both direct and collateral sensory pathr :"_if«'t‘:

ways to non-meanlngful stimuli, -as used to 1nduce the metabolic

load in our exoeriments were attenuated quickly by repetition (thlS’
is called habituation). Such attenuation is reversediby drug 1nduced
depre531on of reticular formation (RE), les1ons in RF or introduction

of a 'meaningful' or-novel stimulus in the. same modality Visual -

- evoked potentials in cortex and the lateral geniculate body could :‘_~ Lo

be reduced by stimulating RF before the attenuation due to habitu—-

~ ation, but after habituation the potentials at the same sites are

amplified. Tt may be safe to assume-that the photic stimulation_(8 :

" flashes per second) used in the present research would"cause-adapt?'»

ation quite rapidly. Slnce small doses of barbiturate have not been
shown to alter habituation, but rather to block arousal from RF
stimilation, it was concludedtthat RF mechanisms-for arousal»are_not

related to habituation (John and Killam, 1959).
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Pharmacologicalistudies by the Killans (Killam and Killam, 1959)

support the. concept that the RF acts to prov:Lde a flltermg mechanlsm '

,’for sensory J_nput which mlght Drotect the organlsm from excessive.

‘_J.nput aloncr sensory pathways Studn_es w:Lth J.mmoblllzed cats J_ndlcated ;

N that anesthetlcs depress the mechan:l_sm by wh:Lch the retlcular form—

- ation ermarces fllterlng of sensory J_nflow (Klllam and Klllam, 1958 ,’

and 19 59) . The mechanlsm appears to be 1llustrated clmlcally by
subjective reports of enhanced sensory perceptlon durJ_ng drows:.ness

“or light anesthesia Takaori et al (1966) ‘have conflrmed the Lo

' ﬁ_ndj_ngs in the encephale 1sole cat with Dentobarbltal the anesthetlc f

used in the surglcal preparatlon of ammals for the present reseafch
Chln et al. (1965) was able to demonstrate, in’ cats w1th chronlc
electrode implants, that pentobarbltal (_lO_mg/vkg) was capable of -

- markedly depressing the inhibitory effectdf‘ RF stimtilation on - "

| responses to a click recorded in auditory cortex, medial genlculate '

. nucleus and dorsal cochlear nucleus In some . experlments thls dose

of pentobarbltal was. sufrlclent to fac1lltate “the prev1ously mh:l.blted R

: sensory responses. ThlS ef fect was proposed to be due to an unopposed _

fac.tlltory J_nfluence from local areas :Ln RF less affected by the |
pentobarbltal or to the release of tonlc :thJ_b:Ltory J_nfluences on
sensory transm:.ss:.on during wakef_ulness,r as suggested by Hagba:m‘:h
and Kerr (1954). | - T _ |
French et al (1953) pr=op<ﬁsedRF depression to be the bas:Lc
mechanism of anesthesia. This was based on f:mdmgs that'ether and
pentobarbital hlocked EEG arousal by RF stimulation and selectively‘ ,

* depressed potentials evoked in the RF by 'se_nsory stimulation.
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Low doses of pentobarbrtal and ether resultlng in blockade ij ‘5

- 'of EEG arousa.l pa“'terns, lnduced by sensory and RF stlmulatlon,

 was conflrmed and extended by the Ardulnls (1954) ‘ Also, in the
cat data were conflrmed by ng (1956) and Dom.'mo (1955) “and in
| the spinal cat by Bradley a.nd Key (19 58) Contrary data is proposed
by Gangloff and Monnier (1958) from work in rabblts where doses of
phenobarbltal (20 to 25 mg/kg) fa:Lled to depress the threshold at
which RF stmulatlon caused EEG axousal even though these doses =
produced behavioral sleep Gangloff and Monnler found the:Lr '
results to be con51stent with the prev:.ous accounts when h:Lgher -
_doses of phenobarbltal were used. In a review by Klllam (1962)
- this d:Lfference is ascribed to spec1es spec1flclty o

On the ba.SlS. of the above accounts it is considered thal; jth‘e'_'
photic stimulation of the rabbit will prOduce a functional load
_ in visual cortex. Our anmals were usually on the verge of recovery ‘»
) vfrom the J_nltlal 25 mg/kg pentobarbltal when they were placed :m

the stereotaxm holder and given gallanu_ne for J_rmnoblllzatlon. .



SUMMARY '

The relatlonshlp between a locallzed functlonal load to v1sual

S fcortex produced by photlc st:.nulatlon after vertebral artery mfus:Lons of -

ep:.nephrlne and papaverme was explored 1n regard to reglonal cerebral

blood volume (rCBV) In order to evaluate rCBV chanves J_n a small volumef :
- of unper"urbed t:Lssue, an X—ray technlque usmcr non—radloactlve tracer “
- (Hyoaque) was refmed from concepts reported by \'Ioody et al. (1971) :
Studies evaluat:.ng the method and tracer excretlon as well as axterlal ﬂ
! ‘route of drug mfusmns were prelum_nary to phamxacologlcal exoerdments.

Monltor:mg rCBV in 0. l ce of cortical tlssue revealed vasodllatlon :

- produced after an average ol 182 seconds of phot:Lc stlmulatlon, After

ep:mephr_ne (Epl) was mfused the time to a vasodllatory response to ‘ E
photic stlmulatlon was decreased to -an average of 67 seconds (P< 0 02)

‘After :mfuswn of the vasodllator pauaverlne the :anrease m rCBV usually .

o N _produced by photic st:mulatlon was abol:Lshed Wthh is poss:.bly due to

.- luxury Derfusmn produced by papaverme.. The extended effect of papaverlne
.. was also able to prevent vasodllatlon produced by 'DhO'th st:umllatlon after B
a subsequedt eplnephrlne 1nfu51on. . |

" The analeptlc pentylenetetrazol (used by many as a‘pharmacologlcal

functional load) was shown to potentlate the vasodllator effects of .

acetylchollne (Ach) in the hlndllmb of the rabblt | B

’ In conclus_ton, a functlonal load produced by physmloglcal means '
“appears to cause a vascular response more quickly in the Dresence of

higher concentratlons of Epi as shown :|_n the braln.

100 -



| APPENDD( Af*

Output characterlstlcs from.two commer01ally avallable llnear ff.,.ﬁ :

j”.:'a'r'npllflers used in nuclear 1nstrumentatlon are represented 1n Flgure tff*”z5d

. 29. The outputs were generated by exposmg a semlconductor detector :
;wtconnected to‘the ampllflers;to the fluoresced X—rays generated from fféftx"
Can iodi_ne solution. 'l'he 'aanlitude of the generated pulse is supposed
‘~tto be dlrectly proportlonal to the energy of the X—ray that produeed
‘ f_.t the orlglnal event at the detectors surface The major dlfference
"-.between the two ampllflers is the time 1t takes to output a pulse “;jtkif"lb
| correspondlng to an :mputted pulse Note the d_'Lfferent t:une scale used o
'» ""for the two photographs in F:Loure 29. The tJme it takes for a. s:Lgnal |
to reach its peak and start down toward the basel:me is called 'rise O

time'. . The rise tJme for the Ortec Model 451 is about three mlcroseconds

“ ‘th:Lle the Nuclear dlodes model 302A takes about l3 m:Lcroseconds. Because =t
;the Nuclear Diodes ampllfler takes about 10 mlcroseconds longer, 1t Com & e
* process far fewer pulses before it exh:blts pulse plle—up or the loss B
of counts due to more than one pulse being counted as one. : 'Ihe h1 gh COunt o
: rates our detector system encountered needed the 'faster' ampllfler to S

' accurately represent the X-ray events.
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- Figure 29 Output characteristics from two solid-state
amplifiers. Input signals were generated by

~a Si(li) detector exposed to fluoresced X-rays

from an iodine solution. - Note the different
scales on the abscissa (time coordinate)._
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. APPE‘NDIX B

The callbratlon curve determJ_ned for the two' s:.ngle channel analyzers

- (SCAs) used :Ln this study in response to the K,g X—ray of l’“dll'le 1s S

| represented by Flgure 30 The functlon of the SCA 1s to allow only pulses, . S

" of a predetermmed voltacre pass. throuoh them. The purpose of the cur've o

in Flvure 30 1s to determne the voltage settlng on the SCA "w Lndow

»Wthh corresponds to the voltage of the 1nput pulse produced by the 1odme S

X—ray | The SCA has two sett:t_ncs a w1ndow control wh:Lch 1s a 10 turn
potentlometer varlable from O to 1 volt. (des:l.gnatedAE) and a lower level.

| control which is a 10 tumn potentlometer adjusta.ble from 0 to 10 volts L
(des:Lgnated E) upon whlch the w:.ndow rests. Only pulses with a voltazfe

between E and E +AE are allowed through the SCA ‘to be counted by other

-dev1ces As shown in F:Lgure 30, by settmg the w:mdow (A E) at 0 02 VO]_ts_ : e

and varying the lower level control in 0. 02 volt steps a spectrum of
‘ act1v1ty 1s del:meated The large voltage peaks on the g;raph represent the
quantlty of iodine X—rays detected J_n an 8 second :Lnterval The FWHM
(full width at half nexmum) values shown in Flgure 30 were used as the
wmdow w1dths for the SCAs in the present e:@erlments Por further detalls .

‘on SCAs the book by Woldseth (1973) is recommended
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Flgure 30 Calibration curves of the SCAs for the J.odlne
‘ X-ray. 'E' 18 voltage of lower level dis- .
criminator and "AE" is the voltage for the
‘window control. - » '
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50 L=L+1l

"fAPHImn<c”'”"'

:'7'f mhlS Drogram was wrltten by Dr Jon Trueblood MEdlcal College

. ;fOL Georcla, +o be used on the Hewlett—Packard 9830A for obtalnlng

' _Lhe s1 lFlcance levels between consecutlvely accumulated blood

| volume measurempnts Data was manually lnputted from'tne typewr1ter€5;3

zhoutput of the MCAs ThlS program demands the use of the advanced
statlstlcal ROM. | v | ' , | B dv d” “l '
lO,,'; DIM DS(255), PS(°55) ‘UsS(255), VS(255) Z(255) Q(lO)

.15  DISP MPRINT ONLY SIGNIFICANCE MATRIX"
18 INPUT Q$ » ]

20 L=0 L
30 For I=1toR.
40 For J=1tol1l8

.80 UL) = T(I,J) -
70 V(L) = B(I,)
80 IF V(L) = @ THEN 108
-© 90 Go to 118
- 100 . W(L) = 1~ SR
110 Q = U/ V(L)
© 120 - D(L) = U(L)
0130 D(L+L) = @ .
40 ° IF Q 1.1 THEN 170
- 150 P(L) = (SQR(Q* (Q+1)))/(SQR U(L) (Q—l))
160 Go to 188 -
170 P(L) =1
180 . © NEXT J
130 | NEXT I
200 N=g R ‘ | ‘
- 205 IF Qs = "Y" THEN 228 S
210 PRINT LIN2 "BGRD TOTAL TOT BGRD. $%E CHANGE SIQA -
- SIGNIFICANCE", LIN 1 - B

215~ PRINT "ROW 1"
220 FORK=1ltol
230 N =N+l

240 F = D(K+1) - D(K)
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315

© . 380
390

250

260

265 .
270 -

280

290

- 300

310
312

- 320

330

335
340

350

360
370

= P(K)* D(K) \
Z(h) F/(G+0.001)

- IF Q% = "Y" THEN 338

VEITE (15,260) V00, U0, D00, 100% PGO, F,

CGLZ(K)

FORMAT 6F7.7, .1
IF N = 14 THEN 310

- NEXT K-
PRINT -

IF K = L THEN 330 |
H&W‘"NWW_(\N%)H.
N=g |
NEXT K

" PRINT LIN 2, “”IGNIFICANCE"

TORI =1 to 1¢*R STEP 10

CWRITE (15,378) Z2(1), Z(I+1), Z(I+2) Z(I+3) Z(I+4); -
WRITE (15,378) Z(I+5), Z (I+6), Z(I+7) Z(I+ » Z(I+9)

" FORMAT 5F7 1 L

"NEXT I

END
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3 p&%ENDIX D

Procedure for elec“crolys:.s label:.ng of human serum albumm (HSA) R

wrch technet1um—99m is taken essentlally fpom Dworkm and Gutkowskl
(1971) The Z:II’COIllUHl el ectrodes were ob‘t:a:Lned from New England Nucleer,
radlopharmaceutlcal d1v1s:.on as par* of a th, catalog number' NRP—l75
| ~ The tec?metlwn—99m was gratls from the Nuclear Medlcn_ne Department
Medlcal College of Georgla. " A - V

1)  Inject 3-7 ml sodium 99mTc—Der*technetate into a sh:Lelded
reaction vial (serum vial) -containing l mlL of .85 N HC1.

2) .Inject 0 1ml+. 01 HSA (25%) and sw1r1
3) . Insert zirconium el ectrodes throuch septum of reactlon v1a1

4) Adjust a d. c. power sur)ply to deliver 100 + 5 mA across the _
_z:rconlum electrodes g , ,

5) . ‘InVe.E’t v1al and swnrl dur:.ng electroly51s for 42 + 3 seconds.
"'46)A Continue agltatlon for 10-15 sec. after current is dlscontlnued

7y .Allow to sta.nd for 30 nu_nutes prior 'to addltlon of buffer
Co ’solutlon ‘ A

8) ' Inject buffer solutlon (6 mg Na,CO, and 38 mg NaHCO, in 2 ml
: water), hold plunger on syringe tightly because of %ulldmg
pressure from evolved carbon dlox1de :

9) Carefully remove syringe Dlungew from bar'rel to vent COQ, then
remove syringe. : c

10) Use preparation within 8 hours.
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 APPENDIX E .

 Rabbit brain fissue‘émbedding and staining

ﬂ:‘(Hematoxalln—E081n) sequence These technlques.were

recommended by Dr. Thomas ROoquUlSt of the Medlcal College ':;j-§ 

of Georgia. . , - |

i, I. Tissue embedding'_

R ‘A; tissue fixed for et leest one-montn'inxld%n:"'
| formalin buffered with 1% CaCl, A

B. clearing : |

'50% ethanol 1 hour

1.
2. 70% ethanol 2 hours
- 3. 95% ethanol 2 hours
4. 95% ethanol 2 hours
5. 100% ethanol = 2 hours
6. 100% ethanol . overnlght
7. xylene ,2 hours
8. - xylene - .2 hours
. 9. xylene : overnight
10. parafin. 2 hours) in oven set at. just
11. parafin .2 hours pthe melting point = -
12. parafin = . 2 hours | of the parafin (~39°C)

A1l solutions were in Qolumes apppoximately 20 times thét.of:the;
tissue. | . |
T. Staining of brain sections (Hemato%ylinmEosin)
Because the sections (20 n) were considered relativelj
thick, we used a time for expoeﬁre to Hemafoxylin which |
is less than what is typically enplOyed{ | |
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- Solution

xylene
Xylene .-
100% ethanol.
100% ethanol
95% ethanol

'70% ethanol .

distilled water

. hematoxylin.
- tap water

distilled water

- Putt's Eosin .
~distilled water

70% ethanol

- 95% ethanol
100°‘ethanol .
100% ethanol -
100% ethanol
Xylene

Xylene

Time

3 minutes

3 minutes
1 minute
I minute

r‘l‘minute.:"
1 minute -
" 3 rinses

3 minutes

several (about 2 mlnutes)
. 3 minutes .
20-30 seconds

3 rinses
1 quick rinse

1 quick rinse -

1 rinse

.30 seconds .. " .
U5 seconds
"3 minutes

3 minutes .
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