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develugment of mnervntlon of the mesentenc vnscuh.fﬁed Was examin
A pmposed that tlus lnteractwn may be. esqentlnl% the: hevelopmenl of euh"

innervating system and in"turn affect the development of tle vucu]amre.

Immunahzstochelmstry was. used to allow dllferenmhon of different fil bra typ!

Electron lucrescopy was used to-determine relahonshlps between . axons

*-Although it is still premature to draw a fir nal concllmon, the resnlt.s ol the pruept
studies sllggest that peptid, and nqrads i follow different
pawerns of developmen'. and that they interact dlmng development It anpenrs as

i pephderg)c inneryation hlmtsv the prolllernhon of catecholammemc ﬁ -, g
whereas cutecholammergxc ﬁbree 4re nécessary- for the full development of ©
¢

peptid;  fibres.” The ] ," i ﬁbres are normally puﬂd in, large. bnndles
whereas the cnteeholumnergxc fibra are found il small bundles. A mixifig

thaq catecholammerglc and pephderglc flbres .€an. ‘oceur.. Colocn]xntmn of

in the same ﬁbra alko lppem to be
possible.
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* vascular mnervanon that modify and extend some of tlla classical concepts’ of

" amino acnds, ‘which "are, " d to act as” ! an i

the tngemlnl.lj gmglm, the coeliac pnglm, and the. dorsal root gtngln.

- ' INTRODUCTION 3
e I Ve i
Over the put few years thm have been uvan‘ reporte coucarnln;

organization of the autonomic nervous qstem ptoposed by Langley mJOﬂ e
(Langley, 1921). We can ‘no longer think mainly in terms of lnhgommc
sympathetic adrenergic and pnruympa'.hehc ‘cholmerglc nervous wnh'ol of tissues

but we must ize the i of &m nultiplicity of n nsmi Ind
hani: includi; : mission, Bi och i llll:l

5
biological techniques have deﬁned a8, luge numbgr of bmuhve uubstnncu in the

other control

central ‘and peripheral nervous‘ systems’ In addition’ to el&her descnbed onv

Yot d-

wexght 5 such as acetylcholing, hol ni ; and cert_un

“number of pephdas ranging in size from's few up to’ forty’or so gmino feids h)v: 3w
been. identified. in neurons (H&I:{ek‘ et al, 1qa7) l’hylwlopc:l and bmhumu.l
demonstrmou of peptldu in well deﬁned neuronal lylu\ns“’m uu-, nervon- i
aysum, mdmu that in som systems thae pepudu my have a transmitter role, /‘

=

8.1. Vascular lnnarv,thn' 5 o

| Thereisa wid«dx{wn m the psuern ‘and deul'.y of innervation of 2 .
different blood‘)euels, depending to a ]n:ge eﬂent on their pfyswlog!ul role in
relation to the particular organ system they supply (Burmlwck 1975). However, .
some generalizations can be msde. Tha nerve bundles” lupplyln; the vucuht\‘u'a y

travel in the outer adventitia n.ud gwe off smaller bundles to a deeper plexus at - :
the adventitial/medial ‘border. The nerve Tibre bundles are com\)lex in that.a.”
variable number of ﬁbrea may bé preseJ:t ud these may melude fibres contmmn;

more than* one or )¢ 'l‘hu cells.of origin ‘of .
tHese fibres may be located in various pnglu mcludins the uym]ulhetlc glﬂgh




* " As the ﬁbra form & plexus at the ndventxlul/medla.l border, they !orm .

stnlctlms specml)zed for the release of - ne\lrotnnsnutter snbstnncu The
Heuroruscular distance can be quite cnnsxderuble In the rabbit pulmonary

artery,.an elastic artery, the closest ne\lromuscular distance is 0.4 micrometers. In

-the rabbit. ear artéry the mean’ closest distance is 0.5 icrometers.
>Ne||rom\gcuh.r sepnrltion jn the rat small mesen‘teric arteries averages about 0.5 *
" micrometers and. in nrtenolw the range ls 0.1 - 0.4 micrometers. In the rabbit
., plllmonnry vein the separahon is of the arder 0£-0.15 mu;rometers (Bevan and Su,

1973). Although the cleft width becomes narrower.the smaller the vessel, only

“rarely have fons less than 0.1 ! hing those in the vas

deferens or at the skeletal-neuromuscular junction be beeugpértedﬂm Su,

Ve libres-pass into the media, as in the rabbit ~
3 ery (Bevan and Purdy; 1973). There is some evidence to suggest

that the degree of: penetrntmn is largely related to.the wall thickness.. Thus in

large animals such as dog, pig, sheep, cow, seal, and man, nerves commonly
.penetrate the media of lnrge elastic and. muscular arteries, whereﬁs even the .
PR largesi vmels in'mouge, rat, giinea pig, and even rabbll sare nrelyhpenetrated it
" must also be realized that - many ¢ of the nerves found mslde the medla of very large
K‘Vesselzz accompany the vasa vasorum (Norberg, 1967)

R . (a) Innervation By The Catecholumiperg’i\c (Sympathetic) System

' 5

. Most la}ge elastic_arteries are spmelyvinnervated by the sympathetic
_merve fibres. . However there is @nslderable specles variation in the densxty of
innervation. For example, few if ‘any adrenergic. nerves can be seen in the rat

- aorh, in the m dog, eslf pig, and Riesus monkey there is moderate innervation;

while the guinea pig Mrtn has a relatively dense nerve supply (Burnstock, 1975).

3 i As the arteries become sma]let, the density of innervation increases, with a peak

in small arteries and large arterioles. - In general, muscular arteries are more

* heavily innervated than elastic arteries. Intimal enshlons, at branclung sltes of




arteries are llso denuly sted Most ,‘A i ' are not S5
innervated but some preespllluy splnnewn are richly mpphnd by nerve fibres, i
The coronary sphincters. are densely supplied. . It ‘is usually sssumed that
capillaries are not innervatéd and most eollechng venules snd small veins have an
'axlremely sparse qmpnhetic nerve snpply" Most, large veins' are not’ well
supplied by the adrenergic nervous system but some medium sized muscular veins

have a rich innervation.

- —1t is generally assumed that the most important motor components in

ic control of the are the thetic nerves whicl\ ‘have their

ongm in the pre- or psrvvertebnl ganglia of ‘the sympathetic nervous system or

in central catecholammerglc neurons (Edvmsson etal, 1973)

A T

§ g The ,ca‘techola_minergic innervatipn» of the mesgnterie»vnsculnr bed will be
examined in_this thesis. Tymsine hydroxylase (TH) was used imr this st\ldy, asa
marker for * catecholamines.  TH is an enzyme involved in the !ynthequ of gy

such as adrenaliné and g N ..

. \
(b) Peptidergic Innervation’

% In this thesis, the innervation of the mmnune vascular bed o‘ the m
by peptidergic nerve fibres will also be jned. -The ! 0
peptidergic innervation will now be- reviewed. The pepndu mnc:rned are
H . uluwnm gene-related Jepnde (CGRP), vasoactive mtestnml polypepnde (V[P) i
neumpephde Y (NPY), and anbsunce P (SP).

“




~$:2:Cal i Gene-" lated Pzptltle (ccmp)

/ CGRP is a thirty-seven amino acid pepude encoded in the calcitonin

gene. lt was disg d by
1083). The ealcitonin gene was found to ‘encode two dlﬂ'rentm with
identical 5' but distinct 3' The mRNAs encode either the
14,500 MW calcitonin precusor protein, which is proteolyzed to yield calcitonin
and two other peptides or the 16,060 Mw p;otein which is the- predicted t
tnnsl.ltic’m’pmdnct of CGRP mRNA. The mRNA for CGRP predomipnté in the .
brain whilst calcitonin mRNA predominates in the thyroid C cells. o

of

genetics( et al,

3.2.1. Distribution Of CGRP
(2) Distribution In The Vascular Syst\em

1

. ) In the guinea pig and the rat, CGRP containing nerve fibres are présent . L]
in all regions of the heart (Muldérry et al, 1085). - In the guinea pig CGRP fibres
pr'e\qwxe numerous in'the epicardium, than in the myocardium. The auricles'and
the afria contain 8 moderate number of CGRP fibres, whereas the ventricles have
only few ﬁbra., CGRP fibres are scarce around the coronary blood vessels,
‘nhueg the cartoid arteries and the thoracic sorta receive numerous CGRP nerve
fibres. * This supply diminishes as the aorta descends into the'abdomen.. The
arteries to the limbs; the brachial and the femoral, contain a few CGRP fibres
{(Uddman et al, 1086). = = .l

In the ~human heart, rehnvely few f ibres Appeu to display ‘CGRP

lmmllnorelchvnty (Wluﬂon and Gulbenkian, 1987L *

. éGRP-lmmunoructive nerve fil bru can be found in all reglcns of

cerebral circulation of the rat, rnhblt, and gmnea pig (sml and Gota, 1986). ‘In
cerebral arteries of guinea pigs, CGR.F fibres are den:ely—:lutnbuted ir the circle
of Willis, middle cerebral and blslln arteries. In rabbits, a moderate number of

CGRP nerve_fibres ﬁere_ found in the circle of Willis and middle celfebrl.l.‘_




of fibres can be found in the cirele of Wllhs, basllar and mid
ot (Saito nnd Goto, 1985) T 5w
To_the gaitrointestinal tract of the gﬁinea pig muscular arteries suck
. the superior and inferior “mesenteric arteries are demely innervated by CGRP .
nerve fibres.  Also, small arteries and artenola i !he gut, wall are ‘richly-
innervated. In the guinea pig's gemto-unna.ry h-ncb a moderate supply of CGRP
fibres are seen around the uterine, ovsmn, and teshc\llnr arteries. Large. and
medium sized artene}/m the uterine cbmx, the urinary blldder, and small blood )
Vessels pufining close to the vas deferens and seminal Vesicle have a madernte
supplﬁ CGRP. Few CGRP fibres innervite the’ parenchyma of the hver, .
4 ) . kidney, and pancreas of the guinea pig.’ A very scarce supply of CGRP ‘fibres

nccompames smali blood vessels of the gumea pig in skelehl muscle (Uddman e{ :
al, 1986). g i3 N

° ° - I . S By s R
(b) Other Distributions In The Peripheral Nervous:System N
e i * \ K . = J

;

" CGRP is present -throughout ‘che digestive system of the rat, guinea pig i -
(Ghatei et al, 1084), monkey.- and cat (Goodman and Iversen, 1986). CGRP has I
also.been found in the rat epidermis where leveh.uré‘ highest in the noge ‘and
lowest i.n the skin of @he rat's back (Goodman and Ivers‘en, 19_86).

- CGRP fibres can be found to be nssociktéd 'witﬁ'humw air'wny smooth
muscle and the smooth and conmective tissue below the epithelium nqd;in the

. adventitia of the ﬁmnys The density of immunoreactive CGkP nerves is less in

. the smaller airways, such as terminal bronchmlw than in' the larger urways

(Palmer et al, 1987)




- and Fredleu 1986)
N i

(c) Distribution In The Central Nervous System

‘In the central nervous xystem% & number of studies have been carried.out

on.rat (Okirura et al, 1987; Vénesio, Mulatero, and Fasolo, 1087;. Mason ef al,
’1984 Wimal -Emsoni-aid Maclntyre, 1987), human {Inagaki et al 1986;
ﬂI‘selmpp et al 1985), and several other species (Glbson etal, 1984) .

- CGRP i n y ivi ‘can be fo\md h h the entue spmn] cord
ol‘ ‘man, m&rmoseb horse; pxg, cat i\nnea pig, mouse, faf, and frog- (Glbaon et al,
‘lo84).
'Wimnln'wans‘g and his co-workers l'epcnerl a low dellsity of CGRP in the
igeminal nucleus of the rat, as well s in #he trigeminal, and dorsal Foot ganglia
'(Wimn/lx.wans,n. Emson, " and  Maclntyre, "1987). - . Rosenfeld Smed "that
. approximately- on;iarecenﬁ of all trigeminal ganglia neusons: are CGRP-produci‘ng ’
- and contain approximately 4,000 to 50,000 copies of CGRP-mRNA per cell: They‘
found no calcitonin-mRNA in any brain region of the rat (Rosenfeld et al,‘1983).

The ;xtensive_ distribution. of CGRP-like immunoreactive nerve ‘cell
) bodies and fibres in rat brain was first described’in\detnil by Kavysi (Kawai et al,
. 1985). CGRP-positive cell bodies were found in almost all areas of the rat's brain,
including in the Purkmje cells of the cerebellum, and in sensory and motor. nuclei

of cranial nerves.




.-vessels in the rnbb:t cat, and man have shown thiat these vessels do Dot appear to

- or not the eddothelium is present‘(Hanko et al, 1985) However, relaxation of the :

. (PnlmeP etal, 1087) ' - ; 3 : :

.}8.2.2. Actlons ‘nVumln.r moo Mnule

_penphernl vusels of rabbit, cat, and pial vesshls of man tHanko et | al 1085) As .

display an’ endothe]nm depsndency CGRP can cause a strong. dllamtlon whether

‘1t gorta, i 'in vitro, seems to de])end on tlxe pmence of endothehal cells (Brmn el
~al, 1985). ; / '

*in cycllc ndenosme monophosphnte The increase of the second messenger system .

In vnro, CGRP has been ducovgred tobes strong relaxnnt of. ucnh.r. .
smooth m\lscle (Uddmnn et al, 1986) It has.been_shown to &ﬂate both plsl ‘and

well, it can- cause vasodilatation of vessels such as the ‘basilar, gnseroeplplme, y
femoral, coronary, nn_d cerebml nten;mo( ghe gnl?aup‘g (Uddmdn et al, 1986).

There is some controversy, as o whether or not th s ilatation . * .
depends on the presence of enduthellal c%lls and on their capablhty /:leue an -
endothelial dervived factor (EDRF) involved in the relaxation (Brain et al, 1985). '
It appears as xl‘ this dependency is speclu and Tegion specific. Studles on brain.

“ ) fisy W B o n P A
! It also has been suggested that the vasodilatation seen may be'a result-of
the activation of adenylate cyclase (Uddman et al, 1986) and subsequent merease i o

causes a'relnxnhon of the vascular smooth mlucle

32.3. Autiont 0n N‘-Vnsculnr Smoath Mluele :

QGRP is a potent constﬂctox‘ol' hurnan’ anway pns.su es and may have
an imporﬂ;nt functional effect on airway control. " Tt ‘hns buj implicated in the )
L is of bronchial hyp iveness and asthma.’ It'

ippears as if this is
a direct effect and dod tiot involve the release of other ph mncologmn.l agents . -, -

Both rat nnd human CGRP have been reported bontraci the gnine
pig-ileum Xongmdmnl muscle, an effect which seems to be/due to the relense of

).

e and ¢ ty holi (Tippins et al,. 1

5




qf‘l..A.

‘neuréns - '
ho, Lembech, and Holzer, 1987) w5

CGRP has also been” reported to rehx smooth m\nscle ot the rat” '
\ dnodennm _(Muggl et al, 1986). A very low threshold concentmhan of CGRP is
\reqmred for tlm relaxant effect (Bartho, Lembech, and H@er, 1987)

Vi

> \ Systemlc administration of CGRP to the fat rwllts in a dose dependent

. decreme in blood pressure and an increase in hc{mt rate, Furthermore; CGRP

selechvnty clmnges regio al organ blood flows. .The most prormnent of which is to.

,mcrease ronary . blood flow. his increase could be die to & direct

. vasodl!atmon and/or’ due to an increase in myocardml metabolic demand
(Asxmakns etal, 1987) . . ’

An mtncerebroventncular m,vecnon of CGRP wnll 3se an increase in,

mean blood pmsllre and 2’ rise in plasmn norepnnep ine. evels in the rat i
: (McEwan etal, 1o80). £ :

.2.4. om Aeuon.' 5 WL -

40f.her blologlcal effects ol’ CGRP include its ability to mhlbn gaslnc acid
secretion in rats and dop (Lenz &t al, 1985). It nlso_hns tz:a»lhty to decreasé
circulating levels of gastrin, gastric inhibitory pephde, and enteroglucagon. It can

inhibit ‘Pepsin secretion (Kraenzlin ef ol, 1085) and stimulate ninylgse Telease l'ro.m
" dispersed ‘rat -acini (Seifert et al, 1985), In vivo, - however, CGRP inhibits

* pancreatic exocrineiecretibn in both dogs and man. . CGRP also inhibits insulin

release in mice (Pettersson et al, 1986) but fails to do so in man (Kraenzlin et al,
1085).° . . - ‘&,
-y

CG]‘?P;hu also been‘cgﬂled an 'anterograde’. factor important. in ‘the

" "biogenesis- and maturation of the endplate postsynaptic membrane. It has been .
proposed to be Tesp """ for the accumulation ‘of acetylcholi recep‘wr‘ mRNA

- in synaptic regions (Fontaine et ql, 1086). T 5§




__CGRP can enhmca the eﬂocu of other l\lbium:u It can.

* effest of substance P (to be discussed later); neurokinin A, and Bl
g rat skin. By mdncmg vtodiht;uon, CGRP can mcrma vascular luh;u by -
e re}gmng the mediators of inflammation (Gamse and Saria, 1985).

-, Another example of potentisfion is whén CGRP is sdministered with
: -substance P.-Substance P, when injected alone causes caudally directed biting and
scratching in mice or rats, when admisistered in the spinal cord. ‘This behavior is
dose dependent and lasts for a few lniim_m. CGRP in doses ',ip to twenfy :
micrograms does not cause such an effect in rats when administered slone But
when injected with substance P it causes an mcnue in the duration of bltu:g and

hing. . It ‘has been s d that this potentiati may be. clused by, the
n (Le

- g interaction“of CGRP thh a0.enzyme mvolved in substance P degr
¥ Greves et al, 1085). Y 1 . '

. Other actions of CGRP include its lblhty to Ilﬂllbl! bone morphen ¥
(Tippins et nl 1084), cause rehxauomol the lplesn, and to stimulate adenylate

"

cyclase activity and lasmi activator

in. renal m and-
i some renal cells (Tippins et al, 1984). .

8.3.*Vuo§:‘tlu Intestinal Polypcpﬂd‘e (VIP) — = e

- g VIP is a twenty-cight amino acid isolated orginally from the small

inteskine-of hogs in 1970, by Said and Mutt (Said and Mutt, 1970). The peptide-

E was prepared from a methanol extract of the intestine used for‘;he pllep{u'.io'n of
secretin. Glyciné_ and proline_ residues were found to be absent from' the

&, A “polypeptide, ~This distinguishes this:isolated peptide from other vasoactive

: ' . peptides, Qhe kinins, and ‘substance P. Like secretin and glu‘engon, VvIP has s n-
2 . terminal histidine re:idue,‘but the lack of glycipe nd the presence of isoleucine
clearly set it apart from these two hormones (Said and Mutt, ‘1010).

I'Wlien‘V!_PM wn" first discovered it was ﬂlgllh‘ to be hmlled to the




3.3.L.. Dlatrlbutlon Oof VIP
(2) Dls_tnbuhon In The Vascular éystem

. e e

. In the peripheral vascular bed, VIP immun‘orencﬁvé nerve fibres are
located in the adventitia, close to the media, and in the wall of large bléod" vessels
including the aorta and its main branches. Small vewels such as vasa vasornm,
found in the connective tissue snrroundmg main mems ‘have & numerous supply
"of VIP fibres. Blood vessels of a larger size have a l{ss dense innervation than
sma][er vesels Vessels in-the lxver, spleen, and kidney are- devoid- of VIP-Tibres.

«The same is true for. the comnnry arteries. VIP fibres are rare around veins.

Yz
w
At ﬁrst VIP was thaught to be[sbsenl from hean tissue but it has since.
"been found there (Said, 1984) 1t has been locslized in nerves in the atria, in the

smo-ah‘m node and jmduchng tissues, and in the wslls of coronary vessels.

s
(b) Distribution In The Peripheral Nervo\\s System
4 B .
. 'VIP immunoreactive neurons in the peripheral nervous system were first

described - by Bryant and co-workers (Br);ant et al, 1976), and Larsson and

* workers (Lgrsson et al, 1976). Both-groups-described VIP. immunoreactive nerve

“in the i inal tract. VIP i iv fibres ‘are present in

all layers of the gas'.rom!eshnal tract m the rat and glunea pig (Hokfelt et al;

1982). Of parllclllnr slgmﬁcance are l,he dense networks ol 'VIP imminoreactive

fibres in the farmina propria. These fibres extend into the most superficial parts of

this’ layer, for éxample, into the tips of the villi. In addition, high or moderate

— ‘numbers of VIP lmmunoreachve fibres are found in the myenteric plexlxs, the
’

. submucous p]exus, the’ cn-cular muscle layer, the lamina muscularis mucosae.




. Brunners gln.nds ‘The VIP mu\:fnore%hve fibres ‘are s])u'se in the lonmtudmal . g

muscle luyers, except. for the s
Al msa) . \ y Y

- >~ : i
VIP iinmunoreactive’ atrrlcf.nm are present in_ fumerous penpheul

tomach; where larger numbers are found (Hokfelt et
) :

gangha In the guinea plg very dn?se networks of VIP immunoreactive fibres are..

observed in the prevertebral gsngl\a, icularl; the 1i
ganglion complex and the inferior mesentenc ganglion (Hokfelt etal, 1977)

In_the rat, VIP i munoreactive fi bra are found in the same gnnglm, as
B

found in guinea pigs, with approxi ‘ ly the- same i patterns, nlthough

their numbers arelower.. 7 | os B e

fe o % B G | Ty
Numerolls VIP i immunorea tive ﬁbres are present in all exocrine glands

mcludmg salivary glands, sweat . glands, pancreas, glands in’ the trachea dnd
~gastrommhna1 wall; lacrimal glnnds,\:hrdeunn glands, and others (Hok!‘elz et.al,

1082). In the pancreu. VIP immunore: 2we fibres are seen in lhe exocnne ‘part. P

along blood vessels and around acini

\wnh very high concentmnons, around the.

main pancreatic duct, as well as local ganglia, wlnch also conhm vIP

‘in
1m.munorentlve cell bodies (Lsrsson e& al, 1070) » @
"\,
tragts of ammals in- association wnh\‘ blood  vessels anddmooth muscle tissue.
=

VIP immunoreactive ﬁbres are found in the female and mnle urogenm\l

Jever, in the uterus and the urmny\ blndd{r. nerves somehme seem to

penetrate-the eplthelmm The tngvne area of the bludder is parueulnﬂ.

VIP iramunoreactive fibres. In the renul cortex, VIP immuncreactive ﬁbm fol!ow .

smooth muscle cells. | H

. & ‘ 1

‘ blood ve;sels whereas in ‘the pelv:s of the kldney the nerves are seen cl\;
\ .

= In the human male, urogenital tract, VIP i ive nerves_are




lound clou ‘ the epltl\elmm in the prosme u\d semma.l vesicles . md in the

: B l‘exmle closet6 the epithelium’ md around cervxcal glands of the utefus and in the *
z. hmma propria of the vsgmn (Hokfelt et al, 1982) 5, .
& — -

VIP. lmmunorescme fibres_and ‘cell bodies are present in the smooth
muscle and submucosal layers and in_small gangl’; of the gallbjadder wall
(Sundler et al, 1977) _A fairly dense plexus of VIP fibres are present in the
cafotid body (Lundberg et al, 1979). VIP xmmunoreactlv fibres are present in
‘the thyroid gland (Adren et al, 1980) and in skeletal-must les\ .slly following

Y, blood vessels (L\mdberg et al, 1979).
&

In the lung, VlPﬂmmunoreactive nerves have been localized in the
tracheobronchial tree. especially in the smooth muscle layer, aronnd submucosal
glands, and in tl:e walls of blood vessels (Said, 1984)..

. AN

b v - . 3
(c) Distributio_ﬁ In The-Central Nervous System . . .
g2 S ! .
.7+ The reglonnl dmnbuuon ol‘ VlP in the central nervous system is

2 -~
reljtively ‘constant from species to specles (Fahrenkrug and Schaﬁahtzky ﬁe
"', Mackadele, 1978). The ntrations are highest in rodents, *

In the rat and mouse, the highest concenirphons of VIP .are found i m the : e
cerebral cortex and in certain limbic structures, whereas the concentrat\ons in the .
_basal ganglis, thalmus, lower ‘brain stem, cerebellum, Qd spmal cord are low.

VIP coniunmg cell bodles are mamly found in' the cerebral cortex-and the lnnbxc "

system, with the ma;onty of them in neo- and :ltowrhcal areas. VIP fibres }mve
.a distribution that pm-allel.s that of the cell bodies. The cerebellum is devoid of
VIP fibres (Loren et nl 1979) . . . ¢

-




a 3 2. Actlons On Vuculu' Smooth Muueh

)

VlP mduces vnsodllatnuun in most vucular beds meludmg the *
peripheral systemlc Vessels, as well ‘as the sp_hnelmw, coronary, - cerebral, pial,
extracranjal, salivary gla{nd, ‘and pulmonary vessels (Said, 1082). The magnitude
of this vn’mdilatution varies in different. sites and cnusfu;" -decrease in diastolic

. and mean arterial blood pressure and an increxse in’cardiac output. . , .
s s 5

This relaxation of vascular smooth ristle i m independent-of ad:enerm )

¥ < scholi or histaminergic receptors, The vusm?ilshr effect-on

pial vesse)s-mgpears to be mediated by vasodllator prodncts of the eyclo-oxygennse
enzyme system, as it can; be abolished by indomethacin and other inhibitors of
this enzyme (Wel, Kontos, and Said,-1980). However, this d®%s not explmn the
vasudllator action of VIP i in the-femoral vascular bed of the dog nor its relaxation.-

of the lsolated gmnea pig trachea,- lsolated rnt aorta, or rat gastric llmdus (Wei,
Kontos, and Smd 1980)

Recently..a‘number “of studies have been pelforme‘d to investigate the

impo_nsx;ce of endothelium'in the vasculay, relaxation induced by VIP—Sata and
his co-workers investigated this, qngs_fion of dependence on eéndothelium in VIP- -

-~ . induced vasodilation of gn.inea pig, rat, and rabbit .pulmbnary artery 'and rat
5 to " thoragic aorts (Satn el al, 1986).  They found. that VIP relaxed. the p\xlmonsry

dothelinmeind dent b

f artEry of all specm by an but relaxed

thoracicaorta only in“the presence’ of intact endo?\elmm These lesenchers

found that VIP induced ion of guinea Rig’p 'y artery could be

abolished by methylene blue, which also prevents the relaxation by mtyleholme

or sodium mtroprussgd The inhibition of vnscnlnr jon by meth; lene blue

‘has been: linked to the Stimulation of cyelic GMP production as'a mechanism-of - ..
this relax-tion (Martin et aly; 1984, VlP has been shown to stimulate the
prodﬂtunn of cyclic AMP in many cells and tissues but its effects, on cychc GMP
levels have not been thoro\lghly investigated (Schoeffter and Shclet 1985)

o




¥

’ present in pulmonary mast.cells and 2s s bronl

3.3.3. Aetknu On Non~V-unln Snooth Musicle

s VP rehxu bolated ugments of__guinea pig 'trachea independently of
di or cholinergi ptors Said, Geumei, and Hara, 1082). VIP is also
it may serve to modulate

the influence of lnft gun' e and of mediators.
’ .

VIP has also been shown to. relax circular smooth muscle of the lower
h 1 sphincter of the gut, the gallbladder, the stomach , and the intestine.

It also relaxes isolated ggstric lmooth muscle cells (Makhlouf, 1082).

3.3.4. Other Actions / /

VIP i sa potent stimulant of lyétinnl fluid secretion ‘and a putative .

‘mediator of certun watery diarrhoea syndromes (Gngmellu, Hubel, and ODormo,
1982) The normal pattern of distribution® of VIP, in 8 network of mtmmunl
netves and panacrine cells, augguta that the pepude may serve as aﬁhysxolngnul

" mediator of chloride’ snd fluid '.nnsport in- the small nnd large bowel Calcium

and cyclic ‘AMP may | be mvolved in the action of VIP lo bring lboln. ‘inkbiibition of
coupled  sodium chloride ~ ab sorption” and jon of ongomg

. (Gaginella, Hujel, and 0'Dorisio, 1982).

Expuhne;w stndia'ﬁ'\(e also stabhshed that VIP has a Wié effect
on adipose cells which leads to the liberation of free fatty acids.. VIP also

and glucogenetic activities (Co and Korinek, 1982).

¢ i -
' . VIP has also bc(u‘found to'inctease plasma renin activity. - It appears as
. e : )
if VIP acts directly on the juxtaglomerular cells to stimilate renin secretion
(Porter and Ganong, 1082).

stimulates the release of glucose from the liver, probably through ‘g}ywienolydc &




3.4. Neuropeptide Y (NPY)

N NPY was isolated snd seguencéd from extr‘.a‘cmvol pig* Ifyain‘ using
chemical ‘assay for the C-terminal amide fragments (’i‘atemo'p,’ 1982). It is o

e tyrosine rich, -thirty-six amino acid pept{de which shares c_g'nsiqerable xequehye .
homology “with avian and bovine pancreatic polypeptide and polypeptide YY;:

This similarity probably éxplains cadl} repors of avian pancreatic polypeptide in-

adrenergic neurons (Lundberg et al, 1980). ~ :

From molecular genetic studies it was discovered .that the precursor. -

= molecule for NPY consists of a twenty-eight amino acid signal p;ptidé, 8 thiny-
’ eight amino acid NPY, and a thirty amino acid C-flanking peptide of NPY (Mmth
et al, 1984)
' 3.4.1, Distribution Of NPY ) -
§ R & ) . 4
. B - /(a) Distribution In The Vascular System. - . .
\N & . 2 ) s N v P

N : . NPY fibres “ate numerous in the heaﬂ. of the guines pig (Uddmm et al,.
.1085), rat (Ballesta et al; 1981), cat; and man (Lundberg et'al, 1983) The auricles

and atria’ of the ‘heart receive a dense’ supply of NPY: fibres while the ventricles

and venmcular sephm\ receive fewer (LnndB‘é\‘g ¢t al, 1083). Fibies can be ‘seen’’

’ in all Isyers of the heart with some predummam:e in’the endo- -nd ep\cardmm
Very few NPY fibres are seeq in the valvular leaﬂefs The coronary vessels

receive mlmemlls NPY fibres, . The mxjor arteries are xurrollnded by-a network of.

PY fibres in the adventitia or.at the junction between the Adven'.lm and “the
édm‘ A dense supply of NPY fibres are present m the thonclc wrta, ‘the

cqgmmon carotid artery and the external carotid a.rtenu The dengity of NPY.,

fibres decreases as the sorta descends into the abdominal cavity, The-major veins ..
are surrounded by NPY ﬁbres, s well (Uddman et al,.1085).

. the respiratory tract of the gumea Pig, fibres are mlmemua gn ‘the

nasal muscosa and_tracheal wall. The,libr- surround large and medium sized



i arteriés. “Veins and sinusoids'have s scarce supply. ‘The large pulronary - arteries |

- receive numerous NPY fibres. In'the peripheral par'.s of the lung, NPY hbres can
not be* l’o\md (Uddman et al, 1985).

In the gepito—urimry lru.‘t numerous NPY fibres can be found. In the

- guinea pig, large and medium sized arteries in t!xe \ite_rine dervix receive a dense
sug’plyv of NPY fibres. The ovarian artery, the testicular artery, and small blood
vessels rupning close to the vas deferens and seminal vesicles; all receive a. rich
supply of NPY fibres: (Uddinan et al, 1985). In the 'mbr-tQ most prominent
snpply of NPY fibres is found in the cervix, where they are mocm,ed with both

vascular and non lar smooth muscul (Stj ist et al, 1953)4

A rich distribution of NPY has been found in the detrusor muscle and
afound ‘arteries and arterioles of the bladder wall. A sparse distribution of NPY

fibres is seenin thd'submuscosa (Feher and*Burnstock, 1986).

Plexuses of NPY fibres have béen shown to surround the portal vein of -
ihe _guinea pig and the large hepatic arteries.” In the parenchyma of the liver,
NPY fibres are found around the small branches of the hepam artery and dround
the central afteries. Interloblllar veins do not have EY fibres. ' The splenic -

* artery has numerous NPY fibres whereas the splenic veins haye only afew.:
. ot : i g

|
- NPY fibres can be found around blood vessels in the kidney of the th{
. (Ballesn et al,.1987) and the guinea pig (Uddman et al, 1985) The nerve fibres. *

form a dense plexus at the ‘vascular pole.of the glomerulus in the area of the

juxtnglomemln.r apparatus. The renal artery has a moderate supply of NPY
fibres (Uddman et al, 1985)_.
Ip the cat (Edvmsson et al, 1983) and the rat, NPY has been shown to
form a dense plexus of “fibres around cerebral arteries.. NPY . fibres are
. particularly abundant around arteries formmg the circle of Willis (Edvmsson etal,
1084) E




In the mesenteric vascular ‘bed _the density. olm lmmnnoructlu':
fibres followsgthe pattern o{ enmhohmmerglc innervation (Scott llld Pang, 1083)
" NPY- -immunoreactive nerve fibres have been localized in mesenterie blood vesséls
in perivascular plexuses. around arteries and veins (Wharton and- Gulbenkian,
1087). . o o f

.(b) Other Distributions In The Peripheral Nervous System

NPY immunoreactivity is widespread in nerve fibres of the anterior and

posterior uvea (Terengln et al, 1983). There is a dense network of fibres
conmmng NPY in the iris and an irregular plexus in the dllltor pllplllu muscles.
NPY fibres can be fannd in the choroid and thue extend to the ciliary body -
(Terenghi et al, 1983).

NPY lmmunouullvny !hu also been found in nuu)nonnc nerve

) urrmna.ls and fibres of the human dermis. A granular u-nmunoreactmty has also

been observed in the basal cells of the outer root |henth of . hair folhele-
(Johansson, msa) ; _ o 4

NPY" conlumng nerve eell bodies ud processes ln the guinea pl; small

\ intesting are numerous in the myenteric plem A few fibres can be found in the

3 layers of the small mustu\e Some nerve processes are close to the epithelial cells *

of the cyrpts of Liekerkuhn and to endothelial and smooth muscle cells (Feher md

Burnstock, 1086). " v

(c) Di;uibutinn In The Cei:tr’nl Nervous System

NPY:is widely distributed within neurons of thé central and peripl;ei'd
nervous systems. It-occurs in the mammalian brain in higher congentrations than
all other pel:;_!ides studied to date (Gray u.id Morley, 1986).

N\ ;
In the : rat brain, areass of'hidml concentration of NPY < \




!

‘immunoreactivity aré within the peri
" and- medial preoptic hypothalmus, the .paraventritular thalamic nucleus, the

nucleus accumbens, periaqueductal gray, septum and medial amydala (Gray and
Morley, 1986). \

In the spinal cord of the Tat, ‘the highest density of NPY in terminals is
within lamina 1 apd 2. Cell bodxw of NPY have not been observed in the spmsl
cord (Gray and Morley, 1986).

3.4.2. Actions On Vascular Smooth Muscle
NPY effects on arterial smooth muscle vary considerably from one artery

to another. In some arteries it is a potent vasoconstrictor but in others it has
been found to cause ion only at high ions (Neild, 1987).

-~

In vitro, NPY has been found to elicit two types of responses. It causes
contractile responses m penpherél veins angd-cerebral arteries and veins. It also

tentiat tractil Kanal

has been found to’ p P in perip arteries

(Edvinsson et al,’ 1983;. Isolated peripheral arteries respond to electrical
stimulat‘it_)ﬁ with a"contraction that is sensitive to phentolamine and guanethedine:

soheral

In some of these.p arteries na 1 jons of NPY enhance

the electrically evoked response. Also, conlrmnle reponses to noradrenalifie are
enhanced in the presence of NPY in artenes from several different ‘species
(Edvinsson et al, 1984). The naradrenalm_e concentration ruponse curvye is.shifted
to the left in the presence of NPY without any: change on the m;ximum
contractile ‘effect. ~ Veins do not respond to NPY with e;zhancement of
noradrenaline evoked ion. This iating efféct is not icted to

noradrenaline, but can also be observed with histamine (in arteries and veins).,
The mode of action behind this potentiating effect.is obscure (Edvinsson et al,
1983). leeﬂxpxne, a calcium anatagonist, has been reponed to' abolish the NPY
evoked potentiation of the noradrenaline m;%nse in ‘rat blood vessels, whereas

ifedipi il, and dilti ~have: only marginal "effects” on this
phenomenom in rabbit vesstls (Edvinsson et al, 1987). In the rabbit femofsl




drtery, active removal ;al calcium has little effect on the NPY évokbé pot:entinioﬁ .
whum prolonged exposure to & ulcmm}r* medium containing BGTA nbol.uhu
" the iation (Wablestedt, Yanaihara, and 1986). * This" sugguu
that while intracellular calcium pools have to be' intact, influx of extracellular

»

calcium is not necessary for the potentiation. N
¥ -

In the heart, and in certain blood vessels of the rat (femoral artery and ~
portal vein), it has been shown that NPY inhibits the release of noradrenaline
evoked by. electrical field stimulation.  This may be linked to 2 NPY evbkerd
inhibition of adenylate cyclase (Fredholm, Jansen, and Edvvinnson, 1985).

Intravenous administration of NPY wcauses -increased arterinl blood ,
pressure, local vasoconstiction, for example in the salivary glands, and reduced
heart rate (Lundberg et al, 1982).

Intracisternal administration of NPY to :ﬁuth:tizz«i’ rats ‘results ‘in ‘a
lowering of blood pressure without a significant reduction in heart rate (Fuxe et
al, 1083). The rats nho\iuvelol;‘ marked bradypnea. NPY induces behavioral
and EEG signs of sedation with mcreued synehrouued activity and’ reduced

d«ynchromzed activity. 2 = -
" 3.4.37 Actions On Non-Vascular Smooth Muscle .

Electrical mmulnhon of the vad -deferens mlu in smooth muscle

secondary lo release from the intramural nerves. NPY

inhibits the ile response duced by electrical field sti i u\d

reduces the secrétion of radiolabelled norepinephine from the vas rl‘él'euns‘_ NPY
does not reduce the nore'pinephihé\evokéd confraction. This suggests that its
“effect is secondary to its o its inhibition of norepinephine release. (Gm} and Morlay,
mss)

In the cervix, NPY inhibits neurally evoked, tetrodotoxin sensitive i
contractions (Stjernquist ef al, 1083). # ]
= I




Other Actlonl

NPY has been found to reduce. lutemmng hormone secretion in
e d rats after admini: ion of NPY into.the third ventricle (Kalra
and Crowley, 1084). ‘ltvappeus %s if NPY produces ‘its effects of luteinizing
hormone secretion by modulati e releaiing llormol_:e.
NPY has also been fourid to suppress lordosis in the estradiol and progesterone
primed ovuegln'mi‘zed rat (Chrk, Kalra, and Kalra, 1985)." /'

the release of

%

NPY llso also been reported to produce a mild hypothermia jn dogs
(Morioka e}»al Jﬂ84) . s

3.5. Substance P (SP)
o

von, Euler and Gaddum first described SP (von Euler and Gaddum,
"1031). They were studying the tissue distribution of acetylcholine and detected
the presence of a lub{ll.n_ce in alcoholic extracts of equine brain and 'intmine‘

The active p was distinguishable fré; Icholine by the fact that its
el‘{eck ‘were not mllhlted by atropine. The isolation of SP was accofplished
snbaeqnent to the discovery of a sialogogic peptide if-hy thalamic extracts

A('l.eemm ‘and Hammerschlag, 1967) -which was shortly characterized as SP. . The .
name Substance P (for preparation) had been used in _the von Euler and Gaddum
laboratory to designate the active agent in.a puhculn preparation of tissue ¥
extracts. This term entered the literature i in 1034 and has persisted (Guldum and
Schildh, 1034). ¢ N =
% .

- The amino acid sequence of SP Qu established in 1971 (Chang, Leeman,
" and Niall, 1011) and shottly Aﬂerwards a synthetic peptxde was preyn.red (Txegenr

et al, lVIl) L . | .

It is now clenr that SP is only one member of a family of closely related
pepudu known as the tu:hyklnms All of these peptides share a common ]

specmun of biological activities and possess a véry nmxlu umno acid uqllence y
the cnrboxyl terminus (Erspamer, 19811 U




’_ that -the,

There have  been:. many » s g
- Substance P be replaced.- However, the precuL physiological role

has not yet been determined. Once this is kpown, another name { ay be coined
‘which best describes this role. . A .

N

3.5.1. Distribution Of SP

(a) Distribution In The Vascular System S
T .

SP immunoreactive nerve fibres can be observed throughout thé heart..

In the guinea pig heart SP. nerve fibres can be seen running’ parallel to the
myocardial fibres in' both ventricles. As well, SP fibres can be seen rinning
parallel to blood vessels (Wharton et al, 1081). Numerous SP endocardial nerve
' e lar trabeculae anid papillary muscles can'be

" -found. . 4 aok

~ fibres, parti around the

SP fibres can be observed in the mitral and tricuspid valves, ag well as m
the pulmonm'y and- aortic\valve snd in the myocardium snrronndmg the’ valve

orifices.” L 7z - . !
SP i;nmunorénctive fibres t;re found in the inte‘l-venlri(::nla.r.septum of l{ “
heart, as well ‘as around the burdle of His. ‘Both atria conﬁ'ﬂkﬁxﬁe fibres, 1
these are particularly abundant in-the éndocaydjum but SP fibres ‘4re also seen
x . arouz‘:ci the branches of the coronary blood®vessels tunning in the epicndilim.

An extenswe network of SPy immunoreactive -nerve fibres cin be s
observed around the pulmionary vessels and the aorta. " SP contsmmg nerves can
be found in the regmns of the sino-atrial and atric-ventricular nodes and at the-

base of the aorta md the plllmonnry nrtery\(BSrjt, Mn'thison, and Huggel, 1983).

" No SP contmnmg fibres can be found around the csrond artery “of the
rst (Barja; Mathlson, and Huggel, 1983). = T '

. SP immuporeactive nerve fibres appear to be localized mainly. in thl;: uf




dventitia- and at the { ntiti dial border of large penpheml arteries. an 3
veins'of the rat (Barja, Mnthlson, and ‘Huggel, 1053) ‘A very dense innervation of

SP lmmmioreuctwe ‘nerve fibres can be found i in the hepahc artery of the Tat. A

medentegnnervauon is found in the cqeliac artery, splenic artery, and spermatic

artery. ‘A small amount of SP nerve fibres can be found in the brachial, caudal,

* common iliac, and femoral artery, as well as the jugular, brachial, posterior vena

vca\m, hepatic, portal, splenic, saphenous, common iliac, and femoral vein of the
rat. No SP nerve fibres can be found in the renal vein of the rat.

i - A ‘ §
The vessels of the mesenteric vascular bed have an extensive SP
e ott, Robi and Foote, 1987). The jejunal

artery hns the highest depsity of innervation. The mnervahon of the mesenteric

ﬂ‘e’n and mesenteric nrt‘e?y have a greater density of SP fibres as compared to the

sympathietic innervating fibres (Scott, Robinson, and Foote, 1987).
o . + '

Cerebrs'l a.rtex‘-iu (anterior, middle, and posterior ‘nerebral I;asilar, and

comnulmcnnng arteries) are innervated by a fine network of SP nerve: fibres, in

& menlngeal nrbenes have relxt\vely few SP nerve fil bru There:are, s@ a small
number of single SP immunoreactive fibres that traverse avascular. parts of : the
dura. 'SP lmmunoreutmty can be-found in nerve fibres. following the supenor
sagltal sinus. : ~ ‘< %

The ma);uxterme arteries have a moderately densg supply of SP nerve
ﬁbres (Furness et al, 1982) «The testicular utery of the guinea pig and smaller
teries running to the vas deferens a~d seminal Vesicle have a moderate snpply of
nerve fibres.. The veins draining these reproductive organs have very few or no
. SP immunoregtive fibres associated with them.

" Smiall mtéria supplying skeletal muscles of the limb and other regions
(abdominal wall, diap}n:ng-;\, and tongue) aré sparsely innerv‘ated by SP nerve
fibres (Furness et al, 1082). There.are no'SP immunoreactive nefves associated
with veins in skeletal muscle of the guinea pig (Furness et al, 1982).- , -,

¢ -

the - guinea 'p|g (Furness et al, 1982). Small ‘arterioles. in the dura, and- the .




1 ‘ o(b) Other Di;tribntion(ln ﬂe Peny

{ SRS T
heral Nervous System y

Immunoistochemical studies have revealed the presence of SP in‘a
scattered system of endocrine cells in the muscosal lining of the small and large
intestine, and alsowithin intrinsic neurons of the enteric An:rvon_s :y'su;m (Costa et
al, 1982). - ) E

8 ¢
N 2 = ~ s
-SP containing nerve fibres also occur in the dental pulp and
periodontuni of various Is (Wakisaka et al, 1087).
(c)Distribution In The Central Nervous System = .

1

SP-like imlilunol;:nctivity has‘ also been detected in ueverﬂ r;gions x;f the
central nervous system of the rat (Cuello nn‘d' Karazawa, 1078). However, no SP
Jibres can be found in the median eminence of the hypothalmus, in the-cerebellar

" folia, deep’ cerebellar nucléi, or in the hippocampys of the rat's brain (Cuello and
Kanazaws, 1978). ; ’ : ]

-~ -

) ) G
* Several ical defined h of -SP- ining. neurons have
been identified.. A P ic i jecti igil from SP cells in

the anterior striatum wh@fle fibres descend lotxive rise'to a very dense terminal

innervation of the sn\?ou..ntin nigra, which contains the hi;hutv’éoncenuition of

SP immunoreactivity of any brain region. Another defined pathway arises from

SP cells in the medial habenula nucleus whose fibres project in- the fasciculus
+ retroflexus to the region around. the interyedunulgr nucleus (Erspamer, 1981).

. SP immunoreactive neuron cell bodies are found in the -nucleus
! 'h‘bt‘mlln.ris ‘medialis, and nucleus interpeduncularis. Some cells can also be found
in the caudoputamen and in the globus pglliduq (Cuello and Kanazaws, 1078):




« 'SP is.one of the most potent vnsodllntmg mmpounds 5o far known
(Pernow, 1983). Close arterial mJecnons@X_ SP in doses from ten nanomolar cause
a dose related ‘vasodilatation in adipose tissue and skeletal muscle of the(dog -
(Pernow and‘MqU, 1075). Close arterial infusion of SP increases biood flow in
‘the\hepnic, )mﬁnlerie, and iliac arteries of the dog (Pernow, 1983): ‘Intravenous o —-\ 3
in/ftuionm SP at rates of 0.4 pmol/kgmin or higher can increase blood: flow of.
most. vssculgr beds such as the skin, skeletal muscle, small intestine, as well as tlge_‘
hepatic, c’a.retid, mésenteric, and portal beds. SP also effects isolated strips of

arteries.

Intravenous infusions of SP at rates higher than 0.4 pmol/Kgmin can

cause a transient fall in systolic, diastolic, and mean axterml blood pressure in the ¢t
dog (Burcher et al, 1077) . ). :

In man SP.is also a potent vasodllator lntmdermnl m)eclxgns of SP can
mduce flare, wheal, and ltchly E .
i -«

The effects of SP on: blood flow and-blood pressure are generally not.

- influenced . by atropine, alpha, or  beta  adrenergic - blocking . agents or. '
antihistamines (Burcher et al, 1977). . This indicates that the vascular effects of
SP generally are not due to cholmerglc, adrenergic,, or hsta.mmerglc receptor

stimulation but to a direct eh'ect on the smooth muscle of the vascular wall.

. There are regional ,d|ﬂ‘erencee. The vasodilatation induced by SP in. the

b bal Totel
YP

is bolished by-atropine. Similarily, blockade of alplm

by phenoxyb ine or beta adi by p or -

destruction of adrenergic hypothalamic nerves with - B-hydmx}"aépnmine
* completely inipfbits SP vasodilatation (Klugman et dl, 1980).




In the isolated guinea. pig tnchen,_ SP in" seven to ‘fiffeen nmoml

concentrahons induces an increase in muscular tone (Pemow, 1983). This effect 3
not influenced by atropine, adrenergle blocking' agents, nnhlnstlmme, or’ 5-HT

nnatn.gomsts DR

. On most smooth muscle layers -in the gastrointestinal tract, SP has a
powerful st"unulaﬁng effect. All segments of the small intestine are contracted by '

~ SP in vitro and in vivo (Pernow, 1983). In the isolated large i ing, SPhasa
\ 5

similar effect as in the small intestine.

Injection of SP into the anterior chamber of the eye produces miosis in
the rabbit (Biﬁ et al, 1979). Also, in the isolated iris sphincter muscle of the
~~ rabbit a dose-dependent miosis can be produced (Pernow, 1983).

~ .8.5.4. Other Actions v i
- ' - SPis.a i)qtent stimulator of salivation ,in’the dog, -Tat, guinea pig,
hamster, and hen but not in thé"cat or rabbit (Pernow, 10\83).‘.The spontaneous
B release of amylase from the parotid gland is n}s_qsﬁ.mula‘ted by SP.

N X . SP stimulates exocrine pancreatic secretion both in vivo and in vitro, Tt
can also affect the endocrine: pancreatic secretion. Both in vivo and in vitro.

. studies have shown 13 SP inhibits the release of insulin induced by glucose and

arginine, ag well as the basal insulin plasma level. Large doses of SP inhibits the

release of g]ucsgon from#the perfused rat pancreas (Pernow, 1983). “~
SP is one of fhe_ most };otent natriuretiv: and diuretic ct;r"npounds so.far
described (Pernow, 1983). It appears as if SP may exert its effects on_water

b ion by a cAMP d d ism (Pernow, 1‘83).




.0. Coloc: ntloi‘

o -' For many years it was accepted that-one nerve fibre makes and releases
only one transmitter. This concgpt ‘was known as Dale’s Principle; However, they
l;istory behind this nomenclature is curious (Burnstock, 1976). in the Northnagel
Lecture in 1934, Dale speculdteé in relation to the axon reflex that- different
endings of a sensory’ neuron probably released the :;nn;e transmitter. In the mid
1950s, it was Eccles who coined the words Dale's Principle (apparently not
entirely with the agreement of Dale) and defined it as *at all the axonal branches
of a neuron, therelis a liberation of the same transmitter substance or

substances."

On the basis of studies of the evolution of the autonomic nervous system
and on the evidente for eaexlstence of tmnsmltters in inyertebrate nerves, Dale’s
‘Principle was questioned. It is only recently that the-idea that a ne\lrod" ‘may
contain’ more than one neuroachve substance has !olmd general acceptance. and
this has been largely due to the discovery of peptides in-the nervous sysvem ‘and to
the \of i histochemical techni for their locali: 1 (Priestley | .
ch“elia, 1082). o ot Y

: L it o —

‘The presence of more than one .peptide in a neuron was first described in

certain-. hypothalmic  neurons  containing '« both  B-endorphin T and
adrenocortiotrophic hormone (ACTH) (Watson et al, 1978).. Over the last few

. years an increasing number ‘of neurons containing coexisting molecules have been

" . described both in the central and p‘e‘ripl&em nervous systems. Different types of
)

combinations have been encountered: " 1)Classical tmnsmitter and peptide(s)
2)more than one classical transmitter and B)more than one pepude (Hokl‘elt et al,
1087). -




_ cells contain a somatostatin-like peptide (Hokfelt.et al, 1977). In other peripheral

“medulla oblongata and ld]u:nt nuclei such as the pars alpha of . the

Classiéal Transmitter And l?pm;

" It is well known that endocrine cells, parti ".qinthe S
tract, contain not only a peptide hormone but also a biogenic amine. ~Receiit

evidence suggests that such s M@u may oecur also in nerve cells and that,
perhaps, this situation is not limited to a small numiber of neurons but may be
rather common (Hokfelt et al, 1980). #

4! .
«

In certain hetic. ganglia, icul

¥ in the p pnglmn -
the guinea pig, a m]onty of the noradrenergic sympathetic principle ganglion -

amine: cell systems immunoreactive peptides have also been observed. A small
population of the principle ganglion cells of the Tat luparipr-ceriical ganglion’
contain an énkephalin-like peptide g et al, 1679). A.lsovndrennl gland
cells in several s]zecm such as rat, guinea pig, cat, cow, monkey, and humans
contain this pepude

v
In the central nervous system examples of coexistence of a p‘epﬁda anda ,

has also been describ .‘ For example, in both the raphe ‘nuclei of the

gx;mtocelluh.r reticular nucleu, numerous neurons contain both serotonin and a
SP-like, peptide (Chan- -Palay, Johsson, and Palsy, 1978).
3.6.2. More Thaa One Transmitter

One of the earliest Is for i of twa i was
made by Burn and Rand (1959). They - suguted that uetylcholme is pment
together with drenaline in’ d hetic neurons. © = '

Studies on inv‘ertebnt‘ss have bgen of pnticuln-imi’orhnee for .the:
question of mi¥tiple transmitters in a neuron. In species such as snail and related
aplysia, extremely llrge nouronx exist, which are easily identified and accessible o
for study.
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More recent evidence suggests- that ATP.'may be ‘a transmitter and

e
several possibilities exist where tln,? nucleotide may coexist with other transmmers

(Bumgtock .1976).

3.6.3. Several Péptides In One Neuron

Although numerous neuronal peptMe systems have been defined and

described both in the peripheral and central nervous systems, there are only a few

examples for coexistence of two ‘peptides“in' the same neuron (Hokfelt et al, 1980).
An exampleyof this type of coexistence occurs in the gastrointestinal tract. It has
* been found that certain cells in the submucous 'plexus of the guinea pig colon
contain both somatostatin and gastrin ch il the ivit
However, whether these peptides are released together or belong to the samﬁ

precursor molecule is not known (Hokfelt et al, 1680).

The functional ;significance of coexistence of muluple ‘messengers. is

- difficult to evalulate. - Classical transmltters and peptides may be co-released and
interact in' & cooperative way on eﬂ'ector‘cells or the peptides may inhibit. the .

‘release of the coexisting tmnsmltter Thus, multlp]e messengers may provide a

mechanism- for relaymg dxl‘!erenml responses and for increasing the amount of M

information tr:}nsmltted it synapses (Hokfelt etal, 1987)4

-, Coexisting messengers may have tmphic el’l‘ects or induce other types of

actions or longterm events on the neuron or- effector cells. For example, 3 has“

been found to exert growth-stimulating effects on smooth m\lsc]e cells (lesson,

von Euler, and’ Dnlsgaard 1985]

A _ One nnportant question that may be asked is why is it necedsary to have
one transmitter at each synapse when there are so many nerve cells? “Why is
there rednndmcy of neurons and of neuronal systems? liednndnncy is also. W

. present at the level of the individual synapse. It may be that differentiated

+ transmission process is needed .fo achieve the enormous operational capacify' of

our brain, which includes tbe transfer of messnges !or long term effects (Hokl‘elt [
al, 1087).




Coloullntlon of. Sublhnea P (SP) And Othr Suhh.uu

: ln ﬂie central nenrmls system . SP _is _ colocalized wnll v
y ytryptami In fact itati; e i indicate that np‘h seventy
percentof.l]“ droxytryptamine neurons, d pending on their exact locations in .
hhe ventral medulls oblongata, may contain SP. Both substances appear to be
s stored in the same 60-90 nm dense cored vesicles (Pelletier,’ Slembuscll and

Verhofstad, 1981)

In the peripheral nervous system, such as in varicose semsory axons
supplying the skin, viscera, and the cardiovascular system in guinea pig, ‘in
sensory endings in the rat, cat, monkey eyes. (Ter:ngln et al, 1685) and in the
central nervous system, SP and CGRP can' be found to coexist. In-the mgemmll
ganglia of the rat, guinea pig, and monkey, SP can be found in 20-30 % of the
cells, CGRP can’ be found in these cells as well (Terenghi et al,:1985). In zhe rat
and cat dorsal root ganglia, CGRP can be found i in SP containing cells, h\ll a.lso
in many small and intermediate size sensory .neurons “which do no(}ppm to
contain SP. Several other studies have confirmed that most SP, immunoreactive
cells show ths—pxmnce of CGRP immunoreactivity whereas onlff a proporuon of
CGRP lmmnnoruclwe eells are SP positive (Goodmln and Iversen, 1086)

In addition to the extensive colocalization of SP wi'.h CGRP SP’ has*
been found to exm with other substances. In the mammalian central nervous
: system SP has been found to’coexist with epmephnne, uitylcllolme, and GABA_

3.8.5. Coloc:.llutlon Of Calcitonin Gene-Related Peptlde (CGR.P) With
~ Other thh.ncu .

In addition o the coestence of SP and CGRP, ckm? has been found
to coexist with VIP. . This coexistence has been found' in lhe panvenabnl "

sympathetic ganglia of the sympathetic stellate pnglu of the nt (Lmdh ¢l al
1987).




3.6.8. Colocalization Of N ide’Y (NPY) With Other Substances

NPY unmunomcuve aymp'u.heuc neurons contain the cltech‘olnmme
mihmmg enzymes tyrosine !lydrow (TH) and dopamine B-hydroxylase; .
which indicates that NPY is colocalized with norepinephine in these neurons
(Leblanc, Trimmer, and Landis, 1087). N

NPY ‘immunoreactive neurons are also abundant in three cranial
. parasympathetic ganglia, the otic, nphenopn.lnine,md ciliary, in the rat (Leblanc, )
Trimmer, and Landis, 1987). This may mean that, NPY is a neuromodulator in

the parasympathetic nervous sysum It appears as lf NPY can occur togethex .

with inephrine, VIP, or, Icholine in the hetic nervous system.

The co—dmnbuhon of NPY with drenaline in the h
nervous system is consxstent with functional studles that have shown that NPY is
2’ potent - vasoconstrictor. I:Iowever. the " functional consequences pf the
colocalization of NPY with VIP sqd tylch lin m cranial p. i) i
neurons remains fo be determined (Leblanc, Trimmet, and Landis, 1987).

NPY -has also been found to be stored with: enkephalin in large dense

cored vesicles in lmmyelinlted axops of bovine splenic nerve (Fried ef al, 1986}
&
3.8.7. Colocllhltlon or V‘snmlve Intestinal Polypeptide (VIP), With
Oth:r Suhm:u . 2

On the basis of u'etyll.:holinaberm staining of tissues from cat it was
first discovered by Lundberg and co-workers that VIP is present in certain
populations of cholinergic neurons, including those present in sympathetic ganglia
{Lundberg et ‘al, 1979). It appears as if VIP is stored in large, 100 nm diameter
dense cored vesicles ‘in 'cholinergic type' nerve fibres (Lundberg, Fried, and

.Fnkr.enk‘rug, 1981). . —

VIP has also been found to coexist wuh enhphlllm wd catecholamines,
in ldrennl granules (Said,, 1084) . ;4

-
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3.6.8. Summary : S
The different types of nerve fibres examined in this thesis cnn’occur_
smgularly or tey mny oceur togeﬂm and innervate the vnscuhbsmmth mnscle
of the mesenteric vascular bed. If coexistence of these fi bres oceurs” then .
interaction between these fibres may oceur. This interaction” may take plme ot
during development. In thls thesis the- question of interaction between fibres is

" explored during the development of the mesentenc vascular bed. .

3.7. Nerve Growth

It.is not known if there is a definite stage of development st which ar
neuron becomes committed to a specific developmental program, nor is it known
* whether the neuron, once committed to one program, is able to change to anotl\er N
pathway of dlfferentmtlou (Jacobson, 1978 - a revnew) There is also a-large
" ‘amount of conflict regarding the ldeas about the develupmenl: ‘of the nerve fibre.
) There “are three main theories of its development. = The ce[l—elnm theory_
originated by .Theodor Schwann, which was the first theory to be proposed, was
" based on the concept that the axon is formed by “fusion of Schwa;n'cells. ‘This
theory was dispi—oved and replaced by the plasmoderm opssyncytial tl;;eory
‘originated by Viktor Hensen. This theory was founded on the concept that the
nerve fibre dlfrerenuam from pr&eetnbllshed filaments that connect all the cells /

of the nervous systeminto s "neurosyncytium®. - This theory was Ionnded on
various mxsmterpretlons of histology and was fmslly leplace{ by f.he outgmwlh
X theory proved by R Harrison. - Harrison, deunbed\the outgrowth of & nerve fibre
or exporawry fibre um. preceded the rest of the development of a fibre pathway.
.This theory was elaborated on by Ramory Caja who described the movement. of a
awth cone. Only the growth -cone moves, the remmnder of the nerve cell is
stnhon{ry "Thus, as-the axon or dendrité elongntm the cell body. nnd proxunnl

segments\ofthe axon or dendrite are stationary (Jacobson, 1978 - revi ).
SN o S

Several chemical agents™have been shown o fnduce or incease the
outgrowth -of an. axon or. dendrite. The chief agent-among these ‘chemicals is
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“nerve growth factor (NGE)., Several lines of evidfnce indicate that NGF
\stimulates the assembly of neutotubules. Neurotubules are required for the
normal outgrowth of the axon, to provide mechanical support for the axon, and to

play a role in axoplasmic flow.

system has been interfered with in order to discover the importance of th\is system

to other neuronal systems. . -

3.8. Objectives OF Thesls And Review Of Methods

The objective of this thesis was to test the hypothesis that-different fibre
systems interact durin\é‘the development of innervation of the mesenteric vascular
bed. It is proposed that this ifteraction may be essential to the development of
each innervating system and m turn affect the developfrnent of thg vasculature.

From this experimental work, it.is hoped that a structural relationship
between the nerve nmetworks innervating the:mesenteric vascular bed, will be

blished.. From this | relationship it is hoped that. important aspects

of éhe I‘uncti(;nal relationships between fibre sttems can be deduced.

'l'he hypotheéis was tes&ed using ﬁue rat mesenteric vascular bed. Itiwas
proposed that inter‘aftion between perivascular nerve fibres in this bed could be
determined by examining the system during-development, following neonatal
removal of the ca%.eclmlaminergic fibres and following neonatal or prenatal

removal of the peptidergic fibres.

The rat mesenteric. bed was chosen because a.large data base cuncérning

this system isq;vsil‘able, it is easily accessible, and provides a-large amount of
tissue. ~

To follow perivascular nerve development it was decided to use
ot PO

In this thesis, the normal development of a particular type of neuronal’

y which would xllow.diﬂpremlation of different




 fibre types, and electron microscopy which-would allow the re]ahanslnps between
“axons and between axons and smooth’ muscle cells to be determined,

The immunohistochemical methodf’u;ed 5 examﬁe the ‘innervation-
patterns is a three step method using dinrﬂinobenzidine which allows us eo easily’
visualize the reaction product thh light microscopy (Scott, Robmmn, and Foote,
1987). Tlus method was chosen hecause of its simplicity and specificity. ‘As wel] 3
primary and linking antibodies are readily available for this. type of procedure.
There are other methods that could have been used. Induced fluorescence for
catecholamines was' excluded because there are other peptides. examined in thi§
s.tudy which could not be induced to fluoresce. It was decided that it was best. to

- L\nse a single method for all tlie/ﬁ;ides Fluores using -primary antibodies *

could have been used, however, becnuse of the expense of Illlorescence mgged'

primary antibodies and the instability of the' reaction product ltwns decided that

histochemical 4 ¢ ohengidi

a-three step i P usmg would be

used.. The reaction product obtained usmg diaminobenzidine is stablé allowmg

to be collected and-examined later.

The extent of each plexus of immunoreactive fibres on the vessels of E‘he
ic bed was ined by ) (Weibel, 1980). ] This allowed a
quantitation of the iength of nerve fibres or of the s lengthGn the vessels.

Whole mounts of the vessels were collected and theliflexus on each vessel was

drawn With a'camers lucidd. The extent of the plexus on eich vessel was

nined from the drawings u_s'ing a i d test gid with lines of known
lengths. The number of intersectiqns- between the nerve fibre plexus and the lines
were recorded, the plexus length (um/1x10° am?) was then ‘calculated (Scott,
Robmsnn, and Foote, 1087). TFhere ‘are other methods available for' quantltatlon
" Automated “irhage analym (Cuwen et al, 1082) is one such method. However,
with the' type of preparation used in this research ' project, an image analysis
program, rhay have been difficult to use. 'A lot of focusing would have had to be
performed with the-whole mount vessel preparations. - At times blood- cells were




‘presevl.x,t‘n'nd reacted with'the peroxid ti idase, and diami idine.” _ |

The image analysis program mSy not diﬂ'erentiate between biood cells and fibres. I

- With- the knowledge obtmned with this stereology method plexlls Jengths
of different peptxd& can befcompared from different ammal models.

Electron microécopy was used. to st\ldy theultrastructural development N

of the mesenteric vnsc\llar bed, aswel as to examine thé innervating nerve fibres

-ultrastructurally. ‘In many cases a chtbmnﬂm reaction was used (Hopwood, 1071).

This method of fixation was-chofen in ordet to examine the catecholaminergic

coplent of the penvascnlnr neugons. Thls is a method of fixation whereby

blogemc amines react‘nnd are preclpxlated. In the chromaffin reaction the

 oxidizing agent is the dichromate jon. .Under fnildly hidié conditions oxidation

occurs, and the dichromate ion'. pudom‘l{nnvts. (6e +Cr;07z' + 1405 208 4

TH,0). ' The dich fone is fu equilibrium with the” ate ion.  The

2 chmmaee ion can also act as an ox:dmng ggent under’ mxldly acidic conditions (3e R

+ Cro, + 8H*"» Cr“‘ + 4H,0). When both- chromate and dichromate are . 4
regiced to Cr3¥, the Cr3* can readily enter into complexes with catecholamines

and their oxidation products.

—~ ', Fixation with Katfovsky's fixative was also performed: ‘This is a fixative

and_glutaraldehyde. __These’ ds form strong

cross links ‘with proteins, thus allowing for a good Tixation of the tissue to be .

studied. With the use of this fixative the structure of each vessel was examined in
order to find any ultrassructum] changes dunng normal development and during

development nfter a particular type of nerve fibre lnd been removed '

Removal of some peptidergic fibre systems was cm;rie_d out by capsaicin
treatment. Capsaicin (S-methyl-N-v;nniin)-B-nonenuuide) is the major pungent
ingredient of hot ‘peppers of the plant genus Capsicum.: It ims been used for
hundreds of years asa food preservnuve, as an ingredient in certain social rituals,
andas'a berbal medicine_ for many different types of henlth problems: Jancso, m.
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& vith

o " thelte lMDls, became. mtng\led by this'subs 2 and beéin P!

capsaicin and it's pharmacological actions. Other researchers in Elunpe begnn to
discover some interesting facts about the sub Gasp and ke

- (1064) observed that the amount of blonssaylble “substance -P (SP) was iedné&in
the spinal cord, but not in the brain, of rats treated systemically with capsaicin..
Jancsu and Knythar (1975) determined that capsaicin depleted fluoride nslstmt
acld phosphatase activity, known to be associated with central terminals of some

primary afferent nenqns, from ‘the dorsal horn of the spinal cord. = The

physiological and hemical effects of capsaicin were specific for

?rimary afferent neurons, in animals treated neonétdly, but not in fhose treated

'whi]e adults.  Capsaicin administered to adult “animals prodnced ‘only limited *,
intracellular changes in small (type B) sensory neurons wnhout aﬂecﬁng lm'ge

v ot

(type°A) sensory meprons. or neurons in the ganglla.

to neonatal rats rwulls in-actual degenemtmn of small sensory neurons (Buck nnd
- Burks, 1983). s R

Treatment of neonatal rats with capsaicin has a neurotoxicity for"-

v 3
primary afferent neurons greater than-that to'adult rats and it is less limited to . .

¢ SP containing cells, since several other gensor); neuron pepﬁdé! are also afi:eéte‘d
(Buck and Burks, 1086). There is also a reduction in the number of unmyelinated -*
fibres in the neonates (Nagy elal, 19811.. b
) sl

The evndence now available seems to mdleate that there are ﬁuee mu)or
achons of capsmcm on certain sensory neurons, The first effect is an excmuon
and this is followed by a desensitization of sensory neurons medmmg certain
kinds of penpheml stimuli. These actions appear. to angmate at the endmp of
and/or along the peripheral processes of the capsaicin sensitive afferents, n

addition’ to these actions, " capsaicin produceg. & depletion of most. of lhe spP
contained in primary afferent neurons. ‘This depletwn is never total, there m; g

be 2 sub-population of SP containing sensory neurons. that are ‘capssicin

, possibly myelinated SP ining neurons.
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v .. = Dorsal root. gmglm taken from animials tu;lzrl neomlnlly wnth capsaicin

exhibit msrkedly decreased rate of |ncorporatmn of lnbellgd amino acids into
SP. ln adult g\nnel pigs treated xystemlcnlly with cnpmcm the overall
mcorporntmn of amino .acids into proteins in -the dorsal root ganglia is not
depressed. This is consistent with the absence of- neuronal death after capsaicin
tregtment of adults (Buck.and Bllrks, 1083). 8 .

. It is not clear if- capsaicin )roduca‘x its effects by more than one

‘mechanism of action. However, it is thought that the biochemical make up of the

compo‘ulid contrihutes to its action on semsory membra‘nes Capsaicin is &

relatively llpophlhc fnolecule ard ‘is able to affect membrane llmdxty and/or ion
" permeablllty such that Ca®* and other cations stream actoss’ the membrane. Ata
free endmg this will result in the xmhallon of an |mpulsb and canse lhe release ol R
SP.. g

Caprmcm is n?o able to nwerfere wn?h the retrograde -transport of

* trophi¢ factors in  the capsaicin sensnwe pnmary afferents. ~One of these-

molecules is nerve growth factor. SP conlmmng sensory neurons are - highly

' . dependent on nerve growth factor for development and maintenance. Therefore,

the reduction in the-transport of this factor caises a decrease in SP production in

the cell body. which hinders the cell’s ability to replenish the. depleted peptige in

its more 'dish_l portions. . ’ 7 _
S %

-Therd is much inconsistency in reports dealing with how effective
capsmcm is in removing various types of neurons. For exsmple‘ in the digestive
tract, there are a large number of dlscrepnncles dealing with the gastric effects of
capssicin in various specles (Holzer, 1987). The dlscrepnncla are probably due t6
differences in the d&nge of upsn.lcm, uncertsinty in the dose when only crude
extracts of capsaicin are pven, or they may be due to species differences.

The sensory neuron specll’ city of “¢apsaicin made this compound a0

extremely valuable tool for investigating the lmportance of sensory neurons in lhe




SP (Buck and rks, 10&8) Capsaicin provnim the' opportnmt.y toin
" link between SP and other neurosubstances.- In’ this. thesis the link between
several neurotransmitters, peptides and catecholamines, was investigated in the

|
rat's mesenteric vascular bed. + . 5,

In this- thesis, the use of 6-OHDA provided-an opportunity to examine
the link between neurons containing catecholamines and. those with- other

By d ing the atecholaminergic system, the influence of

this system on other system.é will be examined, g

In 1067 Tranzer n.nd Thoenen made the dlscove!y that an isomer of
norepinephrine, namely &OHDA produced e destruction of the termmnl ground

plexus of peripheral hetic (; d ) neurons. This phenomenun has
since been termeda'chefniqal' hect (K trzews and Jacobwitz, 1074).

1t is a relatively selective, effect, with ehﬁlintrgié neurons, Schwann_ cells, glia,
endothehal and ‘other cell types remaining virtually \msflected st the
ultrastrucural leyel (Kosmewa and’ Jacobwm, 1974).

_ In the peripheral nervous tystem, 6-OHDA appears to be taken up witﬂ
2 high degree of selectwny by nomdrenerg\c neurons (Kostrzewa ‘and Jacobwnz,
1074). Once inside the neuron, B-OHDA molecules accumulate in* the nnme
storage granules and in the cytoplasmw fraction.

When 6-OHDA is a ministered to newbon‘x animals its neurotoxic effects

ppear to be accentlated. /The destructwe lesions extend to axonal processes and

Ll

1 the newborn an i ible chemical sy océurs

whereas'in the adult there is a chemical

p . In newborn
rats, 6-OHDA prod\ices its initial lesions on the sympathetic ganglia within an
“gight hour period. After twenty-four hours, nucleur pyknosis is observed and the
axonal proc-lu appear dlstorted and swollen. hy two to three days, vu'tually all |

sympathetic cell bodies are d: yed (Kostrzews and Jacob ,1974). -




) Nlelsch und Keen (1081) trested neonahl rats thh B-OHDA and fouund
that at adnlthood there was a 93% deplenon of noradrealine : contgnt of all the
tissues they examined. They ‘also found that 6-OHDA administration cmued an

increase in the substance P content'of cell bodies, axons, and terminals of sensory

" peurons in both the tngemlnl and s¢iatic systems (Nlelsch and Keen, 1987i

lmmediate?y after S—QHDA is administered and comes in contact with

cstecholpxnirie containing nerves, a chain of eveits is initiated which may be

interrupted at any time: There is an active uptake of the substance into the
. neurons and it is then transported to the intraneuronal sites where it can displace . %
. Anorepmephnne and act as a false neurotrmsm:tter When cutlcal intraneuronal

concentrations ol 6-OHDA or mehbomes sre attained they destrucuve processes
= heyn»nndvcellu_]ar enzymes and energy prqd\lcmg cytochromes or related elements
of the respiratory transport chain are destroyed. At about this point, the nerve
bermigals‘ lose ';heir'lbility fo ‘conduct action potentials, but still have a relatively
2 in}nnt monoamine uptake mecinmism. Becéusq of the internsl destructive

processes norepinephrine is released. into the synaptic cleft. - After a period of

time, if.the nerve inals are d yed, there will\be a marked

reduction of .noxepinei)lyriné.

Tl\ere is some controversy, as to the nsel‘ulm_ss of 6-OHDA. Some

1 4

and generally

researchers declus that it does not produce a
sympa.thecwmy (Kunuek ‘Basso, snd Taquini, 1084). :However, it should be
noted that the degree of sympathectorny depends upon “many 1mportmt (aetors,

such as the dose of drug given, the route of administration, and upon the tissue

examined.




METHODS AND m'nﬁ.m‘s
In-each part ;I’ this ptudy, for example development, upsucm treatment,
xydopamine treatmen¢, and. velncle treatment, light and . electron
was performed. Light mi inati wnéﬁrriedoutusing

J‘ to sub P (SP), ide Y (NPY), e intesti
7 polypepnde (VIP), calcitonin gene related peptide (CGRP) ‘and t-yrosme
hydroxylase (TH). For each of these peptides six rats were sacrificed at each time

period. For electron microscopic analysis four rats were sacrificed at-each time
period. ’
\

4.1. Developmental Study

Male Sprague-Dawley rats, bred lr&m stocks maintained at the Memorid

University animal care facility (ori;iz; Charles River of Canada). ' Animals were .-

kept in plastic cages; food (Purina rat chow) and tap wn‘}er were provided‘ad
libitum. The rats were sacrificed at 1, 2,4, 6, S,‘IO. 12, and'14 days and 12
‘weeks of age for light and electron microscopic analysis.

4.2, Capsaicin Study

'(a) Capsaicin Treated Rats

Sprague-Dawley rats, two days of age were obtained from rats bred in
the lmmnl care facility at Memonnl University. . For upsuem treatment it wn
decided to follow the method followed by Scott and Pang (1082), however it was
soon discovered that this was unsatisfactory. (see Appendix) md a new method

was devised. The rats were injected, subcutaneously, with 25 mz/kg of clpnicm =

(Sl;ma Chemlcnl Company, U.S.A.). ‘The capsaicin was dissolved.in 10% aleohol.
This was then mixed with & solution of 10% Twegn-80 (Fisher Selentllic, Canada)
in 0.9% saline. A dose of 50 mg/kg of glpsaiciﬂ was given to the rats on days 3




nnd ‘4 after’ blrﬂl Thw dose’ was. repeaud at 1 waek 2 weeks 4 weeks, nnd 8

-~ Yeeks after birth.’ Rats were sunﬁced for llght and electron microscopic ‘analysis

. < at 4 weeks and 12 weeks of nge‘ It wgs ducovered, in’ practice, that doses greater

than 50mg, resulted in a larger number of snimal deaths.
In addition, pregnant Sprnguei)a;wley rats, obtained from Charles River,
Qinada, were injécted subcutaneously with 25 mg/kg of c.npsaicin (Sigma
Chemical Company; U.S.A.), on days 14., 15, 18, 17, 18, 16, 20, -and 21 days after
, breeding. Pups were then collected and at two days after birth, they were
' injected subcutaneously: with 25.mg/kg of capsaicin. The capsaicin was dissolved
in 10% alcohol. This was mixed with a solution of 10% Tween-80 (Fischer
b Scientific, Canada) in 0.9% saﬁhe A dose of 50 mg/kg of capsaicin was given to
the ‘pups on days 3 and Lnfter birth. Rats were sncnﬁced for electron and light
microscopic analysis at 4 weeks and 12 weeks of age.

b o (b) ‘Vehicle Control Rnts =
. . R "
Sprague-Dawley rats, t\_vt; days of age were obtained from rats bred in
the ‘animal’ care l‘ncilit.y at Memorial University. k The rats’ were treabed
'subcutaneously with L solution o! w% alcahol and 10% Tween-80 in 0.9% saline.
This solution Was given in-the same vol\lme as was gwen for capsaicin injections.
The injections were repeated at.days 3 and 4 after birth and 1 week, 2 weeks, 4
weeks, and 8. weeks after birth. Rats_were sacrificed for light and electron

nucmscopxc ana)ys\s at 4 weeks snd 12 weeks of age

. 4.3, B-Hydmydopnmlne Study

(a) S-Hydroxydopnmme Treated Rats

Sprsg\ie—Dawley rats , were obtained from rats bred in the’ apim}l care
facility at Memorial University. It was' first decided to follow the method >




-

unsatlsfactory (see Appenchx) ‘A new method was devised.’ The rats were, treatod ¥
subcutanecusly with 60 mg/kg of S-hydroxyddpmnme (Sigma Chemical Compa.ny,'

. US.A)on days 0, 1,3, 5, 7, D, 11 duys and weekly uniil 12 weeks of :ge The

8-hydroxydopamine was dissolved in 1 millilitre of ascorbic acid in’ phoshate
buffered saline (50 T mg of ascorbic acid (Aldrich Chemlcn.l Company, US.A.) ii 10 .
mls of phosphnte buﬂered saline) ‘that had been boiled And bubbled with mtmgen‘ :
to remove. oxygen from the solution. The pH of the ascorbic acid phoshate
buffered soln\ion was adjusted to approximately 6. :

The Sprague-Dawley rats were sqpnﬁced for  electron md hght
m]croscaplc analyszs at 4 and 12 weeks of agé.

(b) Vehicle Control Rats ~ + o -

{

e \

Sprague-Dawley rats, were obt&ined from rats’bred in the nnimn.i. care

facility at Memorial University of Newfoundland. - The rats were ‘treated with £
solution of ascori;ic acid (50-mg)(Aldrich Chemical Company, US.A) in 10 mls of

'phosphgte’;lzuﬂzred saline. Injections were performed,on days 0, 1, 3,5, 7, 9, 11

days after birth and weekly until 12 weeks of age. Injections were-given in the.

“same volitme as given for the 6-hydroxydopamine injéctions. *

] . .
The rats were sacrificed for light and electron microscopic- analysis at 4
and 12 weeks of age.

4.4._Perf\;ulon And Fixation For. Light Microscopy M




. Rohtiné Fixation

Anmh np to 4 weeks of age were weigl ed and anesthenzed with -

diethy] ether (BDH Chemlcﬂs  Canada). 12 week ani n.ls were also weighed and

/  snesthetized with 35 mg/kg of Somnobol (sodi m penmbnmtnl MT.C.
thnmeuueals US.A). : '

The_anesthetized animals were placed fna :upine‘ position on a metal '
| N 8
rack over a sink for draintge. A longitudinal midline| incision was made through

the skin of the abdominal and thoracic areas and I(Uowing separation of this

* tissue from the underlying musculature and linea alba, a Tarther incision was
made midline, afong the li:z{‘albn extending fromkthe level of the bladder

exposing the visceral organs. The abdominal con ents weré next cartfully

d from the abd 1 cavity and the ic vascular'bed of jejunal

‘arteries was arranged such that they fanned out from&the mentéric artery to

je:unum The nght atrium of the heart was eut, to allow clearing of the ammal‘

% blood and the animal - was perfused thraugb the left velitncle The nnuml was’
’ aline (BDH Chemicals,
Canada) and then with 50 mls of Zamboni's ﬁxntlve (Zambom and De Martinoc,

perfused, At room temperature, with 50 mis of 09%

1967). The meeentenc bed was then removed from the nmmnl and placed in a

dish containing fixative.

The superior muentuic“‘ grtery and attached jejunal arteries and
|
mesenteric vein were dissected from the perivascular latlwith the use of a

dissection microscope (Wild Léitz) and were then placed in Zamboni's fixative

(Zamboni and De Martinoe, >196'l) for'two hours. The tissues were rotated on a
rotary spinner. The tissyes. were then\pléced in yhosphati buffered saline, in

for i y.

?




Immunohhtoehmhtry

Tissues were washed for one honﬁm 8 prewash_solution_ with" tho .
following oomposlmn 1% normal goat urum (ICN Inimusiobiologicals, U.. SA),

. 19 Triton-X (Fischer Scientific,|U.S.A.) and phosphate buffered saline, pH 7.2.
The tissues were rotated on a n\‘nary spinner. After ﬁshin;, the tissues -were
placed into a primary sntibody for, 48 hours at 0-4 degrees Celsga.” Five different -
primary antibodies were used. They were Substance P (SP), diluted 1:2,000
(Instar Corporation, US.A.), Cnl’citonin GeneRelated Peptide (CGRP), diluted
1:20,000 ( Amersham, U.S.A.), Neuropeptide Y (NPY), diluted 1:400 (Aniersham,
U.S.A.), Tyrosine Hydroxylase (TH), diluted 1:10,000 (Eugene'chh Iﬁmatioml,
U.SA), and Vasoactive Intestinal Polypeptide (VIP), dilited ‘L

Coxpom‘.xon US.A). The tissyes' were then washed three tlma in the prew: h e

solution nnd rotated on a rotary spinner. Emh wash had 8 durmon of 15' )
minutes, The tissues were then transferred into a linking nmbody, goat anti-*
rabbit, dilutéd 1:150 (Boehringér Mannheim Biochemicals, U.SA,) and rotated on
a rotary spinner for two hours. Washmg then followed with' the puwnsh solution.
This was repeated twice. Each wash hld a duration of 15 minutes. The tissues
were then placed mlo peroxidase mu-pemndl.u, diluted 1:300 (Sternberger
Meyer, U.S.A) and were rotated on fhe rotary spinner. Washing with phosphate
buffered saline, pH 7.2, followed. The washing was repeated twice. Each _wash
had a2 duration of 15 minutes. The tissues were then plm:ed into s

' diaminobenzidine soluhon. having the ~following ,eompouhon 50 mgk o!
diaminobenzidine (Sigma Chamnu.l\()mnpa.ny, US'A), 50 mis of dxstilled ‘watej,
50 Tnls of 0.2M phosphate bulfer pH 7.2, 33 al of 30% hydrogen puomde (thu,
Scientific Company, US.A.) The lmmunoreuhve nerve fibres reacted to.give a

brown colour. - The reaction was cnmpleu in thu’ty to sixty lecondx A]‘ur X
reaction with this lolutlon, lhe tlssum were wuhed ln phosphne buﬂered saline
twice and dehydnted through a series of -alcohols and placed in xylene. They !
were then ‘squashed between' two slides and whole mounhd\in Eukit moum.in:
medium. The nerve fibres wae &xnmmed by hgln microscopy. O




: Contiols For Iinmunohlstochemleal Proced

The i 10histochemical procedure was: performed as described above,

* however, a pnmcular step was omltted dunng sepame experléentg Four
experiments were performed where either the pnmary antibody was omitted, the
‘antibody was preabsorbed with excess antigen, the linking antibody was omitted
- or t.he final antibody steps were omitted.

4/6. Ph hic Techniques For Light N Y

Tlsques were exumméd/ and _photographed, with a Leitz Dlaplan
mwroscope, using a blue filter. - Kodak Plis X pan *125 film was used. The film
_was,developed with Kodak Microdol developer for 7 minutes,. rinsed. With tap
water, and fixed for three minutes in Kodak leer The film was then rinsed in

nmnmg tap water for twenty. minutes and then allcwed to dry. -

Aﬂer drymg, llghe‘mxcrographs were pnnted fmm negatlves using an
enlarger Punts weré m:}de using Pnlycontrut Rapid I Re paper from Kodak, -
The paper was developed with Kodak Hc,uo Developer for Bpproxlmnmly one’
minute-and_then. rinsed in running tap water and fixed in Kodak Fixer. The
prints ‘were, then washed in running water™for approximately ten minutes and

allowed todry. - " . . . P

v

. \ N
Method For I histochemical Trelqu Tissues

Nerve fihm on vessels were exammed and drawn wnh a camera lucida.
The extent of the plexus on eath™ vessel was determined from the drawings by
" stereology (Wenbel 1980) mng a snpenmposed test grid.

¥

~ One drnwing was made lrom each vessel and each rat examined (at 300X
magification), for all five peptides studled From each drawing, the number of
mpersecuon: between the test grid and the plexus was determined. Fonr different
counts from each drawing was  made: - An' avemge was then calc\llnted from thue

" four counts for elch ‘drawing. : : L. B




47.1. Statistical Methods - - TR St
In order to perlorm‘coﬁzpnrisions between sets of data from diﬂemt.
treatment rats and different peptides, a statistical method was used. = The
statistics package (SPSS-X) was utilized. Dats was compared using analysis ot
variance, Tukey's test, Scheffe's ‘Test, and the Student Newman Keuls procedure.

4.8. Perfusion and Fixation for Electron Microscopy

4.8.1. Routine Fixation

Thie same method of perfusion was used for this procedure, as was used
in the preparation of tissues for light microscopy. Karnovsky's fixative
(Karnovsky, 1965) was used in place of Zamboni's fixative.

’ v,
4.8.2. Chromaffin Reaction Fixation .

-+ The ‘same 'pwcedure for anesthesia and for the i)repnit’ion of the
animals were performed for routine fixation. A‘primn;'y_ fixative w-s’ p‘erl’uud,
d of 1.9 glutaraldehyde (TAAB, d) and 0.4 % formaldebyde
(TAAB, England) in 0.1 M sodium chn‘)mlte/pou.mﬁm dichromate (J.T. Bakey -
Chemical Company, U.S.A.) buffer, pH 7.2, followed by a solution of sodium

and pH 8.0. This was followed by processing for

electron microscopy.

4.9. Processing For Electron Microscopy .
“The superior mesenterjc artery with attached jej\ln;l arteries and the
mesenteric vein was dissected from the perivascular fat under a dissection

micrscope (Wild L’eitz) mdv'plued in the same fixative for an additional 2 hours
[ixation. The tissues were then processed-as follows : rinsed in 0.1 M sodium

_ cacodylate (Marivac Limited, Canada) buffer postfixed with' 1% osmium

tetroxide (Marivac Limited, Canada) in the same buffer; stﬁhéd en block with

g 50% ethanol saturated uranyl acetate (TAAB, England); dehydrated in a series of

graded etlimols; cleared using acetone; infiltrated with a 1:1 mixature of acetone




g 2 N i % L @ N
and arsldite for 12 hours;-polymerized in unadulteated Araldite for 24 hours at
70 degregs Celsius. - Prior to polymerization the vessels were cut and arranged i

embedding molds.

“After at least 24 hours of polymerization thick sectiols.(0.5 um) were cut
ona Huxley Ultramicrotome. The sections were collected on slides .and stained

with’ toluMdige blue. Thin sections (70-85 nm)-were .cut on & Reichert-Jung

Ultracut micrptome gnd collected onto copper grids (mesh size G300). Grids were
stained with rated uranyl acetate for ten minutes and rinsed with distilled

water. They were-then stained en face with lead citrate (TAAB, England) for 3

“minutes and then rinsed with distilled water. The grid)\ were observed usilg 2
Phillips EM300 ‘electron mlcroscope at 80 KV:

' 4.10. Pro:esulng For Ch¥omaffin Reaction Fixed Tissue

The superior mesenteric artery with_attached jejunal arteries and the

mesenteric ‘vein was dissected from: the peri i} di

fat -under a

microscope (Wi‘ld'Leicz] and placed in the sodium chromate/potassium. di mate

* ‘solution for 12 hours at 4 degrees Celsius. TFhe tissues were then processed as

follows:-postfixation in 2% csmium tetroxide (M‘nr‘ivtc, Canads) in 0.1 M sodium
b / PRI

/pots at pil 7.2 for one hour at 0-4 degrees Célsius;
stained en block with 509 ethanol saturated uranyl acetate (TAAB; England);

" dehydrated in a series of graded ethanols; cleared-using acetone; infiltrated with

“1:1 mixature of acetone and Aradilate for 12 hours; and polyermized in
unadulterated Araldite for 24 hours at 70 degrees Celsius. ~ Prior to
polymerization the vessels were cut and arranged in embedding molds.

’I:he'__s:me procedure for cutting of electron micruscops' blocks and

- staining of grids was followed, as described above, .

x




" 411, Photographic Techniques For Eléctron Micrascopy -
Electron micrographs were taken >using pre-dessicated Kodak Electron ]
Microscope film, 3 1/2 x 4 inches. Expmure' times of two seconds at @ photometer..
setting of 50 were used. The ﬁln"n was developed With Kodak D19 Developer,
diluted 1:2 with water, for four minutes “at 20 degrees Celsius. Following
development the films were rinsed in running tap water for one minute., snd then
fixed in Kodak Rapid Fix for four minutes. The films were washed in running tap
water for twenty minutes followed by further rinsing with double distilled w‘nter_
and then dried in a film dryer. ’
Electron micrographs were then pnnted from the negatives using an
enlarger. Working prints were made using an Ilford stsbllmmon printer with
Tiford paper. Permanent prints were made using Iiford Ilfospeed ‘paper. The
Ilfospeed paper was developed in Ilford B: & ohen devel per;-diluted 1:2 with

water, for one minute at 20 degrees Celsius, the prin& were r“}sed briefly in 4
running tap water for approximately ten seconds and then fixed with Kodak

Rapid Fix, diluted'1:2 with. tap wn&‘r for approximately two minutes.’ The prints
were rinsed in runmng tap water at 20 degrem Celsius for five minutes. The} :

- prints were then allowed to dry

T 4a2. Analysis Of bnl!\ Collected From Elgcgrol; Micrographs

The jejunal artery ‘was selected to be:the vessel to be examined. It has
the most nerve profiles compared to the superior mesenteric vein .and xupenor ’
mesenteric artery. ‘The wall of the artery was closely studied and the number of
nerve profiles were counted. . ‘Counts were only taken from Karnovsky ﬁ‘xed .
tissue. -1t was decided thal a number of counts would be taken from’ each vessel
and the values representmg the greamt number of nerve fibres, would be

recorded. e . . s . 5
- g \
B .




RESULTS

In general, the immunochistochemical method gave strongstaining of

nerve fibres on the feric vessels. An i p was

used for counting, if the nerve fibre plexus was uniformily distributed along the
blood vessel. If a pateh}; result was obtained, that preparation was rejécted for

i . counting. Because of the expe‘rimehtal design, a loss of the specimen preparation,

due to rejection; resulted in the loss of a value and peptide?examined in that
).

~preparation. The rejected counts are shown in Table 2a as (-

The controls for the immunohistochemical procedure all gave negative

results. No nerve fibre -plexus was found on the mesenteric vessels when the
primary antibody was omitted, when the antibody had been pre-absorbed by

-y excess antigen, or when the linking antibody steps had been owwd.

The electron microscopic preparations were well fixed. Tissue fixed in

. Karnovak}; showed good preservation’el‘ cell membranes "and intracellular

! ;)rgaxielles. Nerve fibre .bundles Qhowed good preservation wit‘h“;n range of.

neurotransmitter - containing vesicles.  In the chromaffin - fixed tiss‘ne,‘
catecholaminergic axons were plainly visible, containing dense granules. - In this ’

tissue, however, ge;:e‘n\, fixation was not as godd as! for the. Karnovsky fixed

material, and in some instan¢es mitochondria damage had occurred.

5.1. Developmental Study

- 5.1.1. Light Microscople Analysis By I histochemistry )

At the early stages of development, the jejuphl artery was found to b
the easiest mesenteric vessel to examine. A clean dissection of this vessel wn)
possible and the nerve fibres on the-vessel were very prominent.” CGRP-, SP-,

' NPY-, and TH-immunoreactive nerve fibres were present on the jejunal artery at
. one day hfter birth. CGRP. immunoreactive fibres d to be developing a .~
i plexus at this age. Beads on fhe fibres were noticeable. ‘NPY-, TH-, and SP-




immunoreactive were not as ‘w'ell dWerp‘QH m‘u_@he(

“On- & small number of the jej\lnval arteries examined, some VIP-i
fibres were found. How‘eve:r, they were very scarce. The NPY-, TH-; m‘ld‘S}}
immunoreactive nerve fibres were not photogni:hed st ‘one day after birth
because focusing of single fibres was difficult to perform. Druwing of these fibres
on the jejunal artery were made instead’(Figure 1).

B 2 -
By day ten, all fivedifferent types _of‘immunnregctive fibres had formed

a plexus on the vessels. By day fourteen, the plexus had matured (Figure 2)and "

with the aid of the quantitation method it was discovered that the density of the _
nerye fibre plexus on all th-e mesenteric vessels examined, for fourteen day old
rats, was comparable to that for twelve week rats”| (Tnbles h-lc) ’i‘yi&;l
gxamples of the fibre network drawmp made from the twelve week animals are
shovn in Figure 3. A.s can be seen from these drawings, the form of the nerve :

fibré plexus is not.the same for the three vessels and for thefive peptides. In

géneral, the jejunal artery “and the snpenor mesenten eini have the densest fi bre -

pléxus. The nerye fibres on the vem are in a parallel onentatlon whereas on the
jejunal artery the nerve ﬁbru are tlghtly clustered. On lhe mesenunc artery the
fibres were ‘disperse and spider- like. Huwe\‘ler,,the_ plexus also-differs-somewhat
"depending on.the ﬁ::tide examined. The SP- and QGRP-neﬁe fibre ‘plexuses

appear to be_ the e type of plexus, whereas the NPY-, TH-, and\VIP-nerve

%is

plexuses are similar. Photographs of the nerve fibre plexuses on the vessels of the. - ‘

mesenteric bed at twelve weeks of age are presented in Figure 4.




| . ’
Figure 1. A drawing illustrating nerve fibre innervation on the jejunal artery one
" ' |day after birth by (A) CGRP-, (B) SP-, (C) TH-, (D) NPY-, and (E) VIP- ..
| immunoreactive nerve fibres.
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Figure 2. Innervation of the jejunal artery fourteen days after birth by (A)
CGRP-, (B) SP- (C) TH-immunoreactive nerve fibres. (Magn. 600X)
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Figure 2(cont.). Innervation of the jejunal artery fourteen days after birth by (A)
NPY-, and (B) VIP-immunoreactive nerve fibres. (Magn. 600X)



Figure 3a. Typical di V histochemical
CGE.{P,-immunoreuﬁva nerve fibres on the (A) mesenteric artery, (B) mesenteric .
vein, and (C) jejunal artery at twelve weeks of age. . .

l;nd_e from i for
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Figure 3b. Typical .drawings made from immunohistochemical preparations for o
SP-immunoreactive nerve fibres on the (A) mesenteric artery, (B) mesenteric vein, .
and (C) jejunal artery at twelve weeks of age.
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\ ‘Figure 3c. Typical drawings made from i histoch: /'—r arations for
* VIP-immunoreactive nerve fibres on the (A) mesenteric artery and (B) jejunal
" artery at twelve weeks of age. ' f‘ o | . -~




.

. TH-immunoreactive nerve fibres on~the (A) mesenteric artery, (B) mesenteric
vein, and (C) jejunal artery at twelve weeks of age. .

ions for *



Figure 3e, Typical drawings made from immunohistochemical, preparations for-

NPY-imminoreactive nerve fibres on. the (A) meSenteric veir and’ (B)_ jejunal

artery at twelve weeks of age.




Figure 4a. Innervation by CGRP-immunoreactive nerve fibres on the (A)
ic artery (B) ic vein, and (C) jejunal artery at twelve weeks of
age. (Magn. 260X)
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1N 0 1L50 u
Figure 4b. Innervation by SP-immunoreactive nerve fibres on the (A) mesenteric
artery (B) mesenteric vein, and (C) jejunal artery at twelve weeks of age. (Magn.
260X)



Figure 4c. Innervation by VIP-immunoreactive nerve fibres on the (A) mesenteric
artery and (B) jejunal artery at twelve weeks of age. (Magn. 260X)
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s €Ay 150 um

y TH-immunoreactive nerve fibres on the (A) mesenteric

Figure 4d. Innervation b;
artery (B) mesenteric vein, and (C) jejunal artery at twelve weeks of age. (Magn.

260X)
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.gure 4e. Innervation by NPY-immunoreactive nerve fibres on the (A) mesenteric

vein, and (B) jejunal artery at twelve weeks of age. (Magn. 260X)



TABLE 1A. The length (in nlqron;) of the nerve fibre plexus per

1x105u? _of. thé mesentéric arterial wall +4/- the
e %,

standard error for rats at fourteen days and twelve,

weeks of age. (N=6)

PEPTIDES

Neuropeptide Y

1 Polypep

Calcitdnin Gene Related Paptida

Substance P

14 DAYS
360.6
+411.3

246.3
+/- 6.5

435.1

+/-21.1

360.4'
+/-20.4°

333.7
+/-11.0

AGE OF RATS

12 WeEKS
30157
+/- 1.8

229.8
+/-16.9
- 3927
. 4/20.8
" 3048
+/- 4.3

301.0
+/-25.7




age. (N-6)

S PEPTIDES

Neuropeptide Y

Intestinal Polypep!

Calcitonin Gene Relared Peptide

R
Substance P

Tyrosine Hydroxylase
- e

Table 18, The length (in microns) of the merve £ibre plexus per
‘\ 1x10%um? of the mesenteric vein wall +/- the standard

error for rats at fourteen days and twelve weeks of

AGE OF RATS

14 DAYS 12 WEEKS
599.1 617.7
+/-8.9 +/-37 .4

* *

411.2 354.8
+/-36.6 +/-12.2

@9.0' 3847
+/-9.3 +/-3.8
455.9 618.8
+/-34.6 +/-63.6

(*)indicates the absence of a nerve fibre- plexus.
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Tible 16.  The length (in microms) of the'nerve fibre plemus per

1x10%m2 of JeJunal artertal wall +/- the standard error foz .

rats at fourteen days and twelve vacks of age. (u-s)

PEFTIDES JAGE OF RATS
5 14 DAYS 12’ vEEKS
Neuropeptide Y 790.9 6631.5
, +/-21.5 +/.26.9.
asr— i
Vasoactive Intestinal Polypeptide 685.9 716.2
) +-29.0 +/-16)
CaleLtonin Gens Related Peptide 414.6 L3575 4
) ; - +-35.7 FSTS S !
Subgtance B * - s 403.3 349.7 . :
; 413 +/-8.7 .
Tyrosine Hydroxylase L8200 778.8 :
) ) +/-54.5 +138
% - o .




5.1.2. Electron Microscopic Analysis s

The vessels of the mesenteric bed were found to l\a quite: immature one ~

” day after birth. The jejunal artery had the greatest nerve-stipply, and therefore it
viss chosen to be examined more closely. At one day after birth, the jejunal

artery consisted ‘of six cellular layers (Figure 5). The first layer was an

dothelial layer. The endothelial cells contained many different organelles. A
large number of ribosomes and vesicular ofganelles were observed. Simple
junctions between endothelial cells were found. Underneath the endothelial layer
there was an elastic ‘Iayer. This was a thin layer and was fenestrated in areas.

" The third layel: was an immature smooth muscle layer. The smooth muscle cells
contained few filaments. They did contain a large number of qther organelles.

rough’ and a large number of

’ veslcles were seen. Lying under- the smooth muscle, 2 small amount of elastin was
found. The fifth layer was an undifferentiated cell layer. Nerve bundles,smaking ’

up the sixth ‘layer were prese:nt on the outside of the vessel. The bundles

consisted of several axons ensheathed by a Schwann ceil The axons contained

mmy different types of vesicles (Figure 6) Smll dense cored small clear, and

opsque vesicles were observed. . & i

[

From day one to day fourteen, the vessel matured in its smlcture

(Flgure 7). Thé number of smoth muscle-cell Iayers had increased. ‘The elastin

- layers had thickened and-the endothelial cells ‘had lost some of their organelles

and had formed cuﬁplex junctions between them. No difference in the structure

of the nerve bundles was observed, but they. were found closer to the

differentiated smooth miiscle layer (Figure 8) and the number of bundles had

“increased in the vessel. . N
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Figure 5. The jejunal artery one day after birth. It consists of six cellular layers.
An endothelial cell layer (ECL), an elastic lamella (EL), a smooth muscle layer
(SML), another elastic layer (E), an undifferentiated cellular layer (CL), and a
layer containing nerve fibres (NF). (Magn. 28,000X)



Figure 6. Nerve fibre bundles consist of several axons (AX) ensheathed by a
Schwann cell (SC). The axons contain many different types of vesicles. Small
dense cored (DC), small clear (C), and opaque vesicles (O) can be found. (Magn.
55,000X)
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Figure 7. The jejunal artery at fourteen days after birth. The smooth muscle
layers (SML) had increased and the elastin layers (EL) had thickened. (Magn.
16,800X)
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S

Figure 8. Innervating nerve fibre bundle. The nerve fibres are found much closer

to the smooth musele layer in the mature jejunal artery. This vessel was
chromaffin fixed. (Magn. 21,000X)



5.2.1. Light Mi

Tysh By 1
From- the i bistochemical p ions, valies- !or the nerve l’bre
density were obtained and mb;ec'.ed to analysis of vnm.nce. This uulysu showed
that the density values obtained for the control rats uud the contml vehicles at
four and twelve weeks of age fould be gronped into one group. The 8-
hydroxydopmaine rats at four And twelve weeks of age could be g:ouped fnto"
another group. There was some mmng of the capsaicin four and twelve week old

rats mm the control group and into & group of their own (see Appendxx) ln ‘these
groups whue differences were detected, further uulylln was-performed \um; the
Tukey ~Multiple Range test, the St\ldent Newman Keuls test, and the Scheﬂe

“pvacedure in order to identify slgmﬁcantly different vnlues

In the capsaicin treated four a’nd twelve week rats, CGRP- “and SP-
unoreactlve nerve fibres were absent from all three mesenteric vessels (Tnbles
2:-2: Flgure 9)

Tlle ’I'H-unmunorw:twe‘nme ﬁbre density was found to have mcrm«l
for the mesenteric utery, in tha four” and twelve )eek treated upsuem rats
(Figure 10). . As well, an increase in the *density values for the TH-
nnmunorenchve nerve plexus was found “for the mesenteric vein at four weeks in
the treated capsaicin rats from capssicin treated mothers and at twelve weeks in
the capsmm treated rat group. An i increase in the, TH-nerve fibre density was
seen_on. the jejunal artery for. the twehe week clpwem treahd rats from
capsaicin treated mothers. X . 3 =

¥ S -

The NPY-immunoreactive nerve fibre denmy vnllm were fonnd Qu lnve
increased for the'mesenteric vein at fplu' and twelve weeks of age in the cupa\icin
treated rats. An increase was also seen in'the jejunal utary n four weeks in the
c-pmcm treated rats and at twelve weeks for the clpancm treated rats lrom
clpulem ‘treated mothers. - e & \ i =




The VIP-immuhoreactive Pe;rve fibre density values were found to have

increased for thﬁ_ejnnal artery at four weeks in the capsaicin treated rats group. .

For the 6-hydroxydopamine treated rats, at four and welve weeks of
age, the NPY- and TH-Immunoreactive nerve fibre plexuses were absent from all -
three mesenteric vessels (Tables 2a-2¢, Figure 11). There also appeared to be a
number of significant changes in the density of the SP-, CGRP-, and V']P -nerve

" tibre _plexuses on the mesenteric vessels at four and twelve weeks of age in the 6

hydmxydopamme ‘treated rats. ok - . =

' , s The: SP—lmmunoreuchve nerve fibre denslty valuw ‘wepe Tound to have .
& in, the 6- 2,
hydroxydopamine' treated rals On the mesenteric vein and jejunal artery the

" decreased * for “the’ mesenteric artery, at [our weeks - of

= VIP-, SP-,-and" CGRP- lmmunoremwe nerve fibre plexuses ‘were found to have
decreased' at four and twelve weeks of age in the heated rat group (Figure 12)

o e
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Figure 9. Jejunal artery after ici The CGRP-i:

nerve plexus was absent. (Magn. 350X)
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Figure 10. A mesenteric artery from a capsaicin treated rats. The density of the
TH-immunoreactive nerve plexus has increased (Magn. 350X)
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Figure 11. A jejunal artery after 6-hydroxydopamine treatment. The NPY-
immunoreactive nerve fibre plexus was absent. (Magn. 350X)
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Figure 12. CGRP-immunoreactive nerve plexus on the jejunal artery after 6-
hydroxydopamine treatment. The density was found to have been decreased in
the 6-hydroxydopamine rat group. (Magn. 350X)



five

‘-

TREATMENTS
)
!

4 Week Controls

4 Week Capsaicin

. 4 Veek 6~0H.DA§

4 Week Capsaicin
Vehicle

4 Week 6-OHDA
icle

. 4 Week Capsaicin
2 (Injected Mothers)

12 Week Controls

12 Week Capsaicin
12 Week 6-OHDA
|
12 Week Capsaicin
Vehicle
. 1¥Haak 6-O0HDA

Vehicle,

12 Week Capsalcin
(Injected Mothers)

lue signi

The nerve fﬂrn’dﬂulfy\ (length of

and mb‘u

merve fibre plexus/1 .~

x 105 un? of vessel vall) +/- the standsrd error for .

on the superior mesenteric artery. (N-6)

(- ates. a rejected

PEPTIDES

vie corP sp
2
257.5  263.7 . 306.7
+/-16.1 +/-11.7  +/-27.0
164.3 o o
+/-11.6 -
i

202.2 264 *233.7
+/- 9.3 4/-1L5  +/-13.1
229.8  437.7 39.3
+/-18.6  +/-30.0  +/-22.2
236.2 3048 312.7
+/-16.6 +/-12.5 4/-27.2
1381 o
+/-29.5

_229.8 3927 304.8
+/-16.9  +/-20.8  +/- 4.3
218.5 -0 °
+/- 9.1 -
*170.8  *208.5 - *207.3
+/-11.8 4/-12.4° #/- 9.1
2732 215, 330.7
+/-20.0  +/-28.0  +/-36.1
187.7 © 38,5 3.2
/- 9.6\ +/-1L5 +/-14.0
198.3 0 -0
+7-10.6 "
=y

from the control values,

225.7
+/-8.%
*386.2
+/-30.3

o .

290.2" .
/252
286.5

+/-28.7

" 2168
+/- 7.8
)

301 ¢
+/-25.7

 *ue.s
+/-19.7

258.3
+/-25.7




- The nerve fibre density (length of nerve. fibre

- plexus/1x10° wm? of vessel wall) +/- the

standard error for five different peptides and .

twelve different treatments on the superior

&
mesenteric vein. (N-6) o ‘
“PEPTIDES . 3
. NPY. vIiP . CGRP SP TH o
4 Veek Controls 513.8 0 274.3% 27132 5% - 3
+/-16.0 +/- 4.7 +/-23.5 ! 4/-30.4 H
‘& Veek Capsaicin *585 0 0 o e62.2
K ©4/-281 s . : ] +/-27.9 - P e S
svesk6eoma b0 o *208 #61,7 0
g § +/413.4  +/-13.8 ;
4 Weel, Capsatein 507.2 o 3813 | 2.2 5467 -
Vghfele +/- 8.5 +/-26.8° +/-19.0  +/-29.9
4 Veek 6-OHDA 506 0 . b4.8 385.2 642.5
Vehicle +/-10.2 ¢ +/-17.5  4/316.3  +/-28.6 g
leek Capsaicin 511 0 [ 0 *403.3
njected Mothers)  +/-27.6 +/- 7.6 ;
12 Week Controls 617.7 0 T 3548 - 3867  618.8
+/-31.4 . #/-12.2  +/- 3.8 +/-63.6
- A E
12 Week Capsaicin *760.7 0 0 0 . *860.5 1 H
v . +/-21.7 { +/-43.6 3
3 - ¥
12 Veek 6-OHDA . 0 -0 *a13 %2563 [
. . +/- 8.7 +/-1R0 =
12 Week Cipsaicin  617.5 [ 340 45.5 - 626.8 .
Vehicle +/-42.3 +/-16.1 . +/-36.0 +/-21.2 5
12 Week 6-OHDA 670.5 0 391 354 832.8 &
;ul\l.cl,e . +/-18.3 +/-22.5  +/-11.4 - +/-22.2 3
12 Week Capsaicin © 650.5 . 0 0 o 7027 el
V' (Injected Mothers) ' +/-38.6 +/-39.1 g
(#)indicates a value significantly different from the control values:
- {‘(\‘, i &




Table 2C, The nerve fibre denatey

- error for five

(lm;ch

and twelve

of meive. ‘fibre

* plexusyl x 105 am? of vessel wall) +/- the standard

treatments on the jejunal artery. (Ne6)

PEPTIDES
NeY ° vip CGRP
TREATMENTS
v
4 Veek Controls . 7443 720 385
' +/-17.9  +/-31.6  +/-11.2
4 Week Capsalcin  *833.3  *959.5 0
" 4/-30.2  4/-15.7
4 Week 6-0fiDA o o 2w
; +/-16.2
4 Week Capsaicin 722.5 " 857.8 570
Vehicle +/319.3  +/-35.9  +/-19.6
4 Veek 6-OHDA 787.2 783 530.8
Vehicle +/-35.6  +/-10.1 +/-26.8
4 Veek Capsaicin 718.7 751.5 o
(Injected Mothers)  +/-27.8  +/-16.1
12 Week Controls 663.5 - 716.2  357,5 -

+/-26.9  +/-16.2  +/-14:8

i .
12 Week Capsaicin 7564.3 \742.3 o

+/- 6.4 +/-26.9

12 Week 6-OHDA  + 0 *325.8  *281.3

. 4/-29.9  4/-12.9
12 Week Capsaicin 762 , 720 . + 361.8
Vehicle L M1 427 /e18
12 Week 6-OHDA 583.5.  693.7 378
Vehicle /211 4/-26.Q  +/-16.7
) . . \
12 Week Chpsaictn  *876.2  780.7 . ‘0

(Injected Mothers)  +/-36.7 +/-19.8

¢ 3 a‘value signif P

SP

" 468.3

+£-22.5

0

*216.8

+/- 6. 7
w7 7
+/-13.6

5322

+/-38.8
"o

349.7 °

+/- 8.7
0

*262.5

+/-17.2

383.3
+/-36.4

373.2
+/-18.4

0

y different from the :;rn:ml ylh:lu.

853.3
+/-48.7"

782
+/-11.3
0

871.2

“+/-17.9

878.7
+/-19.3

- %672

+/-14.4

778.8
+/-13.8

#s.s
+/-24.3

o

680.3

YA

697.7
+/-21.6,

*860.7
+/-30.6
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Electron Mleruacoplc Annlyu[s . .

The jejunal artery was chosen for study because it appeared to have thé~
greatest number of nerve bundles of all three vessels examined. In this vessel, at
four and twelve weeks of age, most of the nerve bung:llerhave a small number of
axons. There is a moderate number of bundles with an intermediate number of
axons and a small number of bundles with a large number of axons (Figures
13-)16). Figure 17 is a.n’example of a n‘ervve.bundle with only a.small number of

. axons whereas'Figme 18 is an example of a bundle with a lnrge number of ‘axons.
- The catecholaminergic axons have dense granules when the vessel is fixed with the
+ chromaffin Reaction (Figure 19). P
_ “In the capsaicin‘treat’ed_mts, ‘at four and twelve weeks of age, the
maximum number of nerve fibre bundles had decreased. This occurred in the
capsniciil treated rats from caysp{cin treated mothers as well (Table 3). At four
= weeks no chamge was seen in the size of the nerve fibre bundles in either the
- capsaicin treated rats or capsaicin treated rats from capsaicin treated mothers
(i“igure 13). At twelve weeks of age, for the capsaiéin treated rats and capsaicin
’ trene'd‘rnts from capsaicin treated mothers, the number of bundles wi‘th a small

and intermediate number of bundles had decreased (Figure 14).

In the 6-hydroxydopamine treated group, a decrease in the maximum
number of nerve fibre' bundles i in the jejunal artery was observed (Table 3)

} ¥ .
At four weeks of age, the numberof blmdles wnh a small number of
axons (0-5) had decreased in the 6-hydroxyd ine treated rats (Flgure 15). No

clmnga was observed for the number. of bundles with an intermediaté & number of
“ axonms. At twelve weeks, the number of bundles with a small and intermediate
number of axons had d d in the 6-hydroxydopamine treated rats, whereas

7 . the number of bundlés with a large umber of axons had nob changed (Figure 16).

e In, the l;-hydmxydopamine treated rat group, when the chromaffin fixed
vessels were ined, no catecholaminergic axons ining dense; les were

Y

gy

v




found. ltwohu'nd thnhthuamudvuelnheemndhbcn
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k3 Fiéum 13. The number of axons per bundle’in the four week old jejunal

ar‘tery ‘from capsaicin (ca;;) treated . rats.

_ (wk=week, icle, MI=mother injected) e
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Figure 14. The number of axons per bundle in the twelve week old jejunal’,

artery from capsaicin (cap) treated rats.

( k, Vel s injected)
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Figure 15. The number of axons per bundle in the four week old jejunal
artery from 6-hydroxydopn‘mine (6OHDA) treated rats.
(wk=week, veh=vehicle) &

»
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Figure 17. Small nerve fibre bundle. Nerve bundles can have a small number of
axons (AX). (Magn. 55,400X)
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Figure 18. Large nerve fibre bundle. Nerve bundles can have a large number of

axons (AX). (Magn. 37,600X)



Figure 19. A vessel fixed by the chromaffin reaction. The catecholaminergic

axons in the nerve fibre bundles have dense granules. (Magn. 52,600X)



Figure 20. A 6-hydroxydopamine treated vessel. It appears to contain a large
amount of collagen (C). (Magn. 10,850X)
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ne day nuer bn'th in the Mesenteric vascular bed the vascular wnll‘

“thig study. were found to be

cemponents of -each of the vessels ‘examined

mmuture exc;p% for the innervation. The CGRP peptidergic nerve nbres in”

éd: were found to ‘be more ndvanced at this early uge, as compared to the.
-t caucholammprglc nervr,f‘ hres CéRP {bres were rmmd 4o be lormmg a plmms
.at one day after birth. “The'SP-inmi it flbres were ginning to, branch
1 ‘ngle fibre-and: shéwed some signs-of plexus -(ormsmon, For ‘the ‘other

lhre typu (NPY TH, and V]P) qnly single ﬁbres were' found . st
X i

Wxth hme, the' number of nerve fibre bundles had~ mcreased -d the
‘ thsr wnll components had mamred By day rourteen all componem.s were

nimals. It is- E

mamre and they were compsmble to the. fully miatyre 14
thal ﬁhe asculatur hss ‘ap Esrly

not oF. control

ongmue hom the dorsal oot gnnglm and tngemmal gangln (Rasenfeld et al ot :
*1983). Thk cntecholnmlnerpc fibres'(TH and NPY) originate from the pre- und
pursvertebnl genglia (Edvmsson et al, 1073) The VIP')mmunorenchve nerve

'ﬁbm have been’ !olmd‘ to ongmate fram peripheral gnnglm, near the area that

they innervate (Shmtam et al 1988). The do:sll root‘ gnngha develop i in advxnce

- : N, Y




o! thm"other mgln (Mnore, 1082) lnd thel.-efore it Memnlble o, conelude

the cztechohmmerg]c

enhance-the effects of other °"“ It can iate the effect of bs
P feurokinin A and B,.histagi platelet activating factor;and bradykini

~ e (Bnl‘ l.nd Wl , 1085). CGRP has also been proposed to play a tmplnc mle

-

lhe synthesis of acetylcholine receptois in culturu of rat neonate: myotubes (New
and 'Mudge,-1986). Perlnps one of CGRP's most important rolesrx its nblhty w
modulate arterial tone and control blood flow (Zaidi, Breimer, lPl‘l MMIntyr‘e
,1087). From these examples it-is euy to see thnt @GRP may be lmportnne in !he

early developmenb ‘of tha vasculature, - However; . the other pepudw are | also

important-at this eat]y stage of dwelopmen'. NPY, for enmple, appears to be *

~ uuportlnt in the :nm.rol of the vasculature (Lundberg et al, 1&85)
> 4

N & <

Be!ore it can be fully concluded thanGRP peptidergi: nerve fibres are

*~__ pioneering fibres the imunohistochemical technique needs to-be exarmined.  The -
CGRP-satibodyp from US.A” was found to give a strong .
I S astiining'@l the i ive fibres on the ic vessels. - It was dil ited

1:20,000 to give.this reaction. This primary CGRP antibody appears to have &

hlgh affinity and high specificity. The other prumry l.nubodm may not have '™

. had-such a high tﬂ'mny nnd'lpeclﬁelty

i ln conhluslon, it may be stated thnt the nerve supply to the mesenlerlc
vessels is partially developed At one day mer birth. Tho eltechohmmemc and
pephderglc nerve fibres are present. on the muenteﬂc vessels~and_the CGRP

. peptideérgic nerve fibre innerva i on appears to be more Advanced than other fibre
types More work, however, is nuuauy in*order to confirm these latter points.
It may be necessary w\o perform tests with other primary antibodies purchased

um the punpherd pepudemc (CGRP Illd SP) nerve fi bre .yuem developl before.. -~

GGRP nerve fibres Lave been dicovéred to be Hiportant n peiisory.
control (Gibbins, Wattchow, and Coventry,-1987) and have been shown' to

/‘ 3 in ﬂ:e synthw of réceptors on smooth muscle. It has been reported to regulnte i

R




also’be mteru ng bo examme the vasc\nltr

pre—nnully to d
; ‘when ﬂ;e first appenmnee ol these ﬁbres ngqns ; SR g '

SR e
O’bservatlo S m: Irom the capsaicin and B-h)"dmxy'ddpnmine studiea
that th i jof between different types.of ienvncnl!l'

nerve fibres in the mesenlenc hed of ‘the rat. Treatment with capsaicin ruqlted

in” the: complete loss of pe/nvssc\llar nerve fibres immunoreactive to SP a.nd
GGRP.. In some of the capsncln treated specimens, arf increade in TH, NPY, and
VIP-xmmunorthve nerve flbres was found, ‘Treatment with 8-hydroxydopamine
resulted in the omplete loss of nerve fibres |mmunoreacnve to TH and NPY. In-
these speclmen.\l reductlon in | the denslty of hbres |m|m|noreactwe to CGRP SP,’

nnd VIP Wtrnbserved )

~

! there.is an i

These fmdmgx su{gest that durmg
" between nerve" ﬁbres mnervstmg blood vessels since-there is a chnngé m some

whlle oth?rs are removed It appears as ll' the pepiiderg'lc

qf the hy " '\ i ﬁbrm whereas the
,cnteelmlammergw fibres are necessary for the full development of the peghdergxc '

1 I
Once-neumns are, l‘urmed the last penod of growth [or them mvulves the

brmchmg and ‘txtens 0 of existing axons mther O.hnn development of new
- meurons, and nxons Neumml mltoals ceases to Geeur about. one Week ‘after birth
(Pa-pku, 1072). However, neumns do ‘possess morpholog)cul plasticity and can

g'row and regenerate if they afe placed in‘a pamculnr physiological sthtwn

case of sympnthetlc neurons (Roufe, Johnson, and Blnge, 1985&
Sk ¥

B o ‘Neuronp] growth l'mfm-s can slso nl‘l‘ect"ﬂ: development of the nervous
.syslem (Dekker,-Gispen, and de Weild, 1987) Neuronal g'rovnh factor appears to

5 Some nenrons have been skown to Ppossess .neuron promohng utmty a i the N

; i L
for the_devel and - mainten o[ function of both/t\h\“/ p

4:




penpheml sympn&hetu: and qensory nervolls sys (Thoenen lnd Barde, 1080)

. to. compete for neuronal

it

Nielich and Keen qbserved an

-Sensory and ‘sympnthem nFurons have been’
growth factor (Korschmg and Thoenen; - 1085).
. increase in the SP content q}f cell bodies, axons, and terminals of sensory neurons
in both the tx:igeii;inal §nd. sciatic- systems of B-Bydroxydnpa;iﬁne treated rats
(Nxelsnh and Keen, 1987). . They observed ‘that this incredse in SP depended on

the relative density o -sym| a.theuc and sensory mnervahow This indicated to.

them that compztmnn for nerve growth factor was occuring (Nielsch -and Keen, %

1087).

P can cause

In the cat's- occipital cortex, after 8-hydroxydopamine. treatment,

fibres to

" Kasamatsu, i984).
coilnteral Ssprouting in resp

Intac

- area (Stenevn, Bjorkl\md and Moore IO‘I\'J)

qulckly (Nakai and .
t ndxenergw axons ‘are capable-of exhlbnmg marked .
(’mse to remoyal of othér afferents innervating the same

\f

.In ‘this experiment, a decrease in peptidergic m)res was obtmned when

H catecholaminergic nerve hlLres were removed. This is the opposite fram the above -+

- - examples. This suggests t]
d with

| :
at. it is possible that some of the peptidergic substances

he bol

. iy 'may be
: r(emoved with tlie catecho
that the fibres are |ndepe
their development. CGRP}
fibre.” When 6-hydroxyd

il )
immunoreactive nerve,_ fib

immunoreactive fibres con

, SP* snd GGRP-ini

m the. same fibre, and they were
mmlnes dunng tres@ent wwh 8-hydroxydopamine, or
ndent but reqlure the presence of catecholamines fox
SP, and vIP may be colocalized with. TH in the snme
lopamine - tteat\ment was gn[en the TH- and NPY-

e ‘plexusés disappéared. - This indicated"that all TH-' '
3 et
tain NPY. Whepv capsaj in.treatment . was given' the.”

SP-lmmunarthve fibres

/ Before making ai
considgred For example,

CGRP lmmunoreactwe fibres.

» hydrof(ydopumme appens
b

d. This sng?gests_}h’nt all
@

fibre plexuses dis
ontain CGRP.

y conclusions, -the sgleélivity‘ of the drugs must-be
he 6 d

may, be ing some SP- and .

hervous

yar
"In system, . B
to be taken up vuth a lg,h degree of seleetmt} by =

Y

the penpher




C 18 electron

ntn(hu have ingdic _‘ th ‘7 holi

neurons’

: a.ppeu- nomll while noradrenergic Deurons are in the proeus‘of degwen‘lon < i
(Slmns and Bloom, lﬂoﬂ‘hoenen and Tranzer, 1968) Capsaicin is also highly }
ulecﬁve ineausing de;enen(lon of s:nsory pnghon Deurons (Ja.neso et nl 1087]

By examining the nerv?)ﬁﬁe plexus plttenn for each of theue pephdu,
it appears” as"if -th€ TH-, NPY-, and VIP-immunoreactive fibré plexuses are —
similar. The. CGRP- and SP-immunoresctive fibre pltxus patterns are similar to
each- other. This pmndea evnfence for the lden tlnt TH,. VIP, and NPY-
immunoreactive substances ne found in the nms r bre,-md CGRP- and SP-

; lmmunoremhvesubmncu sre found lcgether 5o

. CGRP lmmnnomcmlty (Goodml.n and lversen, 1986). ANPY In* this present study, X
“TH- and- NPY-imn b +also appeared to be found together. "

. This has also. been fwni inv many other sendiu (l&bhl{t, Trimmer, ’gnd Landis, - . s 5

1987).. It appears as if. VIP can sometimes be found within NEY- and-TH-*

immunoreactive fibres. In adrenal mmlru this co-existence can be found (Said, ...

1984). In this study there also nppT.rs to be cases where CGRP and SP-sppear to

be iated with TH-i .

3 |

fibres. <

. 'In the twe_!vo week caps: icin injected rats thp)—were from capsaicin

% xnjccled mothm, a large increase in\the Tﬂ-unmnnoreun‘ve nerve fibre danslw
was seen in the jejunal artery. 1t was cided to, mclude this capsaicin group after
it was discovered ‘that CGRP hke 1 munorelchve nerve fi bra were  well
dweloped at one day after birth, No lly_capsaicin:injections would-haye: been —
started two dnys after birth but after considering the fact that CGRP-like ’
unoreactive merve fibres were nlrndy present by two dlys md “well

2 develoﬁed,\n ‘was deﬂded Go treat mothers with capsaicin’ as eu-ly as hnrtun




da1ys nl'ter concept: ,. II CGRP like u
“natally, no lntermctlon or competluon bety een the CGRP like i lmnulnoreu ve
hbres and- the other fibres “Eould oceur, and therefore the ‘result obumed iss”

consequence of the abserce of CGRP-lik 2 munoreachve fibres.

/

) After discovering a lsrge inér/e'nse in TH~imni\moresctive neive fibres, in

‘< these animals, it may be concluded tba'. peptlderglc nerve fibre innervition has a
strong ;;ﬂuenca on the cnuchoh.mlnerglc nerve fibre innervation early. m

develupment In fnct this inﬂnence is mhxbnory and océurs pre-natally. It'is not
surprising that this ucetirs so early in’ development At this early. age; nerve
. contacts are beginning to be mn.de Later on m development, it would be more
d)fﬁeult to influence the g'rowﬁh of nerve fibres for they have ma.tured o

Vi ~ :
s SR In this study, VTP—lmmunoreacnve fibres were nct Immd in thllpel’l
. mesenteric  vein. .Felier .and. Burnstock (1988) dmuvered that" VIP-

lmmunoreactwe  perve f/bres were sparse ‘or in most cases no Vll’lmmunore&ctlve

T CEe nerve fibres were p ent-in the walls ‘of veins. There are also some specimens .
. @P lmmunoreact ive nerves-on the supenor mesentenc u-tery) where no vahm' 1
_-are present for rve densities. Some NPY—lmmunoleMtwe _nerve ﬁhra werev h
. found qn ,thfev ;Zperlor mesenteric aﬂer}q however ihey were' pnlty and not
. hréughout all of the i . These s|mpla were re} cted. It is

believed thﬂ this~is a cunseguence of the speclﬁcl'q‘
There wa{ a large nmount of background staining in” these ssmples md
difficult/to differentiate nerve (ibres from back;round tissue.

the pnmary anhbody

- < ' ; Electron microscopic examim\;tion of ‘the jejunal srtery frg‘:ma;bth f;ypis
B of/treated rats showed that the nlm':ber of fibre hundles had been ieduced. From
B % the loss of " fibre: bundles _following either- capsaicin or 'é—hy;iroxi'dop;mine :
treatment it appeus;',ha; ‘most axons travel in- b‘untglm ml’derup largely ;f one -,
‘type of axon. If bundles Were always made up’of mixed types of axons, then no. ;-

change in"the number of nerve ﬁbres ‘would hnvg been-found.. However, -the :

ehangé 4n plexlls density !ol!owmg treatment sllggeébd that 8 loss of spwﬂe fibre



. types: occlm-ed The £ bres that, wére lost musc hnve been in
, ,. e pephderg:c fibres that»travel {n mlxed/bylndles wnh cntecholnminergic fibres
* depend on the d of the holaminergi fibres for their development.

.. When the cutecholammergxc fibres are. .nbsent thete i§ {ldecrense in the number
of pephderglc fibres: When the peptlderg'nc nerve ,ﬁbxes are absent, the

catecholami aminergie fibres:| proh[emte
>

& Thexe isa lnr"e amount of evidence guggesting that neurons may contain:
a classical transmitter and one or more biologically active peptides (Hokfelt et al,
1080a). Multiple me: 's may provide a mechanism for relaying differential
responses and. for increasing the amount of information transmitted m.‘ synapses v
(Hokfelt et dl, 1087).. In the peripheral nervous system; there are many examples
demostnhng the coexistence of SP and'CGRP containing nerve, fibres )(Terenghl
et al, 1985). : There are also.many locations whére CGRP and SP are colocalized
with VIP (Lindh et 'al,"1987). Yl?-lmmunoxenctlve nérve fibrés have been
dxscovered to. belocalized wnh NP‘[ immunoreactive fibres especully around
blood vessels (Hokfelt et al, lQSB).,\ Therel’ore, it is not unreasonable to assume
that ‘these peﬁhde contammg smmunoreactive. fibres can oceur together in the
same ﬁbre bundle Molyneux and Haller (1988] demonsﬁated that peptidergic,

\'____Ilohnergxe, and,nondrenexg'nc merve nbres could be found in the same fibre
bundle. i

.
1t may be speculatéd that in the: mesenteric vascular bed of the rat,
ca&echolnmmergnc and peptidergic nerve fibres can be found together in the same
bundle and  these” peptidergic_fibres depsnd upon the maturation of the

cltechahmmerglc fibres for their own maturation. . e

A chn.nge in the composmon" of nerve fibre bundles was llso discovered

aner capsgicin_and 8- Y /. After-capsaicin treatment, it
was: diséovered that Bundles thh grenter than ten axons per, bundle wére sbsent.,
A!tex B-hydroxydopnmme hentment very, few bundles withh less than fi ve axons
per. bundle were found. . a N <

R




follnd in smn.ll fibre bundleﬁ

In summary, this pmjeét has demdhs trated or Luggﬁhtedv ‘that the nerve

supply to the mesenteric vascular bed is well developed at a8 rncher enrly sge The :

. "CGRP" peptidergic nerve fibres appeared to'bé more sdvanced than the other
nerve fibre types exnmmed in_this- study. Durmg development there Jis an ]
mteractnon n between nerve ﬁbws mnervutmg blood vessels. ‘It appeared as’if the
pepﬁderglc innervation ‘limits the proliferation of the holami

ic ﬁbres
‘ecessary for the hﬂl development olathe
 peptidergic fibres. - C: holaminérgic and.peptid

whereas the catecholammerg\e ﬁbra ar

i nerve fibres can be found -
R Aip the - same nerve bundle, It nlso npyeured tha.g cntecholammerglc md

P $ can be

d in the ‘same nerve ﬁbre, ho'\’vey{r more
- work has to be perl‘ormed to confirm that polnt

LI I e
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) after birth, fi bres xmmunorencuve to” TH and . NPY were found (see ﬁgure 2).

8.1. Cnpulcln Trentment -

For capsdicin treatment, first it was decided to use' the meumd fol[owed Y s
-by Scott and Pang (1982).- When rats were sacrificed at twelve weeks after blrth
fibres immunoreactive to CGRP and SPwere found (see ngure 1) Thue ﬁbra
should have been removed by the cspaamn h-eatment

iroxs -’-r . b

) For B—hydroxydopamme ﬁeatment, xt was deeldéd to follow the method
devised by- Nlelsch and Ke:n (1087) When rats were sacrificied. at four weeks

These fil fibres shguld have been removed by the B-hydroxydopmun_e trentment:
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Figure 1: CGRP-immunoreactive fibres on the jejunal artery
after capsaicin treatment. magn. 260X
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Figure 2: TH-immunoreactive fibres on the jejunal
artery after 6-hydroxydopamine treatment.
magn. 260X




8.3,

s:-tu:lul lbd:od- foz upnt H!.croll:wy

~~ Control .-nﬂ vumch control rats were subjected to -u:uu(n
methods to see if any differences could be faul# (see table). The
student ‘Newman Keuls, test, Scheffe proc-dun and Tukey's test were
used; Experimental rats were also subjected to these teSts to find

Keuls-test. - The student Newnsh Keuls test:groups homogenous subsets by
:Iuir ans. A homogenous subset is a group whose highest and lowest

¢t differ by more than the shortest dignificant range for a
l'“blot of that size. In the example blvln below there was no
significant difference at the 0.05 level. 'The means given jhere are
grouped means. . All values for vessels and peptides were .grouped for
.each @nimal group examined. All the controls and vehiclé controls fell

into one luhs-:. . s W
s g s .
. : £
-~ 4
Subset 1 g ' )
. > - . : 2
_ GROUP hd MEAN p
12 week rats - 7 : 461.96 3
12 week capsaicin vehicle rats i .42 - ]
12 week 6-hydroxydopanine vehicle rats” 375.32 :
4 week rats - 391.99
4 week capsaicin vehicle rats = ©as2.27

4 week 6-hydroxydopamine vehicle rats - 451.63
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