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. the structdre of blood vessele, recent euidence has suggeéted

‘,this trophic relationship between the catecholaminergic

ABSTRACT

While there are probably many factore which -influence

'that one of the.main influences is exerted by the innervation.

‘e

It has been suggested that the innervation of

-veseels plays a larée'part'not only in vasoconstriction, but,

also in the growth' and maintenancefof vessel walls. This 4

A

-trophic 1nfluence of nerve on muscle is well documented

kY

in skeletal muscle, but less so .in’ the case. of vascular :

.smooth, muscle~ The present study was designed to examine

iinnervation and the structure of the media of }kjunal
,_arteries during normal development~and in disease states

. in which the arterial wall structure is known to change, and

in an experimental model in which the innervation has been

altered.

Al

The wall - thickness; lumen diameter - (and!subsequently
i ,

medial smooth muscle cell mass). and number and disposition

of fluorescent sympathetic fibers were determined in varied

—sets of ratsfsampled'at twelve weeks of age. . These sets of

. L. ) %
rats included normal developing SpragueJDawley-rats,_spon-
taneously hypertensive rats (SHR ), SHRs treated with capsaicin

to lower blood pressure to normotensive leyele,-Wistar-

'Kyoto rats‘(WKY) treated with capsaicin, normal WKY rats,

Sprague Dawley rats treated with streptozotocin to induce
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' . with 6-hydroxydopamine (6-OHDA) ,.and ‘Sprague .bawley rats - !
! P ® . . : ; .
'with renal artery constrictions to imiuce hypertension. . :
' The results of the study indicate that’ an increase o
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§ p:'aboli'c" requirements. The ‘heart provides the Bnergy for

,_the walls of which consist of a single qayer :of cells which

“.

I[N_Ts'on crIol

: . A : ¢
Overviéw of the cardiovascular system

’

v

R ’ .
The overall function of the vascular‘component of, the

cardiovasohlar system is to transport nutrient and other .

materials,tovand from various oxrgans in- order-to @ulrill‘

- N
this'circulgtion and the blood yesselsqare the channelsi"
through which it takes place. . The force of cardiac contrac- .
tion~drives the blood to the tissues thrOUgh.thic walled
vessels, the arteries and back to the heart by a.system of

thinner walled vessels, the veins. In the tissues,ﬁFhe,blood

is driven through a fine meshwork of vessels, the capillaries,“

allows interchange of materials between blood and the. tissue
fluid. - C - ’,
The structure of the'peripheral vasculature is o

- . ‘ .

adapted in various regions"to local functions: The 1arge

diameter elastic arteries are able to adjust to a wide

range of intraluminal pressures while the thick—walled mui—

cular arteries distribute .blocd at a high pressure. Further
"downstream" are the arterioles. Their lumens typically
measure from 50 100 microns (Rhodin,, 1962 Short 1966),
jhbver, they possess a specially adapted ability tonary

this diameter to altering peripheral resistance and thus

contribute greatly to the: overall control of blood pressure.

. ’

4

-
-

R
e e s e ek 3

."

YN




.

: 'npreSSure seen’in-these two species iFolkow, Hailbaék Lunde -

;". *In the hypertensive -human as well ‘as the spon-
1]

taneously hypertensive rat (SHR%Nthere .are both struptural ’

andeunctional changes in blood vessel walls~which have been- P

Al [

suggested to be contributing' faé:"g.or's, to the elevated blood

gren and. Weiss, 1969; Folkow et al 1970 Folkow, Hallback
Lundgren Silvertsson and Weiss, 1973 Folkow and Hallback
1977; Pfeffer\\Erolich, Pfefﬂ§§ and Weiss, 1974 Tobia, Lee

o e .
and Walsh 1974- Ichiyima‘ K. 1967).- v
The normal. histological structure of the vascular com-

I

ponentoftme cardiovascular system has been studied‘by a ':if,

number of investigabors (Pease and Molinari l960a, l960b

\Bhodin4fl962) This structure follows a gener'l plan al—

’

nd proportions if the various

iy

latbn to bogh the type of

k though\the relative thickness‘”

2’

\tissue elements will vary in.
vessel (eg. whether muscular or elastic) ‘an ts calibre. {'»_‘
Threg: distinct layers-or tunics can be identified‘in

normal tiSSue. The inner layerfvtunica intima‘ is comprised

of“a continuous shret of: endotheiial cells separating the

i blood vessel wall 'from the plasma and an internal~elast1c )u

> o e

11amina separating the intima from the~middle layer'(the

‘tunica media) An: additional subendothelial layer situated

';between the internal elastic-lamina and the endothelial

o IA

;rcells contains 2 dense connective tissue matrix with

$ *
- occasional smooth muscle cells (Morse, %?79). L R \
The diagonally oriented smoothbmuscle cells ‘of the/\ oL
' - A .
;medial'layer are surrOUndsd by. collagen, some elastin and ‘a .
) . \‘ . . ‘ q’ N . R ' .- . . L . i
b : oo : ' ' : )
- . ’ L ' : : oy ’ ’ ¢ : ,
‘ . ‘ ! » : ‘ ,) ¢ - s ' ’
. ' Y { ,
4
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ground substance comprised ma;nly of mucopgly;accharides.

| The smooth muscle cells are arranged in severalt cirgular or

' diagonal 1ayers Their spatial relationship with each other-
and with the nearby endothelial cells of the 'intima will ,

) - vary according to the type of vessel. The outermost border§,¢ ;.
o_J;he media is bounded by'bxternal elastic lamina. A sleevue~
like adrenergic.neural plexus %urrounds and sometimes pene- f
trates this ‘muscle layer. The relationship of the noradrener-

gic innervatidgsto the stnucture of the blood vessel will be

considered in greater detail in a later section.

e o8

The outer layer (tunica advdntitia) consists of

».

fibroblasts and a few smooth muscle cells in ermi led bet—

~ . .‘ ;\\gi

oween bundles of longitudinally arranged collagen fibrils.

N

The size of the: lumen is dependent on a number of factors,

including ve ) size and degree of vasoconstriction in

" R

normal hum. s and control animals. ~Medial hypertrophy and

hypertensive humans and SHRs (Nordborg anﬁ'Johansson,'f
. L S
1978; Bevan and Tsuru, 1981) ' ¢

¢

This is the basic model that can be employed in

[T

/ﬁ;ﬁ~;<3;jscriptions of the structure of the various vessel types.‘.
S gain, differences in the various components within tunics

L]

is one variable which givés each vessel type its identity

Qach will-now.be considered in a general.structural overvieﬁ. \

-
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Elagtic arteries e ) -

2 . o oy
- Elastic arteries are largest in cdlibre and- conduct

blood fnyp the/heart to the muscular ‘arteries gnd therefore

,
must be able to cope With a wide range of intraluminal

. pressures.' Typically these atteries are thin walled with large_

. J‘Klumens .and possess a high- content of fenestrated elastic.
' “fibers with Virtually no. smooth muscle (Morse,~1979) In '

.humans the intima is relatively thin. Cells aré joined by

Nl LY

Aan organized arrangement of tight and 'gap. junctions. The

- [}

'1internal elastic lamina in these arteries has been observed:
@ fuse with the tunic;a media w'hich is.,the widest tunic ;

comprised of as many as 70 elastic sheets interspersed withe

5'ground substance and a few elongated smooth muscle cells .

Y N

(Wolinsky and Glasgov, 1969) /,Total thickness o{kthe

)

-ﬂ media in elastic.arteries may measure up to 1l mm in the

‘ adult human. The adventitia is typrcally comprised of

I .

‘”collagen bundles, elastin, fibroblasts, vasa vasorumnand

- [

. rare longite‘ﬁnal smooth muscle cells._

Muscnlar arteries" ~ ‘_1“' oL e ".' B
B i o _ R : y
3 . ' ' . ' N :

The principal difference in muscular as compared to

Y

'.elastic arteries involves the Eapid change to a well develope

muscular comp?nent of the arteries with a correspondinq.
RO extensiVe loss, o the élastic: component.H In dLscriptions

of human muscular arteries Rhodin (1970) .and Ham (1974)

il

"_ . LI

” N o ' . ' - : -

‘reported a large variation in diameters of musdular arteries.:'f

¢

t
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Although no recognized anatomical boundaries exist muscularr
arteries are generally subdivided into large, medium-sized

: A\
' and.small arteries. No appreciable differences have been

described,in the intima of_elastic VS., uscular ar ies

. As in the case of the elastic arteri the basal lamina is
»

thin and the’ subendothelium is markedly and:continuously ' ‘_

reduced as a function‘of decreasing diameter. ‘As many as . T
.:40 helical layers of diagonally arranged smooth muscle cells Lo
| o AN

interspersed between qpllagen and elastic fibers have been R o

fdescribed as comprising the media of the larger muscular s_"‘vqf‘yf

narterieé (Schatman and Becker,ll977) altHough the number of

f_flayers is’ again -a; function of vessel siZe. The adVentitialz;
Tty N N .d .« , n! ,"-l'.

;of muscular arteries 1s thick in comparison to the 1arger

.\‘ “

arteries containing vasa vasorum 'bymphatics and nerve }‘

'fibers ‘of the adventitia generally terminate at the medial_‘ SR AR

" boundary (Burnstock 1975 Morse, 1974) j ' ; ;
| Miprova:.acul-ar . Component.é . -‘ o . : ) ‘. . ‘. .- : ) _’-_.,_ -."'."‘ ‘j ! 'A. ! N LRI ' l’\
- | o PR *"C o P P
- o " - ' ¥ .'z
B 5” - AS prevfously/mentioned the arterioles are specially . ;
S Y L] . o C o ; ::

adapted in their ability to alter lumen diameter as Cay fun-‘q AR
: TR e o A R

'ction of sympathetic drive. 13

In- view of the relevance to the present study the ﬂg : 1;' ,*"'j

larterioles will be considered in some‘detail.\ In an ex~'f‘.¢go ;.. Lo f;
haustive study devoted to elaborate descriptions of the 3 . A

"microvasqulature of the rabbit medial thigh muscles Rhodin : AR A

(1967) divided the microvasculature ihto three groups in\ . 5

order of decreasing diameter,_arterioles.(so lQO micronS),




s
. RN

-_exceptions to this observation were present

':widths of 5 microns.

'between the endothelial cells

» R

n‘ ( - ' * .
. . ! .
termfnal arterioles (<50 microns) and precapillary sphincters

(apbroximately 10 nicrons).

Arterioles tended -to run parallel witﬁ venules.while-
( .
terminal arterioles bi furcated - at right angles to the

arterloles, following courses independent of smaller venules.

\ =~

were spindle shaped. all characteristically arranged id a

-crrcular fashion between the internal and external elastic

\]

laminae

-

Layers of smooth muscle, cells graduallykdecreased

"as a, function of decreasing arteriolar diameter‘although

. Cells

L. i

averaged '30- 40 microns in length in arterioles with typical

Within the'media interspersed between a

'the smboth muscle cells, collagen £ibril bundles and
»

isolated fibrils were observed

'

Cells were surrounded by a
1 e

thin basement membrane although neighbouring cells sometimes

penetrated basement membranes o£ adjacent cells

The endothelial cells of the arterioles occur as
flat cells,’about 2 microns, with ‘lengths averagingﬁ "
approximately 50 microns, tgat formed a single fenestrated
sheet: with overlapping end—to-end contacts.

As a rule

the intima exhibited a thin basal lamina and at least 2

thin basement membranes separati‘ng %‘ intima from the media.

L4

=~

‘|
A continuous 1ayer of elastic components were also described
//:-the media.
Tlaminae are, however, absent in'some species.(Férnando and.i.

. ) s

. ) &,
-Morat, 1964).

\ PR S
’ ?j\- Y o
. 2 v
. ]
i L Dy

The smooth muscle cells of the media of’the’ arterioles

,\\ .
Elastic O \\\\

o am e i e



Tbe adventitial layer of. these arterioles usually

/contain loosely arranged collagen fibril b ndles and an

" the intima. Filaments approximately 50 A in ’.diameterl'are

occasional spindle-shaped fibroblast - Some of the fibro-

~b1asts, termed veil cells,. were flattened and- elongated.
L . ,
in Rhodin's (1968) stgdy. Occasionally also, mast cells. and

macrophages were described.
. ‘
Terminal arterioles

’

The intnima of terminal arterioles is arranged in a

manner which 1§ basically similarv'to that seen"in' the larger

) arterioles No fenestrations are present\J\n the endothelial .

sheet, however, there is a prevalence of pinocytotic
vesicles occurring both at the luminal and basal surfaces of

—

.'common and occur in 0 l'micron bunclles oriented longitndinal

. to the vessel (Albert and ‘Nayaky, 1976)

Elastic components separating the intifa from the .
media J.n larger artemioles are absent in terminal arterioles.
A basement membrane separates ,the endothelial cells from -
-the medi‘al smooth muscle cells althouglh‘oc,ca'sionally' smooth

muscle cells break through this basement ‘membrane and form |

. myo-endothelial Junctions with the endothelial cells of the

intima (Rhodin, 1967). The cell to cell contacts of j\}l;_lc- .y
tions typically range from 0\5 micron to 1 micron in length,
g':\rt of which will. form a "tight“ contact., Near these

contact points bundles of filaments are always present.
. . .




Even though.the. smooth muscle cell is recognized to
be . by, far the most . important contributor to the control of
arteriolar lumen diameter it is generally accepted that the

endothelial cells of the intima are capable.of performing
’ . .

oEms e
%4

the same function albeit to a lesser degree (Pascual and
Bevan, 1980). It is probable that the filaments described
by Rhodin {1976) may he similar in function to those des-
cribed by Somlyoiand Somlyo (1968).

_ Within the adventitia of terminal arteriolee
,chasional fibroblasts and collagen bundles are generally

present. - The adventitia is much thinqer than in the larger-

arterioles. '

Precapillary sphincfers
13

Precapillary'sphincters have also been described by
a number of early investigators'(Sandison, 1931;'Chamb€rs
-and’ 2weifach 1944- Wells, 1955). }hey -are identified by
‘ their characteristic branching pattern at a right‘angle to

the términal arteriolesya and a circular arrangement of the-

smooth muscle cells nou.reducedjto 1-2 layers, as distinct
from the_spirally‘arranged cells of_the'terminal'arterioles.
.; The endothelial cells gi the iﬁtima arelshorler,'thicker arid
extend to%ards the luminal surface-reduc{hg lumen diameter' .
Both endothef&al cells of the intima and smooth muscle ce 1s' b
.of the media are surrounded by. a basement membrane.'"

' Myoendothelial junctions are present -connecting

endod® elial ce)ls with medial smooth muscle cells but are




}
l.
|
!
|
!

which synapse both'in the sympathetic chain as well as the : i

of the small diameter and vast number of arterioles in this

’

more elaborate in precapillary junctions with increased

tight intracellular connections {Rhodin, 1967).

ERICIUTU R g

The adwentitia is reduced in these vessels, but-

PRV P

richer in fibro%lasts,than larger arterioles.
Capillaries, verules and veins _ : | /

Beviews.aimilar to those cited describingaarteries
and arterioles are present'in the literature'for.capillaries, venules
and . veins, and therefore 1t will not be rev1ewed here. . -

' Fawcett (1959), Rhodin (1968) and Simionescu,
Simionescu and Palade’ (1974;\provide excellent accounts of
the fine composition-of these structurés. I ' : | f
lnnervation of blood veseels-
'As a background to the present study the role of the

sympathetic nervous QQ!GEm in the innervation of. blood ves-
sels willibe‘considered; .It.is-anatomicallgiWell established

that the svmpakpetic system has many preganglionic fibers - \;

abdominal'plexuses to subsequently innervate. blood. vessels

supplying the abdominal viscera (Gaskill, 1886) Because

region a large proportion of.the total vascular,resistance

can be attributed to these -vessels. This total peripheral

resistance to blood flow is an important mechanismein4€he
"

overall maintenance of systemic arterial blood pressure ) . m
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Furthermore, the control ofllumen diameter of theselarteries
fand arterioles, and therefore peripheral resistance at any
. given time is,controIled largely by.the'release of catecholamines
‘$'"(noradrenaline, adrendline, dopamine) at the neuroeffector
junction betWeen the.svmpathetic postganglionic fibers and
the contractile- smooth muscle cells of .the arterioles.
(Vanhoutte and Leusen, 1978) . With the exéeption of\umbilical
Cand’ plaoental circulation, in most speciesl all bl, Q@
vessels -aré innervatedwby'adxenergic nerve endinés (Bevan,
1979; Vanhoutte, 1580,_1983). : <¥‘\\*;\ .
- o The,axons of”noradrenergio fibersjlinstead;of ending
, 43.  in another synapse or a motor~endplate terminate in an.
arrangement of bulblike varicosities usually at the
: medial/adventitial border and inner adventitia. This net-

work of varicose fibers is devoié\of Schwann cells (Bevan,

1979) ‘and contain two. types of spheroid to oblong.dense-cored'

---—{**vesicles, one” approximately 500 A and the other approximately

P 1000 A in diameter (Vanhoutte( 1983)..

. it is these dense-dored vesicles which serve as_the
storage sites for noradrenaline and the final enZyme'in its
synthesis and :éléagé., Vanhoutte (1980, 1983) has dis-

: cussed these two tvpes of vesiCles in some detail. The

larger vesicles are described as the'newly synthesized ones

which have been.tri(sported by ‘axoplasmic flow from the cell

are those which have been recycled as the result of local
A Y

body The smaller vesicles (approximately 500 A in size) (///f

reuptake. Differences in electron density amoqg vesicles

&
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» have also been noted. Such diff.erences have been directly
related to amount of stdred '.nor'.ad'r"enal‘ine (Burnstock,'.l9';5';
Varhoutte, 1983). C ) .

jrhis arrangement'of varicose terminals inmgevating
the bfood vessels rarely forms true synapses,w.lth the vascular
smooth muscle effector cells of -tth'e tunica n@dia (Bevan, 197_?;
Bevan, Bevan, Purdy', Rcbinson and Waterson, 197273 Burnstock,
1975 a, b and'Burnstock, Gannon and Iwayama, 1970) ‘ |
Dependlng on the sxze of the vessel, . the neuromuscular; relation- : .

: shlp will-vary. Generally this relationship is more 1ntimate

in smaller' th_an.in:,.larger.blood-,lvessels (Rhodin, 1968;

~— .

" Bevan, 1979)... /. S

_oradre'naline 'i.s r'eleased by a. pro'éessor' exocytosis
L into th extracellular space at varying distances of

, neuromuscular separation. The literature in thisf area is
¢
equivocal. Burnstock (1975b) x’onrted the closes ~apposition -

——~——~—"———betweerrnora‘drenergic varicosity and effector cell, at 50 nm

for arterioles, small arteries and: veins, to 200-500 for

, o A
medium teo large arteries. o “
N S B 4 '
Vanhoutte (1983) puts this figure at 80 nm and Bevan \.,7
(1979) has reported the amount of separation to vary e

functionally from a few.hund_red Angstroms in. artelrioles' and | c
' .smg'.ll_. arteries to several thousa'nd in medium and larger - |
vesse-ls.,. - & \ . S o . .
. In general the g'larger elasti'c arteries typically are
more sparsely innervated with substantially large neuro-
. ' muscular distances (100-200 nm) (Bevan, ‘Bevan, Purdy, Robinson

%*:, - /

. : Lt




fjunctions have been identified although they

' 1968, Bevan and Su,: 1973

and Waterson, 1972). . ‘ . 2

’

The density of the innervation in the various

anatomical elements ofj the vascular system have been reviewed -~

by a host of investigators (Burnstock et al, 1970, 1975b;

Burnstock and éell,'19 4; Bé;§R>€f al, 1972; Furness and

Burnstock 1975). There is consjderable variationldn the
pattern and distribution of the innervation as related to

the physiological role.| In large elastic arteries the

- density of innervation is at a low level with neuromuscular

——"

_ separations of approximarely 2000[nm although considerable

'species differenies do exist (Burnstock, 1975b) Gap f .

\appear to be

'less frequent than in smafler artqries (Somlyo and Somlyo,
)

indicating that electrotonic

transmission may be of primary importance 1n these vessels..
As one moves ‘"downstream” |an increase in the innervation is
- ¥ . . 2 '

noted in muscular arteries (De la Lande, Jellett, Lazner,

Parker and Waterson, 1974) with considerably reduced

neuromuscular distances. Arterioles and precapillary

”'sphincters are the most.heavily innervated vascular struc-

tures, although striking differences in the innexrvation have

been noted with a relative Ly sparse distribution in the

I
'cerebral pnd coronary as ijpared with a heavy innervation

of the mesenteric circulatfon {Burnstock, 1979)
5

, : The evidence for capillar adrenergic innervation
s incomplete No studi are available on the functional

transmission of noradrenalihé on capillary beds although a
. " B . . . , _\
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few nerves have been cbsei‘ved in. capillaries s:Ltuated.
'pro al to the heart (Hudlicka, 1973).”. It has bee,n argued\ |
howj:zr that these are probably tr.aversing fibers which do
not actually innervaterthe__/c_:apill'a;:'ies (Burnsfock, 1975b) .-
Se‘ie:a‘]"ggeneral statements can be made .With regard to the
adreneagic innervation of veins. |

Velns, as a rule, l:end to h.ave a less dense netwcrk
of adrenergic varicosit‘ies than do arteries (Be-l\ram',,r H‘osfner,
Ljung, Degranm aad Su, 1974) .. Their distribution and’ derisg‘.ty
are ‘more variable acfcss different vessels and'the minimum

neuromuscular separat;:.ons tend to be small- under 100 150 nm,

for example, in the rat portal vein (Holman, Kasby, Suthers
and Wilson, 1968). = | . '
. Flnallv, 1arore muscular veins .arelmore heavilv
" innervated than conductinq veins (Burnstock 1979).
Vanhoutte (1980) reported that the densxty of the
1nnervation of. vasculax; smooth muscle will depend largely
on the extent “which individual vascular beds contribute
to centrally” induced changes in vascular ‘diameter. As has
been desci:ibed, irmervation density is not the same in
all vessels of the same bed, and further, the innervation
changes dramatically fr/the origin of a blood vessel to
its capillary network (Bevan, 1979). ' -
Burnstock's (1975a,’ b) observatilons suggest that
the'mo;e dens'ely innervated'a"partic lar vascular segment the
closer the apposition between nerve v ricosity and effector
cell. Further, more densely innerva ed ascular segments tend

s,
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to be under more localized. noradrenergic control‘.. This
idea wae later considered by Bevan (1979) . Variations in
innervation density and neuroeffector sefaration were -
regarded as responsible not only for final concentrations ‘ o ‘."
of né\r_ad'renal)ne at the postsynaptic membrz;ne but also for *
the particular distribution of released noradrenaline within
the dlfferent tunlcs of the blood vessel and in and around the\.l\
_varicosj.{,!. Narrower neuroeffector junctions increase peak
concentratlons of noradrenal:.ne and also :anrease the
« 1ikellhood that noradrenergic modulation ‘of the postsynaptlc ,
) membrane remains localized to the immediate a?ga. ‘ .
Bevan's et al (1972) study had shown that innervat:.on _ .
density and magnltude of neurogenic re;ponse were positively | "
correlated suggesting J.nnervation density was one impo:\:tant

factor infiluencing the reactivity of vascular smooth’ muscle. . ¢

-~

A‘la'ter- study (Bevan, 1977)] :Lllustrated that neuronal uptake -
® o o

. was a function of innervat/ion ’d/nSltY
/ ; Thus in the vascular components largely responsible

. for 'xnain_talning total peripheral vascular resistance' (ie. .
'smalll arteries and ai'tez_:ioles .and in precapillary sphinc;ters)

density of innervation has been shown to be at a peak.

Overview of the autonomic nervous system - o ’

The autonomic nervous system includes those nervous
elements whose fu'nction in the body- is in the regulation g&

the activity of smooth or involuntary muscle. An early

[P PI VR

o
.
"
—
e R R A~

Greek physician,. Galen, - was the first to suggest that there

1

-



- was 'sympathy' or 'consent' between the diﬁferé:nt parts of ' #
the body, but it was not until the eighteenth century that

the term sympathetic was used. to characterize a particular |

' autonomic nerve (Day, 1979). On the basis: of work by .

Gask(ill {1916) in anatomy and. Langléy i19214)' in physic‘)logy',
the autonomic nervous system has since been divided into 4
parasympathetic subdivis:.on and a sympathetic subdivision with
essentially antagonistic actions.

Unlike the neurons of \the Voluritary or striated "
muscle the sympathetic and parasympathetic neurons synapse
-Jbefore reaching their effector organs.~ The sympathetic "4‘"'
«preganglioﬂic neurons with cell bodies primarily il@ the '1nter-

,mediolateral cell column exit from the spinal cord via the

motor roots of all thoracic and the upper t*o lumbar spina,l

nerves and most form synapses in a- paired chaiﬁ of sympathetic '

ganglia before innervating their effector organs ‘as post-
ganglionic neu)ns (Day, 1979) SRR / X I
At the level of the preganglionic sy apse- acetylcholine
“is the neurotransmi?ter w} ile*at the site of he neuro-
effector Junction it is( almost exclusively noradrenaline.

Postsynaptic sympathetic fibers innervating the heart, smooth

. muscle, certain glands and blood vessels all have in ~ommon

~noradrenaline as their neurotransmitter. L \ T ," O
Synthesis and uptake of noradrenaline = - =~ . . .. 74

Noradrenaline is present in adrenergic fibers and in .

certain pathways within the central nervous -system. Adrenaline o

e

)
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constitutes most of the «catecholamihe present in the

.

ad]?énal medulla although small concent—rations do appear in 7 .

Keamall »
various organs and in the centi'al nervous system (Got&r 1976)

The synthesis of noradrenalinz invo ves the acquisi_tion_ of-

v- .
tyrosine by the ‘adrenergic neuron from the extracellular

o [

fluid. Tyrosine is then transformed in the neuroplasm to ,

L—DOPA by the cytoplasmic enzyme, tyrosine hydroxylase The

amount .of catecholam:me produced will depend on the avail-

" ability of this enzymg. As 1-DOPA, the subs £ance is de-

.carboxylated by L—aromatic amino acid ' ecarboxylase and

T

'stored in. the synaptic vesicles as do amine._ ‘The final. step

H

in. the synthe91s of, noradrenaline is the t;ansformaj:ic{n o.f

dopa.mine to’ noradrenaline by the enzyme dopamine@ oxidase

_which is” found bound t0° the membrane’s of the storage

J

' klesicles (Vanhoutte 1980) o l. 8 3

Noradrenaline acts on both alph’a ar

surrounding, adreniargic nerves

C N ' “ o
AR The neuronal uptake mechanism sfor noradrenalin in-’

-

'lees a neuronal amine’ pump system The active‘?carriez;,, \8 -
upled to Na, K and ATPase. A portion othe released

'oradrénaline however, on its route to" the storage vbsicle N
e
1s degraded mainly to-3~4 dihydroxyphenylglycol by neuronal

mitochondrial monoamine oxid'ase (Vanhoutted%B) BER

beta reé);'rs' '
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Strusturﬁleg;d functional changes in the ‘SHR } _

As already discussed'the.peripheral resistance of"
vascular beds is an important mechanism in the maintenance
of systemic arterial blood pressure. There is general
agreement that there. is'an increase 1n the vascular re51s-

tance and reactiv1ty both in human patients (Folkow, Grimby

and Thulesius, 1958 Conway, 1963 Sllvertsson, 1970) and 1n

NPT e 4 I AT T L S oty ‘-."‘—_.q_/- L.

the- spontaneously hypertensiVe rat (SHR)

(Folkow et al

1969, 1970

1973

,'selected

‘ét al,

explained

.

74;

1977, Pfeffer and. Froh( 1973 Pfeffer

Tobia et al 1974), a strain of Wistar rats

e

’ VA
,however the cause ‘of these alterations has not fully been

Gascular hyperresponsiveness to neurogenic :

(ie. noradrenaline) or circulating humonalasubstapces is

one - suggestion which has been forwarded tO-explain main-

tenance of 1ncreased vascular resistance (Lais and Brody

1978 Webb Vanhoutte and Bohr, 1981)

uOn the other hand Vanhoutte (1980) pas reported that

vxxthe spontaneously hypertensive rat,. the early stages in

the development of hypertension are characterized by a.

hyperfunction of the peripher&l adrenergic nerVe varic051ties

-

a‘-

which:promOtes an increased release of noradrenaline and

'_‘which may therefore be the importantJinitiating factor for

increased vasc ar resistance.-.

»

concentrated On tﬁé altered membrane properties observed in f-

. h '
h

One approach undertaken by investigators has

systemic hypértension (Qkamoto and Aoki, 1963), .
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, L:qf ‘the smooth musclqycerl tc experimental hypertension *i

-_Imedial wall thickness in the SHR resulted in an- increase

the SHR and in hypertension (Hermtmeye;, 1976 Campbell
Chamley—Campbell Short Robinson and Hermsmeyer, 1981)

’”Such alterations raise the possibility that the sympathetic

q
innervation may be active in. altering the membrane

’1

permeability of arterialusmooth muscle in the genetically

.hypertensive-SHR.model. ‘ t’Was shown_ that sﬁppression of

)
the Na, K pump by cold temperatures reduced membrane .

" potenglals in these animais (Hermsmeybr, 1976) and further

~ 8 -

There appears therefore to be a ympathetic influence

, genetically inherent to the SHR w ich leads to membrane 3 'f‘

hyperactiyi increased permeability, decreased potential
and to exaggerated vasoconstrictidn and hypertension \(Abbond,
L T N DR

S ' ! . ' . e

Many investigations have been devoted 6. the reaction' s

T > b ° . v

‘Scott and Pang (1981) have reported that an increase in the g';.~ o s%

J .

N
‘/ﬁn both muscular and connective tissue components. ,éh:?“ -"“*"1
_medial hypertrophy of small arteriesfand arterioles in o ' "1:
A e
vamious organs of hypertensive humans (Short and Thomson, : . g
LY 3
i

1959 Short, 1966 COok and Yates, 1972 Naeye, 1976) and ini
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SHRs (Ichijima, 1969; Mulvany and Halpern, 1977; Henrich;
Hertel and Assman, 1978 Warshaw, Mulvany and Halpern,'”
1979 Nordberg and Johansson, 1979 Hart Heistad and

Brody, 1980) is well known Cerebral, renal and mesenteric

-

‘vascular beds all undergo structural changes during the

development of hyperten51on (Naeye,‘1976). ‘£
Ichijifa (1969)pre§orted,significant reduotions!in

lumen diaﬁeters in smali arteries and:arteriolés of the:

’SHR as compared with the WKY and suggested that this

, difference was due to an increased thickening of the media !

R . Y\
. . 'v:‘ - \

in the SHR. I e ?T:,?a ." T j” ‘

W .
X

T ‘"‘m Of concern o rECent investigators has been the

“actual contributing morphological factor to medial

0

. thickening. Are the medial chan;.s observed due to an

“,}

’;increased cell size (hypertroPhy) as had, been assumed or

due to an 1ncreased cell number (hyperp1a51a)? Bevanﬂ\
_Burnstock, Johansgpn, Maxwell and Nedergaard (1976) haVe

5
e

:ireported the increase in vessel wall dimenSLQns in

experimentally induced hypertension in rabbits is‘due '

'partially to a’hyperplasia of the cells.. Later hqwever,

X A

Owens, Rabidovitch and. Schwartz (1981) reported that Anty

: SHRs smooth muscle cell hypertrophy was the single,con-

¢ VLA
Etributing factor to increased arterial wall mass. It is

'possible that the etiology of the increased medial '

L
thickening in the hypertensive state may be different for

' 'experimental vs. genetic models of hypertension.x ‘;

. . - o s
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There have been varying reports as to the relation-

ship between the initiation and/or mainténance of elevated
3 blood pressure and the development of medial hypertrophy.
Are the morpholbgicaf‘changes observed in the media adaptive
changes to elevated blood pressure or is some other factor ,
responsible for the medial changes observed; and if so, is
the increase in blood pressure a reaction to the hyper-
trophy? The data is dquivocal. ©
" cox (1982) examined the,'effelcts‘ of Goldblatt
4

hypertension on the mechanical proﬁertieS-and medial

composition of carotid and tail arteries of Wistar rats.

He : reported an increase in the relative cell volume of the -q/'\ﬁ'-

*“\\arterial wall of the carotid" artery and thereby concluded
‘th such changes were a direct result of the elevation of
arterial*preésure. Using l4-week old captopril (which
1owere,blood pressure to normotensive levels) treated *
SHRs, Cox compared cross-sectiohal medial areas of blood
vessels from these animals with control SHR and WKY rats.
Only the untreated SHR developed medial hypertrophy The
author therefore concluded that medial hypertrophy is an
adaptive change to hypertension rather than a genetically

inherent trait. L : s -

a

. %'Scott and Pané (1983),.however, using the anti-
hypertensive agent. capsaicin rendered SHR normoteneive
and, using a similar procedure found that despite the con—
trol of blood pressure at normotensive levels wall

thickening similar to that ebserved in_uncontrolled

Y .
.
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hypertensive rats occurred thereby illustrating pressure \
independent hypertrophy. They further observed that a
hyperinnervation is present before_the blood pressures of
the animals ‘became significantly higher than those of the
normotensive WKY controls and thus may be responsible‘at
least for the initiation of the medial hypertrophy.

In the literature there is a wealth of other such ”
'conrlictind data on this issue (Greenberg, Palmer and Wilborn,
1978; Greenberg, Gaines and Sweatt).lBSl; Henrichs,'Unger,
Birecek and Ganten, 1580; Mulvany, Korsgaas§; Nyborg and
Nilsson, 1981). | -

What must be kept Iin mind when considering this _
"line of experiments is that “the develbpment of hypertension
and arterial medial hypertrophy is probably initiated.and 7
maintained by a number of separated yet related factors. -One -"
of these factors certainly involves the vascular segment
underfstudy. Cox (1982) was using thg carotid artery .as his
sample while Scott and Pang (1983) took"thelsrobservations“
from the mesenteric arterial be 3 These studies also used
two separate models of hypertension. The hgmodynamics as

. N 'y v . ’ '
well as the innervation of a bed of resistance vessels - .

cannot be compared to a high pressure conductance arterylsBch
as the carotidr Similarly Goldblatt renal hypertension is
clearly a different patbological-model tban éenetiCally

) determined bypertension. ' .

Clearly then, there are many factors at play in this

area. ft is possible that the sympathetic innervation may

ozt P
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initiate cell replication or may«modulate meIabolic

processes in the vascular smooth muscle and

rhat tge\cor—’

responding increase in peripheral resistance and subsequen

elevated blood pressure may maintain a hypeftrophied media.

Ichijima (1969) examined the development of.the

innervation in the SHR by several histological techniques.

His investigations carriedkout on prehypertensive SHR ,
advanced hyperten51ve SHR and normotensive WKY controls
:Lndicated that -noradrenergic perve varicosities were sig-
nificantly larger in prehypertensive SHR '_ell as in
advanced hyperten51ve SHR than in pontﬁZ;ft::S .. It was
conclﬁded that in the SHR theretis tﬁé potential for an

increased role of the sympathetic system in the initiation

/

and maintenance of qlpertengion.
C

- Since it is now generally accepted that a trophic

1nfluence is exerted.on the blood vessel wall of arteries,

arterioles and veins (Aprigliano and Hexmsmeyer, 1977;

Abel, Aprigliano and Hermsmeyer, 1980; Bevan and Tsuru,

198%)‘and that chemical or surgical denervation can cause

pr?found structural alterations, it is interesting to

sp%culate'that medial hypertrophy in hypertension may be

related to.exaggerated sympathetic tone. ’

o The relationship of the catecholaminergic innervation

z

and medial arterial structure therefore would appear to be

of primary interest to the previously discussed line of
research. The present study attelpts_to examine this-

relationship in different models of hypertension and in.

v
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for a trophic relationship between ﬁbé éufgnomic nervous

by soiratic nerves.

"innervation influenceé the proliferation of vascular ' ,.}3

/0’\
\

.
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control animals.

Y

Ay

‘Trophic influence of the sympathetic.nervbus system
- . \

//{ . While there are probably.many factors which infiuence
the structure of blood vessels, recent evid%pce has sud-
gested one of the most important of these is exerted by the ;
innervation (Rémirez and Luco, 1973). It has further been
éuggegtéd tﬁat the sympatbetic innervation of vessgls is
not only important in wvasoconstriction but also'igzghe
growth And maintenance of blood vessel walis {Bevan, lé76).

.A'trophic influence of nerve on muscle has beenawell
documented for somatic nerve on striéted muscle (Gﬁth} | ' :

1968;'qumadn and Thesliff, 1972), hqwevérl the‘evidenge

b

fsystem and vascular smooth muscle is only beginnihgﬁto come

to light. - : . ' .
'In the literature the necessity of.nervejtipiathe.
development of voluntary muscles, their importance in cell
regulatory mechanisms apd their role in protein énd-enzyme
metabolism has reéeiyed a good deal of atﬂention_(Thesliff,
1960; Guth, 1968). Research by Luco and Luco -(1971) énq
later Ramirez and Luco (1973). has:shbwn.that'sympathetic
preganélionié-axonél'if éllowed to reinnervate véluntary

muscle can exert trophic effects similar to those exerted

Bevan (1976) has shgéésted that the sympathetic

. ™
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K

smooth muscle in growing rabbits. In examining the effect
of surgical‘denervation on the uptake of tritiated
thymidine - into the rabbit ear arteries, she reported 5
significant reduction ih uptake of DNA'precursor with

few labelled vascular,smeoth nmuscle cell nuclei in the ¢
tuni'ca media of denervated rabbits as compared with control
animals. ) | ‘ -
Usihg the same model, later investigators (Bevan

and Tsuru, 198i; Rowan, Bevan and Bevan, 1981) eméhasized

the necessity of an intact sympathetic nervous system for norsal .

development and maintenance of the'arterial wall. It

was reported that long term sympathetic denervation res-

-tricted cell division .during developmént result%ng in

!

both structural and functional changes, structural in
that, medial wall thlckness of the arterles was decreased
and-functional in that a supersen51t1v1ty to noradrenaline
was observed. :

~In studies by.Hart et al, (1980) unilateral superior
cervical gahglionectomy Qaslperformed on'stroke—prone |
spontaneously hypertensive rats. Despite jthe. fact that
vessels on\both 31des of the brain were exposed to
equally hlgh pressures, the ipsilateral v ssels showed
significant reductlons in wall to lumen r tibs when comi-

pared with those vesse'sﬁon the.contralateral side

providing further evidence for the suppo ting function of

.
b
v

thelsympathetic\}nner ation. - . : , . )

\ l
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Aprigliano and Hermsmeyer (197%) have defined the
trophic influence of the sympathetic nervous system on
blood vessels as "long term interactions affecting or
requlating the muscles in addition to the more immediate

//‘/
action of junctional/traﬁsmission". The results of their

studies on port;l veinsTof rats chemically sympathectomized,
using 6-hydroxydopamine, (a compound which produces a

marked &estrugtion of the peripheral adrenergic innervation)
support the hypothesis of a trophlc 1nf1uence of the
sympathetic system on vasoular muscle and confirm Bevan s *
earlier report.of supersensitivity to noradrenaline; however,
they do not allude to the exact nature of this trophic

influence. Cohclusions ffoﬁytheSe stueies suggest that

while Horadrenaline is certdinly involved, it is not the -

only trophic factor; Abel and-Hermsmeyer*s\work dehon-

strated-that membrane excitability changes were likely due

“to a removal of the trophic effect of the sympathetic

nervous system. This and later research from the same
group strongly indicated that the neﬁrotransmitter nor-
adrehaline was respgnsible for the oevelopment of altered
menmbrane properties of vascular'muscle, however;\some other
factor'in'addition to:noradrenalineiWas'also_operating.
{Abel et al, 1980; Abel and Hermsmeyer, 1981). | _

In the past several years there have b?én attempts

to ‘'elucidate other possible factors responsible for the

- obberved trophic effects. Local application of colohicine,

which restricts axoplasmic flow to the hypogastric plexus,

N
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has recently been shown to elicit denervation-like super- .

sensitivity to noradrenaline in the rat vas deferens (Goto, T
Masaki,lSaito and Kasuya, 1979). The results of this and

later studies;(Saito, Kasuya and Goto, 1982) support the con-
jecture of Qbel and Hermsmeyer that some neurotrophic

factor in addition to the noradrenaline is involved in the
regulation of smoothlmussle responsiveness. The presence
therefore of a trophic factor(s) separate from and/er indepen-
dent of the neurotransmitter itself in the adrenergic neuro-
effector system appears to be fairly well established

Acetylcholine has alreadyvbeen shown to underly the

.trophic effects of nerve on muscle .in the somatic voluntary
muscle system (Guth, 1968), however; the identificaﬁlon of

a non—noradrenergic trophic factor in the noradrenergic-vaseular

.~smooth muscle neuroeffector system as yet remains an importa t

research area.

Vascular changes in diabetes

Diabetes has been ‘defined as a heterogeneous_group
of disorders that shargsﬂglucose»intolerance as its common
feature (Gepts and~TeCompte, 1981). Diabetes mellitus, the
most common form q‘;this group is a disease charaéterized'by
-diminished rates of inSulin‘sebretipn'by islet cells, and
is generally'classified in two principal. forms; juvenile

enset and maturity onset diabetes, the latter qccurring in

later 1ifé and generally observed to afflict obese

)
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individuals (Crepaldi, 1978).

In man the initial changes-which occu{ in the early
stages are primarily of'biochemical origin fnvolving
carbqhyarate,lipid and protein metabolism (Reinila, 1981).

Later iq the course of the disease, however, these become

P

manifest as structural abnormalities mainly of a vascular
nature and it is-this class of changes which iiof

principal concern to this research The primary diseases

of the blood vessels in the diabetic human may be con-
giderd .in two principal divisions: (1) disturbances

to the large rloodfvessels (macrovascular Qr atherosclerotic
lesions) seen in larger muscular arteries (Warren, LeCompte
and Legg, 1966; Ganda, lQBQ)-and (2)-disturbaqces of the \
small bleod vessels (microangiopathies)'described in :
capiIlaries in both the human diabetic (Kilo, Vogler: and .‘
Williamson, 1972; Pardo, Perez- Stable, Alzamora anl Cleveland, >
1972; Williamson and Kilo, 1977) and in the experimentally -
induced diabetic animal (Fox, Darby, Ireland and Sonksen, *

1977; Joyner, Mayﬁan[ Johnson and Phares, 1981).

Those 'lesions- of the large blood vessels fall into
. ’ a

three principal categoriee %; variable significance ‘to the
diabetic. These are the formation of fatty_inrimal plaques,
medial calcification and diffuse intimal'fiﬁresis (Reinila,
1981). Further'these vascular lesions are.rnot restricte

to any one form of diabetes. Rather, auch atheresclerotic
lesions are more often unrelateq to the severity or

duration of the disease (Bradley, 1971) and although ‘
. ' o ' - j

L
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these vascular disturbances are also-preseht in "nondiabetes”
it has been shown that in the diabetic euch lesions are'more
extensive (Robertson and Strong, 1968) and involve\emaller'
diameter arteries (Strandness, Priest and Gibbons; 1964).

The reasons -for such vascular‘complications have still not
been identified (Reinila, 1981). What.is clear, however,

fs that such macrovascular complications account for 75% of

- ™

all diabetic deaths.
Microangiopathies have received conside Sutention

in the literature‘(Ditzel 11954, 1968; Ditzel and Sagild; |

1954;: Ditzel and Moinat, ,1957; Ditzel et .al, 1960; Kohne

»1971, 1972; Kohner, Hamilton, Saunders,VSutciiﬁfe and

Bulpitt, 1975; McMillan, 197§). It has been clearly shown

on the basis'of‘these studies}that the majority or
microﬁascdlar disturbances.have occurred either in the
'retina‘or in the'renal glomeruli, however, in .recent studies
.of animals rendered diabetic usiog alloxan or streptozotocin,
it has.been realized that these changee aré much more l.
widely distributed than had earlier befn thought. Witoin
the microvasculature of a host of’ other anatomical regions,
ins%uding the bulbar conjunctiva, inner earf stomach mucosa,
heart, skin and muscles, and placenta (Ditzel,-1968) such
microaogiopathies have been described.

It appears that the development of these micro-

angiopathies requires simultaneous functional and

anatomical changes in the microvessels (Joyner et al'/1981).

F. ¢
Manifestations of these lesions may be derived from the

?
!.
i
1
|
1
1
i
‘l




in adult life, indicating that thisfcgrtailment of

—

4

various metabolic and endocrine alterations in diabetes. (A
Eleyd%ion in glucose,’glucagon and growth hormone levels
(LundbaCk,,Chriétensen, Jensen, Johansen, Olsen, Hansen,

Orskov and Osterdy, 1971; Unger,'1974;'Unger and Orci, 1975;
Chang, Noble and Wyse, 1977) and depression of cirbulating
insulin levels combined with increased levels of renin-
anéiotensin and circulating catecholamines (Christensen,. !
1974) may contribute, although<the complexlty of these hormgial

. - ‘ . . L
interactions render any links t0'morphological'changeéﬁin

" these vessels purely speculative (Joyner et al, 1981) o

-~

‘The types of degenerative changes whlchehave been A
described in experimentally induced diabetic animalS\have I

1argely been consistent with the types of microvascular ‘

changes reported in the human diahetic. Bohlen and Niggl/

/

(l979a) have demonstrated that the - arteriolesfof the )

pa
characterized by a decreased number, a loss of vasculad

A ) _
‘cremaster muscle’ in streptozotocin diabetic mice are / "
‘ f

‘tone and a reduced cross sectional area of the vesselZLalls"

Fenton, 2weitach and Worthen (1979) have shown a similar

*
decreased number of- small blood vessels in diabetes. It

s’*.at

was further shown that this latter morphological c?ange
normaliZed in later life (Bohlen and Niggl 1979b)

However,
this decrease in the number of perfusing vessels esulted

in a’?gg_reduction in blood flow per milligram og tissue

~

perfusing arterioles remains a serious complication of the\ -

et 2k o i v
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adult stagé'of-jhvenile-onset diabetes. Bohlen and Nidol's
‘work with diabetic mice demonstrates therefore“that theﬂ‘
normal arteriolar development with respect to numbers- of
arterioles is retarded in ]uveﬁile onset diabetes.

Wolinsky, Goldfisher, Capron, ColtoffJSchiller and
‘Kasak (1978) haye reported depressed levels_of.hydrolase
enzymes in aortic vascular nuscle in'juven{l;ionse; ‘
digbetes. - In juvenile rats,after four weeks of diabetes . "’

:

they observed a marked reduction in the tpickness of -the aorta

? - .-

as compared to control animals. It is therefore plausiﬂie
that such metabolic distunbances of the Vascular smooth

muscle cells may be related to ‘the earlier described

reports of reductions in numbers of perfusing”hrterioles. ¢
el

Such intracellular disturbances as described’by Wolinsky

may prevent- full development of the media and. J:estxssi,&_t,,..‘-'/‘I >

N
brahching of small calibre: blood vessels

Additional medial- changes ‘which have been observed{
include increased basement: membrane-like material between//,aﬁ

the smooth muscle -cells in renal arterioles of diabetic
children (Urizar, Schuartz, Top?-Jr.f and Vernier 1969).
4 . .

& L]

" The media is also the site of calcﬂﬁication’qenerallynseen

in elderly or long-term diabetics (McMillan, '1975) and this

T

medial calcification “has' 1;? seen to be* related to -duration— 3

of diabetes as well as de aged blo flow (Christensen: .
e
1973). Reinila- (l98l) has-also reported that in, his '

2

streptozotocin diabetic rats .some inner medial smooth ' 3f

. .mascle cells were necrotic while the basement membrane of

Ve . * . \ R

o : . *_ .
B . . (-
\ £ o . .
. . Y .
. ’ . .
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e
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i : - certain of these smooth muscle cells from the same rats .’
! ! : were patchily thickened, - . L " '1'1

¥ T ' oLertaim other changes of - concern have been rePorted

in the literature- associated with microvascular deterioration.

These include venular-dilation as well as basement membrane

thickening and increased tortuosity Veﬁular‘dilationuhas
CA

been documented in all forms of diabetes (Ditzel Beaven

¢

i

i : oy,
'% . and Renold, 1960) Joyner et al (1981) have suggested that

f

L ehon e e ma =

-:. h this dilation could be due to an increased intravascular

pressure and result in extravasation-of fluid, largely in - 5 LA
o . _

f" the form of plasma and darge mclecules such as immuno-"‘
H ' . . N e L AR s
- _ globulin. oL,

§

Ii* - \///:// ' Biochemical analySis and” anatomical studies of base- i
\ { ) - m

. il

'.._'-‘
N .

e ———— g

R

; ent membrane conducted in'the.ﬁo.s and 70»s ‘(Lazarow and.

x . ;'Speidal, 1963; Beisswenger and Spiro,.1970 Westburg and
@ ? _{(i‘- 'Michael 1973 Beisswenger, 1976) ‘have concluded that the ‘ﬂ.b
A } % ' ‘capillary b ment meTbrane in both human and experimental -
diabetes is poth thic&ened and altbred in compdsition and

'f - | - ‘such thickening is not confined to the basement meerane :

' . of blood vessels (Warren et al, 1966). lthough there is L0

é - a wealth of conflicting evidence regarding the extent of

\ .
’jhipkening'as a function’ of duration of diabetes, what i at

oo present uhclear is the actualnrole of the basement mem-'

‘- brane thickening in the pathology ofh!iabetic microangio-

. ‘pathy - (Macmillan, 1975) .- As regards changes in chemical

.composition Beiswenger and Spiro (1970) have postulated

<: on the basis of work in alloxan diabetic rats, that the

\
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;possible ‘agent in the deterioration. The,, innervation of-

"responsible forethe medial changes observed. - \

, corresponding'controls. IR .

"32.

]
-

unusually high carbohydrate cdntent of basement membrane was
due to an abnormal'change in the protein syhthesis pattern
whereby precursor segments with a high carbohydrate content
. / b ‘n e ]

'are used to manufacture“basement membrane in the diabetie

staté. It is therefore conceivable that the product of

,such basement membrane pregﬁrsor ex1sts in a more permeable-_

form, aJ.dJ.ng pygﬁe formation. v \. , .

‘ The primary classes of‘cardiovascular changes‘which . (ﬂ\

. o : .
LI . ll- . °

' ogeur in both human and experimental diabetes have been dis-

cussed Atrophy of the media,‘disturbanc's in_basement ' ST

.
\ »

.
>

. 5 v,

.are of considerable concern to this resea Ch‘ Clear. "E

v . t

' hypotheses for the§e types of morphological changes in f

o [ Coe
diabetes although well studied have not been tendered. It Y

~

is the intent of this. research to direct attention towards

s -

the innervation of the microvasculature in diabetes as a \

v ’ -
small arteries have, not been studied during the deyelopment

d¢ diabetes although a. reduction in the innervation\may be o

o

ge tic, in the Case o the SHR.or experimentally induced

moLels af the disease states previously reviewed and their

\ q .
v L Y B
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'hypertension in the SHR.has a clear genetic basis since F2

33.
v

The spontaneously hypertensive rat

The SHR is a strain of Wistar rats developed by the
Japanese workers Okamoto and Acki in 1963: With successive
generations this strain has evolved to development of
essential hypertension in .100% of offspring. SHR have
been used extensively in hypertension research as a close

approximation of essential hypertension in man. Features .

common to both include greater severity in males, complications

. zsuch as brain hemorrhage and myocardial necrosis and in-

-

creasing severity with advancing age‘(Bishop, Kawamura and -dﬂt
l‘ ., . " .

Detweiler (1979l.0,1t has been shown that the development of

-

backcrosses of the normotensive WKY from which the SHR were
[

developed show intermediate levels of hypertension. The -

structural alterations in the .vascular system of the SHR

- . <

Hhave already been reviewed.

L

Goldblatt renal hvpertension
. Voo

o, ¥ . . L3
v

_ By .partially restricting blood flow'through one of
i
the renal. arteries (2 kidney -31 clip) in developing normo-

tensive animals, a marked and persistent elevation in

b

systolic blood pressure can’ be produced (Goldblatt, 1944)
v ° g

This technique has been nsed extensively as a non-genetic

animal model of human hyperténsion by an intervention in :
| )

4
the renin-angiotensin1system. Carretero, Oza, Scicli and

v

Schork’ (1974 have shown that in the 2 kidney -1 clip model

@

plasma renify activity 1evels are significantly increased as

e Pt e s B e e e e e
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early as one mon?i?&fter renal arter& constriction with
renin activity in the kidney increased fourfold.

- The vascuiar- alterations associatea with Goldblatt
hypertension includé a general thickening of the arterial
'wa}ll in bg\th lei‘ge and small arteries of renal artery |
constricted animals (Mulvany et al, 1981). This method
therefore_ appears to be'e weil—doeumented procedure for

indicing ron-genetic hypertension and will be/the model

employed in this study.

Streptozotocin induced diabetes

3

. Several classes oflagents have been employed in

- inducing d:Labetes in experimental animals (.Mordes and
Rossini, 1981). The, two most _commo_n are the broad spectrtim
antibiotics Alloxan and Streptozotocin. The cytotoxic |
effects of this class of agents are specific to islet cells
causing a marked prim'arj insulin déficient state. |
Streptozotocin (2-deox‘§(—2-(§ "rﬁethyl-3 nitresurea-D glucopyranoee)
or STZ was chosen for use in this study because it has been
sho by recent investigation'to render, a stable, non-insulin
de;;endent dia;betic state in rats with a single\intrav_enous
injectiOn‘of l50 mg/kg (Pen?argﬁl, Schashle, Yipintsoi and
Scherer, 19890). / _ ' '

Cell membrane binding is the first step in the des-

tructive process /\jigl-‘ the toxic effects being mediated through.

\a specific recognition by some’ receptor on the cell surface..
1

Fischer and Rickert (1975) have. suggested that the glucose
/

*

e A gy e e s
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' " In 1967 t was discovered that jjhydrqudopamine
(6-OHDA)\produced a select}ve destruction of the terminal

35.

component of streptozotocin enhances the uptake into the
cell concentrating the cy}otoxic effects of the nitrosurea
element. The currené body of ‘1iterature in 'the area of
diabetes research has shown ST?Z to be the method of choice
for gerlxeral induction of diabetes in experimental animals.
Atheromas and microaﬁgiopathi@s in ST2Z treated animals have
been reviewed earlier.

6-hydroxydopamine chemical sympathectomy

}
ground plexus of peripheral noradrenergic neurons (Tranzer

and Thoenen, 4968). The identification of this co:ﬁpound has
’ o
yielded a technique for the study of the neural input to

various tissues, organs and organ systems, superior in many

instances to the conventional methods of lesioning or
removal of periphwral ganglia.

*  This so-called 'chemical sympaghe(::tomy'l is the result

of‘ a chain of destructive events within the catecholamine

containing neurons which are well described in the literature, -

ip'cluding depletion of stored noradrenaline. in post 4gan<§lionic
fibers ( cﬁwa and Jacobowitz, 1972), destrlction of

_cytoplasm -C e(ymes and ‘actions which suppresg the axon' s

i

‘conduction capabilities "(’Thoenen and Tranzer, 1968; Wagner ’

1971; Iverson and Uretsky, 1970). ~ ©

) . Studies of the effect of chemical sympathectomy on

blood vessels are abundant in the literature; however
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. population of primary sensory neurons. In the 'present\

36.

general the detrimental effect of 6-OHDA seen' in other
tissues is much less extensive in the case of blood
vessels (Goldman and Jacobowitz, 1971). Fincfi‘, Haeusler,
Kuhn and Thoenen (1972) observed that noradrenergic in-

nervation of the treated animals (68 mg/kg iv. twice in a

'6 hour interval) was present one week after treatment and’

had returned to control levels aftex 2 weeks.
Nevertheless depletion of noradrenaline - from
noradrenergic vé.ricosities innervating blood vessels of

experimental animals has been induced in a numbei:-of in—‘

-

‘vestigations with good success.

The method employed inthe present study involved an
extensive treatment schedule at a high dose commencing 1 day
after birth. This procedure is considered in detail in the

section entitled Methods.

Capsaicin treatment

4

.Capsa'icin (8-meth'yl—N—vanillyl—6-nonenamide) is an
acrid and irritating derivative of hot pg,ppers froan- nts
of the genus Capsaicum. ts principal action, when admmis—
tered'to adult animals, is in the depletion of su{)stance P
from pr:Lmary sens\y motor neurons (Jansco, Kirally a{xd

Jansco-qabor, 1977) involving destruction of a particular

study capsaicin will be used for réhdering genetically' '
hypertensive animals (SHR') normotensive. . A control for \

the possibiiity. of some peripheral action of capsaicin -
' ' N

-~
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(other iiin the lowering of blood pressure) on the structure
4

of blood vessels, studiggﬂin the present investigation will

however be included.. This procedure is outlined in the

Methods section.
Objectives of the present study

While there are probably many factors which influence

S

. ' ¥ .
the structure of vessels, recent evidence has suggested that

one of the main influences ‘is exerted by the innervation.

It has been suggested that the innervation of vessels

playsra large part not only in Vasdconstriction; but.also in
the grt;th,and maintenance of vessel walls.'_This,typpHit
influence of nerve on muscle is well document;d'ih—skeletal
muscle, 'but less" so in'the case of vasculéf"smooth muscle.
%hé general objective of this rg$éarqp is to examine the
trophic relationéhip between the”categholaminergic inner-,
vation and the strqtture.of the media of small diameter
arteries‘during notmai development and in'disease states in

_which the arterial wall'structgre is known to change, and in

experimental model in\which the innervation has been

a

altered. \\ i
A\ . e : .

l The\P sic vascular st cture to be studied in the

prggosed expe imental models i the jejunal artery. Th}s

vessgiis easily gccessible, s wall‘thickness and lumen

\ \. W .

diametsr\can Qe measured with a minimum of grror, and the

:3number\§;Wnerve fib r§ at tme edventitial/medial border can
1

“'be e§sf

e}

[+
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thickness, lumen diameter and number and disposition of X
fluorescent sympathetic f;bers will be deter%;ned in varied
sets of rats sampled at twelve weeks of de. These sétsﬁof
rats will include normal deyeloping Spraguwe Dawley rats,
spontaneously hypertensive rats (SHR ); SHR treated with
capsaicin to 19wer blood pressure to normotensive levels,
Wistar-Kyoto rats (WKY) treated with capsaicin, normal WKY
rats, Spragu Dgﬁley rats treated with streptozotocin fb

induce diabe®es, Sprague Dawley rats chqpigally'sympathectbmized

with 6-hydroxydopamine (6-OHDA), a;gféprague-Dawley'rats'with

renal aréery.constrictions"go induce hypertension..
It is hoped that from the results it yiil“bé pbssible'\
to determine the limits of £he tr0phic ihfluénce'of the
sympathetic innervétion on the arterial wail during normal
development, in hypertension and in diabetes. An under-
standing -of tge trophic role of innervation on vascﬁiar
structures will ;ilow further investigations of ﬁow the
trophic capacity oi% the _.'nerv‘o'us_ systém car?é be used to
breven£ or réverseuthe changes which-take place in the vas-

. 4
cular system in diseases such as hypertension or diabetes.

-
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. \/5 MATERIALS AND METHODS

L Y

I. Experimental and control animals !

1. Streptozotocin induced diabetes )

(SD) (ob~-

.? ' pbséd,

[l \ . J“
oé éfrep“zotoc1n (STZ) (Upjohn), 50 mg/kg, dissol

\\' b ciFrate bu fer, pH 4, 5 (Penpargirl Schaible, Yipint‘
\ b :
\ '& Sch%rer,
N L

and

. . ' . i ' ,/ . ’ . .
[ allgwég t cover from ‘anaesthesia.  Diabetic rats w
Vo, . ‘ A Y . X . .
! ' housed |2 ratg|\per cage with free access 'to normal Purima rat
A 1 : . '
! chow and

o Rats'wére weighed and urine tested for glucose

k?tone bodies. uging indicator reagent SthkS (LabStl£E%

w%ékly until they were sacrificed 8 weeks 'later at 12 wepks of

( - '
,  age. P o . :

o { ot

Hﬁ S L qables of weights and glucose/ketone body readini

aié presented in Table 1. . . o |

! Y ) I ) . . .- ° . i
‘ | b [

2. C%pséicin treated SHR and -WKY

o :

/- | , :

. ‘ j ?HR and normotensive WKY (origin Charles River of}

y c ada‘stock) were treated at 3 and 4 days postnatally with a -

73]

4
subcutaneous injection of capsaicin (Caps) (Sigma) 25 mg/kg (10% soln,

|
\

© —— s e = = e
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40. A
dissolved in 10% ethanol, 10% tween 80, in saline).
following weaning at 4 weeks 12 male SHRs and 12 male
WKYs were randoﬁly selected from the litters, housed 4
animals per cage and allowed free access to Purina rat chow

and water until they were sacrificed at 12 weeks of age.

I3
3. 6—Hyd§oxydopamine chemical sympathectomyr<::>

Pregnant female Sprague Dawley rats were obtained

from Charles River ofﬁcénada: Thé newborn litters of these

'

animals were treated at 1 day of age with intraperitoneal

/ injection of 6§hydfoxydopamine-hYdroSromide (GOHDK), 100 pg/g /”

body weight dissolved in 1% ascorbic acid in physiological

saline.**At 4 and 7 days postnatally and weekly thréggﬂﬁhntil

4 weeks of age this dose was repeated. Animals were then

weaned and. 12 males randomly selected and continued on this
—p

' weekly dose until 6 weeks of age.’ The dose was then reduced -

to half (50 yg/g) and administered evw 2 weeks until 12
weeks of age (Sinaiko, Cooper and Mirkin, 1980).

Animals were housed 4 per cage and allowed Purina.

‘rat chow and water ad libitum. T ’

. Degree~of denervation was determined at 12 weekL in
animals fixed and processed for viewing of fluorescent

profiles at the medial/adventitial border-

3. Goldblatt hypertensgbn'

N

/\) I-'\ccor‘ding, to the pi'ocedu:/e described by Goldblatt,
: \ .

the two kidney, one clip p;oceduég“(Goldblatt[ 1934), at 4

U T U A e pas § s s L% A e e et e



'tissue were closed using a vertical mattress suture with ' ™

'.
\ ‘ »
\ N |
weeks of age these animals were anaesthetized with ether
and a mid.line incision made, as .for laparotomy, extending
from the level of the bladder cranially to the level of the
xyphold process, the iutestinal viscera 'e'xpelled from the
abdomen and retracted to the right, and the left' k\:'Ldn-ey
exposed (see Figure 1). ™
Us.Lng fine forcepz_a portion 9f the left renal artery

occurring between the origin of the- Jleft suprarerfal artery
and kldney hilus was isolated from the left renal vein and
surrounding fascia. Using e 5-0 curved needle a 5-0 silk
suture wasqooped around the isolated segment and a 6-0 pﬁ};e
needle intreduqed between the vessel segment and the suture
loop. The~loop was tightened occluding blood flow. ,\The"_ .‘ _ . o
kidney appéared pale. When the 6-0 needle_-\ was ;emoved the
kidney regai—ned its colour indicating that blood flow had .
been- Jrestor_ed. L Y VT

-Fol\lowing this surgery the surgical field was

sponged an®'rinsed with physiological saline. The rectus -

"abdominus, muscle was next closed using a continucus suture

‘of 5-0 chromic catgut. Finally the skin and s‘ubcutaneous . , \

5-0 s:.lk. Animals were then removed from the operating
area and aliowed to recover .frorn 'anaesthesia under a heéating

laﬁp. When the.animals had recovered from the anaesthetic !

they were l};Jused 4 per cage and allowed free acceés ) ' . 1

to normal Purina rat chow and water. The success of

the operations in inducing experimental hypertensidn was




| JA

\ \ : 42,

confirmed by blood pressure measurements (described later)

at 12 weeks of age.

o The criterion for experimental hypertension used was

- & systolic pressure of greater than 150 mmHg, which is the

universal reference point between normotensiwve and hyper-— )

tensive states in experimental research (Okamoto and Aoki,

1963). Twelve of 'the operated animals which ‘fulfilled this

R
criterion were randomly selected from this group and

- sacrificed.-
Ny 5. 'Control series

. Four sets of controX¥s have been employed in, this

L study and arele outlined as follows: . v

—

(a) normal untreated SD rats as controls for sD
treated awith s,treptozot_oci.n,' or -60HDA, or surgiéally ren-
dered hypertensive using the Goldblatt technique; l

A

(b} nozrmal untreated SHRs as controls for SHR

‘.
”_-

treated with capsaic1n, ' -

' (c) WKY , the normotensive strain of rats from .
which t}{e SHR were developed, \j;.réated with capsaiciif)a%a
control for any effrects. of . capsaicin u?)re,lated te the

-~
lowering of blood pressure in treated SHR;

(d) normal untreated WKY rat's as controls for the-

capéaicin- treated WKY rats.
L

B . . D ]
o \ _ . ,
, . . [ Y . . .

e

H
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6 animals per (subgrqup.
= s

detail below.

L

43,

s

II. Assignment '1°f animals to experimental and control groups
. I .

The procedure for measurements O-E’arterial, blood

pressure was the same for each experimental and cont ol
. ~N

v .
group. At 12 weeks of age animals. in each experimental and

contxrol group were ragdomly divid}_ed into 2 subéroups of. (\

¢
For each experimental and” control group one

Falck and Lindvall,/1980). Both. methods arq describedAin

III. Procédure

/or blood pressure measurements -
) o _

. . r '
Blood p/ressures were taken from all at?imals assiQned

to the resin éxi,lbedding subgroups for all experimental an '

.contrbl grou' s and in both subgroups for the renal arter

constricted/group. ALl arterial blood pressures were

neasured -£xom the left femoral arﬁ.ery. The p‘roced&r,e for

e

blood pr ssu;é measurexﬁents was as. follows.
;niméis were weighed' and anaesthetised With Somnotol

lsoalw)i Pentobarbitol’ 35 ng/kg, 32 .58 solution in'tyzodes

*
‘on a draped operating board and a 3 cm oblique incision

hffer). The animals were placed in the supine position
Jade

alo' g the vertral surface of,):he femoral field of the

-

(TR i o o A B &
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animals, perpendicular to the longitudinal- axis of the

left-hindleg. The inguinal ligament was visualized by

.t

cm segment of the femoral artery was’ 1oeated betweenathe’
inguinal ligament and the origin of the \iuperficial
epigastric artery and isolated from the neurovascular

. bundle, by blunt dissection. Using very fine curved for-

ceps, three 5-0 silk sutures were next 1ooped droundxthe

“w

/segmer}t and the most distal suture tied off. ‘I‘he most

transverse incision was. made in the arter.y'cxl\c{se to the

dista]gnost suture providlng access to the- lumen of the
b .

N vessel .-

},cannula (PE 90 Intramedial tubing) f,illed with
/.

heparinized saline (Hepalean) and drawn to a narrow
- diameter was introduced J.nto\.thq lumen df the vessel and

« secured by tying the middle suture. P(re‘s_sn’re on the

»

- proxiﬁal'suture was used to o¢clude the’ blood flow while a

LN

' proximal suture was released and the pulsing blood allowed

. ° ) - .
access to the fluid-filled cannula for recording of blood

x n

blood pressure measuremfint eXCeed 20 minutes. i
"

transducer (P-2,3AA_-) which was a}ttached to the cannula by a
. . — toe . 2 o -

blunt dissection of the superficial femoral fascia. A 1.5

'pressure. In no instance did the time of the operation and

e ' . /Recording pf arterial blood pressure was carried out

:J'

on a R411 ‘Beckman® Dynograph re(:order via a Statham pressure ~

Yale 20'G-1“ hypoderm’ic needle for each animal. Calibration '

of the'\Secording apparatus using a sphyl;momanometer (W.A.

- - Baum and Co.) wag carried out prior to blood pressure

oA —m =

m_—— ety md L ieve

e
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] o

f

This procedure involved calibration such that

each mm of pen displacement in the recording chart-porreSF

. " .
ponded to 5 mmHg with a range from 0-200 mmHg.

-In'addition

the trace was allowed to stabilize for 2 minutes or until a

'steady blood,pressure was established

R

&

4

h Following each

measurement the chart ‘was ‘checked to ensure the trace

&

returned to the baseline leVel

.
- "o
.

1. Perfusion,of mesgntenic arteries

..
Lo

Lo
a

°

[

‘.
;

S " . A )
.'IV.. Perfusion"of mesenteric arteries and tissue processing

‘o

ki

'. Following blood pressure measurements animals,still

under sodium pentobarbital anaesthesia were transferred from

the-opeé'%ing gtable to the pe
\

o
iRl

4

rfusion room whére they were

placed in the supine position on a metal rack over a sink

for drainage.

A. longitudinal midline incision was made‘

through the’ fur amd skin of the abdominal lumbar areas and '

.

‘ . .
following ééparation'of thde tissue from the underlying \

musculature and linea .alba, a further midline incision -

=was made along ‘the .linea alba extending from\thg level of
T

the xyphdid process caudally to the level of bladder éxPoging

the visqeral organs. .

fully removed from the abdominaI\cavity and the mesenteric.

\ .
vascular ‘bed of Jejunal arteries *arranged such that they ,
fanned ogt'from the mesenteric artery to the jejunum.l. AR

4. ‘ ..

el

The abdbminal content was next care-

e The abdominal aorta was next cleared and ‘cannulated

with a- lBG-Z" catheter (intramedic) at “a’ point approximately

2 cm below thé origin of the right renal artery.

; .
o -'.“,.A.

el

v
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‘vena cava was then cut at the thoraciéf;egment at the point

Where”it‘emerges from the diaphragm. Following exsanguina-

-
P

»

i o tion with 100.ml of cold tyrodes g#¥ffer the animals were
| ' perfused transaortally with a fixative containing 2%
" paraformaldehyde and 2.5%.glutara1dehyde in 0.1M chod;;ate
buffer, pH 7.2 .(Karnovsky, 1965) at 120 mmHg until 100 ml

had been delivered.

»

. 2. Resin embedding’ - ////' ,

The jejunal'arteries attached to the mesenteric
'Y _ . artery yere‘dissected"from the éerivascular fat under a Y
| “ o dissection microscope (Olympus) and placedlin the same
| | i.fixative on a, rocker table for an additional 2 hours
fixation.. The tissue was then processed a; follows..
tinsed in 0.1M SOdium cacodylate buffer in 5.4% sucrose,
. postgafed with 1% osmium tetroxide, in the same buffer, stained
'i “ en bloc with 50% ethanol saturated uranyl acetate, dehydrated
; S '.i:in a series of graded et;anols, cleared using acetone, in-
;~ - ) ’ ‘filtrated with a 1 1 mixture of acetone ahd Araldite for
: .16 hours, and polymerized in unadulterated Araldite for
[ 1ﬂ' v _ ' 24" hours at 70° C. Prior to polymerization the jejunal

i_ff ' /qf' I‘Jarteries were separated from the mesenteric artery . and :

arranged in order in the block.

3. Wall thickness'and lumen:diameter measurements"

e ’ ‘9 e . o - .

] - - .
-x REE ', Measurements of the tunica media of‘the arterial
‘. ’ e Y]

“\ ol wall and internal lumen diameter Were taken from the third”

Py . . . [N

o
«

\ A e ) - . . :
N - ) * v ' . ' .
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jejunal artery in all animals studied using light micro-

e, R

graphs. ) L 1
, . o~ 4

Cross—sections were cut at one half micron from these
samples on a Cambridge-Huxley ultramicrotome at a point -
~approximately 1 mn from their .origin at the superior

¢ mesenteric artery; Sections were collected on a glass slide,
staine§'Ufing Rapid Polychrome Stain (Sato and Shamoté, 1973)

¥ . . . .
and examined under a light microscope (Wild).

-
PR3

3 Photographs of tﬁe }umen and tunica media were thea'_"
“taken at 30 and;ﬁbQ maénification respectively and- .
méasurements made.fsqm_gegatives.“ The thinnest segment of

\medla ylelded wall thickness measurement while lumen diameter

. ' was calculated by taklng a measurement at the w1dest and

'narrowest points on each vessel added and divided by 2. Each

~.set of mlcrographs was callbrated using a sllde mlcrometer -

(Amerlcan Optlcal Co.).

4. Procedure for VlsualiZAtion of.Catecholamines

. Anlmals perfused and processed for v1suallzatlon of
'_catecholamlnes_were anaesthetlsed using sbmnotol (sodium- "‘
l@pentobarbitol 35 mg/kg i.p. in tyrodes buffer) and follow1ng :
e 1aparotomy, cannulatlon of the_abdomlnal aorta and severing
' of tﬂ% inferior vena cava as described earlier, perfused as

follows (modlfled from Loren, Bjorklund, Falck and Lindvall \
51980) Exsanguinatlon with 100 ml ce cold tyrodes buffer_

followed by perfusion with 150 ml . ice cold dluminum sul-

phate (10% solution in. tyrodes buffer) Under a dissection

!
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micréscope (Olympus} the mesenteric arcade of jejunal
vessels was.dissected and, the jejunal .arteries rapidly
sep;rated from the corresponding veins and perivascular
tissue on icgycodled glass. The veSsels-wer@’néxt éfbtted
and mounted on a 2 x 3 cm piece of Whatman filter paper,
vessel samples frozen in liquid hexane, and subsequently
freeze dried for 6.hours at -40°C. The dry Lisuek were
next exposed to paraformaldehyde vapour at 80°C and 80%

humidity for one hour.,

* Following vapour exposure vessel samplggp were em-

bedded in wax undér vacuum and vessel. ‘cross sections cut on

K

a rotary microtome %merican Optical) at 7 jm. Sections *
were m?unted in a s:1 oil/xylene mixture, heated on a sllde
warmer (Eisber) " and examined under ultraviolet light
(HBO,meréury vapour 1amé) from a.Wild microscope at ,

BG38/12 filter settings at 40x magnification. . 4

5. Examination of flﬁjjpscent profiles

Profiles of fluorescent fibers were examined and

counted at the médial/édventitial border of 6 sections from

each’artery\examined'fbr each animal. Animal means were
. S :

" then. combined tglgerive group means for.each'experiméntal

and control groupf;

<
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‘RESULTS

1. General observations:

e

0f the various treatments administered to the‘ex-
perimental groups in this study, STZ-induced diabetes
clearly produced the mest pronounced overt detrimental
effects. Diabetic rats Z;Eeared to groqE less frequently
than other groups, had distended abdomens and fur with a
typical jellow tinge. ?hree of these animals developed
retinopathieS‘after less than eighfrweeks of diabetes.
After eight weeks of diabetes none of the animals had died .
but all.had maintained a leével of glucosuria exceeding 2
g/dl ﬁor'eighf'weeks: Three of these aqigals had developed
ketosuria fxom moaerafe to strongly positive prior to
secrifice'at 12 week as measurea by Labstix (Table 1).

The 6~OHDA-treated animals were observed Qé groom .
extensively in thelgenitai area. These animals wetre much
less excitable and, in-general, %ppearea sluggish in com-
parison to (SD) controls. 8- S '

Two animals from the Eoldblatt hypertensive group
were aiscarded as their systolic blood -pressure d%d not
exceed 150 mmHg. The 12 énimals comprising this group
were therefore randomly selected from the ljiremaining
™ animals which fulfilled the criterion’ for elevated blood

pressure. 1

\¥ - II. Body weight . -

The body weights of developing STZ treated rats are

-




preéented in Table 1 and Figure Gﬁ‘ The most rapid growth 1
appeared between the ages of 5 and 10 weeks, a one week
lag behind that of SD control animals, a likely result of
injection of STZ at 4 weeks. ‘ s

_The mean body weights_ef the animals' in experimental
and control groups at 12 weeks are presented in Table 2 and
Figures 7 and 8. The STZ treatedhanimals hadxfignificantly
lower body weiéhts (p¢'.05) than their SD controls.
Caps ﬁreated SHR and WKY also exhibited s{gnificantI;
lower body welghts (5>4 05) than thelr SHR. oq WKY counter=-
parts. SHR (Caps) and SHR rats did not however dlffer from

WKY (Caps) and WKY respectlvely. Neither 6 OHDA treated nor

| Goldblatt hypertensive anlmals differed in body welght from

their SD contrgﬁs. : v
e \Variance in the weights of animal groups employed in
this study was low with ‘the exception of the three groups 3

which received drug treatments: STZ, 6-OHDA and SHR.

III, Blood pressure

Blood pressures were taken at 12 weeks from the

femoral artery of 6 animals from each experimental and control

group. Thése datp are presented in Ted}e 3 and in Figure °

Pl -

8. The QQi:blatt renal artery constrlcted animals hgﬁ'
significantly higher (p & .05) blood pressures than con-
. \‘

. = . . “
trols while:ST2 .treated and 6-OHDA treated animals:exhibited -

a significenth'lower (p ¢ .05) blood pressure than controls.
. . . ,

T~ . . Y

[ o



\ . : .
| : \ \ SHR (Caps) animals had blood pressures significantly

S BNigher (p¢ -03) "than theif WKY counterparts. but significantly

! lower (pe¢.05) thah uhtr%ated SHR and not different from

) (} | WKY untreated. The SHRs had significantly elevated
.pressures (pL.OS) when'iompared with WKY. and the WKY

. (Caps) animals showed signlficantly lower (p( 05) pressures

: than WKY controls. The SD and the WKY had compprable
) )
' 3 ; :
pressures.’ ? . .
o . . R ! .
Iv. Fluorescence ) (.\ , ' ; :

] I | ] | .
- i R

\

Noradrenergic fi erg could be seen as amorphdus

-

fluorescent granules of various size disposed at the medial/

: adventitiaL border of vLssel cross sections, although
l i

| fibers could occasionally be seen.within the medla and/or

- ;

arteries at lziweeks foxy each experimental and control .group.

' ) Table 4 and Figure 8 preésent the numbers®of fluorescent

profiles obser&ed in treatment and control groups.

~ The prolohged S—OHDA treatmeﬁt'was confitmed to have
produced a’complete ahlation of visible noradrenergio fibers
at 12'weeks. This absence' of norad;energic.flbers had "
fearllet-been the case.when 4 animals'were sacrifioed and
examineo for fluorescehee at 6 weeks in‘a.conflrmation ex-
periment. ' -
There was a hypefinhervatioh'obser&ed in the STZ'
t 3pted group %hen compared with controls (p{.05). No

__difé

ences wﬁre seen in ‘the Goldblatt hypertensive animals

T e T T o s

—— s~

adventitia. _Flgure 5 shows\typioal cross—sections of jéjunal

AN L. oty e e e .
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as compared with controls. Both the SHR (Caps) and the SHR

untreated animals exhibited a hyperinnervation (p¢ .05) when

compared with SKY (Caps) or WKY untreated controls. The

. ~
two ‘different strains of control animals, SD and WKY, did not

-

differ from each other with respect to numbers of fluorescent
, . \ N . P
profiles. Similarly WKY (Caps) and WKY did not significantly

differ.

V. Morphometric data .

Thrég measires on the 0.5 micron sections taken fro;\\\\\\
the aidehyéé.figed &gsﬁels of tréat@ent'and.COntrol animals
were madé from photogfaphic negativeq; @edial thickness, ltmen
diametér and number- of smoot? quséle cell (SMC)-layers’withint
lthe media. Typigai cross-sections'of:jejﬁnal arteries from
_tréatment and control animals are presented in Figure 4.

4 Data for medial thickness/lumen diameter and- of numbers af
SMC w;thin the media are presented in Tables 5 and 7 res-
bectively ahd.in Figurg'B. , |
| The STZ treatéd;group had a si;nificantly,thinner‘meqia

(p ¢.05) than did controls, however lumeh diameter measure=s

-

‘ments remained unchanged whlle the Goldblatt hypertensive
animals had both a 51gn1f1cant1y thicker media (p - 05) and.
a 31gn;flcant1y reduced lumen (p 4.05). Q-OHDA‘t;eated
aniﬁals did not différ sighifiténtly from;cdntrols.

_SHR (Caps) and SHR untreated groups ‘had 51gniﬁdcantly
thlcke; media (p &. 05) but did not differ in lumen dlameter '

“from. WKY (Caps) treatediquWKY.untreated controls.

FIs

WKY treated did not differ from WKY untreated with

o
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respect to ;eithe®medial thickness or lumen diameter

Td\§imglijy this data a single measurement termed
medial SMC mass, wthh\represents the amount of smooth muscle
cell present in cross séctional-area, takes into account

. ,/\/’é-\\ . Y * -. ’ )
both medial A£hickness >and lumen diameter and is estimated
by the formtla given in the.legend, Table 6. Medial SME

/// mass estimations are given in Table 6 and Figure 8,

STZ tregted animals had significantly (p {.05) smaller

medial masses—thé\\dld contrals, 6—0HDA treaﬁed animals,
though showing significant reductlons 1n'med1al thlckness
did not differ from controls in terms‘of.SMC_mass. ‘
Goldblatt hypertensive animals had siénifigd@tly B ‘ ‘
.'h.igl;hef'SMC masses (p ¢ .05) when compared with controls as did |
both 'SHR (Caps) and SHR ﬁnj:reated (p ¢ .05) when compart.a.d with
their controls. The WKY (Caps) did not differ from the WKY
untfeated.v .
- A graph of the relationship between blood pressure and
the medial SMC mass is presented J':n Figure 9. As aﬁfunctioh
of blood pressure in the Goldblatt hypérténsive animals the
‘medial.SMC ;llass \increased significantly ‘a;; compared with
controls “{p ¢ .05). The STZ treated animals' also differed
significantly ‘(p ¢ .05) ’fz‘:om controls with respect to mgdiél
SMC mass, -éls:-a.fun;:tion of bloqd pressure but in the opposite

)

direction from the Goldblatt hypertensive group. The SHR
(Caps)® group did not dJ.ffer from the WKY untreated while the
+SHR showed significant dlfference, from its WKY control \/

A second gr‘ph depicting the medial SMC cell mass as

a function of number of Ffluorescent ﬁ'_ofiles is presented in'’

Teys et M 4o




5 el

54.

Figure 10,

As a functioh.of number of fluorescent profiles the

.

STZ treated animals show a significantly reduced (p <« .05)

medial SMC mass. Boéﬁ SHR (Caps) and SHR untreated also
’ showed a significant (p ¢ .05) increase in medial SMC mass as
a function of number of fluorescent prolees.
Figure 11 illustrates a series of key compa;isons with res-

pect to medial SMC mass, mean arterial pressure and number of . Q
fluoreseent,profiles in'graphigal form, _Significant differences

. between groups are indicated with an asteriek

- .

The number of smogth muscle cell layers (Table 7) was

31gn1f1cant1y increased in Goldblatt hyperten51ve, SHR (Caps)
: Q
treated and SHR untreated anlmals as compared w1th their

controls while in the STZ treated animals a 51gn1flcant
decrease (p ( .05) was noted.

. 4 .
VI. Statistical Analysis

Data from this study are summarized either in the form

I3

of a table, graph or hiétograma In all.cases, the values
are expressed'as the means + standard deviations of the means,
Data from each 1ndependent measure across treatment
and control groups were tested for }sxgniflcance by the
Student-ﬂeWﬁan-Keuls t-test. Relat;onships between*
- _medial enooth musclé.cell mass and numbers of fluorescent
profiles”were obtained by plotting means and standard i

’

deviations for these cdmpariscons.
0

L]
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Table 1. -Table of weights, uriné glucose readings and
development of ketone bodies in STZ treated
rats. (Weights aye expréssed as the mean +

the standérd'deviation. n=12).
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o3
AGE WEIGHT GLUCOSE # ANIMALS DEVELOPING
(wks) (gms) (g/d1) " KETONE BODIES
"4 INDUCTION OF DIABETES
,_A N W,
5 122 + 9.1 >2 0
- . ) A
6 173 + 15.8 >2 0 - .
© 7 ‘192 + 22.6 . >2 0
8 215 +-28.38 >2 2
9 231 + 39.6 >2 2 "
10 255 + 45,9 >2 3
11 277 .+ 52.2 2 3 :
12 270 + 64.7° © 2 4
. i
.
. ¥ [
‘l' a
e 3.
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Table 2. Table of weights of experimental and control ’ :
' ¢ 7 ! ’ . S ] 4
animals at time of sacrifice. (Weights are
. expres'sed as the mean t the standard deviation. ° ’
b Y - . . _ . .
Significant differences from controls are .-
. - . , N
'’ marked'with an *. n = 12) N . -
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ANIMAL GROUP WEIGHT AT 12 WEEKS t
: !
STZ treated 270 + 64.7% -
8 ’ o
\/ —— * R - i . AI
6-OHDA treated ! 377.2 + 62.5 e
. ‘ ) . P
. Goldblatt hypertension c42.4..7 + 14.4° > ,?\
. : - I} x
- b
SHR (Caps) - " 282,2 + 58.3% ‘ :
wky. (daps). 274.8 + 29.4% .
' K - ) 1
: | o/ ' . Lo
SHR (untreated) . - 409.3 + 25,2 . S
."//— ... ,52 . s I . . l
WKY (untreated) - .373.5 + 29.5 .k
> . " ) l'. ‘ .
° ’ b ?. - S 1 e RS '
8D . - 413.7 + 11.1 S
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. ‘GROUP . MEAN'ARTERIAL PRESSURE
B ]
] B

. 13
STZ treated.
6~0OHDA treated

i

R

ééldblqtt hyperte

- 3

»

,SHRyiéaps)'treaEéd_-

L4

Iy

. WKY (caps) treated
2 .. SHR (tuntreated) .
.. . " . . . L v ..
o ; , WKY !ﬁﬁtreatédfﬁlzlf
B i e h
Sb, control

. R K .
3 ol o
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nsion’ .

789 + 18.9

81.0
138.0 “+.11.6%

101.1 + 5.2

- 136.0 % 3.4%

’ ‘ .
N “‘ v
S
- s -
cn
L W
- -
\4'.
[
Y
&
-~ . ¥ .j'
.
5
A9

+712.7%

(

ST e o e - P - S i
B e g -“«;ﬂmT»:--\s.r.:Jd-a anrci L i T S L

P




— gy

] .\ ' \
‘ . ] N
» - N
h -
. . N ';
s 3
. , 1
. , .
A . y . 4
‘_“', >
1 4
\ N \ _"
- M J
. v
N - .
L] / .
-' ¢ ' . hd
] Table 4. Numbers of fluore‘scént_pr‘ofi_les visible around .
. B - ¥ N :.
cross-sectlons of jejunal arteries from treat- j
ment and control--animals. - (Values are ex- i
-+ pressed as.the mean + the :standard\deviation . x i
) : ' M .- 'Il .. . * i
of the mean\. Significant differences from
SR . A . ‘ T ' N -
' PR > ~ lcontrols are marked with'an *.\ n = 6) ! .
. ! ' - 7 R ’ ) . . !
- ‘ ~ / l
: ' B4 i
[ ! ‘ /\' i
4 / P
e ’ 7
i . // o
. . (/ ’ '
o \\ . '
. % ’ o
* N . ¢
' 1 4 . .
' «
L) R L .
(0 . T’ - {
\ Y . /"i
- - :
. . . A . -
. [ , -
. [ [ 1 -
( - [] t .
4 "%". -
, o ) ;
b % ' > 1



iR e UL I Ty,

org e S SRV E R R, -
i ) -

62.

TREATMENT GROUE'

NUMBER OF FLUORESCENT
PROFILES

STZ treated
4

6-OHDA treated \\\ -

~—~

Goldblatt hypertgnsioq
SHRI(caps)

WKY (caps) ,
SHR‘Téntreafed;

(untreated)
@ !

WKY

SD COntrol;;{

72.6 + 11.63*

>

. none visible

° - o

57.611 5.23

. {

81.2 + 7.76*%
61.8 + 6.14,
77.4 + 8.10% .,

'55,9 + 7.40

52.9 + 2.45
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Morphometric _characteristics of tréét:_ne‘nt
and control animals. (Medial thicknesses -
and lumen diameters are expressed as the

mean # the standard deviation. Significant’

- differences from controls are marked with

]
~an *! n = 6) - o7
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GROUP MEDIAL THICKNESS LUMEN DIAMETER
¢ gl )
i o N
i
1 , _ ,
STZ treated 8.18 + 1.57« 3\1.95 + 32.02
6-OHDA treated 8.73 + 0.75 357.26 + 35.88
Goldblatt hyptn. | 14.15 + 1.76x 291.44 + 32.26*% -
SHR (caps) treated |13.20 4 1.40° 281.10 + 20.10
. N ._-:& .
WKY (caps) treated |10.90 + 1.90 1260.90 + 19.80
SHR (untreated) | 12.50 + 1.16% . 283.68 + 42.82
WKY (untreated) '.10.11 «°1.48 $298.68 $£717.29
SD control |+9.91 £ 0.93 1334.94 1 16.06
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Table 6. Crossesédtional medial SMC mass as measured.

from the external eiaéticllaminé to the

Y

lumen: 'Values for SMC mass were estimated

"By application of the formila shown below
for calculation of total medial SMC mass: -
P .

\

. , . - ’ . . 1 - N ™
_. 3.14(lumen-diam.+medial thickness) - 3.14(lumen diam.)
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ANIMAL GROUP

)

66.

MEDIAL SMC MASS

STZ treated

" 6—OHDA trgated

Goldblatt hypertension

' SHR (caps)

WKY (caps) - s

‘SHR (untreated)

¥

WKY (Untreatéd)-

sp

'11.61 + 1.60% -

m? x, 104)
L3

8‘?9 + 1.65%

10.03 + 0.86

13.58 + 1.88%

12.20 + 0.94*-

© 9.30 + 1,29

1Y

9.80 + 0.87

3
Y

10:73 + 0.49
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Number of SMC layers within the media of

' ;crogsjééctidnsjfrom”jejuﬂal_artef;es of

\

animals from treatment and'édnfrolfgrp ps.

. (Values are expressed as the mean t the
. : N - ’ '
- . » standard deviation. n = 6)
. . ° » -
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.

ANIMAL GROUP # SMC LAYERS

Ly

STZ treated ' 5.17 + 0.43%*

0.58

I+

6~OHDA 4.08

-

Goldblatt hypertension 6.36 + 1.02%*
- -

_ - -

SHR (caps) ‘ 5.70 + 0.46*

0.53.

[+

WKY . (caps) ' . 387

- SHR (untreated) 6.44 + 0.66*

. WKY (untfeated)' 4’&4 0.93 .-

sD controlll . . o 4;5?

- L. . T »

1+

0.43
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~

#

Bt i o PPN

-



ISchemé*'t_ic illustration:of a;neurdmu’scular )

-

Figure 1.
. . junction of a blood \;esse;. Noradrenaline
(NA) is stored in dense cored 've_éiéles. Y
within the noradrenergic nerve varic.osityi.
Upén.release by exocytosis the neurotra‘nsﬁxittef
- . . . ’ -

occupies receptor'.sites on the effector cells.

Some of released. noradrenaline, however, is

b _ . . - taken up by the same or by neighbouring varicosi-

r ' ties (redrawn from Shepherd, 1983)
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EM’-SFM-mGIic diagram illustrating the typical arrangement of o -

neuromuscular juriction.

vessel R
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Figure 4. PH&tqgraphs‘showing representative
“-crosg-sections of jejunal arteries in}treaﬁ—,
g 4 ment,and control animals from which dlumen

diameter éyd wall thicknesélmeasureﬁenksli
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SHR (caps)
a.

FIG.4 (cont.)



FIG. 4 (cont.)
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FIG.4 (cont.)
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against.mean arterial pressure (Points on
the graph represent the mean + 95% confidence
limits for the respective variables. An *
indicates tréatment groups where the relation—-
ship between mean arterial p;essﬁre and medial
SMC mass is significantly different from their

controls. n = 6)
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_ Figure 11.

o A
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\

Series of individual graphs showing key
comparisons between sets oﬂ)treatment and j
Foontrol groups with respect to medial SMC |
mass, mean arterial pressure (M ‘A. P ) and
number of fluorescent profiles.‘ A",;S?Z. s
vs;-Sprague-Dawley_(Sp); B.: Goldblatt renal

hypertension (GOLD) v%..SD;”C.: SHR (caps) vs:

'WKY (caps); D ;5 SHR vs. WKY; E.: 6-OHDA vs.

¢ - [

,/SD; F.: SHR (caps) vs, SHR;" G.: WKY (caps)

s. WKY. (n = 6)
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DISCUSSION . o : T
The major fihding of this study, in agreement.with .
the reports from other laboratories (xghijima 1969,,

Aprigliano & Hermsmeyer 1977, Abel et al 1980, Bevan &

‘Tsuru 1981), indicates a trophic influence-of the sympathetic

//.
nervous system on certain morphological chara%teristics

gf the blood vessels of the' SHR.. The data, however, also

_suggest that these trophic effects may be unique to this

particular strain of experimental rat.

L] - N . . .

: v I : u

I. . Body Weight . .~ = .+ T

— Y y . g ’ ' &, ’ 1 , I o . o

° ‘Table 2 shows that the mean body weight of STZ treated

- .
Y

rats’ was signdficantly lower than that of controls, with a
similar significant différ¥ence éxisting for capsaicin
treated-animals. This introduces the'confounding.variable

of differing body weights between experimental and control.
groups and raises the guestion of whether ‘'or not these
groups can be considered to belong to a homogeneous population

and indeed whether valid comparisons can be made. To try

to equilibrate weights between diabetic and control rats ’;/i

would hdwever, invalidat@ the homogeneiéy of the age- group.
Sl

It may . be argued that animal werght is a more valid

classifying variable than age, howevek, in the case of the
diabetic rat, allowing the-animals to survive to attain

weights comparable to control values would either result in

r

animals 'developing long-term;diabetic complications
. ' . :

XReinila,lSSI)kfurther confounding any comparisons, or in
. b . . . ] . ‘- “
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-animals which never reach control weiéht“levels.  From the

graphical représentation of developing STZ treated .rat weights

.(Figure 6), it will be seen that at 10 weeks this- group's ’

weight bega o plateaq and.from_lo to 12-weeks ‘this group R
- )

The difference in weights for capsalcigpgreated SHR V.

had gained only 15 g .(Table 1) ' o ) e ‘ T .

and WKY as coﬁpared with untreated SHRoand WKY again raises

_ the question, whether valid comparfsons can be made-between e
such differing body weights ghe-use' k.a ".;\
, experinental antihypertensive drug is a ’ N

animal groups wit

} og,capsaicin as’

) relatively‘new'to n preventing the' develoPment of hyper—-

tension in the SHR. The antxhypelten51ve effect ofﬁhapsaicin .

treatment in SHR neonates was reported by Scott and Pang'\

'(1982) _ however" tHeir study did not report the relative weights

of treated animals. :

-

‘ The author has allowed both capsaicin treated SHR as- s

well as WKY to survive to 20 weeks, however, these animals,. R
even at 20 weeks do not grow to within the control weight
1] v

range. Furthermore it was noted that these capsaicin treated T ." .k‘%

' animals at 20 weeks have weights comparable to those of’ 8
7 :
'week control aa%mals Since Scott and Pang (1983) showed no - o ¢

. significant increase_in medial’thickness.ofujejunal-arteries' "o -
from 8 to 12 weeks in normalideveloping SHR and WKY it'seems' .

therefore acceptable to make comparisons between capsaicin . . L_”

} .
. treated animals and their untreated .controls. Again*lt is 4
. //- "“H s : : .o ' s

‘noted that one must decide - on some classification variab;e Y jﬂ';, T

on which to compare experimental and control animals in any
o . R - . M




'_%' may be a contrlbutlng factor towards the reduced‘.lood

¢ : .
LN ) . .
._“" * 'Y \ -" ) . /) )
- - % o .- 7 ) |
'r -- 99. - L *
0' L3
K . | "'{7:\ . ’ . a \ . -
e e r . ] . ) oo
‘.experlment Sindﬁ~using'body weight as that variable .

.

1ntroduces a host ‘of extraneOus 1nfluences as a function of

dlfferlng ages the age has been selected as the cla931f1catlon‘

varlable in this study. B '“. lv

Streptozotoc1n induced dlabetes .

..... '-;*. . . .

.Thé 51gn1£1cant decre}ge 1n blood pressure and 1n

II;

N

:.

e medﬁal SMC mass (Table 3, Flgure 8 ané. lla) is in. accordance'

' w1th prev1ous reports (Bohlen and N1gg1 1979a, Bohlen and

Hawklns, 1982) ~ The’ neductlon 4n the number of perfu51ng

3 .
f arterioles accompanled by lumen dllatlon observed in mlce

“.oe
—

979), is one factorxgiiborted to. contribute :

R by Bohlen and nggl

to thls reductlon in blood pressure in th

. \ although rio measurementg ©on number of perfuslng Vessels.were

N H ’

actually made.~

pressure however 1s probably related to the 1ncreased lumeh

.
- ? A ‘ ’
‘

dlameter wall thlckness ratlo seen 1n these anlmals as compared

Wlth thelr contro s, . £ ':f‘ ‘ '_ ‘i s

L

theqlight of three p0531ble contrlbutlng factors- the sym-

:~ pathetlc 1nnervatlon, the reductlon 1n bloed pressure and

e the(ggture of vascular deterioratlon 1nhgrent in: diabe;es.

e

. sympathetlc,nervous ystem also operates outside the SHR

1

f.straln of rat*and extends t other vascular dlsease states,
L ' ‘ M * A} ‘.
N R S
/ “ - .'. -t; . é rJ -
" ' ' . R
- (\ - » ' . ( .
v : > ° - .

T A tep——ran = sty m 4 e

")

abetic state and
eSﬂ ' o -

- ~ ‘ 2

- L A
| sure‘observed in STZ treated rats 1n the present study ';

ﬁ
.A?more llkely explanatlon Qf the lowered blood
The\reductlon in medlal SMC mass ﬁay be con51dered=1n

If one is tq}assume that a trophlc influence of” the ~ ’“\;

,
?
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i‘diabetic‘group must be copsadereﬁ as- a possible contributing

.- . . ~ B . - . L - - -~ PP
- .

. e ) B = . . -7 ~
¢ ,’ . ) e

- - v . . L. N ) ’ LY . v
then the hyperinnervation of noradrenergic fibers seen in . \\\\h
. ’ * . ' ¢ . ? '- ’
the dfaﬁEtic aniﬂgls-of‘tnis study ,cannot be useq to explain

why a decreasecin medlal SMC mass was observed 'Since the
[1 7% I '

I_\number of‘SMc cell layers: 51gn1ficant1y exceeded control levels

Ve ...1\]‘

-.%5.17 a§€b¢gpared With 4.57) onhe must copcede that the medial

SMC mass is a more. rellable measure than number of SMC layers-
. . ‘ L I. a

AY

1further,; sxmilar values. for. mass may be. obtained from spec1mens w1th

1

differing numbers of layers.. In}@hy event the hyperinnervatlon.
' ' N,

- obserVed 1n the diabetic rats has not been described prev1ously. -

L,

.

+ - The- significant reduction in blood pressure seen 1n the

L ¥ 4

factbr to the reduced med ei SMC mass observed.-A reducEion 1n NN

dbd pressure could\serve to reduce medlal mass 1n A purely

pressure—dependent mannerx$ The reduced dilatlon of vessel lumens

\‘. e .

.in this,group could serve-to decrease blood pressure and lessen o

hY

" LN - ~
- . .- . s

any med1a1 SMC growth to subnormal levels. -
- 'S ' ) : ¢

P
1nherent in dﬁabetes, has been reported by: Bohlen and‘ﬁiggl (1979a)

\uzﬂe third p0551b111ty, a microvascular breakdown S U
¥ . IR

- Bohlen and Niggl (1979b) reported that “the normal development of

artérioles in’ m1ce is depressed in juvenile onset diabetes. 'The.

report of WOlinsky et al (1978) showg,a depressaon of hydrolase'

hY

. enzymes in aortic vascular muscle from animals w1th juvenile

.

onset diabetes‘and suggests that- the low enzyme activity may: .

o

~explain‘the depression of arteriole development The reduction 1n>

medIal SMC mass: stérved 1npd1abet1c rats in the present

.-l : . Lot ] . L
. ' . c e N

- iy '- _ o
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'.effeCtive in inducing sympathectomy by a host of other

. .significantly reduced (p _.05), the estimated meaial SMC mass °

ﬁSympathectomized ;ats._ N ‘u-'-.m

"
e
N
)

T . 01, -

study may,,as Wolinsky (1978) suggested be due to arteriolar

w

abnormalities characteristic ofadiabetes. - K
v . - ' . N .
. » Ny - .
FIT —hydroxydopamine chemical sympathectomy
. S - .

L

' The prolonied schedule of administrationabf 6-OHDA :

\’ . .
employed in this dy, produced a complete ablation of
visible catecholaminergic fluorescence in sections from -

jejunal arteriesa 6~OHDA has been reported to be similarly-

"-.\4

T

investigators (for a review seer Kostrzewa and Jacobowitzn

. c l' - k’
1974) The "‘0 arterialQ pressure in this group was also

significantly reduced (Table 3 Figure 8 and lle), a finding

earlier reported by Sinaiko et al (1980) ' This Egduction L o~

h’, . b

in blood pressure poses another confounding factor to proving
the hypotheSlS that ‘a reduced or absent 1nnervat10n is

operative ‘in any observed reduction in the media of chemically n
" '-,J).. - . '

S

* In 6- OHDA treated anim&s while medial thickness‘das

- i ¢

_was not significantly different from control animals.' Such

’”a total ablation- of the sympathetic innervation of ;he jejunal

arteries studied should be expected to produce a mon@ 0 .

pronounced effect on: the smoé%h muscle cell content of

the media if a trophic effect of tpe sympatheticjnervous tL
system was operating in this model Indeed the trend towards_
the reduction of the medial SMC mass (10. 73 'mm to 10.03 mm) -

could-probaply be accounted for ‘on' the basis of a reduced

blood presaure alone. S — e

« .
e Y L e o
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ﬂFSMC massawould have continued to a~1evel of statistical

v ‘102.

The 1iterature concerning the trophic role of .the

sympathetic nervous system on vaSCular smooth muscle clearly

points to structural changes in the arterial wall of
denervated arteries in normal’ (Bevan and Tsuru,,l98l\‘Rowan
et al, 1981) as well as the SHR‘(Hart et ‘al, 1980) over

imilar time periods as those emplo?ed in this study. The

’.results of this study, however, show that for the 6-OHDA treated.A

"~ 8D rats,.no’ pronounced regressxon of-nedial ‘SMC maSs due to’

3

:;sympathectomy could be extrapolated from the' data. It is

'possible however that had animals remained sympathectomized-

g 1 \"

}:for a longer period the trend towards a reduction in medial

l :.Z
Vo
DR
R - ." . ". .o ! ° . : L
g Lo K ‘\A S A STy
St : 3t Ve o .. a.

significance.'

.IV. Goldblatt renal hypertension

It will be noted from a summary of the results y"'

1

(Figures 8 and llb) that while numbers of fluorescent profiles .

/1Table 4) visible around Jejunal arteries frOm renal artery

\

' constricted animals remained at control levels, the mean .
‘blood pressure of this group was significantly elevated (p-< 05)
ras wag the volume of the medial SMC mass 4p< 05) - Clearly -

the Goldblatt meghod employed for induction of*hypertensiom'-.~

e

o

in these animals was effective in elevating the pressure of

S,

the operated animals with only 2 of the operated animals

: “failing to reach the critical 1eve1 of a systolic pressure‘

. ey ™ - A,
1 ® g

‘l"ﬂ L e oA
greater than 150 mmHg.. ST V“‘ LT

.,- - - "'5

3‘Goldblatt renal hypertensioﬁ does not appear to
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" the sing cong;ibuhang factor to the. increase in arterial

~in number of .layers of SMCs in the media of Goldblatt

. V. SHR Capsaf%in treated and SL

- o " 103. _ S ‘ ~

exert any increase or-reduction in sympathetic 9erve activity’
as measured by profile counts. For the purposes therefore-

of studies of the role g; the sympathetic system in v
hypertension this- method provides a reliable experimentally i
hypertensive animal with an unaltered sympathetic nervous
system (at least from "a structural point of VleW) ‘The

maintenance of control levels of catecholaminergic ‘innervation »
/

with a 51gnificantly higher medial SMC .cell mass in this

group (Figure 11b) clearly is. indicative of a pressure—dependent

increase in medial SMC mass operating in this particular model.- . - \

. As previously discussed (see Introduction) Owens et

al (1981) reported that in the SHR, medial SMC hypertrophy was | n -?f

,wall'mass. Bevan et al (1976) reperted a hyperplasia of - !
arterial SMCs in experimentally imduced hypertension in
rabbits. Table'7 indicates for the present study, no increase

. .
experimentally‘induced hypertensive sD rats suggesting that L~
experimental hypertension in the animals lised .in this study

~-induced a hypertrophy and riot a hyperplasia of medial SMCs. *

o s
i .

f‘Table 3, shows the mean arterial pressures of the SHR

(Caps) and the SHR untreated to be significantly different\_

(p<.05) at 101.1 + 5.2 and 136 - 7324 g respectively. T~

¢
e AL kra oD - S =

>
*
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for a genetically hypertensive rat with a reduced blood ‘ ' ) v

The blood prelss re of capsaicin treated SHR -thus remainexb,

at normotensive levels. The number of fluorescent profiles

however was significantly increased (p £.05) in capsaicin °
treated as well as untreated SHR (Taﬁle 4, Figure 8  and |

Figure llc and 1llf) as was the meaial.thickness and medial

SMC mass (5:5{05) when compared with SKY (Caps) and WKY

‘untreated controls. This hyperinnervation has been previously

?

reported in the SHR (Scott and Pang, 1983 and Ichijima, 1969), o

. : - .
however, prior to this study no‘é&ﬁﬁ:data were available

pressure as in the case of the capsaicin\tre ted SHB.

‘ In a.consideration of the tropnic effect of a '
hyperinnervation of the sympathetic neryous,system in pro- - -
duciné a medial hypertrophy such.as that seen in'the SHR it -
has‘been difficult to/try and~separate the effects of ‘ -
elevated blood pressure (pressure-dependent hypertrophy)
with those of the observed hyperinneLVation (pressure independent
hypertrophy) in the obsexved medial~hypertrophy (Qox, 1982, ‘

Muiyany et al, 1981} Greenberg'et al, 1978 and 1981). To -~ | | .

'what factor . then does one attributée the hypertrophy observed ’ ol

in‘ the SHR? Clearly in the capsaicin tredted SHR where blood -

pressure was IOWered'Eb normotensive levels, a. pressure-dependent i‘

hypertrophy may bl ruled out.’ Thus the significant o '. i

hyperinnervation (p £.05) of the capsaicin treated animals . |

(81 26) as compared with WKY capsaicin treated (62 l) or WKY

untreated controls (55.9) would appear to be a contributing
. ' \

Ve v
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_ factor to the observed hypertrophy;_d'bréSsure independent

T N € VTP

{Bértrophy.

. There appears therefore to be a trophic ‘influence
of the sympathetic nervous system operating in the genetically
hypertensive SHR'strain'which-has been‘demohstrated‘to be ;

separatelfrom the effects of elevated blood - pressure. : i

:

VI. Control series R

v

The‘numbers of fluorescent profiles between capsalcin

p treated and untreated WKY did not. differ. Thus the effect : :, v
| . of administration of capsaicin did not appe;r ‘to affect ﬁ.d :. . :
development of the sympathetic nervous system ‘;’ U o : é
vVolume of-medial”SMCinass was also siﬁifar-in these | :
two control groups of:animals.‘ B e . :f . A
- Capsaicin treatgentqlowered blood pressure in WKY _ ' .

animals as "well as in SHR with capsaicin\treated WKY ‘ ~
having significantly lowen (p < 05) blood pressures as c0m— . i
pared with untreated WKY. :" L - . |

' . The blood(pressure lowering effect of capsaicin is
therefore not unique to the hypertensive stéte in the SHR

but extends to normotensiVe animals//

-
. )
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VII.' General Discussion :f _ : @
' , \ b < , :
' sGraphs plotting Tedial SMC mass agdinst mean blood
pressure, and against number of'fluorescent profiles are
1 '

presented as igures 9 and 10 respectively.

—It will be noted that in Fig. 9 the experinental

groups marked with an asterisk show a, signifi%?ntly dif-

~

ferent relationship between mean arterial pressure and
medial ‘SMC mass than do their controls. Similarly for!

Fig. 10 those'groups.marked with an/gsterisk show a sig-

-:.nificantly ﬁiff'erent relationship'betweeri humber ‘of s

fluorescent profiles around jejunal arteries and medial SMC

’
o

K ' : _ P

mass.

The data show that in the Goldblatt renal hyoertensrve

group, while there existed significl.sly higher blood
pressures (p4.05) and medial SMC mass, relationship between
these two variable5°was irrespective of nunmer of fluorescent
profiles.

-In é%e SHR 'uritreated group; Fig 9 illustrates the

,significant relationship (p<. 05) between mean blood pressure

and medial SMC mass (pe. 05), however, Fig. 10 shows. a

similar significant relationship (p< 05] between numbers of .
fluorescent profiles and medial SMdgpass. The blood pressure
lowering effect of capsaicin serves. to. separate the effects

of pressure as opposdﬁ to sympathetic innervation on the

. development of a hypertrophied~media (Fig. 11f). Only the

s

‘.". .

2

b
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* SHR suggests a more singular role of the sympathetic nervous

I
- 1in diabetes is a. primary concern of the present research

SMC»mass.' Furthermore the fact ﬁhaé'no relationship was

_the media of 6-OHDA treated SD rats lends support to. the

W

107, ' | ' C

1

increase in numbers of fluorescent profiles was found to. be
significantly related to the mass of cells of the media in . /

these animals (p 5.05).--Therefore, separating the ‘effect ) /

. of blood pressure qn the medial hypertrophy observed in the

system operating in this genetic strain.
The question of whether the sympathetic nervous

system is active in non—genetically hypertenSive states d

Fig. 9 1llustrates a 51gn1ficant difference @; 09 fran control
between mean arterial pressure and medial SMC cell mass for -

animals experimentally rendered hypertensive by-the Goldblattf'

method No such relationship, however,‘was seen to exist EEEEE.

between numbers of fluorescent prdfiles and medial SMC‘mass 1

when compared with their SD controls. Similarly, ablation

,__iof.the sympathetic nervous system by .6-OHDA sympathectomy

shdwed no significant reduction in the volume of. cells

~within the media nor in the numbers'Of smooth muscle

cell layers for'that of controls. Thus in the non-genetically

experimentally induced hypertensive SD animals there is

,apparently only a pressure dependent effect on the medial‘

shown to exist between the absence of a sympathetic

innervation of_jejunal,arteries and.the volume of §MCs_in

. <

/
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; ; '
) conjecture that the trophic effect of the sympathetic
neryous system seen in the-SHR strain does not extend to
other strains of_rats. It 1s possible, however, that a .
longer per'iod of sympathectomy may have-increased,the trend .
toward reduction in these parameters. A study by'Todd |
- (1969) suggesting that the innervation of femoral, superficial
repigastric and tail arteries of Wistar rats reached a plateau
at 30 da&g’of age, however, casts- doubt on this possibility.
Scott and Pang (1983) hOWEVer, later reported that: at least

in the SHR and WKY the sympathetic innervation of Jejunal -

arteries increased to ‘at least 12 Weeks " This, therefore,

' .may be an important difference in the trophic effect of the

sympathetic nervous system which may be .operating in the

SHR/WKY strains but not in the SD strain of rat‘ observed in

f
this study.e More complete comparisons between various

genetic strains of experimental animads would appe _to be

~an important research area for further investigations. _ -asn-N

A’ second concexn of the present research was the

v’

"question-of whether the trophic influence~of éhe sympathetic

nervous system extended to the disease~state of diabetes.'

While the signifiqant increase in the innervation cannot be ' .

' accounted for it,certainly does not exert a growth promoting

effect on the cells of the media in diapetic animals. Indeed
/ X . : N .
a negative relationship exists. It_yould'seem thereﬁbre that

this trophic influence neither extends to the models of the )

N
\
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'normal nor ,to the disease state studie$ in . the present

l
”»

|

Finally, it must be conceded that although the number

e investigatiOn.

of fldorescent profiles offersﬁfmggfur%ble index of
) f
o, norakrenergic activity at the neuromusc&Dar Junction in the

Jejunal arteries examined in this study, it is possible that

- - another' index of noradrenergic actiVity ay ‘be the more:

'appropriate measure. For example, perhai " the total amount

of noradtenaline released per stimpius r tonic activity of

the sympathetic nervous system would be \ore appropriate EENERS

5
1

f
>

N A -

however, been generally accepted as a val 4d. measure of sym—

'measureable variables.' Number of fluores ent profiles have, %

1pathetic activity (Todd l969 Scott and %ang,_1983) S \:f~

e et S i e e e e

IUNUI—



Bt oy N

T

It

11o0.

' CONCLUSIONS. “+

J . . . . ' .

The general objectives of the present study were: .
. R . 4 " , N , . '
l)';To examine the trophic relationship between the’

catecholaminergic innervation and the structure of the media_

of small diameter arteries during normal development and in

both the genetically and\experimentally induced diseaSe
state. ] .

[ ' . * o ‘,/ _— ‘ .
2)  To detormine-the 1imits of this trophic influente on.

rterial wall structure.

‘ane'generei'conoinsionstto be drawn from the
finnestigation.ere: LT e SR A
_1)"An increase in tne mediel-emooth muscle cell mass B
observea'in the'SHR st#ain o rat enpeers’to be_tne tesuit
of a 'sympathetic hypefinnervzzion\end not due to the
influence of an elevated arterial pressure.

‘\> e
1

2) This trophic effect of the catecholaminergic innervation

did. not extend to the normal state nor to experimentally

induced disease states. -

» . ' - . o "l.
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