
F AD—A066 265 FOREIGN TECHNOLOGY DIV WRIGHT—PATTERSON AFB OHIO FIG 6/15
EFFECT OF ACETYLCHOLINE AND HISTAMINE ON TONUS OF INTRACRANIAL ——ETC (U)
FEB 78 M D GAYEVYY . S P TROFIMENKO

UNCLASSIFIED FTD—ID (RS)T 0028—78 Mt.

fl________________ ____ _________________________0e0205 

a

rn C 5J9 

U

____  a - -~ I



FTD—ID(RS ) T— 00 28 — 7 8

FOREIGN TECHNOLOGY DIVISION

EFFECT OF ACETYLCHOLINE AND HISTAMINE ON TONUS

‘s
~3 

OF INTRACRANIAL AND EXTRACRANIAL VESSELS,
THE VOLUME RATE OF CEREBRAL BLOOD CIRCULATION AND

OXYGEN TENSION IN BRAIN TISSUE

By

M. D. Gayevyy, S.~ P . Troflmenko

Approved for public release;
di stributi Ofl Ufl 1 imi 

:d

_

- . 
- V . -. V. V - - - ~~~~~~~~~~~~~

V . - - . 
—- -  ~~~~~~~~~~~~



FTD —ID (R S)T— 00 28— 7 8

EDITED TRANSLATION

FTD—ID ( RS ) T—0028— 7 8 23 February 1978

MICROFICHE NR: -~D~ 71f-{~ OCC~2~ /

EFFECT OF ACETYLCHOLINE AND HISTAMINE ON TONUS OF
INTRACRANIAL AND EXTRACRANIAL VESSELS, THE VOLUME
RATE OF CEREBRAL BLOOD CIRCULATION AND OXYGEN
TENSION IN BRAIN TISSUE

By: M. D. Gayevyy, S. P. Trofimenko

English pages: 29

Source: Fiziologicheskly Zhurnal SSSR, Vol. 56 ,
No. 10, 1970, pp. 11457_11466. _________________

ACCSWON ~~
Country of origin: USSR Ills
Translated by:  Marilyn Olaechea sl if ~ ctI~ oRequester: FTD/ETIL 0
Approved for public release; distribution
unlimited.

oIsTRm’JTIu~/Av~’ ‘,~. Y CODES
Qisu . . /ur S~~CIAL.

~r ~ri~THIS TRANSI.AT ION IS A RENDITION OF THE ORIGI.
HAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:
ADVOCAT EDOR IMPLIED ARE THOSE OP THE SOURCE
AND DO NOT NECESSARILY REFL ECT THE POSITION TRANSLATION Dl ViSION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION, WP .AFB. OHIO.

FTD — I D ( R S )T— 00 28 —78 Date 23_Feb . j 978



~ -- -.~-~ . .~~~~~~ _ _ _ _

-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — - -

r
U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration
A a  A c  A , a P p P p R, r
6 5 6 B, b C c C c S, S

B B  B .  V , v T T  T m  T , t

• r r  G , g  Y y  Y y  U , u
D, d F, f

E e E • Ye , ye; E, e~ X x x Kh , kh
rn Zh , zh 14 u LI i~ Ts, ts

3 a  3 s  Z, z LI~~~ Ch , ch
k1~~i ~f u  I, i W w  il/ Mt Sh, sh

R a Y , y U~ ~ L~ ~q Shch , shch
H K ~ x K , k b b

~ j j  a L, 1 Y , y

M M  M , m b o
H H  H N  N , n 3 3  9 ,  E , e

D o  0 o O , o

fl n u n  P , p  N a  Ya , y a

*~~~~ initially , after vowels , and a f t e r  b ,  
~; 

e elsewhere .
When written as ë In Russian , transliterate as ye or ë.

RUSSIAN AND ENGLISH TRIGONONETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh slnh arc sh sinh~~
cos cos ch cosh arc ch cosh 1
tg tan th tanh arc th tanh_1
ctg cot cth coth arc cth coth
sec sec sch sech arc sch sech 1cosec csc csch csch arc csch csch

Russian English

rot curl
lg log

• 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
.:~ :LIT



~~~~~~~~~~ 
- —

~~~~~~~~~

DOC ~ 002 8 PAGE 1

EFFECT or ACETYLCUOL INE AND HISTAM INE 01 TOIUS Q~

INTRACRAN IAL AND EXTRACRAIUAL VESSELS, THE VOLUII E RAT E OF

CEREBRAL BLOOD CIRCULATION AND OXYGEN TENSIO N IN BRAIN

TISSUE

N. D. Ga yevyy , S. P. Trofinenko

Depart ient of Phar .aco logy (K . 0. Cr a lbaya v , Director) .
Medical Ins tit ute 9 Secipalat iask

ABSTRACT The effect of various dose s of acetyichol ine

and hista cine on the blood circulation of the brain was

studied in acute .zp.ri .ents on 86 anesthetized cats u nder

controlled br eathin g, using th, techniqu e if resistography .
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rkeoencepkalograp hy, and registration of th e vo].uaet r ic rate

of cerebral blood flow and oxygen te nsion in brain tissues

by eans of the polarographic •et hod.

The results of the ex per iseuts show that acety icholine

and bista nine with int r a wenous and intraca r otid inject ion

reduce the tonus of the intracranial and extrac cani al

vessels and that the reaction of the latter is sore

prono enced . The voluietric rate of cerebral blood f low in

th e case of stabilized arteria l press ure increased tinder the

influence of the studied preparatio ps. In the case of

unstabilized pressure, blood flow depended to a certain

extent on total arterial pres sure , which always dro pped in

the case of int ravenous injection of the indicated

preparations. Oxygen tension in the brain tissue generally

ch anged parallel to blood flow. END ABSTRACT

• A nu.ber of published reports ( ‘3 , 8, 9, 11, 12—1 14 ]

have been dedicated to the role of acetyickolin e in

neuror eflect or regulation of the tonus of the cranial

v•ssels under standard and pathological states . Sowe

resea rcher s also regard hista uin. as one factor in the
• nsur o.ndccr iue r.gulation of vascular tonus . The literat ure

5 . -I  
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on this problea is expounded in great detail in the

monograph by V. I. Uspenskiy ( 18]. The author also

introduces data on the functional reilationship between the

mediators of the neural system and h istamine.

At the sane tine we encounter clinical studies, whose

authors (15, 30] ascribe great significance to hist amine an d

the devel opment of d isturbances in cerebral blood

circulation, accompanied by headaches. Consequently, stud y of

the effect of acetylcholine and histamine on the vesse ls of

the brain is not only theoretical, but also a practical

problem. Ho wever, the effect of these biologically acti ve

a.ines on cerebral blood circulation has not been thoroughly

studied, and the results of studies are often contradictory,

pa rticularly wit h respect to the histamine [3, 8, 17, 22.

23. 26], which lead us to the present study. We thought

it would be interesting to compare the effect of histamine

and acetyicholia. on the tonus of the intracranial and

extracranial vessels proceeding from the following ideas.

The extracrania l vessels of the bead have a c lose

relat ~ o.sh ip to the int r acranial, both from the standpoint

of anatom y and function . There exist s a bypoth ssis,

accordin g to which the amount of blood enter ing the bra in

ii _ 
_  
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is controlled by active change in the passage of

extracrani al vessels (13]. Experimental data [8, 27, 28]

indicate that the reaction of the •xtracranj al vessels of

the head under the influence of var~ ous agents may differ

from the reaction of the intracranial vessels both

qu alitatively and quantitatively. Some authors ( 2 9 ]  believe

that vascular headaches may arise as the result of

overo!tension of each pulse wave of the external a rteries

of the hea d (te mples , back of the head) .

Technique

Acute experiments were conducted on 8~ cats we ighi ng

2— 3.5 kg under chlor aloso(0.0i$ g/kg)—u r ethane (0. 6 g/kg)

anesthetic.

To speed up the onset of anesthesia and suppress

aggr essiveness, the animals , were first given hezenal

• imtra —abdominal ly (0. 1 g). The reaction of the vessels to

the studied substances w~s studied by the method of

• resist ogra phy, rheoencephalog ra pb y, and registration of the

volumetric rate of cerebral blood flow unde r condit ions of

stabiliz d and u astabiliz d perfusiv, blood press ure. In

• . 5 .- -_ _-~~~~~ 5.
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studying vascular tonus by the metho d of autoperf us ion, it

was ver y important to ligate the vessels in order to

eliminate anastomoses between the intracranial and

extracranial vascular basins and eliminate collatoral blood

supply to the perfused region. For this purpose ma ny

authors ([10. 16] and others) in experiments on cats ligate

all branc hes of the outer carotic arteries on both sides,

retaining intact only the branches of the intramaxillar y

arteries, which in cats serve the functicu of reduced

internal cacotic arteries. Also ligated is the main artery

at the base of the brain. Thi s method of ligation of

vessels is more successful in studyin g the vascular tonus

of the brain, and perfusion through both outer caretic

arteries under these conditions reflects the change in

resistance of the vessels of the brain, with the exce ption

of the medulla oblongata and the bac k third of the pons

va rol ii.

V. use this method of ligating the vessels with

certain variations f or parallel perfusion of the

• intracerebral and extracerebral vessel s. Thus, on one side

all branches of the carotic arter y were ligated, leaving

iatac.t only the branches of the internal maxillary art ery

feeding th. brai n (Pig. 1*) . Ligated on the other side was

- ~~~~~~~~
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the external carotic artery past the point where the

extracranial branches (myogenic branches, lingual artery,

etc. ) branch off from it. The vessels were perfused by

means of a two—channel resistograph (18]. One channel of

the resistograph was connected to a T—joiut (Fig. 1A , 1$)

for perfusion of the intracranial vessels; the other — to

the cannula (Fig. 1A , 3) of the extracranial vesse ls. The

common in let of the perfusion channels was connected to the

central ring of one of the common carotic arteries.

Generally ligation of the branches of the arteries supplying

soft tissues of the head (muscles, skin) involves no

difficulty , particularly, for large cats weighing 3— 14 kg~ in

which the vessels are easily prepared. It is more dif f icult

to ligate the main artery at the base of the brain. K.

R~ Ryzhova offered so•e very good advice on access to this

artery and a more convenient way of selecting a site for

its ligation. We are very indebted to her.

It should be mentioned that this operation is rather

di fficult and traumatic, and we were not always able to

find the main artery. Apparently there are cases of its

at ypical location in cats. Therefore, in some exper iments,

i~ atead of the main artery, we ligated the vertebral

arter ies at th. place where they eater th. sane canal . The

~~ —5.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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tact that such ligation does satisfactorily separate the

perfu8ed region from the general arterial bed is well

illustrated in Pig. lB. where we see that when blood

ceases to enter the perfused vascular basins, there is a

sudden pressure drop in the system of the intracranial

vessels of from 96 to 30 mm Hg and from 80 to 14 mm Hg

in the system of extracranial arteries. Within approximately

30 seconds we noticed a certain tendency toward increased

pressure in the system of intracranial vessels. This

indicates that w hen the access of the blcod to the brain

is cut off along the carotic arteries the connection

between the carot id basin and the vertebral arteries through

the circulus variolii remains intact. When, however, against

this background the vertebral arteries were ligated on both

sides, pressure in the system of intracranial vessels

dropped to 8 ~m Hg, i.e., to a level close to zero. We

observed a similar pattern in other experiments. These data

convincing ly demonstrate tha t ligation of the vertebral

arteries is also a fair ly reliable method of isola ting the

perfused region from the general arterial system of the

aiimai . Whe n pressure in the carot ic arteries drops , we

note a certain increase in total arterial pressure, which

can be explained by a reflex from the mechano receptors of

the carotid sinuses. When the vertebral arteries w•re
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ligated, a very pronounced increase in arterial pressure

also deve loped. Apparently this reaction is in response to

anoxia of the brain cer~ters. The increase in arter ial

pressure with anoxia of the brain is indicated by other

published data (9].

Zn control experiments it was also established that

under the conditions of the ligation of vessels described

above, total separation of the perfused vascular

(intracranial and extracranial) basins is achieved.

Confirmati on of this is provided bJ experiments in which

self—hardening plastics (protacryl) of different colors were

poured separately into the system of intracranial and

extracranial vessels. Here only the appropriate vascular

basin was filled. The plastic did not flow from one

vascular basin to the other.

In separate ser ies of experiments the volumetric rate

of cerebr al blood flow was measured by means of a flow

meter [14, 5], which was connected by cannulas to the

carotic arter ies. The inlet of the flow meter was connected

to the thoracic end of the general carotic art .ry, the

outlet — through a T—jo int to the general outer carot ic

arteries . Her e the appropriat e vessels were also ligated by

L 
_____________ _____________________ ___________ __________________
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the method described in [10, 16]. In experiments with

stabil izat ion of perfusion pressure a regional arter ial

pressure stabilizer was attached to the flow meter (7].

Used in addition to the  methods of autoperf usion of

the cranial vessels in these experiments was rheography of

the cranium. Rheoencephal og rams were taken of anesthetized

animals under controlled breathing with an orbita l—occipital

lead using rheog raphic attachment BG1—O1, attached to a

two—channel electrocardiograph. Registered along with the EEC

were EKG with a standard II lead. The recording was done

at the moment that the artificial respiration apparatus was

turned off for a short time (14-5 s) (6).

Oxyge n tension in the brain tissues was studied b y the

polarographic method and registered by means of an

oxykemograph (2]. The cathode was an amalga mated coppe r

electrode, which was inserted to a depth of 2—3 mm into

the par ieta l portion of the cerebral cortex.

Total arterial pressure (in the general carotic or

femor al artery) and perfusion pressure (at the output of

the perfusion pups) wer e registered by a mercury manometer

on a chemogra ph tape. To prevent coagulation of the blood

• 

_  __  _
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the animals were administered heparin intravenously.

In all experiments the original values of blood

pressure and blood flow were recorded along with the change

in them after the preparations had been introduced. Initial

data averaged f rom all observations were compiled for  a

systemic arterial pressure of 914.7 
~~~. 

3 mm Hg; for

perfusion pressure in the system of intracranial vessels —

95.4 ±. 3.3 mm Hg; for perfusion pressure in the system of

extracranial vessels 96.6 .t 146 mm Hg; for the volume rate

of brain blood flow 18.9 ,t 0.7 mt of blood per 1 mis.

Presented in the text are averaged data in percentage of

the initi al level, obt ained from statistical process ing of

each ser ies of experiments (period of most pronounced effect

compared with original level).

Results of Study

Acety lcholin.. In ex periments wit h resistogra phy the

intravenous in~.ction of acetylckolin. in doses of 2—3 pg~ kg

(7 experiments) caused a short—term (about 3—minute)

reduct ion in the tonus of the intracranial vessels by 244 .t

14..5°/~ (p < 0.1O/ ~) and by 30 j  2. l°/~ (p ( 0.10/s) in

• • — • - -•—- ‘ - _ — - S• -——--5• . -—---— -- • • - - - -‘ - ---- --- --S • - - 
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the extracr anial vessels for about 5 minutes. The effect is

most pronounced in the first minute after injection of the

preparation. Total arterial pressure dropped by 45 ± 1.80/ ,

(p < 0.10/ ,) immediately after the inject ion of the

acetylcholine. and within 4—5 minutes returned to its S

original level.

Intra venous injection of acetyicholine in doses of 5—6

gig/kg (6 experiments) cause d a reduc t ion of 25 ± 0.9°/, (p

( 0.10/,) in the tonus of the intracranial vessels and of

27 .t 2.90/, (p < 0. 10/,) in the extracranial. The recove ry

of tonus to the or ig inal level occurred within 5—7 minutes.

respectively, af ter  injection of the preparation. Tota l

ar terial pressure in this case dropped by 58 j~ 4. 10/s (p

< 0.10/,) , and gradually return to the original le vel

within 10 minutes on the average. Conse q uently, an inc rease

ii~ the dose of acetylcboline affected primarily the le vel

of total arterial pressure and the duratien of the effect.

according to the data of the rheoencephalogram,

intravenous inj ection of acetylchol ine in doses of 2— 3 pg/kg

(6 experiments) caused an increase of 132 .t 360/, (p <

0.1 /e) in the amplitude of the rheographic wave and a

drop of 53 •t 14.60/, (p ( 0.lO/~) in total arterial

•• • . • ..~~~~~~~~~_. . _ _ _  _ _
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pressure. The effect was apparent immediately after injection

of the preparation, and within 3—5 minutes the amplitude of

the REG and art erial pressure returned to their original

values. Besides the increase in the amplitude of the REG,

in certai n experiments a sharpening of th~ peak of the

rheographi c wave was observed, provided it had been smoothed

prior to injection of the preparation, along with a

deepening and a downward shift in the dicrotic dip. Such

changes in the REG . according to the data of (21].

indicate a decrease in the tonus of the vessels in the

brain and an increase in their filling. Figure 2( 1, B)

shows the effect of the acetyicholine on the tonus of the

cranial vessels and the total arterial pressure.

In experiments in whic h the volume rate of blood flow

was measured under nonstabilized pressure in the ma xillary

arteries, the intravenous injection of acetyicholine in doses

of 3—5 pg/kg (7 experiments) caused blood flow to decrease

by £40 
~~~
. 3•9I/~ (p < 0.10/s) . This decrease in the blood

flow occurred immediately after the injection of the

preparation and coincided with the more pronounced decrease

in total arterial pressure (by 514 .t. 14.60/.; p ( 0.10/.).

lithi. 4—6 minutes the blood flow and arterial pre ssure

retur*ed to their original value (Pig. 31).



• ---—-5-- -—--- 5
-5- - _ _ _

~~~~ _;.5- - -  --5— —5-

DCC a 0028 PAGE 13

Parallel with the decrease in blcod flow, oxygen

tension in the brain tissues fell by 28 ,t 2.5O/~ (p (

0. 1S/~ ) .  Consequently, the decrease in total arteria l

pressure under the influence of the acetylene leads to a

decrease in the volu.e tate of blood flow and oxygen

tension in the brain tissues, despite the significant

decrease in the tonus of the vessels of the brain under

the influence of the preparation.

In the case of stabilized pressure in the carotic

arteries intravenous injection of the same doses of

acetylcholine (6 experiments) caused blood flow to increa se

by 28 j  7.60/, (p = Q. 10/~). This increased blood flow

was more pronounced in the first  and second minutes  a fter

injection of the preparation, and subsequently returned to

the original val ues within an average of 5 minutes. Total

arterial pressure in these experiment s dropped by ‘49 .±.

2.6°/s (p < 0.10/,) (Pig. 3B) . Parallel with the increase

in blood flow was an increase in oxyge R tension in  the

brain tissues. The greatest increase in PC, occurred in the

second minute after injection of the preparation ( this  vas

on the average of 16 .~~ 
3.70/s (p a 0.21/,). Ther ea fter

- -
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P01 gradually decreased, and within 8 minutes it had

returned to its original values.

Histamine • We note from the resistographic data that

intravenous injection of histamine in doses of 10 pg/kg (8

experiments) caused a decrease in the tonus of the

intracranial vessels of 20 ± 2.140/, (p C 0.10/,) and 26 ±

8.30/s (p = 0.90/,) in the extracranial vessels. The effect

developed immediatel y after injection of the preparation , was

most pronounced in the first minute, and continued for an

average of 8 minutes. Total arterial pressure after

injection of the preparation dropped by 20 ~ 2.7°f, (p <

0.1°/•), and within 5—6 minutes returned to the or iginal

level (Pig. 41) .

according to rheoencephalographic data, histamine in

doses of 10 pg/kg (6 experiments) immediately after

intravenous injection, caused the amplitude of the

rheographic wave to increase by 129 t 200/, (p < 0.10/,)

on the average (Pig . 48) . Here , ii some experiments, a

sh arpening in the peak of the rheographic wa ve was noted ,

if it had been smooth prior to the injection. Also noted

was a deepening and downward shift in the presystolic dip,

which, according to the data of (21) . indicates a ‘ pressure

LI ~1II SJIIIII S ~1~ii~i::iii ~.-T
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increase in the venous syste. of th. brain and congestion

of the venous blood. These changes in the amplitud e and

shape of the rheographic wave were brief, and within 3—5

minutes after in jecticn of the histamine the original

pattern had returned completely. With further observation in

the three experiments no changes in the rh.ogra phic wa ve

were obse rved to the end of the .xper im.mt (30— 140 minutes) .

In the remaining ex periments, after an initial increa se in

the amplitude of the BEG, there developed a gradual

decrease in amplitude — 330/, on the average — as compared

to the original value. This second phase lsst.d fr om 5 to

10 minutes.

In studying the volume rate of blood flow i~ th.

brain in experiments without presser. stabiliza~ion in the

carotic arteries, intravenous inject ion of the hista mine in

doses of 5 pg/k g (6 experiments) caased a shOrt—te rm (up

to 1 minute) decrease of 27 j.. 2.140/, (p < 0.1) in

blood flo w immed iat.ly after inj ect iou of the prepa ration.

This deceleration in the blood flow coincided with the most

pronoenced drop in total arterial pressure — by 35 A. 60/,

on the average (p < 0.1). By the beginning of the

second minute the blood flow rapidly increased, and

generall y exceeded the original values by 34 .* 11S/• (p

- • -  - — — - - - • - -  - - - -
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3). Arterial pre ssure during this time returned to its

original level, and in some experiments even exceeded it.

By the fourth or fifth minute blood flow and arterial

pressure differed little from the original values.

In the case of intravenous inje ction o~f histamine in

doses of 10 pg~kg (6 experiments) the nature of the

changes in blood flow and arterial pressure was the sane

as for doses of 5 pg/kg, except that the effect was more

prolonged (Fig. 51) . Under conditions of stabilazed pressure

in the carotic arteries, intravenous injection of histamine

in doses of 5 pg/kg (7 experiment4 caused a £45~ .t 7.10/,

(P ( 0.10/,) increase in blood flow~. The effect w’as felt

immediately after the injection of the priparation, was most

pronos1nced for the first and second minutes, and continued

for about 5 minutes. Thereafter stat istically unreliable

deviations in blood flow from the original values were

obser ved. When histamine was injected in doses of ‘10 pg/kg

(8 experiments) intravenously, blood flow increased by 53 ±

1~~~4O/~ (p a 0.8). The effect devqloped immediately after

in j ection of th. preparation and continued 5—7 minutes ,

after which the second phase — deceleraticu of the blood

fl ow by 15 j  2.50/, (p < 0. 10/,) — developed and lasted

up to 15—20 minutes (Fig. 58). Since pressure in the

- 5 - - - - • - — _ _  
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carotic arteries was stabilized, this deceleration in  blood

flow was apparently caused by narrowing of the perfused

-vessels. A similar phase of deceleration in the blood flow

after an initial acceleration was sometimes observed in

experiments with lower doses of histamine (5 pg/kg),

although it was not as pronounced.

Study of oxygen tension in brain tissues under

stabilized arterial pressure showed that intravenous injection

of histamine in doses of 10 pg/kg ~6 experiments) first

caused a short—term (up to first minute) decrease in P0,

by 7 ~ 30/s (p = 70/,). Thereafter, in most experiments

there devel oped a more prolonged (5— 8 minutes) increase in

P0, by 6—300/s . This two—phas e change in P0, is reminiscent

of the nat ur e of changes in blood flow under cond it ions of

unstabilized arterial pressure and, apparently blood • f low did

play a substantial role in the P0, changes. Evidence of

this can also be found in the data of resear~ch ~n P0, in

• the brain under condit ions of stabilized arteria l pressure

(3 experiments) . Here P0~ increased by 27—1460/, fr om the

original values, and there was no phas. of dscrease in

PO E.

- •: -~~~~~~~~~
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Discussion of Results

The st ud y which we conducted shoved that the decrease

in toi~us of the cranial vessels under the influenc e of

acetyichol ine and histamine • gepera lly occurred in parallel

with a decrease in total arterial pressure. We know that a

sudden dr op in total arterial pressure causes a decrease in

the tonus of the cranial vessels, regardless of the factor

responsibl e for the general hypotension. Censequently , when

hypotensive agents are introduced into the organism, there

may occur an indirect reaction on the part of the crania l

vessels in response to the drop in general y arterial

press ere and a direct reaction , whic h is the result of the

immediate effect of the prep aration on the vessels. The

r.sist ographic method makes it possible to dete rm ine the

direct and indirect effect of pharmacological substances on

the vessels [20 ]. When the volume of the perfusiba system

was intentionally increased, a •lag~ was loted in the

reactio, of th. cerebral vessels to intravenous injection of

th. preparations (Fig. 2, 14; interva~l a, ~~
) . These da ta

indicate the pr .dominantly direct effect of the ac.tylcholine

and histamine on the tonus of intracranial and extracrania l

vessels.
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The dir ect effect 0f ace-t y ickoline and histamine on

cranial vessels is also indicated by ex periments with

intracarot id injection of the preparation in doses of

0. 1—0. 5 pg/kg (lie experiments). In experim ~nts in which

resistograph y was used , the in ject ion of acetytcho line into

the basin of the intracra nia l vessels caused their tonus to

decrease by 33 .t 5. 30,~~. Here the resistance of the

extracranial vessels and total arterial pressure changed

substantially. The injection of the same doses of

acetyicholine into the system of extracranial vessels caused

an averag e decrease of 55 .t 4. 70/s in their tonus • The

resistance of the intracranial vessels and total arterial

pressure in this case remained essentially unchanged. We

observed a similar pattern in intracarotid injection of the

histamine. Roticeable here js the more pronounced effect for

the extracranial vessels as compared to the intractenia l,

vhich is apparently related to the lover senSitivity of the

latter to the studied preparations.

£ comparison of the effect of acetyicholine and

histamine on the crania l vessels and general arterial

press ure shows that the cranial vessels are more sensitive

to the h istamine tha n to the ac.tylcholine. ubil. ther e was

a greater drop in gener al arterial pressure nader the

-5- 
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effect of acetylcholine. The high degree of sensitivity of

the vessels of the brain to the histamine is also

indicated by certain data in the literature [22 , 30).

However, under the effect of the histamine the cranial

vessels frequently contract after their original expansi on.

Some authors exp lain this pressor reaction by the

stimulating effect of the histamine on the

sympathetic—adrenal system [24]. However, for the vessels of

the brain this explanation is not well founded, since these

vessels reacted only slightly to the effect of sym pathetic

nerves. We know that the products of metabolism (CO, and

others) and also oxygen are powerful regulators of the

brain0s vessels. The fact that in our experiments the phase

of constriction of the brain vessels was most pr3nounced

after a sharp increase in the volum e flow rate and P0, of

the brain tissue (experiments with pressure stabilization) ,

gives us justification to explain the vasoconstrictor phase

as the result of the change in the ratio between CO, and

0, in the brain tissue. In direct confirmation of this

hypothesis is also the fact t hat with a stabilized volume

of blood (res istogra phy method) the constrictor phase is

gem.rally absent.

Th. results of our experiment s showed that the decrea se

I 
_______  ______ ______ _________  ____________________
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in general arterial pressure found significant ref lsctioá in

brain blood circulation for the case of intravenous

injection of th. studied pre parations, particularly

acety&ckoline. This was apparentl y one of the reasons for

inconsistent treatment of the effect of these pre pa rations

o~ the vessels of the brain. We frequently encounter the

deduction that the tonus of the braj u vessels cha n ges onl y

on the basis of the change in the blood flow of the

brain without corresponding stabilization of the pressure of

the blood or its rate of flow. The sensitivity of the

brain vessels to system also depends on the type of

animal. Analysis of published data has revealed that in the

case of rabbits most researchers observed the opposite

reaction — constriction of the vessels of the brain in the

case of intravenous injection of a histamine.

Conclusions

1. Intravenous and intracarotid inject ion of

acetyicholine and histamine lower the tonus of the

intracranial and extracranial . vessels; the extracranial

vessels react to a greater degree.

—--- - -5- -5- - - -
- 

- —

— • ——-~~~~~~ 
- - — — - -- - - - -- -- - -- -- - ---—--- -—- - -5 - - -

5 - — — —  _
~~~ — .— - —•- - -—-—-•- -—--  — — - — - 5  — - -5--- - 5 - 5 5 -5- — - 5 —  - -5— 



- -

DCC 002 8 PAGE 22

2. Changes in the volume rate of cerebral blood flow

depend on the direct effect of the acetyicholine and

histamine on the cerebral vessels and the general arterial

pressure, which drops sharply when the preparations are

in jected intra van ously.

3. Under co n ditions of stabilized pressure in the

carotic arteries, acetylcholine and histami;e increase the

cerebral blood flow. Here we often find a two—phase

reaction: an increase followed by a subsequent decrease in

blood flow, particularly when the histamine is introduced.

14. Oxygen tension in the brain tissues changes in

accordance with blood flow in the case of intra venous

in ject ion of the preparations.

Received 27 April 1970
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Pig. 1. A — syste. of vessel ligation in cat~. 1, 2, 1$ —

cannulas and T—joined for perfusion of intracranial vessels;

3 — cannula for perfusion of extracranial vessels; S —
branch for internal naxillary artery which supplies brain;

6—10 — extracranial branches of carotic arteries; 11 —
carotid sinus; 12 — general carotic artery. B — check for

anastomoses by inclusion of total carotic (interval 6) and

vertebral (interval a.) arteries. Pros top to bottos:

respiration (coat roiled) • general arterial pressure, pressure

in systea of intracranial vessels, pressure in systen of

extracranial vessels, line for notation of stinuli, tine

narker — 5 S.
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pig. 2. Effect of acetyicholine (3 ig/kg — intravenous) on

tonus of cranial vessels. ~ 
— iron resistographic data.

S Pro. top to botton: respiration (control), general arterial

pr essere, resistogra. of intracra nial vessels, resist ogra. of

extracranial vessels (a, b — result of deliberate increase

i~ voluse of perfused chan nels) , sarker for injection of

acetyicholine, tine sarker — 5 s; 1 — at soment of

injection; 2. 3 — within 5 and 10 •inutes after injection

of preparation. 6 — fro. rheoencepbalcgraphic data. Pro. top

to botton: respiration (control), general arterial pressure,

BEG, EKG , tine .arker — 5 s, •a rke r for injection of

acet y icholine; 1 — before injection of preparation; 2. 3,

~~, 5, 6 — within 1, 2,  3, 5, and 10 ainutes after

injection. KEY: (1) s, (2) g.
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Pig. 3. Effect of acetyicholine (3 pg/kg — intrave nous ) on

volune ra te of cerebral blood flow, a — unstabilized

pressure in caro tic arteries. Proc top to bottoc:

respiration (control), general arterial pressure, pressure in

carotic arteries, volune rate of blood flow (distance

between carkers 2 at) ; aarker f or injection of

acet y lcboline, tine aarker — 5 s; 1 — at nocent of

injection; 2, 3 — within S and 10 ainutes after injection.

6 — for stabilized pressure in carotic arteries. Other

sy.b~~s the sa.e as in 1.
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Pig. *. Effect of histanine (10 pg/kg — intravenous) on

tonus of cranial vessels, a — iron resistographic data.

— at conent of injection of histamine; 2 and 3 — within

5 and 10 minutes after injection. b — ito. 
-

rheosacephalographic data. I — before injection of histamine;

2, 3, ~~~, 5 — within 1, 2, 5, and 10 uinutes after

injection. Other syabols the same as in Pig. 2.
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Pig. 5. Effect of histamine (10 pg/kg — intravenous) on

volume ra te of cerebral blood flow, a — for unstabilized

pressure in carotic arteries. Prom top to bottom: 1 —

general arterial pressure, volume rat e of blood flow,

distance between markers 2 me), marker for injection of

histamine, time marker — 5 s; 1 — at •cment of injection

of preparation; 2, 3, ~~~, 5 — within 5, 10~ 20, and 0

mm after injection. b — for 
- 

stabil ized pressure in carotic

arteries. Other symbols the same as in a ( second curve

from the top — stabilized pressure in carotic arteries).
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