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SUMMARY

Despite prevalence of inflammatory joint disease, at
present little is known about the factors influencing
articular blood flow. It was suggested that joint blood 
vessels in the dog are innervated by sympathetic efferent 
nerve fibres whose action is to constrict these vessels 
(Cobbold and Lewis 1956a). In other studies by Cobbold and 
Lewis (1956b), it was found that close intra-arterial 
injection of adrenaline and noradrenaline both produced 
vasoconstriction, but as to the types of adrenoceptors 
present on articular blood vessels, less is known. Dick 
and his colleagues concluded in their study on human that 
both a and j3 adrenoceptors were present on knee joint
blood vessels (Dick et al 1971). There would appear, 
however, to be little information known about the nervous 
control of articular blood vessels either in normal 
subject or in diseased synovial tissue e.g. rheumatoid 
arthritis. The object of this research was firstly to
assess suitable in-vitro and in-vivo techniques to study 
knee joint blood vessels along with measurement of blood 
flow in the knee joint capsule and surrounding tissues 
such as muscle and bones in both rabbits and cats. 
Secondly, to perform a more extensive and quantitative 
investigation in order to characterize the types of 
receptors that are distributed on articular blood vessels 
and are important in regulation of blood flow (e.g.

XXVII



adrenoceptors, and purinoceptors), to identify the type(s) 
of nerves supplying joint blood vessels and their 
mediator(s ) , and whether the endothelium plays a role in 
regulation of these vessels. Attempts were also made to 
study changes in nervous control and receptors on these 
blood vessels that might appear in the acute inflammatory 
joint disease. Lastly, results obtained in the cat and the 
rabbit were compared.

Relative changes in blood flow were assessed by use 
of a perfused isolated knee preparation for the in-vitro 
studies, and both laser Doppler flowmetry and the 
microspheres technique were employed in the in-vivo 
experiments.

Results from this investigation indicate that 1). 
Perfusion technique and laser Doppler flowmetry methods 
provide suitable means of assessing relative changes in 
articular blood flow in-vitro and in-vivo respectively.
2). Blood vessels in bone around the knee joint of the cat 
and the rabbit are innervated by presumed sympathetic 
vasoconstrictor fibres travelling in nerves supplying the 
joint. 3). Post-synaptic ai , a2 and pre-synaptic a.2 
adrenoceptors but not J3 receptors are present on articular 
blood vessels. 4). Although Pi, Pz purinergic receptors 
are present on vascular smooth muscle with P2 receptor 
also present on the endothelial layer, almost all of the
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data are consistent with the hypothesis that noradrenaline 
is the main neurotransmitter at knee joint blood vessels 
and produced vasoconstriction in response to articular 
nerve stimulation. It is also suggested that noradrenaline 
released from nerve ending affect mainly ai 
-adrenoceptors. 5). Afferent C fibres in articular nerves 
produce a dilator response to nerve stimulation and the 
mediator which is released from their terminals is most 
likely to be substance P. 6). Acute joint inflammation 
induced by kaolin increases the adrenoceptor sensitivity 
and influences those factors which normally regulate 
articular blood vessel calibre. The mechanisms that cause 
increase in sensitivity of adrenoceptors and the 
functional significance of this remain to be investigated. 
7). The neurotransmitters released from nerves supplying 
the knee joint blood vessels and the receptors they act 
upon appear to be similar in both cat and rabbit. An 
interesting feature of these results is that, although the 
popliteal artery divides to give muscular and articular 
branches in close proximity to each other, the type of 
receptors on articular blood vessels are closer to that of 
superficial tissues such as skin than that of blood 
vessels supplying muscles. Thus, although both skeletal 
muscle and joints are considered to be deep structures, 
there is little homogeneity in distribution of receptors 
and types of innervation, which may reflect the differing 

function of these two vascular beds.
XXIX
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A: Introduction

I.Blood vessels

The peripheral circulation is essentially under dual 
control, 1) Centrally by the nervous system and 2) locally 
in the tissues by environmental conditions in the 
immediate vicinity of the blood vessels, with circulating 
hormones also influencing blood vessels calibre. The 
relative importance of these two is different in various 
organs and tissues. For example, in some parts of the 
body like skin and splanchnic regions, nervous control of 
blood flow predominates, whereas in others such as the 
heart and brain, neural regulation plays a minor role. But 
in general the fine control of blood vessels is brought 
about largely by competition between centrally directed 
vasoconstrictor nerves and vasodilator effects of locally 
produced metabolites.

The vessels chiefly involved in regulating the rate 
of blood flow throughout the body are referred to as the 
resistance vessels (small arteries and arterioles), since 
these blood vessels offer the greatest resistance to the
flow of blood pumped by the heart and hence, are important 
in the maintenance of arterial blood pressure and also 
regulation of flow in different tissues and organs.
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The smooth muscle of the resistance vessels is often 
spontaneously active , providing a "basal tone” . The level 
of tone can be affected by extrinsic nerves and local
factors. The phenomenon of autoregulation of 
flow (the increased vasodilatation that compensates for a 
primary decrease in pressure and flow through a circuit 
and the converse changes) is a product of the inherent 
myogenic tone of the resistance vessels.

A precapillary sphincter action regulates blood flow 
through the capillary network. This action is controlled 
primarily by local factors, but there is also an 
extrinsic nerve supply.

Changes in the human of the capacitance vessels 
(venules and veins) have a profound effect on venous
capacity and hence on the filling of the heart and cardiac 
output , with little effect on resistance to flow . The 
smooth muscle of the capacitance vessels is controlled by 
extrinsic vasoconstrictor nerves. Apart from the
spontaneous activity of the longitudinal muscle coat found 
in large veins , venous smooth muscle is generally 
quiescent.

Thus , in general, those components of the vascular 
circuit which subserve no local function, namely the large 
arteries and capacitance vessels , are controlled 
exclusively by extrinsic nerves, and show little
spontaneous activity. On the other hand , the muscular 
arteries are under tonic neurogenic control of sympathetic 
noradrenergic vasoconstrictor fibres, which is governed by 
discharge from the medullary vasomotor centre. Decrease
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discharge of these fibres produce a fall in tone of the 
vessels or vasodilatation without the involvement of 
specific vasodilator nerve fibres. In the precapillary 
resistance vessels vasodilatation is effected by release 
of various vasodilator metabolites. Catecholamines 
released from the adrenal medulla undoubtedly affects the 
smooth muscle of most vessels, but is of less general 
importance than neurogenic or local control of vessel 
diameter.

II. Anatomy of Autonomic Nervous System

The classical picture of the autonomic nervous system 
is that it consist of two major division , the sympathetic 
and parasympathetic systems.

The sympathetic nervous system consists of 
thoraco-lumbar outflow of preganglionic neurones 
passing via rami communicantes to make synaptic connection 
with postganglionic neurones in the paravertebral or 
prevertebral ganglia. The sympathetic chain , which 
consists of a bilateral system of paravertebral ganglia 
joined by longitudinal connectives , extends rostrally to 
the upper cervical region and caudally to the lower sacral 
level, but receives no efferent contribution from the 
spinal nerves at these extremes. Those postganglionic 
axons which pass out of the sympathetic chain to supply 
peripheral vascular beds and other superficial structure 
such as sweat glands pass via grey rami communicates to



the spinal nerves and run with them .

The parasympathetic system consists of portions of 
the outflows in the cranial (III , VII, IX, X, and XI) 
nerves and the sacral spinal nerve outflows. 
Preganglionic neurones from the central nervous system
(CNS) make synaptic connections with postganglionic
neurones in ganglia (e.g. ciliary ganglion) lying in or 
near the innervated organs.

The efferent fibres of the cranial division of the 
parasympathetic nervous system supply blood vessels of 
the viscera, whereas fibres of the sacral division supply 
blood vessels of the genitalia, bladder, large bowel, and 
uterus (Bell 1968). Skeletal muscle and skin do not
receive parasympathetic innervation (Berne and Levy 1981). 
Thus only a small proportion of the resistance vessels of 
the body receive parasympathetic fibres.

In addition to sympathetic and parasympathetic 
efferent nerve fibres, there are some other fibres which 
arise from the motor cortex of the cerebrum and pass 
through the hypothalamus and the ventral medulla before 
joining the other sympathetic outflow in the spinal cord. 
This group is named the cholinergic sympathetic dilator
system (Folkow et al 1961, Green and Kepchar 1959, Uvnas
1960). These fibres are activated in the ’’Alarm - Defence” 
reaction. There are also some reports that cholinergic 
sympathetic fibres can produce local vasodilatation of 
vessels in skin of the face and neck (Holton and Rand 

1962, Hertzman 1959, Folkow 1955).
In general, autonomic fibres emerge in the ventral
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roots of spinal nerves and in the ventral root of the 
first cranial segment (oculomotor nerve) while in the 
bladder region , autonomic fibres occur in nerves derived 
morphologicaly from dorsal roots (VII, IX, X Cranial 
nerves) (Goodrich 1930). Classically parasympathetic 
postganglionic neurones and cholinergic sympathetic 
efferent fibres release acetylcholine (ACh), whereas the 
antagonistic sympathetic nerves release noradrenaline 
(NA), (Berne and Levy 1981) Preganglionic fibres whether 
sympathetic or parasympathetic are mostly considered to be 
cholinergic (Dale 1931). Detailed descriptions of 
autonomic nervous system are avaliable in a number of text 
books (Kuntz 1953, Mitchell 1953, Berne and Levy 1981).

III. Aim of This Study

Synovial fluid plays a key role in diarthrodial joint 
function, lubricating the moving synovial and 
cartilaginous surfaces and supplying nutrients to much of 
the avascular articular cartilage. The factors affecting 
formation of synovial fluid have been considered in 
detail by Levick (1984). One of the important factors 
which determine the trans-synovial flow is the perfusion 
pressure across the synovial vascular bed (Knight and 
Levick 1984). However, relatively little is known about 
the factors influencing flow through articular blood 
vessels. As Liew and Dick (1981) reported, the lack oi 
appropriate methods of study could be the reason.
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Therefore, the object of the present study was firstly to 
assess suitable techniques to study knee joint blood 
vessels either in-vitro or in—vivo. Secondly;

a. To perform a more extensive and quantitative 
investigation in order to characterize the types of known 
receptors which are distributed on blood vessels and are 
important in regulation of blood flow (e.g. adrenoceptors, 
purinoceptors, cholinergic and histaminergic receptors).

b. The innervation of joints was reviewed by Gardner 
(1950) but he pointed out "The manner in which articular 
vessels are controlled , however, remains to be studied". 
In a few experiments by Cobbold and Lewis (1956), they 
showed that , like other blood vessels, articular blood 
vessels are supplied with sympathetic vasoconstrictor 
fibres through which they are maintained in a condition 
of tonic constriction. However they did not have the
agonists and antagonists of adrenoceptor to characterize
the types and subtypes of adrenoceptors. The purpose of
this research was to identify the types of receptors and 
the type(s) and nature of neurotransmitter release from 
nerve ending on articular blood vessels.

c. In 1981 Furchgott described the role of the
endothelium in control of blood flow in many blood 
vessels, hence in present study, this role has been 
investigated in some aspects.
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d. In the present investigation the responses to 
electrical stimulation of the nerve supply to the rabbit 
knee joint were examined during experimentally induced 
acute joint inflammation. This was performed to find out 
whether the vasodilatation known to occur in joint 
inflammation could be attributed to alteration of 
neurotransmitter release at sympathetic nerve endings or 
change in adrenoceptor sensitivity induced by the 
inflammatory process.

e. Finally, another purpose of the present study was 
to attempt to compare some of the results between two 
different species (rabbit and cat).



9

B : Literature Review

Almost all smooth muscle receives innervation from 
the autonomic nervous system. The innervation may be 
excitatory in that it makes the muscle contract, or it may 
be inhibitory and prevent contraction or cause relaxation.

I . Adrenergic Nervous System

In general, sympathetic adrenergic nerves innervate 
most of vessels of the body, although in varying degrees. 
The degree of innervation ranges from sparse in the 
cerebral vessels to dense in skin. The density of 
innervation of the skeletal muscles and gastrointestinal 
tract is intermediate between the extremes represented by 
the cerebral and the skin vessels. The large arteries 
and veins are sparsely supplied whereas small arterioles 
are profusely innervated.

Concept of adrenergic receptors

Most drugs exert their potent and specific effects on 
the tissues by forming a bond , generally reversible, 
with some cellular constituent. This cellular constituent 

is the receptor.
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The role of the receptor is to recognise a chemical 
signal and to discriminate between such a signal and other 
molecules* The receptor concept was first proposed by 
Langley in 1878. The presence of receptors at an
anatomical site determines the selective nature of many 
drug effects.

One of the main roles of receptors is where the 
autonomic nervous system makes synapses with actual
tissues (e.g. vascular smooth muscle), and
neurotransmitters are released from nerve ending after 
passing through the synaptic cleft, and bind with the
receptor either on the post-synaptic or pre-synaptic 
membrane.

The chemical neurotransmission theory has been 
proposed since the begining of the twentieth century and
became the second theory of neurotransmission beside the
electrical transmission.

In 1905 Langley showed that, there is similarity
between the rise in blood pressure which was noted when 
adrenal extract was injected in-vivo (Oliver and Schafer 
1894) and pressor response obtained by stimulation of 
sympathetic nerves. This rise in blood pressure remained
after denervation, indicating a site of action on the

effector system and not via the nerves.
The chemical which was responsible for the pressor 

action of the adrenal extract was termed adrenaline 
because of its close association with the adrenal medulla.

In 1905, Elliott was the first to suggest that 
adrenaline was liberated from the sympathetic nerve
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endings when they were stimulated and that the released 
adrenaline then acted on the responsive cells (Elliott 
1905) .Barger and Dale tried different compounds related 
to adrenaline, and pointed out that noradrenaline more 
closely mimicked the effect of sympathetic stimulation 
(Barger and Dale 1910).

The first conclusive evidence that chemical 
transmission occurs during nerve stimulation was obtained 
by Loewi in 1921. He set up two frog hearts and perfused 
them in such a way that the perfusate flowed from the
first frog heart to the second one. When he stimulated 
the sympathetic nerves innervating the first heart, he 
observed that heart beat and contractility of both hearts 
had been increased. So he concluded that the nerve endings 
in the first heart were liberating a substance which he 
named "Acceleranstoff" (Loewi 1921), and that this 
substance was transported via the perfusate to cause the 
observed effects on the second heart. The striking 
similarity between the action of acceleranstoff and that 
of adrenaline on frog tissue led to investigations which 
eventually proved adrenaline to be the sympathetic

transmitter in the frog.
However, in mammals the sympathetic neurotransmitter 

was shown to be noradrenaline (NA) rather than adrenaline 
(Table 1). Von Euler in 1946 showed that the main
sympathetic transmitter was NA since very little 
adrenaline was present in sympathetically innervated 
tissue whereas the concentration of NA was very high by 
comparison. He also showed a decrease in NA levels



Animal

Guinea-pig

Bat
Ground Sq
uirrel 
Hedgehog 
Mouse

Albino Mouse 
Rat

Albino rat 

Dog

Rabbit

Sheep

Cow

Cat
Cat

Man

1 2

TABLE 1

Tissue Assay Methode Noradrenaline Adrenaline References
ug/g ug/g

Heart Bio and fluo- 1.80
rometric

Whole heart Fluorometric 0.92, 0.88
Whole heart Fluorometric 1.51, 1.03

0.20 Antone & Sayre 1962 

Nielsen & Owman 1968

Whole heart Fluorometric 
Heart Bio and fluo

rometric
Whole heart
Heart
Heart
Heart
Atrium
Ventricle
Heart

Heart

Fluorometric
Fluorometric

Fluorometric

Bio and Fluo
rometric

Heart Bio and fluo-
Heart rometric
Heart Fluorometric
Arteries and
Veins
Heart
Atrium Fluorometric
Ventricle
Heart Bio and fluo

rometric

1.18 + 0.07 
0.45

0.65 + 0.05 
0.27 
0.60 
0.5

1.19 ± 0.20 
0.46 + 0.06 
1.01

0.17-0.54

1.05 
0.6-1.1 
0.3-0.6 
0.3-0.5

0.5-1.0
1.20 ± 0.11 
1.52 ± 0.08 
1.04

0.10 Antone & Sayre 1962

Nielsen & Owman 1968 
0.05 Antone & Sayre 1962

Hokfelt 1951 
Leduc 1961 
Nielsen & Owman 1968

0.11

0.045-
0.094
0.17

Antone & Sayre 1962

Holtz,et al 1951

Antone & Sayre 1962 
Laurent 1962 
Laurent 1962

Euler 1956
Nielsen & Owman 1968 

0.18 Antone & Sayre 1962

Table 1: Distribution of Noradrenaline and Adrenaline in Heart (From: Burnstock 1969)
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following sympathectomy of the tissues, indicating NA 
association with nerve rather than muscle.

In 1948 Ahlquist identified two kind of adrenergic 
receptors based on the relative potency of adrenaline and 
NA, and isoproterenol to stimulate the receptors and on 
the ability of Dibenzyline (Phenoxybenzamine
hydrochloride) and Dichloroisoproterenol (DCI) to block 
their effects (Ahlquist 1948). Ahlquist found that 
adrenaline was the most potent stimulator for one 
receptor, called the alpha ( a )type, whereas 
isoproterenol was the least potent. Isoproterenol was the 
most potent stimulator for the other receptor, called the 
beta ( 13 ) type, and NA was the least potent.
Phenoxybenzamine and phentolamine selectively blocked the 
action of the alpha-receptors, and DCI selectively blocked 
the beta-receptors. This differentiation of alpha and beta 
adrenergic receptors is summarized in table 2.

The adrenergic receptors differ in their physical and 
chemical properties to such an extenT that their 
affinities for various adrenergic agents also differ. In 
general, the effect of the alpha-adrenergic receptors are 
excitatory and that of the beta-adrenoceptors are 
inhibitory. One important exception is beta receptors in 
the myocardium, which are excitatory in nature. 
Isoproterenol, by activating the myocardial
beta—receptors, increases heart rate and force of 

contraction.
Phis theory was further strenghtened by the use of 

DCI by others (Powell and Slater 1958). This drug was
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TABLE 2

Table 2: Differentiation of adrenergic receptors (alpha and beta).

Type of 
receptor

relative potency of blocked by
Adrenaline Noradrenaline Isoproterenol Dibenzyline1 DCI2

Alpha 500 100 1 +

Beta 20 1 100 +

1. Dibenzyline= Phenoxybenzamine hydrochloride
2. DCI= Dichloro-isoproterenol
(From cardiovascular and pulmonary physiology; Green 1982)
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chosen as a selective inhibitor of beta receptors. Thus 
the terminology of alpha and beta receptors became 
accepted and lies at the basis of adrenergic 
neurotransmission research.

In 1967 Lands and his co-workers found that using 
sympathomimetic amines (beta-agonists) on both isolated 
tissues and whole animals lead to different responses. So 
he and his colleagues showed that there were two different 
types of beta-receptors, termed as betai and beta2 (Lands 
et al 1967). Up until 1972 it was widely believed that 
there were two subtypes for beta receptors, but no 
subtype for alpha receptors (Furchgott 1972).

So far, the receptors which were discovered were 
located on the effector muscle. However the discovery of 
pre-synaptic alpha-adrenoceptors followed the multiple 
actions of the alpha-adrenoceptor blocking agent 
phenoxybenzamine and led to the pharmacological 
subdivision of alpha receptors (Brown and Gillespie 1957). 
Presynaptic alpha-adrenoceptors have a different mode of 
action as they do not produce direct contraction or 
relaxation of smooth muscle but mediate inhibition of 
transmitter release from sympathetic nerve ending via a 
negative feedback mechanism (Langer 1974, Westfall 1977, 
Vizi 1979). Langer (1974) proposed that pre- and 
post-synaptic alpha receptors were not identical. He 
suggested that post-synaptic receptors to be named as 
alphai and presynaptic receptors as alpha2. Following the 
definition by Langer (1974), studies on relative potencies 
q different alpha agonists and antagonists at the pre



16

and post-junctional sites were carried out.

Starke et al (1975a) were the first to report that 
the drug yohimbine displayed a preferential blockade of 
the presynaptic alpha receptor as opposed to the post 
synaptic receptor, in the rabbit main pulmonary artery. 
Other studies using agonists showed that alpha agonists 
varied widely in their pre- and post-synaptic potencies 
(Starke et al 1975b,c). In the rabbit pulmonary artery, 
methoximine was the most potent agonist tested at the 
post-synaptic receptors, whereas oxymetazoline was the 
most potent pre-synaptically. They concluded that it may 
be due to a structural differences in the two subtypes. 
Just as yohimbine has been introduced as a selective 
alpha2 antagonist, prazosin was discovered to be a
selective alphai antagonist (Cambridge et al 1977).

Therefore, by using different agonists and 
antagonists potencies, in time it has been possible to 
identify and classify the subtypes of alpha-adrenoceptors 
in cardiovascular system (CVS), and elsewhere.

Moulds and Jauernig in 1977 discovered that prazosin 
act as a competitive antagonist at alpha-receptors but had 
selective effects on different vascular beds (e.g.
peripheral beds such as the palmar digital artery were 

resistant to prazosin).
It was Docherty and McGrath (1980) who finally 

concluded that there are two kinds of post—synaptic alpha 
adrenergic receptors on vascular beds named alphai and 
alphaz sub-types (Docherty et al 1979, Docherty and 
McGrath 1980). The classification of the post-synaptic
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alpha2-receptor was much aided by the discovery of a more 
specific and potent selective alpha2 antagonist in 
rauwolscine (Weitzell et al 1979).

Since then, vascular post-junctional
alpha2-adrenoceptors have been clearly demonstrated in 
many animal in-vivo preparations( for reviews see McGrath 
1981,1982,1983, Timmermans and Van Zwieten 1981,1982).

There is evidence that, even all ai-adrenergic
receptors are not pharmacologically homogenous. In a
recent review article two subtypes of ai were also
distinguished as aia and aib (Minniman 1988).

In summary, the classification of adrenergic 
receptors are two types alpha and beta receptors which 
these two are subdivided to two sub-types alphai and 
alpha2adrenoceptors and betai and beta2 sub-types.
Alpha2-adrenoceptors are located either on pre- or 
post-synaptic membrane, whereas alphai and beta receptors 
are known to be on post-synaptic membrane. Alphai is 

itself divided to a u  and aib.

II. Cholinergic Nervous System

In 1898 Langley noted that stimulation of the vagus 
nerves could produce relaxation of the stomach. This
relaxation was best revealed after blockade of the 
excitatorv action of cholinergic fibres with atropine 
(May 1904, Me Swiney 1929). In this early work, it was 
d u a l l y  assumed that the inhibitory responses were due to
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nerves of sympathetic origin running in the vagal trunks. 
Later, it was shown that inhibition was due largely, if 
not entirely, to fibres of parasympathetic origin, since 
relaxation of the smooth muscle of stomach produced by 
stimulation of autonomic centres in the brain was 
mediated by the vagus nerve itself (Eliasson 1952, 1954, 
Hesser and Perret 1960, Semba et al 1964).

The first hint that some of the inhibitory fibres to 
the vertebrate stomach were not adrenergic appeared when 
adrenergic neurone blocking drugs were used. The 
inhibitory response of the guinea-pig stomach to vagus 
nerve stimulation was not prevented by these drugs (Greeff 
et al 1962).

Although vasodilator fibres have a limited 
distribution to the systemic circulation they can have a 
profound physiological influence under special 
circumstances. These vascular beds are known to recieve 
dilator innervation mediated by a nonadrenergic 

transmitter.
There are two basic types of vasodilator fibres 1) 

Cholinergic sympathetic nerves supply only the larger 
precapillary arterial vessels of skeletal muscles and are 
activated by a defense-like reaction (Green 1982). 2) 
Parasympathetic nerves which are of two types: a, those
that produce dilation indirectly ( Uvnas 1954, Beck and 
Brody 1961, Zimmerman 1968). b, There are those act 
directly on blood vessels to induce vasodilatation( Berne 

and Levy 1981 ) .
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Concept of Cholinergic Receptors

A partial isolation of the cholinergic receptor has 
been achieved by Hubbard and Quastel in 1973, There are 
muscarinic and nicotinic receptors known for 
acetylcholine which is neurotransmitter released from 
cholinergic nerve endings. Muscarinic receptors are 
present in various smooth muscle, cardiac muscle, and 
exocrine glands. They were termed muscarinic because 
muscarine , a quaternary amine alkaloid, has actions 
similar to those of ACh at the site indicated. The 
musicarinic receptor is competitively blocked by atropine 
and related drugs.

The nicotinic receptors of ACh are located in 
autonomic ganglia and at skeletal neuromuscular 
junctions. They are termed nicotinic because nicotine 
also acts on these receptors. The nicotinic receptors in 
autonomic ganglia and in skeletal muscle are not 
identical. The receptors in autonomic ganglia are blocked 
by hexamethonium, whereas the receptors at the skeletal 
neuro-muscular junction are blocked by d-tubocurarine and 
related compounds (Goth 1981).

For many years it has been something of a 
pharmacological paradox that acetylcholine (ACh), acting 
via muscarinic (Atropine-sensitive) receptors, is a very 
potent contracting' ag’ent for many kinds of nonvascular 
smooth muscle but a very potent vasodilatory agent for 
most of peripheral vascular beds. In an accidental 
finding in Furchgott’s laboratory, after adding carbachol
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to a aorta ring that was already contracted by 
noradrenaline, the ring partially relaxed (Furchgott 
1981). Within a few weeks of this accidental finding which 
was unexpected, Furchgott and his colleques had 
established that the lack of relaxing response to Ach in 
other preparation such as the helical strip was the result 
of unintentional rubbing of endothelial layer against 
foreign surfaces (including finger tips). Thereafter the 
existence of cholinergic receptors on endothelium and 
their role in many blood vessels were realised.

III. Non-adrenergic, Non-cholinergic Nervous System

It seems that the first hint of a non-adrenergic, 
non-cholinergic system (NANC) came from the work of 
Langley and his colleagues at the end of nineteenth
century. "Atropine-resistant" excitation of the bladder in 
response to stimulation of pelvic nerve was recognised
(Langley and Anderson 1895), and few years later, 
inhibition of the stomach during vagal nerve stimulation 
was revealed following the block of cholinergic excitation 
by atropine (Langley 1898). Further hints were reported 
during the next 60 years (Me swiney and Robson 1929, Paton 
and Vane 1963). However, these findings were interpreted 
in terms of different types of adrenergic nerves or
inaccessibility of the cholinergic antagonist to the

neuromuscular junction.
By the end of the 1960’s the NANC system was
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recognised by Burnstock and colleagues following various 
experiments in their laboratory (Burnstock et al 
1963,1964, Burnstock 1969). They concluded the existence 
of a third autonomic nervous system not only in 
gastro-intestinal tract of all vertebrates including man 
but also in the urogenital, respiratory and cardiovascular 
systems.

Clearly it was important to name this third autonomic 
nervous system according to the kind of
neurotransmitter(s ) that are utilised and released. 
Systematic studies were carried out in the late 1960’s and 
early 1970’s to find out the substance(s ).

Many substances were explored as possible 
transmitters mediating the responses to stimulation of the 
NANC nerves (Table 3).

In 1970 Burnstock and his colleagues concluded that 
amongst all substances, ATP is the most acceptable 
substance for the NANC transmitter in intestine and 
bladder (Burnstock 1970). and the Purinergic nerve 
hypothesis was formulated (Burnstock 1972).

Since then considerable evidence has accumulated in 
support of this hypothesis, although there have also been 
several reports that oppose it (Burnstock 1979,1981, 
Gillespie 1982). In general the evidence for purinergic 
NANC neuro-muscular transmission in the gut, bladder and 
rabbit portal vein is strong, but in some other organs, 
particulary those in interneurones, utilise different 

transmitters.
Knowledge of purinoceptors is one of the important
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TABLE 3

Adenosine triphosphate ATP
5-Hydroxytryptamine 5-HT
Gama-Aminobutyric acid GABA
Dopamine DA
Peptides

Enkephaline/Endorphin Enk/End
Vasoactive intestinal polypeptide/

Peptide HI VIP/PHI
Substance P SP
Gastrin releasing peptide/Bombesin GRP/BN
Somatostatin ST
Neurotensin NT
Luteinizing hormone releasing hormone LHRH
Cholecystokinin/Gastrin CCK/G
Neuropeptide Y/Pancreatic polypeptide NPY/PP
Galanin GAL
Angiotensin All
Adrenocorticotrophic hormone ACTH
Calcitonin gene-related peptide CGRP

Table 3: Putative non-adrenergic, non-cholinergic transmitters (from
Burnstock 1986)
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aspects of purinergic transmission which help the 
hypothesis of purinergic NANC transmission. In late
1970 s, Burnstock proposed two major types of purinoceptor 
(Burnstock 1978), Pi-purinoceptors which are most
sensitive to adenosine are competitively blocked by 
methylxanthines and whose occupation leads to changes in 
cyclic AMP accumulation. P2-purinoceptors are most 
sensitive to ATP, are not blocked by methylxanthines or 
act via an adenylate cyclase system and occupation leads 
to production of prostaglandins. Since 1978, subclasses of 
both Pi- and P2- purinoceptors have been also proposed 
(Burnstock 1981b, Burnstock and Kennedy 1985).

IV. Neurotransmitters and related substance

A neurotransmitter is a substance which is 
synthetized and stored in nerves, and released by 
exocytosis during nerve activity from its vesicular 
storage site in the nerve terminal to diffuse across the 
junctional cleft to occupy specific receptors on the post 
junctional membrane, leading changes in postsynaptic 

activity.
Until recently it was widely believed that each 

neuron makes and releases only one transmitter. This is 
known as Dale’s principle. At first this was based on 
chemical transmission in two nervous system such as 
adrenergic nerves releasing a catecholamine (subsequently 
identified as N A ), and cholinergic neurones releasing Ach.
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But since the 1970’s there has been growing recognition of 
the plurality of transmission mechanisms. A variety of 
further substance are now claimed as established or 
putative neurotransmitters (Table 3).

In 1976, Burnstock wrote an article which was
entitled " Do some nerve cells release more than one 
transmitter?” . Today, co-transmission is widely accepted 
and it would be difficult to make a case that any nerve 
fibre contained only one transmitter (Burnstock 1986). 
Evidence has been presented for co-existence and release 
of ATP and NA from sympathetic nerves supplying the vas 
deferens (Westfall et al 1978, Burnstock 1983, Sneddon and 
Burnstock 1984a), and several blood vessels (Su 1975, 
1983, Muramatsu et al 1981, Sneddon and Burnstock 1984b, 
Hicks et al 1985). Sympathetic transmission involving NA, 
ACh, and purinergic transmitter has also been demonstrated 
in cultured sympathetic nerves forming junctions with 
heart muscle cells (Potter et al 1983).

a . Catecholamines

A comparison of the level of noradrenaline (NA) and 
adrenaline (AD) found in the heart and arteries of 
different mammals show that in general the predominant 
catecholamines in sympatheticaly innervated tissues is NA
(Table 1). This distribution appears to be the reverse 
of the proportions of NA and AD contained in adrenal gland 

(Table 4).
Apart from NA and AD, high levels of dopamine have
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TABLE 4

Animal Assay Method Noradrenaline
ug/g

Adrenaline
ug/g

Guinea-pig Bio and Fluo- 
rometric

2.50 84.93
Mouse 96.60 320.00
Rat 172.00 600.00
Dog 270.94 289.68
Sheep 296.90 866.10
Man 86.79 1173.20
Table 4: Distribution of Noradrenaline and Adrenaline in 
adrenal gland (Antone and Sayre 1962).
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been found in the pacemaker region (sinus venosus) of the 
frog heart, and it has been suggested that dopaminergic 
nerve fibres may supply this region of the heart 
(Angelakos et al 1965). Similarly, high levels of dopamine 
have been found in the sino-auricular node in mammals 
(Angelakos 1963, Angelakos et al 1965).

Although dopamine acts on cardiac beta receptors and 
also on vascular alpha receptors (in large dose), some of 
its vasodilator effect suggest the exsistence of specific 
dopamine receptors (Goldberg 1974). Dopamine produces 
vasodilatation in the renal, mesentric, coronary, and 
intracerebral arteries. This action is not antagonized by 
propranolol but is selectively attenuated by haloperidol 
and phenothiazines (dopaminergic blockers).

b . Acetylcholine(A c h )

High levels of choline acetylase, acetylcholine and 
cholinestrase have been reported in visceral organs of all 
vertebrate classes (Augustinsson 1948, Feldberg 1945), 
and Ach has been established as a transmitter substance in 
the autonomic system of many species (Nelemans 1951, 
Grundfest 1957) and specially in some blood vessels Ach is 
known to be the transmitter responsible for the 
sympathetic vasodilatation in the skeletal muscle and skin 
of several species (Uvnas 1954, Beck and Brody 1961, 

Zimmerman 1968).

c . Adenine Nucleotides
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ATP, is a transmitter proposed for non-adrenergic, 
non-cholinergic (purinergic) nerves in the vertebrate 
gastro-intestinal tract and probably other organs 
(Burnstock 1969,1972,1975), and it seems likely that some 
ATP is released together with NA from adrenergic nerves 
(Su, Bevan, and Burnstock 1971).

V. Coexistance of neurotransmitters

The suggestion that some nerve cells store and 
release more than one neurotransmitter was made in 1976

CL(Burnstock 1976) largely on the basis of comprative
studies of the evolution of the autonomic nervous system 
(Burnstock 1969), and evidence for the coexistence of 
biologically active substances in certain invertebrates 
nerves (Brownstein et al 1974).

There is compelling evidence that under certain
conditions in vitro single sympathetic neurons may release 
NA, Ach or a mixture of these two transmitter substances 
(Bunge et al 1978, Furshpan et al 1976). A detailed
account of the evidence for coexistence of Ach and NA
with ATP is available (Burnstock 1982).

The AChrATP Molar ratio in three species studied is 
4-10:1. Studies of the turnover of adenine nucleotides in 
cholinergic sympathetic vesicles have shown that ATP and 
Ach are depleted to the same extent (about 50%) during 
nerve stimulation (Zimmerman et al 1979). It is also
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known that ATP is stored and released together with 
catecholamines from adrenal chromaffin cells (Burnstock 
1985). Storage of ATP together with NA in adrenergic 
nerves was recognized in the early literature. The first 
indication that ATP might be released from adrenergic 
neurons was the demonstration that stimulation of 
periarterial adrenergic nerves led to release of tritium 
from taenia coli preincubated in [3H] adenosine; both the 
release of tritium and NA were blocked by guanethidine (Su 
et al 1971).

The coexisting substances NA and ATP, act as synergic 
neurotransmitters via post-junctional receptors, as well 
as exerting modulatory effects on each other via pre- and 
post junctional mechanism (Burnstock 1985). But the real 
functional significance of these type of coexistence needs 
more exploration.

In recent years, co-existence of neuropeptide Y (NPY) 
and several other peptides has been observed (McDonald 
1988). Accordingly, NPY displays a wide variety of 
functional activities depending on its location and 
co-existence with other substances, especially
catecholamines. NPY is extensively known to be distributed 
throughout the cardiovascular system in many species 
(Edvinsson et al 1983, Schon et al 1985, Allen et al 
1986 ) .

VI. Knee joint blood vessels.
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In the literature, there is little information about 
the physiology of blood flow to the joints. It seems that 
a lack of a suitable animal preparation for study of the 
properties of articular blood vessels is one of the main 
reasons, although, some attempts have been made in the 
late 1940’s and 1950’s to estimate joint blood flow 
indirectly in man by measurement of intra-articular 
temperature (Horvath and Hollander 1949), and by the 
application of the plethysmograph to a knee segment 
(Bonney,et al 1952), and to show the effect of heating, 
cooling, and drugs such as adrenaline and noradrenaline 
directly on articular blood vessels in the dog (Cobbold 
and Lewis 1956a,b,c).

The behaviour of the joint circulation when the 
external temperature of the joint is increased was studied 
by Horvath and Hollander (1949), who showed that increase 
and decrease in temperature of the joint cause 
vasoconstriction and vasodilation respectively. This was 
not supported by the result of Hunter and Whillans (1951), 
using the same technique (application of a hot and cold 
packs to the joint in man), since they observed that the 
joint temperature fell when their subject was exposed to 
cold, and this they attributed to a reflex superficial 

vasodilatation resulting in a short period of excessive heat 
loss. Bonney and his colleagues found that cooling the 
segment enclosed in the plethysmograph resulted in a fall 
in blood flow and heating did vice-versa. It is important 
to mention that the use of the knee segment in the 
plethysmograph device as a method for articular blood flow
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measurement is open to an obvious disadvantage in that 
blood flow to considerable amount of other tissues were 
also measured. This disadvantage was overcome out by 
direct measurement of blood flow to knee joint in dog 
(Cobbold and Lewis 1956a,b). They concluded that 1) the 
rise in temperature of the joint caused an increase in 
blood flow, and fall in temperature decrease in flow, 2) 
adrenaline and NA administered intra-arterially caused a 
constriction of joint blood vessels, 3) NA produced 
consistently greater responses than adrenaline, 4) 
intra-arterial injection of acetylcholine cause dilation 
of the joint blood vessels. In summary they stated that 
at least in regard to response to temperature changes and 
to intra-arterial adrenaline and NA, the joint blood 
vessels behave like those of skin.

The innervation of joint blood vessels is another 
important issue to be considered. Although the somatic 
innervation of joint has been reviewed by Gardner in 1950, 
little is still known about the autonomic control of 
articular blood vessels. It has been assumed that, since 
the joint structures are provided with sympathetic 
innervation similar to that of blood vessels of other deep 
structures, the control of the joint vessels follows a 
similar pattern. Cobbold and Lewis (1956b) observed that 
stimulation of the sympathetic chain resulted in a 
reduction of blood flow to the dog knee joint.

In a recent study on the knee joint of cat, 
electrical stimulation of the posterior articular nerve 
caused an initial vasoconstriction of the blood vessels
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followed by a long lasting dilatation (Ferrell and Cant 
1987) .

However, the nature of the neurotransmitters and 
types of receptor(s) which mediate these vasoconstrictor 
and vasodilator resposes were not investigated in either 
of these studies.

***
*
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A: Materials

I. Instruments:

1.Dissecting microscope M650 WILD (Switzerland)
2.Dissecting table, Palmmer (England)
3.Ventilator pump, Palmmer (England)
4.Pressure transducer, Elcomatic EM750 (Scotland)
5.Clock, PYE (England)
6.Spectrophotometer LKB-Ultrospec II (England)
7.Balance, Metier AE50 European Instrument, Oxford
8.Water bath, Grant Instrument LTD (England)
9.Slow infusion apparatus, SRI (United Kingdom)

10.Pump, Watson-Marlow (England)
11.Cordless Cautery, Warecrest. C28. (England)
12.Whirlimixer (England)
13.Laser blood flow - MBF2, Moor Instrument (England)
14.Laser blood flow - MBF3, Moor Instrument (England)
15.Thermalert Model TH-6D, Harvard (U.S.A.)
16.Neurolog System; Pressure ampilifier, Delay-Width, 
Spike trigger, Pressure buffer, Digital-Width, Pulse 
buffer, (England)
17.Multitrace polygraph, Lectromed (England)
18.Rate meter, Lectromed (England)
19.Oscilloscope 5103N (England)
20.Centrifuge, Super Medium - MSE (England)
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21.Advance stimulator, Harvard (U.S.A.)
22.Shaker, Heidolph (W. Germany)
23.Minipuls 2, Gilson (France)
24.Significat Scat 01, Digitimer LTd. (England)
25.Nescofilm Bando-Chemical IND, LTD,(Japan)
26.Polythene cannulas in sizes of 2FG, 3FG, 4FG, 5FG, 
Portex LTD, (England)
27.Syringe, 1,2,5,10,20ml, Plastipak (England)
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II. Drugs:

Drugs which have been used for either the in-vitro or 
in-vivo preparation were;
1.Pentobarbitone sodium, (Sagatal; May & Baker LTD 

Dagenham).
2.[args]-Vasopressin acetate (Sigma),
3.Adrenaline hydrochloride (Sigma)
4.Noradrenaline hydrochloride (Sigma)
5.Phenylephrine hydrochloride (Sigma)
6.Angiotensin II, Acetate salt (Sigma)
7.Propanolol hydrochloride (Sigma)
8.Phenoxybenzamine hydrochloride (Smith, Kline & French)
9.Isoprenaline sulphate (Aldrich)

10.UK-14304 bitartarate (5-bromo-6[2-imidazolin-2-
Ylamino]-quinoxaline) (Pfizer)
11.Prazosin hydrochloride (Pfizer)
12 .guanithidine sulfate (Ciba)
13. a , 0 methyleneadenosine 5 ’-triphosphate, lithium salt
(S igma)

14.Tetrotodoxin (Sigma)
15.Evans blue (Sigma)
16.Kaolin, hydrated aliminum silicate (Sigma)
17.Adenosine (Sigma)
18.Adenosine 5 5-triphosphate, lithium salt (Sigma)
19.5-Hydroxy-Tryptamine hydrochloride, 5HT (Sigma)
20.Deoxycholic acid, sodium salt (Sigma)
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21 .Acetylcholine hydrochloride (Sigma)
22.3-methylxanthine (Sigma)
23.Atropine sulfate (Sigma)
24.Rauwalscine hydrochloride (Roth)
25.Cimetidine (Aldrich)
26.Histamine dihydrochloride (Sigma)
27.Diazepam BP with benzyl alcohol and sodium benzoate 
(Roche)
28.Hypnorm (Janssen Pharmaceutical Ltd)
29.Heparin sodium (Evans)
30 .5 7 Cobalt radioisotope (Dupont)
31.113Tin radioisotope (Dupont)
32.15 3 Gadolinium radioisotope(Dupont)
33.4 6 Scandium radioisotope(Dupont)
34.Schlesinger medium, Gelatin-KI-barrium sulfate mass 

(Schlesinger 1957)
35.Sodium sulfate anhydrous (May & Baker LTD, England)
36.Acetone, (May & Baker LTD, England)
37.Capsaicin, Fluka AG, CH-9470 Buchs (Switzerland)
38.Substance P antagonist (D-Pro4,D-Trp 7,9,10)-SP(4-11), 
(Peninsula Laboratories,Inc)
3 9.Reserpine (Sigma)
40.Normal saline
41.Lockes solution; Its composition per litre is (mM): 
NaCl, 115; KC1, 4.7; CaCl2 , 2.5; MgS04. 7H2 0, 1.2; NaHC03, 
2 4.1; KH2 PO4 ,1.2; and glucose, 5.6. CaCl2 was added after 
oxygenating the solution with a 95% O2 and CO2 mixture.
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B : Methods

I.Surgical anatomy

It is conventionally supposed 
that each articulation is enclosed in a capsule formed by 
a sheet of strong connective tissue extending from one 
bone to other and completely enclosing a cavity containing 
the articular surfaces. Each of these surfaces is covered 
by a very thin layer of cartilage and the cavity contains 
a small amount of lubricating liquid, the synovial fluid 
secreted by the lining of the capsule, the synovium 
(Figure 2.1).

The articulation in the knee forms a hinge-joint, 
though movement is not rigidly confined to one plane. The 
structure is more complex than of other joints (e.g. hip 
joint). The capsule is attached to the femur around the 
edges of the condyles and the patellar surface and 
similarly to the tibia round the edges of its condyles. 
Outside the capsule, stout medial and lateral bands, the 
tibial and fibular collateral ligaments, hold the two 
bones together. The capsule is also attached to four small 
bones which have articular surfaces taking part in the 
formation of the joint, namely the patella and three other 
sesamoid bones embedded in the two heads of the 
gastrocnemius and in the popliteus muscles respectively. 
The patellar ligament forms part of the capsule and the 
joint is transversed by the tendons of origin of the



Fig. 2.1. The structural view of a diarthrodial joint. 
Showing synovial cavity and membrane.
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popliteus and of the extensor digitorum longus.

Within the joint the femur and the tibia are held 
together by an anterior cruciate ligament and posterior 
cruciate ligament, both attached to the femur in the 
intercondyloid fossa. Curved cushions of cartilage, the 
medial and lateral menisci, are inserted between the 
apposed condyles and are held in place by additional
ligaments. The medial meniscus is attached to the tibia 
only but the lateral meniscus is connected to both tibia 
and femur , the ligament to the femur lying behind the 
posterior cruciate ligament.

The capsules at the knee joint should be exposed by 
removing the muscular attachments about them as thoroughly 
as is practicable.

Blood vessels and nerves to knee .joint 

a:Arteries

The femoral artery transverses the medial surface of 
the thigh, begining at the dorsal side of the inguinal 
ligament, where it continues from the external iliac
artery (Figure 2.2). Immediately distal to the inguinal 
ligament it gives off posteriorly the deep artery of the 
thigh (artery profunda femoris). The latter passes to the 
dorsal side of the pectineus and adductor brevis muscles 
and distributed to the posterior proximal portion of the
limb, chiefly to the adductors longus and mag’nus (Figure
2.3). A second branch, the lateral circumflex artery (a.



Fig. 2.2. The arteries of the pelvis and of the thigh. 
The medial aspect of rabbit hind limb(Barone et a l , atlas 
of rabbit anatomy).
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Circumflexa femoris lateralis), is given off from the 
anterolateral wall. It passes between the second head of 
the rectus femoris and vastus lateralis, on the one hand, 
and the two portions of the vastus intermedius, on the 
other hand. It supplies various parts of the quadriceps 
femoris group. A third branch of the femoral, the 
superficial epigastric artery (a. epigastrica
superficialis), given off medially, and passing to the 
abdominal wall, has been divided. At the begining of the 
distal third of the thigh, a small branch, the descending 
genus artery (a. genu suprema), passes over the medial 
condyle of the femur to the knee joint (Figure 2.3), and 
at about the point of origin of this vessel a large 
branch, the great saphenous artery (a. saphena magna.) , 
arises from the posterior wall. It passes across the 
medial surface of the distal end of the adductor longus, 
and through the tendon of the gracilis, to the medial 
surface of the leg. The femoral artery passes between the 
adductors longus and magnus , continuing as the popliteal 
artery (a. poplitea).

The popliteal artery, the continuation of the 
femoral, passes between the medial head of the 
gastrocnemius on the one hand and the lateral head of the 
plantaris on the other, reaching the anterior surface of 
the popliteus, and afterwards the anterior surfaces of the 
tibia and fibula by passing between their proximal ends. 
It distributes branches to the muscles and joint about the 
knee-joint, including a branch to the distal portion of 
the vastus lateralis, which is given off near the same



Fig. 2.3. The radiograph of arteries of the pelvis and
hind limb of rabbit (Barone et a l , atlas of rabbit
anatomy).



A . c irc u m fle 'C J  i l iu m  p ro fu n d a  

A .  e p ig a s f r ic a  c a u d a lis

A  . i l ia c a  e x te rn a

A  e p ig a s f r ic a  c a u d a lis  
1 ram us s u p e r f ic ia l is  

A .  c ir c u m f le x a  fe m o ris  
la te r a l is

A ,  p u d e n d a  e x te rn a  

Ramus m u s c u la r is  m ed iu s

A .  fe m o ra  I is

A .  p ro fu n d a  fe m o ris

Ram i m u scu la re s  d is ta le s

A .  genus desce ndens

Pate I la

A .  p o p li te a

A  c a u d a lis  fe m o ris

A  . t ib i a l i s  c a u d a lis

A  . t ib i a l i s  c r a n ia l is

A . saphena

A  . t ib ia l i s  c r a n ia l is  
ram us s u p e r f ic ia l is

T ib ia

A o 'fa  a b d o m in a l  

A .  I ia c a  com m  ^nis 

A .  lu m b a l is V  I 

T runcus um fc i! Ic o y e n : ’ o 'is  

A  . it oca in te rn a  

A . g lu fe a  c r a r ia l is  

A .  o b tu ra to r ia  

A  . v a g in a l is 

A  . g lu te a  ca  -d a iis

A .  s a c ra lis  m e d ia n a  

Ramus g lu te u s  ca  d a lis  

Rami sa c ra le s  

A  . c a u d a lis  la te ra l is  

A .  p u d e n d a  in te rn a  

A .  c a u d a lis  m e d ia n a

A



40
point as the small saphenous artery. It then continues as 
the anterior tibial artery (a. tibialis cranialis). The 
other branch which runs posteriorly is called as posterior 
tibial artery (a. tibialis caudalis).

As described by Liew and Dick (1981), the sources of 
origin of the arterial blood supply to the joint are 
multiple. The vessels from the popliteal artery and other 
vessels from the bones and muscle adjacent to joint 
anastomose freely to form a complex network around knee 
joint between the capsule and the synovium at their 
attachment to epiphysial line.

b :Veins

The femoral vein transverses the medial surface of 
the thigh in company with the femoral artery. It begins at 
the proximal end of the lower third of the thigh as a 
continuation of the popliteal vein, which accompanies the 
corresponding artery. Its tributaries comprise the great 
saphenous, superficial epigastric, lateral circumflex, and 
the deep vein of the thigh.

The great saphenous vein, a large tributary of the 
femoral, accompanies the corresponding artery and the 
great saphenous nerve. It is a continuation of the 
posterior tibial vein from the plantar surface of the 

foot.
The popliteal vein, the root of the femoral,

accompanies the corresponding artery in the popliteal 
fossa. It receives the small saphenous vein from the
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posterior margin of the lateral head of the gastrocnemius, 
where this vein has been formed by tributaries 
accompanying the distal branches of the small saphenous 
artery.

c .Nerves

The femoral nerve (n. femoralis) arises from the 
lumbo-sacral plexus, chiefly from the fifth and sixth 
lumbar nerves (Figure 2.4). Its position between the psoas 
major and iliacus muscles has been shown in figure 2.4. 
Immediately beyond the inguinal ligament it divides into 
two portions, one of which is distributed to the muscles 
of the anterior side of the thigh, while the other, the 
great saphenous nerve (n. saphenus major), passes to the 
medial surface of the thigh and leg in company first with 
the femoral artery and afterwards with the great
saphenous artery.

The sciatic nerve (n. ischiadicus), formed chiefly 
from the seventh lumbar and first sacral nerves, appears 
laterally in the greater sciatic notch. It passes backward 
beneath the pisiformis muscle, and then turns and extends 
distal through the thigh, where it lies on the lateral 
surfaces of the adductors magnus and longus (Figure 2.5). 
It distributes branches to the posterior musculature of 
the thigh. In the proximal portion of the thigh it divides 
into two chief branches, which are closely associated as 
far as the knee. The anterior branch is the peroneal nerve 
(n. peronaues), the posterior branch the tibial nerve (n.



Fig. 2.4. The saphenous nerve and its anatomical 
position. The medial aspect of rabbit hind limb (Barone et 
a l , atlas of rabbit anatomy).
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Fig. 2.5. The sciatic nerve and its branches. The lateral 
aspect of rabbit hind limb (Barone et a l , Atlas of rabbit 
anatomy).
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tibialis). The lesser saphenous nerve is a small branch 
given off from the tibial above the knee joint. The 
posterior articular nerve (PAN) which supplies the dorsal 
aspect of the knee joint branches off from the tibial 
nerve just below the knee joint.

II. Animals and tissue preparation

a.In-vitro experiments

1 .Animals:

154 adult albino New Zealand rabbits of either sex 
weighing between 1.7-4.5 Kg, were killed by a blow to the 
skull and exanguinated immediately.

2 .Tissue preparation:

Immediately after killing the rabbit, the lower 
limbs were cut off from proximal position of the femur. 
One limb was transferred to the dissecting microscope 
while the other was kept in cool place for further 
surgical procedures. The posterior aspect of the knee 
joint was exposed, the popliteal artery was gently 
separated from the popliteal vein and one 10 cm polythene 
cannula (size 3 or 4 F G ) was used for cannulation of the
artery. All muscular branches of popliteal artery were
ligated but the articular branches were left unligated, as
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shown in figure 2.6. The tissue was perfused with warmed 
and oxygenated Locke solution by means of a peristaltic 
pump (Gilson minipuls). The extra part of femur above the 
cannulation and the lower part of the limb midway through 
£he tibia were removed by sawing the bones.

The isolated knee joint preparation was then 
transferred to a thermostatically controlled bath (37 ± 1 
°C) containing oxygenated Locke solution (Figure 2.7). 
p02 , pC02 , and pH of the locke’s solution were measured and 
found to be 200-300 mmHg, 30-34 mmHg, and 7.42-7.46
respectively. As the effect of 02 level was studied by 
some investigators, they showed that although this level 
of PO2 caused constriction in vascular smooth muscle but 
was not significant (Maclennan et al 1988).

3 .Recording and Measurements:

At the start of the experiment the pump was set to 
provide a perfusion rate of 0.5-0.9 ml/min which resulted 
in a perfusion pressure of about 40mmHg as measured by a 
pressure transducer connected "downstream" from the pump 
(Figure 2.8).

Changes in perfusion pressure thereafter provided an 
indirect measure of articular blood vessel calibre. Since, 
according to the equation:

A P  = F X R



Fig. 2 . 6 .  D ia g ra m m a tic  r e p r e s e n t a t io n  o f  th e  a r t e r i a l  

supply o f .  th e  d o r s a l  a s p e c t  o f  th e  r a b b i t  k n e e  j o i n t

capsule.
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Fig. 2.7. Diagrammatic representation of the organ bath 
for in-vitro experiments.
1. Inlet tube for 02(95%), and C02(5%) gas mixture.
2. Inlet tube for Locke solution
3. Outlet tube for exchange of fresh Locke solution.
4,5. Inlet and outlet tubes for circulation of warm water 

under the' organ bath to keep appropriate temperature
constant.
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Fig. 2.8. AiTraces show the effect of adrenaline (10"6M) 
injection at different perfusion rates: 0.25-0.3 (a ),

0.5-0.6 (b ), 0.75-0.9 (c), 1.0-1.2 (d ) , 2.5-3ml/min (e ).

B: The response curve to injection of
adrenaline (10'6M) act different perfusion rates. It seems
that the effect at 0.5-0.9ml/min is optimal.
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where P is the pressure difference across the vascular
bed . F is flow through the articular blood vessels, and
R represents the vascular resistance which depends on
factors such as viscosity of blood, length, and radius of
blood vessels. Amongst the blood vessels, the most
effective ones as resistance vessels are the arterioles, 
although other blood vessels can influence resistance.

The equations for inflow and outflow volume are:

Fi = (Pa - Pc )/ ra (1)

F i : inflow P a : arterial pressure P c : capillary pressure
r a : arteriolar resistance

Fo = (Pc - Pv )/ rv (2)

F o : outflow P c : capillary pressure P v : venous pressure rv : 
venous resistance (venules, small and large veins)

Since there was no significant change in the inflow 
and outflow volumes (Figure 2.9B), therefore:

(Pa ~ Pc ) / ra = (Pc - Pv ) / rv



Fig. 2.9. A: Changes in weight of the knee joint after 
perfusing with Locke solution for 5 hours ( • ) and by-
placing the knee joint in the bath for same period of time 
but without perfusion( 0 ). n=6, * P<0.05

B: Input volume of Locke solution perfused 
through articular blood vessels ( • ) compared with
output volume ( 0 ) during 4 hours of perfusion.
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Also, as there is no tonic sympathetic input nor 
circulating vasoconstrictor hormones, the preparation is 
maximally dilated. Since then, the tissue weight is little 
changed (Figure 2.9 A ), Pc • is unlikely to change
significantly, and changes in rv related to ra is very
small, therefore if the flow was kept constant, any
changes in pressure is due to changes in vascular 
resistance, mainly in the arterioles. So, changes in 
perfusion pressure thereafter provided an indirect 
measurment of articular blood vessels calibre.

Control injections of Locke solution were 

[ministered periodically and were found to produce
little change in pressure, apart from a transient rise 
during the injection phase. After injection or perfusion 
of different drugs, peak response was compared to the 
control (pre injection) value and expressed as percentage 
change from control (or baseline). Where drugs were
injected, these were administered by 0.2ml bolus over two 
seconds. The concentrations shown in the figures refer to 
that in the syringe and can be converted to the mass of 
drug injected by multiplication of that concentration by 
2X10-4 .

b . In-vivo experiments:

1. Initial surgical procedures in rabbit
(i ): Animals

54 adult white New Zealand rabbits were used, their 
weights ranging from 1.8Kg to 4.6Kg.
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(ii): Anaesthesia

Anaesthesia was initially induced by intra-muscular 
injection of hypnorm (O.lmg/Kg) and an intra-peritoneal 
injection of diazepam (0.5mg/Kg). No surgical procedure 
was performed until reflex withdrawal of the limb on 
pinching the paw had been abolished. Thereafter, 
anaesthesia was maintained using a gaseous mixture of 
oxygen (O2 ) and nitrous oxide (N2O) and halothane (1-2%) 
which was delivered via a tracheal cannula.

(iii): Tracheotomy

The fur on the neck was shaved with fur clippers and 
a skin incision made from the hyoid bone to the 
suprasternal notch. The skin was retracted and the 
pretracheal muscles were separated by blunt dissection to 
expose the trachea. Any overlying connective tissues were 
cleared by blunt dissection, and a thread was looped 
around the trachea. The trachea was then then lifted by 
this thread and an incision was made between two trachea 
rings. A glass trachea cannula of appropriate size was 
then inserted into the trachea and tied in position with 

the thread.

(iv): Carotid artery cannulation

In all experiments, either right or left or both 
common carotid arteries were cannulated to permit
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monitoring of arterial blood pressure, or withdrawal 
arterial blood samples and /or insertion of a cannula into 
the left ventricle. The carotid was first freed from 
surrounding connective tissues and the vagi, then 
the distal portion of common carotid was ligated with 
thread, another loose tie was placed on the carotid 
proximal to the ligated tie. By pulling the loose tie 
proximal blood flow stopped at 2-3cm below the ligated 
tie, then an small incision was made between two ties and 
a heparinized cannula was then secured in position. The 
ligatures were firmly secured to stop movement of the 
cannula.

The skin incision in the neck was then closed over 
with Michel clips.

(v): Saphenous artery cannulation

Where intra-arterial injection of drugs close to 
knee joint was necessary, a 25G polythene heparinized 
cannula was inserted into the saphenous artery in a 
retrograde direction and advanced rostrally until the tip 
of the cannula was just below the branches supplying the 
knee joint (Figure 2.10). Non-articular branches were 

ligated.
(vi): Temperature regulation

The animal’s temperature was maintained at around 37 
° C by means of a heated operating table during the 
surgical and experimental procedures. Body temperature was



Fig. 2.10. Diagram of the experimental arrangement, 
of the medial aspect of the rabbit knee.
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monitored by a rectal thermometer.

2 .Surgical procedures for stimulating and recording

(i): Saphenous nerve dissection

After the removal of fur from the antEro-medial aspect 
of the thigh, an incision was made near the groin
down to few centimeters close to upper part of the knee 
(Figure 2.11).The skin flaps were freed by blunt 
dissection and retracted, exposing the gracilis, 
sartorius,and rectus femoris muscles. By separating the 
gracilis and sartorius muscles, the saphenous nerve and 
some of its branches which are accompanied by the femoral 
artery and vein could now be seen. The saphenous nerve 
was then dissected free from the accompany,njblood vessels, 
and the proximal end was cut and all branches except those 
to the knee were sectioned.

(ii): Thigh paraffin pool

After the dissection of the saphenous nerve, the 
thigh was held at a fixed position. Threads were then 
passed through the skin flaps and were retracted on either 
side. They were then tied to the frame enabling warm 
paraffin oil to be poured into the cavity thus formed 
(Figure 2.11). The temperature of this pool was maintained 
at 37°C by heating lamp if necessary.



Fig. .2.11. Photograph shows the antro-medial aspect of 
rabbit thigh with a thigh paraffin pool.

Fig. 2.12. Photograph shows the location of infra-red
laser probe on the surface of anterior capsule of 
experimental limb.
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(iii): Locating stimulating electrodes

When the saphenous nerve was dissected free close to 
the groin, bipolar silver electrodes were then placed on 
the distal end of the nerve and the stimulator (Harvard
advanced stimulator) was set to deliver trains of
rectangular pulses with different durations, intensities 
and frequencies.

(iv): Locating recording probe

To monitor relative changes in blood flow either a near 
infra-red (780nm) laser Doppler flowmeter MBF2 (Moor 
Instruments) or laser Doppler flowmeter MBF3 (Moor
Instrument) with the capability of having three different 
wavelenghts (green, red, and infra-red) to penetrate 
different layers of tissue to monitor blood flow,
were used. The former laser probe was placed on the 
surface of the capsule* anteriorly and the surrounding 
tissue covered with cling film (Figure 2.12), and the
latter laser probe was inserted from antro-lateral side of 
knee joint below patella into the joint cavity facing 
toward inside to detect changes in blood flow in the 
antero-medial capsule** of knee joint. Changing the

*: S y n o v i u m  and inf ra-patellar a d i p o s e  pad ( K n i g h t  &

L e v i c k  1983)

* * : S y n o v i u m  and a r e o l a r  f i b r o u s  t i s s u e  ( K n i g h t  & L e v i c k

1 9 8 3 )
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wavelenghts from red to infra-red permits monitoring 
greater depth of tissue blood flow respectively.

To check whether intra-articular laser probe is also 
monitoring the blood flow in skin covering the joint
capsule, an incision was made on skin covered medial part
of the knee joint and a piece of black polythene film was
located under it. Blood flow was then recorded before and
after removal polythene film, no significant changes of 
flow was seen (Figure 2.13).

The signals from the flowmeters were recorded on one 
channel of a pen recorder. At the same time the arterial 
blood pressure and heart rate were recorded on the other 
channels. However the MBF3 device was also able to record 
flux changes on an inbuild chart recorder.

(v): Knee joint temperature monitoring

In some animals a 21G hypodermic thermocouple was 
inserted into the joint cavity and connected to an 
amplifier (thermalert TH-6D) to provide a measure of 
intra-articular temperature.

(vi): Termination of the experiment

At the end of the experiment rabbit was painlessly 
killed by an intra-arterial overdose injection of sodium
pentobarbitone (Euthatal, May & Baker Ltd.).



Fig. 2.13. Trace showing the blood flow signal from a 
laser Doppler flowmeter monitoring blood flow by red laser 
light, (633nm) ,and at B using an infra-red (780-790nm)
source. Arrow S represents onset of stimulation of the 
saphenous nerve for 30sec. At A, a black polythene film 
was interposed between the skin and knee joint, and at C, 
it was removed. Neither the flux signal (at either 
wavelengths) nor the magnitude of the constriction 
response were significant affected. This trace is the out 
put of MBF3 plooter and represents the running avaraged at 
10 sec intervals.
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III. Perfusion technique in the rabbit

After anaesthetizing the rabbit and all the surgical 
procedures which were carried out, to isolate the blood 
flow to one of the knee joint from the effect of systemic 
blood pressure changes, a perfusion technique was used.

For this purpose, the femoral artery of the 
appropriate knee was cannulated and connected to the 
carotid cannula, and a Watson-Marlow pump was interposed 
to pump the blood from the carotid to the femoral at a 
constant rate and at the same time the perfusion pressure 
was measured by a pressure transducer connected "down 
stream" from the pump. To prevent further clotting of 
blood, the animal was heparinized.

IV. Injection of potassium iodide barium sulphate 
in-vitro.

In order to check that just the joint blood vessels 
were perfused and not other surrounding tissues, in a few 
preparation at the end of the experiment injection of a 
radiopaque solution was used for radiographic 
visualization of articular blood vessels (Appendix B). As 
illustrated in figure 2.14, there was little radiopague in 
surrounding muscles but it is hard to judge about the 
bones (Femur and Tibia). Thus, another technique was used 
to find out whether blood vessels other than knee joint 
blood vessels were perfused during in-vitro experiments.



Fig. 2.14. Photograph of blood vessels containing the 
radio-paque ( potasium iodide barium sulfate ). A: 
Anterior aspect. B: Lateral aspect, showing that
radiopaque is present in joint blood vessels. F: Femur, T: 
Tibia, P: Patella.
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V. Injection of Evans blue in the rabbit

a. In-vitro

In addition to the radiopaque technique, to ascertain 
whether surrounding structures were perfused, in eight 
experiments Evans blue dye was injected into the
perfusate. After five minutes the following procedures
carried out; 1. Tissue samples from the distal portion of
femur, proximal portion of tibia, surrounding muscles, 
anterior and posterior capsules from both legs were
removed and weighed separately. 2. Tissue samples were cut 
into small pieces. 3. Each tissue sample mixed with a 
solution, composed of 6ml sodium sulfate (1%) solution, 
plus 14ml acetone in a 30ml bottle (i.e. sodium sulfate: 
acetone ratio was 3:7). 4. All containers were covered and 
placed in a Heidolph electrical agitator for at least 24 
hours at room temperature with continuous mild shaking. 
5.Next day, the extracted solutions were transferred to 
appropriate test tubes and centrifuged at 2000 r.m.p for 
about 10 minutes. 6. From the top of the solution in test 
tube, 3.6ml supernatant was transferred to cuvette and 
read at absorbance of 620 nm. 7. The reading of absorbance 
by spectrophotometer was put in the following equation to 
calculate the amount of Evans Blue in ug'/100mg tissue.



5 3
Absorbance X Gradient*X Volume of Solvent

amount of Evans =_________________________________________________
(ug/lOOmg tissue) Weight of tissue X 10

*: Gradient was constant and was equal to 13.24, this 
number was achieved by converting the slope line on figure ' 
2.15.

As it has been shown in figure 2.16, the dye (mean + 
SEM microgram Evans blue/lOOmg tissue; n=8) was present in 
large quantities in the posterior capsule (48.96 + 2.18)
and to much smaller extend in anterior capsule (3.12 + 
0.27) but little was present in other areas (Muscle, 0.35 
± 0.1; Femur, 0.31 ± 0.11; Tibia, 0.23;+ 0.05). The values
for the anterior capsule differed significantly from these 
other areas (P<0.001) and from the posterior capsule 
(P<0.001). These results indicate that the ligatures has 
successfully isolated the articular circulation.

b . In-vivo

As Evans blue binds to plasma proteins normally 
restricted to the vascular compartment, its presence in 
joint tissue provides an indirect means of assessing 
capillary permeability. To assess whether the
permeability of articular blood vessels have been 
increased or not, Evans blue was injected intravenously 
into the ear vein in a dose of 75mg/kg. The technique



Fig. 2.15. The slope line for light absorbance (620 nm) 
of different concentrations of Evans blue (ug/ml) is 
shown. slope= 0.075, 1/slope = 13.24 (gradient).
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Fig. 2.16. Evans blue content (mean + SEM) of various 
tissues five minutes after perfusion. The highest 
concentration of dye was in the posterior portion of the 
capsule (PCAP), with less occurring in the anterior 
capsule (ACAP). Negligible quantities were found in other 
areas. *** p<0.001 : n = 8.
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used to extract Evans blue and its subsequent 
spectrophotometric measurements has been described above.

VII. Induction of acute joint inflammation

In some experiments, acute inflammation was induced in 
the rabbit knee by intra-articular injection of 2ml kaolin 
(4%) suspension (Sigma) into one knee joint while the 
other knee joint was injected with 2ml sterile 
physiological saline to act as an internal control.

The induction of acute joint inflammation was checked 
in the experimental knee by either monitoring 
intra-articular temperature compared to the control knee, 
or by measurement and comparison of Evans blue 
extravasation into the joint tissue of two knees.

C : Statistical analysis

Two types of Statistical data analysis were carried 
out, 1. Two way analysis of variance (ANOVA), and 2. 
Paired or unpaired t test. An F test was used to test 
the assumption of homogeneity of variances. Where this 
exceed tabled F values, modified t values were generated 
using the formula described by Phillips (1978). All data 
expressed on graphs are means +. standard error of mean 
(S.E.M.) . Differences between means were considered
significant if the P values were 5% or less. *: 0.01< P
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<0.05; **:0,001< P <0,01; ***: P<0.001.

*



CHAPTER THREE

EVALUATION OF LASER DOPPLER FLOWMETRY 
IN THE ASSESSMENT OF ARTICULAR BLOOD FLOW 

IN CATS AND IN RABBITS
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Summary

1. Experiments were performed in adult cats 
anaesthetised with pentobarbitone and in adult New Zealand 
rabbits anaesthetised with a mixture of hypnorm and 
diazepam plus halothane/N2O/O2 .

2. A new method for the non-invasive and continuous 
measurement of articular blood flow is evaluated and 
introduced.

3. This technique is based on the fact that laser 
light is back scattered from the moving red blood cells, 
with Doppler shifted frequencies. This signal goes to 
photodetectors and is converted to a flow signal.

4. The laser Doppler flowmeter (Moor Instruments 
MBF2, MBF3) provided a measure of relative changes in 
blood flow.

5. To evaluate this technique, comparison was made 
between this and the radiolabelled microsphere technique.

6. Intra-ventricular injection of three types of 
radio-labelled microsphere with timed withdrawal of an 
arterial blood sample allowed measurement of blood flow 
after denervation and prior to insertion of probe into the 
joint and before and during nerve stimulation of the cat
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PAN and the rabbit saphenous nerve.

8. These results indicate that; a. There is a high 
correlation between changes in arterial blood pressure and 
changes in flow meter signal (r=0.992, PCO.OOl, n=8). b. 
The percentage change in the laser flowmeter signal is 
significantly correlated with the percentage change in 
blood flow as measured with microspheres (r=0.908, 
P<0.001, n=17), therefore the laser Doppler technique
provides a suitable means of assessing relative changes in 
joint capsular blood flow. c. Bones around the joint are 
also innervated by presumed sympathetic vasoconstrictor 
fibres travelling in nerves supplying the joint.
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Introduction

The need to measure local blood flow in small volumes 
of tissue arises in many contexts in physiology 
pharmacology, and clinical medicine. Therefore, different 
techniques for measurement and estimation of blood flow 
through different organs and tissues have been tried. 
These techniques include, 1). Application of the 
plethysmograph to knee segment in human (Bonney et a l . 
1952), 2). An indirect measurement of temperature which
represents change in blood flow to appropriate organs or 
tissue, e.g. monitoring intra-articular temperature in man 
(Horvath and Hollander 1949), in a animal such as cat 
the (Ferrell and Cant 1987), 3). Using magnetic or
piezoelectric flow probe around the arteries (Busija et al 
1981), 4). Clearance method drived from that of Kety
(1949), 5). Measurement of arterial diameter (Haberl et al 
1989b), 6). The radiolabelled microspheres technique
(Christensen et al 1982,Bunger et al 1983, 1984), and 7). 
The laser Doppler flowmetry technique which has been used 
as reliable and accurate technique to measure blood flow 
of highly localized microcirculation of different tissue 
such as intestinal blood flow (Ahn et al 1985), cerebral 
blood flow (Busija et al 1981, Haberl 1989a,b), cutaneous 
blood flow (Holloway et al 1977), renal cortical and 
medullary blood flow (Bowman and Stein 1979),bone blood 
flow (Hellem et al 1983, Swiontkowski et al 1986, Notzli
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et al 1989), retinal blood flow (Riva et al 1972) and
articular blood flow (Khoshbaten and Ferrell 1989).

The clearance technique is based on the principle 
that the rate of disappearance of a known substance e.g. 
H2 (a highly diffusible, biologically inert gas) from
perfused tissue is determined by the blood flow
(Aukland et al 1964). This technique offers the advantage 
that it provides reasonable quantitative estimates of 
blood flow but the disadvantage of this method is that, it 
can do so only on an intermittent basis.

Techniques such as plethysmography and temperature 
monitoring, although capable of continuous recording of 
changes in blood flow, may not precisely reflect the 
events in small and limited vascular beds.

Diameter measurements can provide a extremely 
localized estimation of changes in blood flow. But this 
technique is not able to show exactly changes in other 
parts of the arterial tree. By this method, measurement 
can be made in a few seconds, so that both transient and 
steady-state responses can be examined, but this is still 
cumbersome to perform on a continuous basis.

Flow measurement by magnetic or piezoelectric flow 
probe, can both provide a continuous measurement of blood 
flow but this is difficult to perform and is sometimes 
associated with arterial spasm at the probe location 
(Busija et al 1981).

The radiolabelled microspheres technique was
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introduced by Rudolph and Heymann (1967), to measure 
regional blood flow. These were injected into the 
circulation and travel to the small peripheral vessels 
where they were trapped. The organs were then removed and 
their radioactivity measured. Repeated measurements could 
be made by using different nuclides and separating them by 
gamma spectrometry. This technique which is widely used by 
many investigators to evaluate other flow measurement 
techniques is capable of blood flow measurement in a 
quantitative manner. However, this technique is also 
limited to a discontinuous measurement and can not 
accurately measure flow changes in a highly localized 
microcirculation which consists of only a few cubic 
millimeters.

Consequently, by reviewing different techniques as 
mentioned above, it seems that there is still a need for a 
technique that is easy to handle, permits instantaneous 
and continuous monitoring of the blood flow with least 
damage to the tissue under study beyond the requirement of 
exposure of the tissue, good localization, and also allows 
measurement of relative changes in regional blood flow. 
The technique which is most suitable to show a potential 
capacity to fulfill these criteria, could be the Laser 
Doppler flowmetry method. Laser Doppler flowmetry provides 
easy to use, non-invasive, real time measurements of local 
tissue blood flow. Laser Doppler flowmetry (L D F ), was 
first used for blood measurement in single vessels (Riva 
et al 1972) and later used by Stern (1975) to measure
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skin blood flow in humans. It is also reported to have 
been used to assess blood flow measurement in different 
tissue such as renal cortex and medulla, brain, and 
intestinal mucosa (Holloway and Watkins 1977, Stern et al 
1979, Busija et al 1981, Ahn et al 1985).

LDF is based on the principle that coherent light 
scattered by moving red blood cells experiences a 
frequency shift that is proportional to the number and 
velocity of red blood cells flowing through the 
microcirculation (Nilsson et al 1980, Bonner et al 1981, 
Haberl et al 1989a). The fibre optic guides, which conduct 
the laser light from the laser source to the tissue and 
carry back scattered light to a photodetector, are placed 
on the appropriate tissue surface for continuous 
measurements of regional blood flow. To find out a closer 
relationship between the microcirculation in-vivo and the 
laser Doppler signal, it is necessary to examine a 
comparison between this method with other techniques 
measuring blood flow. Blood flow measurement by LDF has 
been found to correlate linearly with flow measured by 
other techniques, including hydrogen (H2 ) clearance 
(Haberl et al 1989b), 133Xe washout and electromagnetic
flowmeters (Engelhart and kristensen 1983, Kvietys et al 
1985), arteriolar diameter change (Haberl et al 1989a,b). 
Eyre and his colleagues have recently shown good 
correlation of LDF and microsphere measurement of cerebral 
blood flow (Eyre et al 1988). In a more recent study LDF 
was used with two other established techniques of H2
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clearance and observation of pial arteriolar diameter in 
brain of cat and rabbit to assess the LDF technique
(Haberl et al 1989a,b).

At present there is relatively little quantitative 
data about knee joint blood flow, and those factors 
influencing the distribution of blood flow around joints. 
Different techniques to measure articular blood flow have 
been reviewed (Liew and Dick 1981, Levick 1984). As
discussed quoted in a recent review paper by Levick 
(1987), the most popular technique which is applicable to 
man is the clearance method. With this technique,
quantitative estimation of blood flow to the joint has 
been measured by the rate of disappearance of 
rapidly-diffusing radiolabelled solute (e.g. 132X e , 23Na, 
1311 ) from the joint cavity (Harris and Millard 1956, 
Harris et al 1958, Dick et al 1970, Wallis et al. 1985). 
However the disadvantage of this method is that it is 
unable to provide continuous measurement of articular 
blood flow, and it can only do so on an intermittent 
basis. Another method which recently was used to measure 
blood flow of periarticular tissue (synovium and capsule) 
is the radiolabelled microsphere technique (Christensen et 
al 1982, Bunger et al 1983, 1984). With this technique the 
number of microsphere counts in capsular tissue provided 
an estimate of blood flow. Capsular blood flow calculated 
by this technique gave values of 1.1±0.5,and
0.8+0.5ml/min/100g of right and left joint capsules 
respectively in dogs (Bunger et al 1983), 9.46 ±  3.36
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ml/min/lOOg of hip joint capsule in puppies (Lucht et al 
1983), and in another study, blood flow in canine
articular tissue was reported to be 2.6ml/min/100g (Simkin 

e t  ciL. 1986). Radiolabelled microspheres used in measurement of 
blood flow through articular blood vessels also provide a 
quantitative calculation of flow, but it only offers
discontinuous measurement and it is difficult to measure 
blood flow changes in a highly localized microcirculation

supplying only a few cubic millimeters. So, fn  ■ comparison to
U ie.the more recent LDF technique, microsphere method, which is 

widely accepted by many investigator, measures flow in a 
tissue volume that is greater than that measured by LDF 
and there fore uni ike LDF does not represent flow in the same 
highly localized microcirculation. Another contrast 
between these two techniques is the advantage of
continuous flow measurement by LDF technique but not 
microsphere technique. According to the present evidence, 
although LDF technique was recently used in assessment of
relative changes in articular blood flow (Geboreck et al
1989, Khoshbaten and Ferrell 1989), there is no thorough 
validation of LDF method for use in the knee joint in the 
existing literature. Therefore attempts were made to
evaluate the use of LDF in articular blood flow
measurement by studying the correlation between LDF and
radiolabelled microspheres.

For physiological studies of knee joint blood
circulation, however, each of these techniques has one or 
more of the following limitation: extensive surgery may be



required, discontinuous measurement, lack of quantitative 
calculation, less physiological conditions, and unable to 
monitor highly localized flow of joint capsule. So the 
main purposes of these experiments are: 1) To report 
upon studies with an instrument that demonstrates the 
feasibility of measuring articular blood flow by LDF. 2) 
To determine reliablity of the LDF method in assessing 
articular blood flow by comparison with an accepted method 
for blood flow measurement,i .e . the radiolabelled 
microsphere technique. 3) To compare changes in articular 
blood flow during electrical stimulation of the nerve 
supply to the knee with blood flow of adjacent tissues 
such as femur, tibia and popliteus muscle.
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EXPERIMENTAL PROTOCOL

1. Method

Experiments were performed in 10 adult cats of either 
sex (2.4-4.5 kg), and 10 adult New Zealand rabbit of 
either sex (2.5-4.3 kg). Cats were anaesthetised with 
pentobarbital sodium (45mg/kg ip) and rabbits were first 
injected with hypnorm (O.lmg/kg im) and diazepam 
(0.5mg/kg ip). Anaesthesia was sustained in the cat by 
supplementary doses of pentobarbital sodium
(intra-arterial) as required and in the rabbit, a gaseous 
anaesthetic was administered (2% halothane in O2 /N2O). The 
animals were maintained deeply anaesthesia as judged by 
the absence of a flexor withdrawal response to noxious 
stimuli applied to the forelimb. The trachea was intubated 
to facilitate breathing and as a means of inspiration of 
halothane/02/N20 mixture in rabbits. The surgical 
preparation used in these studies was as follows: In both 
animals, cannulation of the right carotid artery was 
performed to withdraw reference blood samples and monitor 
arterial blood pressure prior to and immediately after 
withdrawal of reference blood samples. In some 
experiments, arterial blood samples were taken in order to 
measure PO2 , PCO2 and pH. Typical values were 
110-118mmHg, 31-33mmHg and 7.398-7.410 respectively.
Another cannula was inserted into the left carotid artery 
and advanced into the left ventricle for microspheres



in diameter
V"(15pm) injection. The presence of the cannula tip in the 

ventricle was confirmed by recording the left ventricular 
pressure.

Since the use of LDF for measurement of blood flow is 
a novel technique, the principle of operation will be
briefly reviewed. The MBF3 (Moor Instruments) laser
Doppler flowmeter has the facility to emit either an
infra-red (780-790nm), or red (633nm), or green (543.5nm) 
wavelength that is directed to the tissue through an 
optical fibre. Thus any of these could be used without 
dislocation of the laser probe was necessary. As light
enters the capsular tissue, photons are scattered in a 
random fashion by moving blood cells and also stationary 
tissue cells. Because of random scattering events, 
directional blood flow is not a measurement parameter. 
Only blood concentration and blood velocity are 
determined. Blood flow is computed by determinig the 
product of blood concentration and blood velocity which 
appears as flux. Photons that interact with moving blood 
cells are Doppler (frequency) shifted and scattered. 
Photons that interact with that stationary cells are also 
scattered but not Doppler shifted. A portion of the 
scattered light which is reflected back into another fibre 
in the probe, and return this light to a photodetector. 
From the photodetector an electrical signal generates as 
flux and this signal from the photodetector contains 
frequency and power information, the former represents the 
blood cell velocity, whilst the latter is related to blood
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concentration. So, as a result, the laser Doppler 
flowmeter is able to provide continuous measurement of 
relative changes in blood flow.

In each animal right hindlimb was left intact to 
provide a control knee joint whilst the other 
(experimental) limb was denervated proximally. Dissection 
and denervation of posterior articular nerve in cat and 
saphenous nerve in rabbit were carried on as described in
other sections (chapter 2, and chapter 5). A 0.9mm
diameter fibre-optic probe was inserted into the synovial 
cavity via a 18G hypodermic needle. In the cat, the probe 
was inserted through the antero-lateral aspect of the knee 
and advanced posteriorly until it made contact with the 
synovium of the postero-medial capsule. In the rabbit the 
probe was also inserted through the same region but 
advanced through the infra-patellar region until it made 
contact with the internal surface of the antero-medial 
capsule. After a clear and constant flow signal was
achieved, the flow probe was kept firmly in position. An
indicator of a clean flow signal was the pulsatile 
variation of flow when averaged with a 0.5-sec time 
constant. For the remainderof the experiments a 1 or 3-sec 
time constant was used to avoid this pulsatile 
fluctuation. The flux output as blood flow was monitored 
among with arterial blood pressure and heart rate on a pen 
recorder. The external recorder output of the LDF ranges 
from 0 to 5 volts full scale. Normal room illumination 
does not affect the LDF. However, in some experiments the
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extremely intensive surgical dissection lamp could affect 
the base-line of LDF signal. Therefore, care was taken to 
turn off or redirect the dissecting microscope lamp before 
proceeding with flow measurement.

Radiolabelled microspheres (1X106-2X106 spheres) were 
injected in three different phases of experimental 
period, into the left ventricle over about 15-20 sec, and 
the injection was flushed with 3ml saline. Morris and 
Kelly (1980) reported that intra-ventricular injection of 
microspheres results in even distribution according to 
blood flow measurement of different tissues and no 
significant differences were observed in various arteries. 
The nuclides used were 57 C o , 113Sn, 153Gd,and 46 Sc.First 
injection was administered after cutting the nerve(PAN or 
saphenous nerve) and when arterial blood pressure was 
stabilized, The second injection was after inserting the 
probe into the joint cavity but before nerve stimulation, 
and the third injection was during electrical 
stimulation of nerve supply the knee joint when the 
maximum constrictor response was observed in the LDF 
signal. Microsphere with three different isotopic labels 
were injected into each animal in a random sequence. 
Withdrawal of reference blood sample was begun into a 
heparinized syringe just prior to injection of 
microspheres and continued for about 1 minute. The rate of 
withdrawal was 3ml/min in both species.

After about lOmin of completion of last injection,
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the animal was killed with an intra-ventricular injection 
of either sodium pentobarbitone (Euthatal) 200mg/kg or
3M KC1. Immediately after death, posterior, anterior knee 
joint capsules, 1cm distal part of femur, 1cm proximal 
part of tibia and popliteal muscle from both sides along 
with both kidneys were removed, weighed and placed in 
counting vials. In some experiments from both species of 
animals 1cm of distal part of humerus, 1cm of proximal 
part of ulna, cortical portion of femoral diaphysis, and 
femoral bone marrow were also removed, weighed and placed 
in counting vials. All tissue samples among with reference 
blood samples were then counted by a gamma counter. 
Nuclide separation was performed using differential 
spectroscopy by the method of Rudolph and Heymann (1967).

Tissue blood flow was calculated using the equation: 

TBF = Cx X 100 X RBF / Ct

Where TBF is tissue blood flow in ml/min/lOOg, Cx is 
counts per gram of tissue, RBF is reference blood flow 
(rate of withdrawal of blood samples from reference 
arteries in ml/min), and Ct is total counts in the 

reference blood samples.

Parameters of electrical stimulation of nerve supply 
to the knee joint were; 20 volts amplitude, 1msec pulse 
width, frequency of 30 HZ, and a train of almost 1 min 
duration.
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Data in graphs are presented as means +. SEM. Analysis 
has been performed using non-parametric statistics; 
Friedman two-way ANOVA with the Mann-Whitney U test for 
analysis of two independent groups (control knee vs 
experimental knee) and Wilcoxon matched-pairs signed rank 
test for repeated measures of flow in the experimental 
knee (before and during nerve stimulation).

2.Protocol

The following experiments were designed to compare 
changes in articular blood flow and surrounding tissues 
(e.g. femur, tibia, and popliteal muscle) with the new 
technique, laser Doppler flowmetry and with microspheres 
in both cat and rabbit.

Articular blood flow was determined under 
steady-state conditions during control period in both hind 
limbs, and whilst articular nerve of experimental limb was 
electrically stimulated.



Results

1. Blood flow estimation by microsphere technique

a. Knee joint capsular blood flow.

The calculated data for blood flow estimates through 
anterior capsules and posterior capsules in both species 
(cat, n=8; rabbit, n=9) are presented in table. 5 and 6.

In the experimental limb of the cat, posterior 
capsular blood flow increased after sectioning of the
nerve supply to the joint (Figure 3.IB). At least 15
minutes after the insertion of laser probe into the joint 
cavity, there was significant rise in the anterior capsule 
blood flow in both species of animals (Figure 3.1A, and 
3.2A). These results suggest that rise in capsular blood 
flow in the cat after the sectioning of the nerve (first 
injection) is due to denervation of blood vessels in 
posterior capsule, while the blood flow in the anterior 
capsule remains constant (Figure 3.1), because blood 
vessels in anterior capsule are mainly innervated by 
lateral and medial articular nerves (Freeman and Wyke 
1966). These results also suggest that the elevation in 
anterior capsule blood flow is due to injury hyperaemia. 
The comparison between capsular blood flow in control leg 
of these two species of animals show greater flow
in the rabbit capsules than the cat. There are
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Table 5

Sample Mean + SEM (ml/min/lOOg)
1 2  3

n=4 n:=8 n:=8
LAC 0.53 0.29 4.28 1.08 2.74 0.88
RAC 0.53 0.30 0.55 0.18 0.63 0.25
LPC 10.58 4.25 9.97 3.44 1.26 0.43
RPC 1.03 0.74 0.79 0.24 0.66 0.24
LM 4.15 0.86 3.44 0.33 3.43 0.86
RM 3.93 0.60 3.73 0.53 3.03 0.44
LF 13.98 2.29 14.70 4.01 6.18 1.59
RF 13.15 3.66 13.25 4.74 14.74 3.07
LT 11.25 2.11 12.12 3.49 6.95 1.61
RT 11.95 3.53 11.76 4.39 13.65 2.89

n=4 n==4 n:=4
LFBM 44.00 5.85 42.06 6.28 40.57 3.22
RFBM 35.80 10.03 38.13 5.83 45.70 7.03
LFCB 1.60 0.60 1.17 0.41 1.50 0.55
RFCB 1.50 0.53 1.17 0.22 2.10 0.57
LU 6.50 1.82 7.10 1.97 11.20 2.50
RU 6.00 2.46 6.80 3.51 11.07 1.55
LH 10.90 2.87 10.83 3.96 14.63 4.64
RH 6.93 1.95 9.23 0.87 13.93 1.73

n=4 n:=8 n:=8
LK 245.43 134.80 181.95 54.20 183.90 32.58
RK 228.83 122.99 165.55 46.79 166.76 28.63
Table 5: Blood flow through different tissues were
measured by microsphere technique in the cat after first (1), 
second (2), and third (3) injections. LAC;Left anterior 
capsule,RAC; Right anterior capsule, LPC; Left posterior 
capsule, RPC; Right posterior capsule, LM; Left poplitus 
muscle, RM; Right poplitus muscle, LF; Left femur, RF; 
Right femur, LT; Left tibia, RT; Right tibia, LFBM; Left 
bone marrow of femur, RFBM; Right bone marrow of femur,
LFCB; Left cortical bone of femur, RFCB; Right cortical
bone of femur, LU; Left ulna, RU; Right ulna, LH; Left 
humerus, RH; Right humerus, LK; Left kidney, RK; Right kidney.
Right limb was used as a control limb.



Table 6

Sample Mean + SEM (ml/min/lOOg)
1 2  3

n=5 n=9 n=9
LAC 4.74 1.96 10.92 2.11 5.54 0.96
RAC 3.18 1.70 3.66 1.08 3.26 0.73
LPC 2.64 1.03 5.83 1.74 5.78 1.28
RPC 3.18 1.17 4.22 0.95 4.76 0.92
LM 5.32 0.98 5.83 0.49 6.04 1.06
RM 6.40 1.05 7.24 0.89 7.32 1.54
LF 12.88 3.49 13.23 2.74 9.90 2.31
RF 13.96 3.56 11.94 2.56 11.37 2.29
LT 14.32 3.99 13.33 2.71 10.24 2.11
RT 15.72 3.92 11.11 2.13 11.62 2.18

n=5 n=5 n=5
LFBM 34.28 6.42 31.54 7.33 38.92 6.51
RFBM 31.72 4.36 30.18 6.06 40.20 5.56
LFCB 5.52 1.23 4.94 1.19 4.28 1.18
RFCB 4.52 1.15 3.70 1.08 3.92 1.23
LU 13.33 3.03 10.83 2.80 14.75 5.13
RU 14.83 3.95 12.35 3.16 16.23 5.89
LH 13.35 1.60 10.48 4.48 10.00 2.08
RH 12.75 1.44 9.53 2.61 13.00 3.30

n=5 n=9 n=9
LK 187.14 18.84 223.67 39.68 229.73 35.65
RK 201.58 17.45 233.51 37.80 237.67 32.12
Table 6: Blood flow through different tissues
measured by microsphere technique in the rabbit after first
(1), second (2) and third (3) injections. LAC;Left anterior 
capsule, RAC; Right anterior capsule, LPC; Left posterior 
capsule, RPC; Right posterior capsule, LM; Left poplitus
muscle, RM; Right poplitus muscle, LF;Left femur, RF;
Right femur, LT; Left tibia, RT; Right tibia, LFBM; Left
bone marrow of femur, RFBM; Right bone marrow of femur, 
LFCB; Left cortical bone of femur, RFCB; Right cortical bone 
of femur,LU; Left ulna, RU; Right ulna, LH; Left humerus, RH; 
Right humerus, LK; Left kidney, RK; Right kidney.
Right limb was used as a control limb.



Fig. 3.1 The blood flow of anterior (A) and posterior 
(B) capsules measured in the cat. Numbers indicate the 
injection of different microspheres after sectioning of 
PAN (1), 15-20 minutes after insertion of laser probe into 
the joint cavity (2), and during the stimulation of PAN 
(3). Comparison were made between control (O) and 
experimental (•) legs. Values are means .± SEM. , * P<0.01, 
**, U  P<0.01. *: comparison between exprimental ( • ) and 
control ( O ) limbs, j-: comparison between third and
second injection.
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Fig. 3.2 The blood flow of anterior (A) and posterior 
(B) capsules measured in the rabbit. Numbers indicate the 
injection of different microspheres after sectioning of 
saphenous nerve (1), 15-20 minutes after insertion of
laser probe into the joint cavity (2), and during the 
stimulation of saphenous nerve (3). Comparison were made 
between control (O) and experimental (•) legs. * PC0.05, 
**, P<0.01. *: comparison between exprimental ( o ) and
control ( O ) limbs, j-: comparison between third and
second injection.
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possibilities that differences in capsular blood flow 
could be differences in species or different methods of 
anaesthesia, as halothane may have vasodilator effects on 
blood vessels.

The stimulation of PAN induced significant reduction 
of posterior capsule blood flow in the cat (Figure 3.IB). 
This vasoconstriction is due to activating efferent 
sympathetic nerves as described in chapter 5. Also 
illustrated in figure 3.1A is that blood flow through the 
anterior capsule was reduced due to stimulation of PAN. 
This suggests that some of blood vessels in theanterior 
capsule are innervated by PAN.

b. Bone and popliteus muscle blood flow.

The data for blood flow estimates through bones and 
popliteus muscle close to the knee joint in both species 
of animals are presented in table 5 and 6.

As the results show, blood flow in cancellous part, 
bone marrow, and cortical part of femur, and cancellous 
part of tibia did not significantly differ in both legs 
neither in the rabbit nor in the cat after first and 
second injections. However in the cat there was a 
significant fall in blood flow of cancellous part of femur 
and tibia due to stimulation of PAN in the experimental 
limb but not in the control limb (Figure 3.3). This 
reduction in flow was less in the rabbit femur and tibia 
blood flow (Figure 3.4). As long as there is no 
significant differences in other tissues (Figure 3.5,



Fig. 3.3. The blood flow of the cancellous part of femur 
(A) and the cancellous part of tibia (B) measured in the 
cat. Numbers indicate the injection of different 
microspheres after transection of PAN (1), 15-20 minutes 
after insertion of laser probe into the joint cavity (2), 
and during the stimulation of PAN (3) . *, j- P<0.05. *:
comparison between exprimental ( • ) and control ( 0 )
limbs, +: comparison between third and second injection.
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Fig. 3.4. The blood flow of the cancellous part of femur 
(A) and the cancellous part of tibia (B) measured in the 
rabbit. Numbers indicate the injection of different 
microspheres after sectioning of saphenous nerve (1), 
15-20 minutes after insertion of laser probe into the 
joint cavity (2), and during stimulation of saphenous 
nerve (3). **, j--|- P<0.01. *: comparison between
expr-imental ( • ) and control ( O ) limbs, -J-: comparison 
between third and second injection.
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Fig. 3.5. The blood flow of the popliteus muscle measured 
in the cat (A) and in the rabbit (B). Numbers indicate 
the injection of different microspheres after sectioning 
of nerve supply th joint (1), 15-20 minutes after
insertion of laser probe into the joint cavity (2), and 
during the stimulation of nerve supply the joint (3). 
Comparison between exprimental ( • ) and control ( O )
limbs.
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table 5 and 6), these results suggest that blood vessels 
in cancellous part of distal femur and proximal tibia in 
both species of animals are innervated by presumed 
sympathetic vasoconstrictor fibres travelling in nerves 
supplying the joint.

2. Correlation between the blood flow changes measured 
by LDF and microsphere techniques.

Electrical stimulation of the nerve supply to the 
knee joint (20V amplitude, 1msec pulse width, 30HZ train 
of about lmin duration) resulted in reduction of capsular 
blood flow in both species of animals. As illustrated in 
figure 3.6, the percentage changes in the laser signal 
were plotted against the percentage changes in blood flow 
as measured with the microspheres. The slope of this 
relationship is nearly one (1.0402). The slope and the 
correlation coeficient (r= 0.908, P<0.001, n=17) indicates 
that there is significant correlation between these two 
techniques for monitoring articular blood flow changes. 
Looking at the two groups, the change in the laser flow 
signal and blood flow was well correlated in the cat 
(r=0.83) but in the rabbit the correlation was
poorer (r= 0.378). More significant correlation might be 
obtained by increasing the number of experiments. 
Overall, the laser Doppler technique appears to provide a 
suitable means of assessing relative changes in articular 

blood flow.



Fig. 3.6. The graph demonstrates the correlation between 
the percentage changes in blood flow measured with 
microsphere technique and percentage changes in flowmeter 
signal in both species of animals, cat ( • )and rabbit ( O )
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3. Correlation between changes in laser flow signal and
blood pressure.

In order to check whether correlation exists between 
the flowmeter signal and arterial blood pressure, in some 
experiments the percentage reduction in arterial blood 
pressure was calculated and plotted against the percentage 
changes in laser flow signal (Figure 3.7). The results 
show that, there is significant correlation between 
changes in the laser flow signal and blood pressure 
(r=0.983, n=8). This finding is comparable to results
obtained by Shepherd and Riedel (1982). They showed a 
highly significant relation (r=0.992, PCO.OOl) between the 
percentage changes in perfusion pressure and percentage 
changes which occurred in the laser Doppler signal.

4' Reduction in arterial blood pressure happened randomly.



Fig. 3.7. Correlation between the percentage changes in 
arterial blood Pressure and the percentage changes in 
laser flowmeter signal monitoring articular blood flow, 
in either cat or rabbit n=8.
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Discussion

The major contributions of this study are 1) use of a 
method that provides virtually continuous measurements of 
changes in articular blood flow, 2) actual blood flow in 
knee joint of cat and rabbit, 3) whether stimulation of 
nerve supply the knee joint blood vessels alter blood flow 
to other surrounding tissues such as bone and muscle. The 
discussion will focus on 1) consideration of methods, 2) 
Laser Doppler Flowmetry and correlation with measurement 
of articular blood flow with microspheres, 3) effect of 
articular nerve stimulation on blood flow of knee joint 
,femur, tibia, and popliteal muscle, and 5) application of 
the LDF technique.

Method

Several techniques for measuring articular blood flow 
have been used. Amongst them, two techniques are most 
popular. One which is also applicable to man, is clearance 
technique(Harris and Millard 1956, Harris et al 1958, Dick 
et al 1970), and second one is the radio-labelled 
microsphere technique (Chrestensen et al 1982, Burger et 
al 1983,1984). In several recent studies and reviews the 
potential advantages and limitation of these techniques 
have been addressed(Buckberg et al 1971, Kvietys et al 
1985, Levick 1987, Haberl et al 1989a,b). The clearance 
technique offers certain advantages permitting a
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quantitative flow measurement which would otherwise be 
impossible in-vivo. Although the technique is simple, it 
requires accurate placement of the isotope and careful
injection. The main disadvantage to this method is
discontinuous blood flow monitoring. This latter 
limitation also applies to microsphere technique in 
addition to the problem of lack of flow monitoring within 
small volume of tissues in both techniques(e .g . a few 
cubic millimeters). Other disadvantages of the microsphere 
technique are the use of radio-isotopes involvement and 
the need to sacrifice the animal or remove the piece of 
tissue under study which limits its clinical usefulness 
(Tothill 1984). Transient changes in blood flow occurring 
over a few seconds may not be detected because flow is not 
measured continuously, and the number of measurements of 
flow per animal is limited. Meanwhile, radio-labelled 
microsphere method offers several distinct advantages for 
measuring blood flow: it measures tissue blood flow
quantitatively, total and regional blood flow can be 
determined, and experiments can be done using both 
anaesthetised and conscious animals.

On the other hand some sources of error in measuring
regional blood flow with this technique were reviewed by 
Buckberg and his colleagues (1971). They concluded that 
using small numbers of microspheres, inadequate mixing of 
them before injection, disposition of the tip of catheter 
in the heart, and the larger the size of microsphere could 
all be sources of error in blood flow measurements. 
However, in present study attempts were made to avoid or
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minimize these errors by using enough microspheres 
(1X106-2X106 ). According to a recent study, it was 
concluded that 0.5X106 spheres per kg weight would be 
enough for an accurate estimation of blood flow in tissue 
such as bones (Li et al 1989), so it seems this number of 
spheres was adequate to have enough number of 
radio-labelled isotopes in bones and muscles but in 
posterior and anterior capsules the problem of inadequate
number of spheres was addressed by increasing the number
of experiments, and the results then became significant. 
The 15um size of microspheres were chosen as in a report by 
Tothill(1984) it was found that the most accurate 
measurement of blood flow was obtained using 15um 
microspheres. This was also confirmed by others (Morris 
and Kelly 1980, Li et al 1989). Checking that the tip of 
the cannula was in the left ventricle was carried out by 
monitoring ventricular pressure during the experiment 
except during the injection phase, and also at the end of 
experiment by opening the heart. And finally the adequate 
mixing of microspheres was done by shaking the solution 
containing microsphere thoroughly with whirlimixer before
injection, and it was checked by examining both kidney
counts.

A more recent technique which has been used to 
estimate blood flow changes in different organs and 
tissues is the Laser Doppler Flowmetry (LDF) technique 
(Holloway and Watkins 1977, Stern et al 1979, Ahn et al 
1985, Haberl et al 1989a,b). The ability of LDF to analyze
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a very limited tissue volume, and provide instantaneous 
and continuous measurement of tissue blood flow in recent 
experiments proved to be of great value. Other advantages 
of this technique are that it is easy to transport and to 
handle, and being non-invasive and is applicable to man in 
some aspects. However, a limitation of the Doppler method 
is that changes in blood velocity differ from changes in 
blood flow when vessel diameter changes (Busiji et al 
1981). Another limitation of this method is that LDF 
monitors relative changes in blood flow rather than 
absolute change. Positioning of the fibre optic probe in 
proximity to the joint capsule was the most difficult 
aspect of this study, and sometime, several different 
approaches for obtaining a proper probe position were 
tried. When an appropriate and constant flux signal was 
achieved, the probe was firmly fixed in position. An 
indicator of a clear flow signal was the pulsatile 
variation of flow when averaged with a 0.5sec time 
constant.

LDF appears to be a sensitive and reliable technique 
for real-time assessment of relative changes of blood flow 
in the synovium and periarticular structures of the knee 
joint. The response time ( <0.5 sec) and sensitivity of 
the flowmeter allowed recording of pulsatile variations of 
microvascular flow as well as changes in flow due to nerve 
stimulation. In summary, LDF is easy to used and appears 
to be a reproducible technique for evaluating joint blood 
flow, offering distinct advantages over the microsphere 
technique for measuring joint blood flow.
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Microspheres

The radio-labelled microsphere method has been used 
for circulatory studies since the late 1940s. The history 
of its development has been reviewed by Wagner et al (1969) 
and Heyman et al (1977). Recently this technique has been 
used extensively as an accepted method in different
studies to evaluate the LDF technique (Busija et al 1981,
Kviety et al 1985, Notzi et al 1989). Busija and 
colleagues (1981) concluded that LDF and microsphere 
methods, which are based on different principles, yield 
similar values for changes in cerebral blood flow from
control. In another study by Kviety and his colleagues 
(1985), they suggested that, although the LDF and
microsphere estimates of blood flow could not be expressed 
in the same unit (i.e. Volts vs ml/min/lOOg), the LDF 
signal from the mucosal surface was equally well 
correlated in a linear fashion, with microsphere 
estimates. This correlation between two techniques has 
been recently reviewed by Notzi and his colleagues (1989) 
in bone blood flow.

In present study on articular blood vessels, 
electrical stimulation of the nerve supply to the knee 
joint(20Volt amplitude, 1msec pulse width, 30HZ, and train 
of 1 minute duration) reduced capsular blood flow in both 
species of animals. The percentage changes in the laser 
flow meter signal due to nerve stimulation being 
significantly correlated with the percentage changes in
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blood flow as measured with the microspheres (r=0.908; 
p<0.001; n=17). In some experiments a correlation has been 
shown between percentage change in the arterial blood 
pressure and laser flow meter signal (r=0.992, P< 0.001, 
n=8). The close correlation between the two methods 
additionally supports the evaluation of laser Doppler as a 
useful instrument. These results also strongly indicate 
that LDF has potential applications not shared by other 
techniques for assessing articular blood flow. Among these 
are the instantaneous and continuous recording of changes 
in knee joint blood flow. This technique has very recently 
been used in the human knee joint to measure synovial 
blood flow changes (Geborek et al 1989), and the results 
also suggest that, since the laser light does not damage 
the tissue and no invasive preparation other than 
inserting a 18G-needle is necessary, LDF may aid in 
assessing capsular blood flow in the human knee joint.

Nerve stimulation

Electrical stimulation of posterior articular nerve 
in the cat, not only reduced capsular blood flow in both 
animals but also decreased the blood flow to tibia and 
femur as well. These reductions in flow of tibia and femur 
due to stimulation of saphenous nerve in the rabbit were 
less compared to the cat. These results indicate that in 
the cat and in the rabbit , blood vessels in tibia and 
femur are innervated by presumed sympathetic 
vasoconstrictor fibres travelling in nerves supplying the
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joint. However, the mean blood flow of the tibia and femur 
were not significantly different between two legs in both 
species of animals after denervation of the experimental 
limb. The explanation for this might be less sympathetic 
tone in the nerves supplying the blood vessels in femur 
and tibia. Another aspect of these results concerns the 
values of blood flow to these tissues. As shown in table 5 
and 6, the blood flow of the experimental and control legs 
in the femur and the tibia were not significantly
different. These result are consistent with the finding of 
other investigators (Morris and Kelly 1980, Li et al 
1989). The blood flow of the femur measured in the rabbit 
is comparable to the finding of Morris and Kelly (1980) in 
the dog. But the mean values for tibia are different from 
their finding. By comparing two species, although the 
blood flow in the rabbit capsular regions are greater 
compare to the cat, but there is not much differences in
the blood flow of the tibia and the femur between two
species.

The values of flow in control legs for the capsular 
region in the cat are comparable to that obtained by
Bunger et al (1983) in the dog knee (1.1+0.5ml/min/100g). 
It was noticeable that blood flow in anterior joint 
capsules after the second injection prior to nerve 
stimulation in both species was always greater in the 
experimental leg than the control leg. Comparing the 
results after first and second injections of different 
microspheres, the increase in blood flow of posterior
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capsule in the experimental leg is most likely be due to 
the loss of sympathetic tone after denervation of this 
limb. But, since the probe was inserted from anterior 
aspect into the joint cavity in both species, and there is 
significant rise in blood flow of anterior capsules after 
this, this increase in flow is probably due to injury 
hyperaemia.

Application of The LDF technique

This new method for measuring articular blood flow 
can have wide applications in the study of these vessels 
within normal and diseased knee joints. Articular blood 
flow can be measures virtually continuously. Thus 
transient and steady-state responses of the joint blood 
flow to physiological stimuli and drugs can be observed 
and as percentage change quantified. In addition, when 
changes in blood flow measurements during nerve 
stimulation or effect of drugs injection are needed, this 
method can serve as a guide for the timing of injection of 
microspheres.

***
*



CHAPTER FOUR

THE INNERVATION OF ARTICULAR BLOOD VESSELS
IN THE RABBIT



SECTION I

RECEPTORS ON THE KNEE JOINT BLOOD VESSELS
IN THE RABBIT
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A.Adrenoceptor profile 

SUMMARY

1. In vitro and in-vivo experiments were carried out 
on the rabbit knee joint to assess the nature of 
adrenoceptors within articular blood vessels.

2. Dose/response relationships were obtained to 
intra-arterial injection of a and 13 adrenoceptor agonists.

3. Adrenaline and noradrenaline produced a similar 
pattern of increasing constriction of articular vessels 
with increasing dose of drug.

4. The ai agonist, phenylephrine, also produced 
dose dependant constrictor responses, but the a.2 
agonist, clonidine, had no effect. The a.2 agonist UK-14304 
did, however, produce constriction which became more 
obvious when the tone of the blood vessels was raised. 
These responses were not greatly altered by prazosin. The 
constrictor effect of noradrenaline was abolished by 
phenoxybenzamine and prazosin but not by the a.2 blocker 
rauwolscine.

5. The 13 adrenoceptor agonist, isoprenaline had
little effect at a dose of 10~6M or lower, but gave rise



89
to a constrictor effect at higher concentrations. This 
response was blocked by phenoxybenzamine but not by 
propanolol, suggesting that this constrictor effect was 
mediated via a adrenoceptors.

6. When constrictor tone was enhanced by perfusion 
with vasopressin, no significant dilatation was observed 
upon injection of isoprenaline in doses up to 10_4M.

7. The results suggest that ai and a.2 adrenoceptors 
are present within articular blood vessels, but that & 

receptors are absent. The effects of noradrenaline appear 
to be mediated principally via ai adrenoceptors.
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INTRODUCTION

The maintenance of a stable intra-articular
environment is critically dependent on synovial fluid 
formation and the factors determining this have been
described in detail by Levick (1984). The perfusion
pressure across the synovial vascular bed is known to be 
an important determinant of trans-synovial flow (Knight & 
Levick 1984). However, relatively little is known about 
those factors influencing articular blood vessel calibre. 
It has been shown that blood vessels in the dog knee joint 
are innervated by sympathetic efferent nerve fibres whose 
action is to constrict these vessels (Cobbold & Lewis 
1956a). This finding was confirmed in a more recent study 
on the cat knee joint (Ferrell & Cant 1987).

As to the types of adrenoceptors present on articular 
blood vessels, rather less is known. Cobbold & Lewis 
(1956b) found that close intra-arterial injection of 
adrenaline and noradrenaline both produced
vasoconstriction, although noradrenaline produced 
consistently greater responses. Although not commented 
upon, this finding could be explained by the presence of 
J3 receptors on these blood vessels in addition to a 
receptors. Another study by Dick and his colleagues 
(1971), indicated that a and /3 adrenoceptors were 
functionally active in the control of synovial perfusion 
in normal human subjects. However, these authors do not 
appear to have systematically investigated the



dose/response relationship of these agents, and were 
therefore unable to establish their relative potencies. 
The object of this section was to perform a more
extensive and quantitative investigation using selective 
a and 0 receptor agonists and antagonists in order to 
characterise the types of adrenoceptors present on knee 
joint blood vessels in the rabbit.



92

EXPERIMENTAL PROTOCOL

a :In-vitro

Experiments were performed on albino New Zealand
rabbits of either sex, which were killed by a blow to the 
skull and exsanguinated. The isolated knee joint
preparation was then transferred to a thermostatically 
controlled bath as described previously (Chapter 2,II,a). 
In the experiments on the completely isolated capsule, 
after the cannulation of the popliteal artery, the
posterior capsule along with the cannula was removed by 
cauterising the edge of capsule to seal the blood vessels. 
The perfusion rate needed to keep same perfusion pressure 
(40-50mmHg) in these experiments was lower ( 0.1-0.2
ml/min) than the in-situ preparation. It was noticeable 
that in one of the experiments, the rechargable batteries 
of the cautery device discharged before completion of the 
cauterisation, so the rest of procedures (cutting the edge 
of capsule) were carried out by using scissors. As a 
result, the same perfusion rate (0.1-0.2ml/min) only 
produced a perfusion pressure of 15mmHg. This is probably 
explained by the lower resistance of the transected 
vessels. Therefore in the in-vitro preparation when the 
capsule was in place (in-situ), a higher flow rate was 
required because of those surrounding vessels which 
anastomose with ones supplying the joint, were transected 
during removal of muscles and tendons. Changes in



perfusion pressure thereafter provided an indirect measure 
of articular blood vessel calibre. Peak systolic response 

compared to control (pre-injection) value and expressed as 
percentage change from control (or baseline). '’Control” 
injections of Locke’s solution were administered 
periodically and were found to produce little change in 
pressure, apart from a transient rise during the injection 
phase.

b : In-vivo

Experiment were carried out in New Zealand rabbits of 
either sex weighting approximately 1.8 to 3.0 Kg. They 
were anaesthetized initially with hypnorm (O.lmg/kg, im) 
and diazepam (0.5mg/kg, ip) and this anaesthesia was 
maintained thereafter by using a halothane (1-2%), N2O/O2 
which was delivered via a tracheal cannula. The trachea 
was intubated for this purpose. A cannula was inserted 
into the left carotid artery for the measurement of blood 
pressure. Arterial blood pressure was recorded by a 
physiological pressure transducer (Elcomatic EM 750). The 
cannula was flushed periodically with heparinized saline to 
prevent clotting.

The saphenous artery was cannulated for either 
injection of drugs (agonists and antagonists) or slow 
infusion of some antagonist(e .g . guanethidine).

Relative changes in articular blood flow was
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m o n ito r e d  as  d e s c r ib e d  i n  c h a p t e r  tw o  ( I I , b , 2 , i v ) .
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RESULTS

a: The effect of Adrenaline and Noradrenaline

Intra-arterial injection of adrenaline and 
noradrenaline resulted in a dose dependent
vasoconstriction of knee joint blood vessels both in-vivo 
and in-vitro(Figures 4.1A,4.2, 4.3). Although in in-vitro 
preparations the dose/response profiles differ at 10"6M 
and 10"3M, these show considerable overlap elsewhere. For 
both agents the response at each dose differed 
significantly from the response evoked by the preceding 
dose except for the highest dose of noradrenaline and the 
10“5M dose of adrenaline. The response to adrenaline was 
also tried in a total isolated knee joint capsule. As the 
results show (Figure 4.1A), there is no significant 
difference between these responses compared to 
dose-response curve of adrenaline in same vessels when the 
capsule was in-situ. These results suggest that there 
is little difference between the study of capsular blood 
vessels in the completely isolated capsule or in the 
in-situ preparation. But since it was shown that only 
articular blood vessels were perfused by Locke’s solution 
in the in-situ preparation (Figure 2.16), this was 
utilised because 1) it is more physiological than the 
isolated preparation. 2) In the field stimulation 
experiments, it was easier to handle and locate the 
electrodes with the capsule in situ. The responses to



Fig. 4.1. A: Change in perfusion pressure (mean + SEM) 
with increasing doses of noradrenaline (O ),and adrenaline 
in situ ( * ). Dose response curve for adrenaline in 
completely isolated capsule is also shown ( 0 ). n = 6 -
10 .

B: Response to increasing doses of noradrenaline 
before( • )and during perfusion with 10"5M rauwolscine( ) 
10"6M prazosin (A), and 10"5M prazosin ( 0 ). n = 6 - 11 
* p < 0 .05; *** p<0.001.

The concentrations can be converted to the mass of drug 
injected by multiplication of that concentration by 

2x10“4 in this and subsequent figures.
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Fig. 4.2. Traces showing dose-dependent constrictor 
e f p e c - 4 - j  o f  noradrenaline injection on the perfusion
pressure before (upper and middle) and after injection 
a-blocker, phenoxybenzamine, 10"3M (lower).
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Fig. 4.3. Change in blood flow (mean + SEM) with 
increasing doses of adrenaline( 0 ) and noradrenaline( • ) 
in-vivo, n= 5 - 8, NS; Non significant, * P<0.05. ** 
P<0.01.

Stars show the significant differences between doses 
*drug.
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adrenaline and noradrenaline were found significant in 
about 10“9M in-vivo whereas response became
significant when 10“7M concentration of these drugs were 
injected in-vitro.

b : The effect of Phenylephrine. Clonidine. and
UK-14304

To further investigate the nature of adrenoceptors on 
articular blood vessels, ai and 02 agonists were 
administered in the in-vitro preparation. Comparison of 
the effects of the selective ai agonist phenylephrine with 
the selective 02 agonist clonidine (Figure 4.4A) reveals 
the contrast between the powerful constrictor effect of 
phenylephrine, which compares favourably with the effects 
of adrenaline and noradrenaline, and the lack of response 
to clonidine. However, when another selective 02 agonist 
(UK-14304) was used, it was found that constrictor 
responses were obtained at higher doses and these were 
unaffected by prazosin (Figure 4.4B), suggesting that this 
effect was mediated by 02 adrenoceptors. Raising the tone 
of blood vessels by the addition of angiotensin II 
(5xlO~8M) enhanced the response to UK-14304. Under these 
conditions prazosin had little effect at low doses of 
UK-14304, suggesting that these responses were mediated by
a.2 adrenoceptors. However, at higher doses (10“4 and 
10“ 3M) prazosin produced significant reduction of the 
constrictor response to UK-14304, suggesting involvement 
of ai adrenoceptors as well. In-vitro, the effect of



Fig. 4.4. A: Responses (mean +. SEM) to ai agonist 
phenylephrine (■ ),and a2 agonist clonidine(O ). n = 6-12.
*** p<0.001.

B: Responses to a2 agonist UK-14304 before (•) 
and during perfusion with 10"6M prazosin (0). n = 6 - 13. 
Upon raising the tone of the blood vessels by perfusion 
with 5x10"8M angiotensin II, the response to UK-14304 (■ ) 
is enhanced. Addition of 10"6M prazosin to the perfusate 
reduces the responses at higher doses( □ ). n= 6-13. *
P<0.05
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UK-14304 was tested in eleven preparations and produced 
responses in nine of these. In two cases no responses were 
observed even during angiotensin II infusion.

The effect of UK-14304 was also tested in-vivo and 
the results show a dose dependent vasoconstriction of 
articular blood vessels in all animals.(Figure 4.5), but 
with greater sensitivity compared to the response observed 
in-vitro.

c : The effect of Prazosin and Rauwolscine

The nature of the adrenoceptors mediating the 
reponse to noradrenaline was investigated by using 
selective a adrenoceptor blockers in the in-vitro 
preparation. Figure 4.IB shows that the response to 
increasing doses of noradrenaline was reduced by 10"6M 
prazosin and abolished by 10“5 M prazosin, whereas the a,2 

blocker rauwolscine had little effect. These results 
suggest that the constrictor effect of noradrenaline was 
mediated via ai adrenoceptors.

d: The effect of Isoorenaline

The presence of 0 adrenergic receptors was 
investigated in-vitro, by administration of the 13 agonist 
isoprenaline. As illustrated in Figures 4.6, 4.7A, there 
was little effect up to a dose of 10“6M, but thereafter a 
significant constrictor response was obtained. The



Fig. 4.5. Responses of articular blood vessels in the 
rabbit knee (mean + SEM) to close intra-arterial injection 
of increasing doses of UK-14304, an a.2 agonist. In-vivo 
preparation. n= 8-12
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Fig. 4.6. Trace showing the rise in articular vascular 
tone by perfusing with vasopressin 10”8M (A),and the
effect of Locke solution , and isoprenaline injections 
(ISO) .



Perfusion pressure 
(mmHg)



Fig. 4.7. A: Responses (mean ±  SEM) to increasing doses 
of isoproterenol (ISO). CTL is the response to injection 
of Locke’s solution. Values are compared to the baseline 
value prior to injection of any agents. n= 6-8. * P<0.05, 
** P<0.01 .

B: Responses (mean +. SEM) to three doses of
isoproterenol (shaded histogram) whilst blood vessel tone 
was elevated by perfusion with 10"8M vasopressin (VAS). 
LOC is the response to injection of Locke’s solutiontblank 
histogram). No significant vasodilatation occurs under 
these conditions.N S ; values not significant, *** P<0.001.
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inability to detect any dilator response could be 
attributed to a low inherent basal constrictor tone in the 
absence of tonic sympathetic outflow. Thus, constrictor 
tone was enhanced by perfusion of the tissue with 
vasopressin (10_8M), and isoprenaline again administered 
in increasing doses. However, no significant dilator 
effect was observed even at high doses (Figure 4.7B).

e : The effect of Phenoxvbenzamine and Propranolol

The constrictor effect of isoprenaline illustrated in 
Figure 4.6 was mediated via a adrenoceptors as it could 
not be blocked by propanolol (10-5M) but was substantially 
reduced by phenoxybenzamine (10_ 3 M ), as shown in figure 
4.8. Also it has been shown that the constrictor effects 
of phenylephrine and noradrenaline are blocked by 
phenoxybenzamine, with only rauwolscine having no 
antagonistic effect on the actions of noradrenaline.



Fig. 4.8. Comparison of the the effects of 
phenoxybenzamine (PXB) on noradrenaline (NA),
phenylephrine (PE) and isoproterenol (ISO). PXB blocks 
the response to NA and PE. The constrictor effect of ISO 
is not blocked by propanolol but by PXB. The response to 
NA is blocked by prazosin but not by rauwolscine. n=6-9, 
means +. SEM, NS; Non significant, * P<0.05, *** P<0.001.
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DISCUSSION

The results of the present experiments clearly 
demonstrate the presence of ai adrenoceptors on
articular blood vessels. There was little systematic 
difference in the constrictor response to adrenaline and 
noradrenaline across a range of doses in-vitro and just at 
very low doses (10~9M) in-vivo, suggesting that these 
agents were acting solely on a adrenoceptors. In low 
doses the constrictor effect of adrenaline in-vivo was 
found to be greater than that of noradrenaline. This could 
be the result of 13 adrenoceptor activation leading to 
vasodilation in striated muscles around the knee joint 
(Berne and Levy 1985) which shunted blood flow into these 
areas and thus away from articular blood vessels. This 
differs from the findings of Cobbold & Lewis (1956b) who 
observed that noradrenaline produced more powerful 
constrictor effects on dog knee joint blood vessels. 
However, as they did not quantitate their findings, it is 
difficult to assess the significance of this effect. 
Another explanation for this discrepancy may reside in 
species differences.

Since the arterial branches close to knee joint blood 
vessels were left unligated in the in-vivo experiments, 
some of injected drugs can enter these branches and thus 
less of the drug would reach to articular blood vessels. 
Even in this condition, there were greater responses to
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intra-arterial injection UK-14304 in-vivo compare to the 
in-vitro effects. The explanation for this might be 
synergic interaction of UK-14304 with circulating 
substances such as vasopressin and angiotensin II in the 
in-vivo preparation. This is supported to some extent by 
the observation that the response to UK-14304 was greater 
in-vitro when vascular tone was elevated by angiotensin II 
(Figure 4.4B). Another explanation could be that 
postsynaptic a.2 -adrenoceptors are more sensitive to 
UK-14304 in-vivo.

Although Dick et al (1971) found that in human 
articular blood vessels both a and J3 adrenergic receptors 
were present, this does not apply in rabbit knee joint 
vessels where 13 adrenoceptors are absent. The constrictor 
effect of isoprenaline as mediated by a adrenoceptors as 
it could not be blocked by propanolol but was blocked by 
phenoxybenzamine. Even with enhanced constrictor tone 
induced by perfusion with vasopressin, elevated doses of 
isoprenaline failed to evoke significant vasodilatation. 
Therefore the results of present experiments conflict 
with those of Dick et al (1971). This could be due to 
differences in the methods employed or the species.

The results of these experiments suggest that the dose 
dependant constriction of articular blood vessels by 
noradrenaline l s mediated principally via ai 

adrenoceptors. Although post-junctional a2 adrenoceptors 
could be demonstrated, these would appear to contribute 
relatively little to constrictor responses in vitro.
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An interesting feature of the present results is that 
although the popliteal artery divides to give muscular and 
articular branches in close proximity to each other, the 
adrenoceptor profile of articular blood vessels is closer 
to that of superficial tissues such as skin than that of 
blood vessels supplying muscle. Thus, although both 
skeletal muscle and joints are considered "deep" 
structures, there is not homogeneity in the distribution 
of adrenoceptor types which may reflect the differing 
function of these two vascular beds.
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B . Purinergic. Histaminergic. and Cholinergic receptors*

SUMMARY

1. Experiments were performed in-vitro on the rabbit 
knee joint, to investigate the presence of
purinoceptors, cholinergic receptors, and the role of 
endothelium within articular blood vessels.

2. The basal tone of the blood vessels was not 
affected by adenosine or acetylcholine. ATP injection 
produced vasoconstriction which was unaffected by removal 
of the endothelial layer, but diminished by a , 13 
methylene ATP, a P2-purinoceptor desensitiser.

3. When knee joint blood vessel tone was raised by 
perfusion with 10“8M vasopressin or serotonin (10~5M) , 
acetylcholine, ATP and adenosine were all found to induce 
concentration-dependent relaxation of these vessels. ATP 
was found to have a dual effect of transient constriction 
followed by longer-lasting dilation.

4. Methylxanthine, a potent Pi- purinoceptor 
antagonist significantly reduced the relaxation response 
to adenosine but had no effect on the vasodilator effect 
of ATP.
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5. Removal of the endothelial layer virtually 
abolished the vasodilator effects of acetylcholine and ATP 
but not adenosine.

6. Intra-arterial injection of histamine induced 
vasoconstriction of articular blood vessels in-vivo.

7. These results demonstrate that articular blood 
vessels supplying the rabbit knee contain Pi-purinergic 
receptors located on the vascular smooth muscle which 
mediate vasodilation. P2-purinergic receptors, mediating a 
constrictor effect are also present on this smooth muscle. 
It is likely that the vasodilator effect of ATP is 
mediated via P2-purinoceptors located on the endothelial 
layer.
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INTRODUCTION

In recent years attention has been focussed on 
purine nucleotides and nucleosides which have been found 
to have widespread and potent vascular actions (Haddy & 
Scott, 1968; Su, 1981; Burnstock, 1980, 1984). Some of 
these actions appear to be mediated via the endothelium as 
Furchgott (1981) found that removal of the endothelial 
layer of dog arteries abolished the vasodilator action of 
acetylcholine (Ach) ATP, ADP, substance P and bradykinin. 
Subsequently, it was shown that ATP, but not adenosine, 
induced vasodilation via a purinoceptor located on the 
endothelium in many different blood vessels (De Mey & 
Vanhoutte, 1981, 1983; Vanhoutte & Rimele, 1983; Burnstock 
& Kennedy, 1986). However, other studies have found that 
the vasodilator action of adenosine can be mediated via 
the endothelium (Gordan & Martin, 1983; Frank & Bevan, 
1983). Burnstock & Kennedy (1985, 1986) have shown that 
ATP can produce vasoconstriction via P2 -purinoceptors 
located on vascular smooth muscle cells.

In this section the aim was to assess the types of 
purinoceptors present on articular blood vessels and 
whether or not any effects of ATP, adenosine and 
acetylcholine are mediated via the endothelium.
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EXPERIMENTAL PROTOCOL

a: In-vitro

White New Zealand rabbits of either sex weighing 
between 2-2.3 kg, were killed by a blow to the skull 
followed by exsanguination. Immediately thereafter, the 
tissue preparation was carried out as described 
previously (Chapter two). The isolated knee joint 
preparation was then transferred to a thermostatically 
controlled bath (37+. 1° C) containing oxygenated Locke’s
solution. After a 30min equilibration period a steady 
resting pressure was achieved and subsequent changes in 
perfusion pressure provided an indirect means of assessing 
articular blood vessels calibre. Other measurement were 
obtained as explained previously.

Vascular tone was increased by the addition of 
vasopressin 10"8M or serotonin (5HT) 10*5M or 10"6M to the 
perfusate. These resulted in perfusion pressure increases 
of about 160-200% of control values.

Removal of the endothelial layer in these 
preparations was achieved by perfusion with l-3mg.ml_1 
solution of sodium deoxycholate, in Locke’s solution for 
30sec on two separate occasions (Byfield, Swayne & Warner 
1986). As illustrated in figure 4.9 , this procedure was
effective in disrupting the endothelial layer five



Fig. 4.9. Photomicrographs of blood vessels from the 
rabbit knee joint.

A: Normal appearance of a muscular artery. Inset 
shows a higher power view (900X) of the area outlined, 
with endothelial cells (E) lining the internal elastic 
lamina (IE). Stained with Haemalun and Eosin (H & E).

B: After perfusion with sodium deoxycholate,
"endothelial cells no longer line the blood vessels. Inset 
shows the internal elastic lamina (IE) intact, but with 
absence of endothelial cells. Stained with Toludine blue.
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preparation tested.

b: In-vivo

White New Zealand rabbits weighting between 1.7 to 
3.2 kg were anaesthetized with O.lmg/kg hypnorm (im) and 
0.5mg/kg diazepam (ip) injections. Thereafter anaesthesia 
was maintained by halothane (1-2%) in N2O/O2 mixture. A 
cannula was inserted into the right femoral artery for the 
measurement of blood pressure. To isolate the blood flow 
to the experimental limb, left femoral artery and right 
carotid arteries were cannulated. Then the blood from 
right carotid cannula was perfused to left femoral artery 
by a peristaltic pump. Thus changes in blood pressure had 
no further effect on blood flow of the left (experimental) 
leg. The left saphenous artery was also cannulated 
distally for drug injection. It is noticeable that there 
might be some other collateral supply to joint, but as the 
perfusion pressure was monitored, changes in arterial 
pressure did not obviously effect joint blood flow.

To prevent any clotting, at the beginning of 
experiment, each animal received 200 units/kg heparin.
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RESULTS

a:Basal vascular tone in-vitro

(i). The effects of ATP and Adenosine

Intra-arterial injection of ATP(10~4M to 10*2M) 
produced vasoconstriction of articular blood vessels 
(Figure 4.10A) which was dose-dependent (Figure 4.10B). 
Maximum vasoconstriction was usually achieved within a 
minute, but was not maintained (Figure 4.10A). Almost no 
desensitisation was observed, even when the drugs were 
readministered after a short interval. Exogenous adenosine 
(10_7M to 10“5M) had no vasoconstrictor effect on knee 
joint blood vessels (Figures 4.10A,B; Table 7) but a 
slight and transient dilator effect was observed at 10"5M. 
In a few preparations higher doses of adenosine were tried 
but no further vasodilation occurred.

(ii). The effect of Acetylcholine (Ach)

Acetylcholine in different doses (10_6M to 10-4M) 
failed to vasoconstrict articular blood vessels except in 
two preparations where Ach did elevate perfusion pressure 
when administered as a single dose.



TABLE 7

Table 7. Summary of the responses of rabbit knee joint blood vessels to injected ATP, 
adenosine, acetylcholine and a , 13 methylene ATP under control conditions, during 
perfusion of methylxanthine (10"^M) and after removal of the endothelium by 
pretreatment with deoxycholic acid (DCA).

Basal Tone Elevated Tone
Compound control DCA Control Methylxanthine DCA

ATP Contraction Contraction * Contraction
then

Relaxation

Contraction
then

Relaxation

Contraction
only

Adenosine slight relaxation __  ^
_>io“5m

Relaxation NO Response Relaxation

Acetylcholine Contraction  ̂ __  *
or relaxation ® 
or no effect

Relaxation ^ -- NO
Response

a , 6 ,meATP Contraction Contraction *• Contraction -- --

1. Experiments were carried out on a few preparations after pretreating the tissue with 
sodium deoxycholate but no significant changes occured compared to control response.

2. The response was antagonised by atropine 10~4M.
3. Effects varied in different preparations.



Fig. 4.10. A: trace showing the effect of injection of 
Locke solution, adenosine and ATP on the perfusion 
pressure. CNT indicates the control pressure prior to 
injection. The interval between each dot on the timescale 
indicates one minute.

B: Dose response relationship for adenosine ( • ) 
and ATP ( O ). LOC indicates response to injection of
Locke solution. *** = p<0.001.

In both A and B the responses were obtained with
basal vascular tone. For adenosine n = 7 at each dose, and
for ATP n = 8 - 11.

The concentrations can be converted to the mass of drug 
injected by multiplication of that concentration by 

2x10“4 in this and subsequent figures, j
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(iii). The effect of a,J3 methylene ATP

Perfusion with a , & methylene ATP transiently increased 
the perfusion pressure but this was not sustained. None of 
the above constrictor responses was reduced by removal of 
endothelium (Table 7).

b.Raised vascular tone in-vitro

Vascular tone was raised by the addition of either 
vasopressin 10~8M (before Ach injection) or serotonin 
(5HT) 10-5M or 10-6M, or histamine 10~6M (before purine 
injections) to the perfusate.

(i). The effect of ATP and Adenosine

Adenosine (10-7M to 10-5M) and ATP (10"4M to 10-2M) 
were then found to produce concentration-dependent 
relaxation of articular blood vessels (Figure 4.11B) The 
dual effect of ATP is illustrated (Figure 4.11A), 
consisting of a transient constriction followed by a 
long-lasting dilatation. Only rarely was the initial 
constrictor response absent.

(ii). The effect of antagonists

Perfusion of the preparation with 3-methylxanthine
(10“5 M ) a Pi-purinoceptor antagonist (Burnstock 1978 ) did



Fig. 4.11. A: Trace showing the dual effect of ATP on 
joint blood vessels after elevation vascular tone by- 
perfusion with 5HT (10"6M). CNT represents the perfusion 
pressure prior to raising blood vessel tone. Small dots 
represent one minute intervals.

B: Vasodilator effect of adenosine (•) and ATP 
( ■  )on blood vessels with raised tone. During perfusion
with the Pi-purinoceptor antagonist methylxanthine 
(10_5M), the response to adenosine (0) was abolished (n = 
7) but the response to ATP (Q) was unaffected (n = 6).
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not affect the vasodilator action of ATP but abolished the 
response to injected adenosine (Figure 4.11A). As the 
dilator action of adenosine was unaffected by removal of 
the endothelial layer (Table 7 ), it is likely that the 
effects of adenosine were mediated via Pi-purinoceptors on 
the smooth muscle cells of the knee joint blood vessels. 
The vasoconstrictor effect of ATP was mediated via 
P2-purinoceptors as perfusion of articular blood vessels 
with a , J3 methylene ATP, a potent P2 -purinoceptor 
desensitising agent, abolished the vasoconstrictor effect 
of ATP (Figure 4.12A). This vasoconstriction was 
unaffected by perfusion with methylxanthine but was 
slightly increased after removal of the endothelial layer 
(Figure 4.13).

The vasodilator action of ATP was mediated via the 
endothelium as pretreatment with deoxycholic acid (DCA) 
virtually abolished this response (Figure 4.12B). As the 
dilator response was not mediated via Pi-purinoceptors 
(Figure 4.11B), ATP may be acting via P2 -purinoceptors on 
the endothelial layer.

(iii). The effect of Acetylcholine (ACh)

Acetylcholine was found to have inconsistent effects 
on blood vessel calibre prior to elevation of vascular 
tone. In two preparations constriction was obtained, in 
one relaxation occurred and in a further three no effect 
was observed. However, when tone was elevated by perfusing 
with vasopressin (10"8M), Ach then produced pronounced



Fig. 4.12. A: Constrictor response to injected ATP before 
( ■  ) and during perfusion( D  ) with the P2-purinoceptor 
desensitiser a,# methylene ATP (10_6M). Responses in blood 
vessels prior to elevation of vascular tone (n = 7).

B: Dilator response to injected ATP before (■) and 
after removal of the endothelial layer ( O  ) by DCA 
pretreatment. Vascular tone was elevated by perfusion with 
5HT (10-5M ) . n = 6-11.
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Fig. 4.13. The constrictor response to injected ATP
before (•) and after removal of the endothelial layer 
by DCA pretreatment (0). The dot-dash line shows the 
response to ATP during perfusion with
methylxanthine (10~5M). In both cases vascular tone was 
elevated by perfusion with 5HT (10“5M). n = 6 - 7.
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vasodilation (Figure 4.14). This was mediated via
muscarinic receptors as it was blocked by atropine (Figure 
4.14) .

The vasodilator action of Ach was dose-dependent 
(10_6M to 10~4M) and the receptors mediating this effect 
were located on the vascular endothelial layer as its 
removal virtually abolished the actions of Ach (Figure 
4.14B).

c . The effect of Histamine in-vivo

Although it is well known that histamine acts on 
blood vessels to induce vasodilation and increase the 
permeability of capillary beds (Haddy 1960, Powell and 
Brody 1976), there are reports indicating that histamine 
can raise the tone of vascular smooth muscle cells in some 
areas (Furchgott 1981, Kennedy and Burnstock 1985). In 
present experiments intra-arterial injection of histamine 
(10"10M to 10_5M) has been tried. It induced 
vasoconstriction in articular blood vessels (Figure 4.15) 
which was dose dependent. This response was reduced with 
injection of diphenhydramine prior to histamine injection 
but not with cimetidine, suggesting the effect was 
mediated mostly via Hi receptors (Figure 4.16).

This effect was independent of the systemic blood 
pressure changes, when the blood flow to the experimental 
limb was isolated by perfusion technique, although there 
is the possibility that histamine might dilate other blood 
vessels, thus shunting blood flow from joint blood vessels



Fig. 4.14. A: (upper panel) Dilator effect of injected 
acetylcholine (n = 9) and the abolition of this effect by 
atropine (n = 9) in blood vessels whose tone had been 
raised by vasopressin (10-8M).

B: (lower panel) The dilator effect of
acetylcholine (n = 9 - 12) before (•) and after removal of 
the endothelial layer (D ) by DCA pretreatment (n = 6 - 8). 
Vascular tone was raised by vasopressin (10“8M).
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Fig. 4.15. The dose-dependent effect of histamine on 
aricular blood vessels in rabbit. Histamine induce 
vasoconstriction in these vessels. n=5-6, NS; Non 
significant, * P<0.05, ** P<0.01, *** P<0.001.

Fig. 4.16. The effect of diphenhydramine (10‘4M) and 
cimetidine (10~4M) on the response of articular blood 
vessels to histamine injection. Filled histograms show 
the response of histamine (10~4M), which the open 
histogram show the response to the same injection after 
pre-treatment with a H2 antagonist (Cimetidine) and a Hi 
antagonist (Diphenhydramine). n= 5 NS; Non significant, 
*** P<0.001.
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to these other areas. But it should be remembered that 
histamine was used to raise the vascular tone in the 
in-vitro preparations where all other blood vessels were 
ligated except knee joint vessels. These results suggest 
that even if histamine increases the capillary 
permeability in the joint capsule it can have independent 
effects on vascular smooth muscle cells.
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DISCUSSION

The purpose of this section was twofold. Firstly, to 
establish whether purinergic receptors are present in 
rabbit knee joint blood vessels and determine the effects 
they mediate. Secondly, to investigate whether any actions 
of purinergic receptors are mediated via the endothelial 
layer of articular blood vessels.

Burnstock (1978) proposed that there were two 
subtypes of purinoceptors: Pi-purinoceptors whose
interaction with adenosine can be antagonised by 
methylxanthines and P2-purinoceptors which are more 
sensitive to ATP and can be antagonised by a , D 
methylene ATP (Burnstock, 1982; Kasakov & Burnstock, 
1983). Research on various tissues in different species 
indicates that purine nucleotides act via Pi-purinoceptors 
to induce relaxation of vascular smooth muscle cells 
(Burnstock 1982, 1986) but that actions via
P2 -purinoceptors produce contraction in some tissues and 
relaxation in others (Burnstock & Brown, 1981; Burnstock & 
Kennedy, 1985).The relaxation of smooth muscle cells can 
either be direct via receptors on smooth muscle cells or 
indirectly via receptors on the endothelial layer 
(Furchgott, 1981).

The results of the present experiments demonstrate 
the dual effect of ATP on articular blood vessels in the 
rabbit. ATP can produce vasoconstriction via
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P2-purinoceptors on vascular smooth muscle. The 
desensitisation action of a , £ methylene ATP which has 
been described previously (Kasakov & Burnstock 1983; 
Hedlund, Fandriks, Delbro & Fasth 1983; Sneddon & 
Burnstock 1984; Kennedy & Burnstock 1985; Kennedy Delbro & 

Burnstock 1985) was confirmed here. Removal of the 
endothelium resulted in a slight increase in the 
vasoconstrictor action of ATP suggesting that the 
responses prior to DCA treatment were reduced by 
continuous release of endothelium derived relaxation 
factor (EDRF).

In contrast to ATP, adenosine did not produce any 
constrictor effect. However, after increasing the tone of 
joint blood vessels it caused concentration-dependent 
relaxation. This response was mediated via
Pi-purinoceptors on vascular smooth muscle as it was 
antagonised by methylxanthine, but unaffected after 
removal of the endothelium. The weak effect of adenosine 
prior to elevation of vascular tone was probably due to 
this agent acting on blood vessels which were already 
vasodilated in the absence of tonic sympathetic 
constrictor discharge.

Acetylcholine was also found to exert a dilator 
effect which was consistently observed after increasing 
the vascular tone. This was, however, virtually abolished 
by removal of the endothelium, which is similar to the 
results obtained by Furchgott & Zawadski (1980) on rabbit 
thoracic aorta.

Contrary to an earlier report based on rabbit ear
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artery by Kennedy & Burnstock (1985), ATP appears to 
produce vasodilation via P2 -purinoceptors, as
methylxanthine fails to block this effect whereas removal 
of the endothelium does. This finding is in agreement with 
another study on rat femoral artery carried out by Kennedy 
et al (1985). Whether the dilation is due to a direct 
action of ATP, or whether it is mediated by the breakdown 
products of ATP such as AMP and adenosine (Burnstock 
1978), remains to be answered. It is possible that these 
act via P2 -purinoceptors on endothelial cells, although 
previous reports have suggested that P2-purinoceptors 
appear to play little or no role in ATP-elicited 
vasodilation (Su, 1981; Kennedy & Burnstock, 1985).

The physiological significance of the different 
distribution of Pi and P2 purinoceptors in different 
vascular beds remains unclear (Kennedy & Burnstock 1985). 
However, it is likely that these purinoceptors and the 
endothelium may prove to have an important role in the 
regulation of the blood flow through articular blood 

vessels.
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SUMMARY

1.An in vitro preparation of the rabbit knee joint, 
perfused with oxygenated Locke’s solution, was used to 
study the response of articular blood vessels to 
electrical stimulation of the joint capsule.

2.Articular blood flow changes were also recorded in 
response to saphenous nerve stimulation in-vivo.

3.Using trains of stimulus pulses of different 
durations, frequency response curves were obtained. 
Electrical stimulation always produced vasoconstriction of 
joint blood vessels, which increased as a function of both 
frequency and pulse width.

4. Stimulation of the saphenous nerve resulted in an 
attenuation of articular blood flow during stimulation, 
followed by a prolonged vasodilation on cessation of 
stimulation in many preparations.

5♦In-vitro. the vasoconstrictor response was neurally 
mediated as it was markedly inhibited after addition to 
both bath and perfusate of tetrotodoxin, and in animals 
pretreated with reserpine,

6.The response to electrical stimulation (in-vitro)
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and saphenous nerve stimulation (in-vivo)was substantially 
reduced by the a -adrenergic antagonists phenoxybenzamine 
and phentolamine (10-5M), the ai -blocker prazosin
(10~6M), and by guanethidine (10-5M) which inhibits the 
release of noradrenaline, ATP, and neuropeptide Y from 
sympathetic nerve endings.

7.In-vitro. the attenuation of the vasoconstrictor 
response to field stimulation by prazosin (10_6M) was 
little altered by addition of the a.2 adrenoceptor blocker 
rauwolscine (10~6M) to the perfusate.

8. a , 13 methylene ATP (10-6M), a P2 -purinoceptor 
desensitiser, had no effect on the vasoconstrictor 
response to electrical stimulation.

9.The dilator response which followed the initial 
vasoconstriction was blocked by the substance P antagonist 
(D-Pro4 ,D-Trp7 .9 >1 0 )-SP(4-ll).

10.These results suggest that the vasoconstrictor 
response to electrical stimulation of sympathetic nerve 
fibres in the rabbit knee joint capsule is mediated via 
noradrenaline acting upon ai -adrenoceptors, and 
substance P may be the mediator of the dilator response to 
saphenous nerve stimulation.
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INTRODUCTION

Although the somatic innervation of joints has 
received much attention (for review see Gardner 1950), 
little is known about the autonomic control of articular 
blood vessels. Cobbold and Lewis (1956) suggested that 
these are innervated by sympathetic efferent fibres as 
they observed that electrical stimulation of the 
sympathetic chain resulted in a reduction of blood flow to 
the dog knee joint. In a recent study on the cat knee, 
electrical stimulation of the posterior articular nerve to 
this joint, which is known to contain sympathetic efferent 
fibres (Langford & Schmidt 1982), produced an initial 
vasoconstriction of the blood vessels followed by a 
prolonged vasodilation (Ferrell and Cant 1987). However, 
the nature of the neurotransmitters and receptors which 
mediate the vasoconstrictor or vasodilator responses was 
not investigated in either of these studies.

Following the work of Ahlquist (1948), catecholamine 
receptors mediating constriction of arteries have been 
designated a -adrenoceptor. It was widely assumed that 
these must be the only post-synaptic receptors despite the 
observation that many ai -receptor antagonist fail to 
block nerve-induced vasoconstriction (Neild and Zelcer 
1982). Hirst and Neild (1980) suggested that the 
electrical and mechanical responses of some smooth muscles
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were resistant to ai -adrenoceptor antagonists because 
neuronally released noradrenaline was acting not only on 
ai -adrenoceptors but also on a new class of adrenoceptors 
which they designed $ -receptors located near the 
nerve-muscle junction. However, other studies indicated 
that the a -blocker-resistant portion of the contractile 
response to sympathetic nerve stimulation was mediated by 
ATP, acting either as a co-transmitter with noradrenaline 
(Nakanishi and Takeda 1972; Burnstock 1976; Langer and 
Pinto 1976; Westfall, Stitzel & Rowe 1978; Sneddon and 
Burnstock 1984), as a neuromodulator (Su 1977, Wakade and 
Wakade 1978; De May, Burnstock & Vanhoutte 1979; Moylan & 
Westfall 1979), or as a neurotransmitter in its own right 
(Burnstock, Campbell, Statchell & Smythe 1970).

The suggestion that some nerve cells store and release 
more than one transmitter was made by Burnstock (1976), 
largely on the basis of comparative studies of the 
evolution of the autonomic nervous system (Burnstock 
1969). Su (1975,1978) used tritium-labelled adenosine and 
noradrenaline to show that ATP is released together with 
noradrenaline from sympathetic nerves supplying the rabbit 
aorta and portal vein. Co-existence of noradrenaline and 
ATP has also been demonstrated in the rabbit ear artery 
(Head, Stitzel, Delaland & Johnson 1977), and in the dog 
basilar artery (Muramatsu, Fuginara, Muira, & Sakakibara, 
1981). In the rat tail artery, electrical responses to 
sympathetic nerve stimulation consist of two components 
namely a fast depolarization blocked by a,]3 methylene
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ATP, suggesting mediation by P2-purinoceptors and a slow 
maintained depolarization which was blocked by 
phentolamine, suggesting that this is mediated by a 
-adrenoceptors (Burnstock, Griffith & Sneddon 1984). Since 
then considerable evidence has accumulated in support of 
the multiple transmitter concept including electron 
microscopic evidence of more than one type vesicle in 
sympathetic nerve endings (Burnstock 1986a).

Thus, in many tissues noradrenaline and ATP or 
other substances may be co-transmitters but whether this 
also applies to articular blood vessels is not known. In 
the present study, this possibility was investigated by 
assessing the effects of a -adrenoceptor blockers such 
as phenoxybenzamine and phentolamine (ai , a.2 antagonists, 
Weiner 1985), prazosin (selective ai antagonist), 
rauwolscine (selective 0.2 antagonist), UK-14304 (selective 
<12 agonist), drugs such as guanethidine which inhibit 
release of noradrenaline, ATP, and neuropeptide Y from 
sympathetic nerve endings (Lundberg, Anggard,
Theodorsson-Noheim & Pernow, 1984), a,i3 methylene ATP, a 
P2-purinoceptor desensitiser, and a substance P antagonist 
on the responses of blood vessels in the rabbit knee to 
electrical stimulation of the joint capsule.
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EXPERIMENTAL PROTOCOL

a: Field stimulation in-vitro

Experiments were performed on albino New Zealand 
rabbits of either sex weighing between 2-3.3 kg, which 
were killed by stunning and exsanguination. Immediately 
thereafter, the knee were prepared for in-vitro recording 
explained previously(Chapter two). The isolated knee joint 
preparation was then transferred to a thermostatically 
controlled bath (37 ±  1°C) containing oxygenated Locke’s
solution. Three silver chloride wire electrodes were 
inserted via 21G hypodermic needles into the synovial 
cavity (Figure 4.17) which was injected with 1ml of 
Locke’s solution. The central ends of these wires were 
connected together to the anodal output of the stimulator 
(Harvard Advanced Stimulator). The cathodal output was 
connected to a silver chloride wire electrode shaped to 
form a zig-zag pattern, which overlay and made contact 
with the dorsal aspect of the knee joint capsule. At the 
start of the experiment the pump was set to provide a 
perfusion rate of 0.5-0.9ml/min which resulted in a 
perfusion pressure of about 40-50 mmHg as measured by a 
pressure transducer connected "downstream” from the pump. 
After a 30 min equilibration period a steady resting 
perfusion pressure was achieved. Thereafter, any fall in 
perfusion pressure as a result of field stimulation



Fig. 4.17. Digrammatic representation of the relations 
between the location of the arterial supply of the dorsal 
aspect of the rabbit knee joint capsule and the silver 
chloride electrodes.
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provided an indirect measure of articular
vasoconstriction.

Peak response was compared to control (pre-injection) 
value and expressed as percentage change from control (or 
baseline). In most experiments the stimulus pulse width
and voltage were varied until the optimal response was 
obtained and thereafter maintained constant. In most 
instances the stimulus parameters were: frequency 10
pulses/sec, voltage 40V and pulse width 1msec. In all 
instances the stimulus pulse train lasted 30 sec. Once 
suitable stimulus parameters were established, different 
adrenoceptor and purinoceptor blockers, dissolved
in Locke’s solution, were perfused continuously for 
periods of up to two hours, and at different time 
intervals the electrical stimulus was re-applied. 
Thereafter, the perfusate was switched back to Locke’s 
solution and the whole organ bath solution was changed 
several times.

In order to deplete sympathetic nerve ending of
noradrenaline, two rabbits were injected with 0.2mg/kg/day 
reserpine into the ear vein on three successive days and 
on the fourth day they received a final dose of lmg/kg 
reserpine (ip), then 5 hours after this last injection the 
animal was killed by a blow to the skull and exanguinated, 
and the rest knee joint prepared as describe earlier 

(Methods).
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b : Saphenous nerve stimulation in-vivo

White New Zealand rabbit weighing 2.1-3.4 kg deeply- 
anaesthetised with a mixture of intraperitoneal Diazepam 
(0.5mg/kg) and intramuscular hypnorm (0.lmg/kg), were used 
Anaesthesia was maintained by giving 1-2% halothane in 02,
N20 which was delivered via a tracheal cannula. The
carotid artery was cannulated for measurement of blood 
pressure. A cannula was inserted in a retrograde direction 
in saphenous artery below the knee joint and advanced
until its tip was just distal the branches supplying the
knee joint.

The saphenous nerve was dissected free from the 
adjacent blood vessels. Then the thigh was held at a fixed 
position and a thigh paraffin pool was prepared. After the 
saphenous nerve was sectioned proximally, it was located 
on bipolar silver chloride electrodes, and this was 
connected to an Harvard Advanced stimulator.

To observe relative changes in blood flow either a 
near infra-red (780nm) laser Doppler flowmeter (MBF2 Moor 
Instruments) or a modified laser Doppler flowmeter (MBF3 
Moor Instruments) used. The MBF3 instrument used a special 
triple fibre-optic probe which permitted use of three 
wavelenghts of laser radiation. The probe connected to the 
MBF2 was placed on the surface of the capsule anteriorly, 
and the MBF3 probe was inserted from the antero-lateral 
aspect of knee joint into the joint cavity to make contact
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with the internal surface of the antero-medial 
infra-patellar region.

In most cases the stimulus parameters were: Frequency 
10 pulses/sec, Voltage 10 Volts, and Pulse width 1 msec. 
The stimulus pulse train lasted 30 seconds. Once the 
suitable constrictor responses were obtained 0.2ml of 
different adrenoceptor and purinoceptor blockers were 
injected.



RESULTS

a : Responses of articular blood vessels to field
stimulation

Electrical stimuli applied to the joint capsule 
invariably resulted in an increase in perfusion pressure, 
indicating vasoconstriction (Figure 4.18 left panel). 
Increase in stimulus voltage enhanced the vasoconstrictor 
response but did not change its form.

To assess whether field stimulation mediates its 
vasoconstrictor effect solely via the sympathetic efferent 
nerve fibres surrounding joint blood vessels, or whether 
the smooth muscle cells in these vessels are also 
affected, tetrotodoxin (TTX) was used. This has been used 
in other experiments to block neuronal conduction (Stevens 
& Moulds 1985; Burnstock 1986b). TTX (10~7M) was perfused 
for 20 min and was also added to the organ bath (10_8M). 
As shown in figure 4.18 middle panel and 4.19, TTX 
markedly inhibited the response to field stimulation and 
this could be reversed by perfusion with fresh Locke’s 
solution and repeated changes of the organ bath (figure 
4.18 right panel). However, lack of complete blockade 
could be due to the dose of TTX used which is unable to 
block all unmyelinated nerve fibres(Kirchhoff et al 1989).

In other reserpinised animals, as illustrated in 
figure 4.20, although intra-arterial injection of



Fig. 4.18. The effect of field stimulation of the dorsal 
aspect of the joint capsule (left panel). 20min after 
perfusion with TTX (10~7M) and with TTX in the bath 
(10_8M) the response to stimulation is markedly reduced 
(middle panel). 20min after terminating TTX treatment, 
response to stimulation returns(right panel). The top 
trace indicates stimulus pulse train. Stimulus parameters 
throughout: 50V, 10 pulses/sec, 1msec.
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Fig. 4.19. The effect of field stimulation of dorsal 
aspect of the joint capsule with different pulse widths 
(0.1, 0.5, 1, 2msec.) before TTX perfusion (upper trace) 
and after perfusion with TTX (10_7M) and with TTX in bath 
(10_8M). The responses to field stimulation is markedly 
reduced (lower trace).
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Fig. 4.20. A: The effect of field stimulation of the 
posterior capsule in normal (upper trace) and reserpinized 
animals(lower trace) with different pulse widths (1, 2, 5, 
msec). Other stimulus parameters were kept constant, (40V, 
20 HZ, and 30sec duration).

B: Changes in perfusion pressure (mean + SEM) 
with increasing doses of adrenaline in normal ( 0  ) and 
reserpinized rabbit ( 0 ). n=4-6.

The concentrations can be converted to the mass of drug 
injected by multiplication of that concentration by 

2x10“ this and subsequent figures, i
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adrenaline showed that depletion of nerve ending enhances 
the sensitivity of adrenoceptors and the responses to 
field stimulation were exaggerated, but the responses to 
field stimulation with 1, 2, and 5 msec pulse width (36.3
± 2.0, 52.7 ± 1.6, 108.5 ± 6.7 respectively) were still
significantly reduced in the reserpinised animals(9 ± 2.4, 
13.8 ± 2 . 2 ,  1 6 . 9 + 2 . 6  respectively). This suggests that 
the stimuli applied are sufficient to affect the nerves 
supplying the joint but have little direct effect on 
vascular smooth muscle.

Responses to field stimulation were obtained both by 
increasing the number of pulses per second and also by 
increasing the pulse width (Figure 4.21). These show 
considerable enhancement of the constrictor responses 
which were all inhibited when the joints were perfused 
with phenoxybenzamine (10~5M) for about one hour before 
stimulation.

b : Changes in articular blood flow due to stimulation 
of the saphenous nerve

After the dissection procedures and locating the 
laser probe in position, the saphenous nerve was sectioned 
proximally. As a result, in some animals the articular 
blood flow increased (Figure 4.22), presumely the result 
of loss of sympathetic tone to articular blood vessels.

By direct electrical stimulation of the saphenous 
nerve, a characteristic pattern of initial fall in blood



Fig. 4.21. Responses to field stimulation before (closed 
symbols) and during perfusion with phenoxybenzamine at 
10~5M (open symbols). Three pulse widths were used: 5msec 
( • ), 2msec ( A  ) and 1msec ( ■ ). During perfusion with 
phenoxybenzamine the responses to electrical stimulation 
were virtually abolished at all three pulse widths and 
hence the symbols are superimposed, n = 6 - 10.
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Fig. 4.22. Trace shows the effect of transection ofthe 
.rabbit saphenous nerve on the articular blood flow. Arrow 
shows the time that the nerve was sectioned. Rise in the 
flowmeter signal even when the blood pressure returned 
close to its original value indicates vasodilation which 
might be due to removal of sympathetic tone from these 
blood vessels.



Flo
wme

ter
HR 

(be
ats

/mi
n) 

BP 
(mm

Hg)
 

sig
nal

 (
V)

**

3
2

1

0

80
*»0

0 J

150
1 0 0

50
0 t



128

flow of the joint during the period of stimulation in all 
animals followed by a prolonged rise in articular blood 
flow (12 out of 16 experiments) on cessation of 
stimulation (Figure 4.23). This dilator response followed 
after the initial constrictor response was significantly 
reduced by an intra-articular injection of lOOug substance 
P antagonist (D-Pro4 ,D-Trp7»9 »1 0 )-SP(4-11) before 
stimulating the saphenous nerve (Figure 4.24). In few 
animals it was found that no rise in articular blood flow 
occurred on saphenous nerve stimulation , although the 
initial fall in blood flow was present (Figure 4.25).

Increasing the frequency of saphenous nerve 
stimulation showed considerable enhancement of constrictor 
responses(Figure 4.25, 4.26). the responses were maximal
at 30 pulses per second and decreased thereafter.

c : Nature of neurotransmitters mediating the
constrictor response

In order to determine the nature of the 
neurotransmitters mediating the vasoconstrictor response, 
the effect of electrical stimulation was observed in the 
in-vitro preparation during perfusion with the ai , a,2
adrenoceptor blocker phenoxybenzamine (10~5M) and with 
guanethidine (10~5M) which blocks the release of 
neurotransmitters such as noradrenaline, ATP, and NPY. As 
shown in figure 4.27, the responses to field stimulation 
gradually decreased during perfusion and were almost



Fig. 4.23. The top trace shows the signal obtained from 
the blood flow monitor in response to electrical 
stimulation of the saphenous nerve. A reduction in blood 
flow occurs during stimulation followed by dilatation. As 
the nerve was sectioned proximally, heart rate and blood 
pressure remained constant. Bottom trace shows stimulus 
pulse (10HZ, 10V, 1msec).
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Fig. 4.24. The effect of lOOug dose of substance P 
antagonist (SPA) ijected intra-articularly on the dilator 
response of articular blood vessels to electrical 
stimulation of saphenous nerve (10HZ, 10V, 1msec). The
dilator response was significantly reduced by this agent. 
n= 7, *** PC0.001.
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Fig. 4.25. Trace shows the flux signal obtained from the 
blood flow monitor in response to electrical 
stimulation(s) of the saphenous nerve at different 
frequencies (10,20)30, 50HZ) but with the same voltage
(10V) and pulse width (1msec). Arrows show where the 
stimulus train started (30sec duration).
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Fig. 4.26. Articular blood flow changes in response to 
saphenous nerve stimulation at different frequencies but 
constant voltage (10V), and pulse width (1msec). n= 5-13, 
* ,P<0.05 , ** P<0.01, *** PC0.001.
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Fig. 4.27. Comparison of the effect of continuous 
perfusion of the knee joint with plain Locke’s solution 
( A )Locke solution containing phenoxybenzamine at 10"5M 
( 0 ) or guanethidine at 10"5M ( • ) on the constrictor 
response to field stimulation. CTL represents the response 
to field stimulation prior to perfusion of these agents, n 
= 7 - 9 .  ** = p < 0 .01.
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abolished after 60min. Both agents were almost equally 
effective in blocking the responses and also had similar 
time courses but when no antagonist was used there was no 
significant change in responses due to field
stimulation up to 90min.

The effectiveness of phenoxybenzamine in blocking the 
responses to field stimulation suggests that the 
neurotransmitter involved may be noradrenaline acting upon 
a-adrenoceptors. To further investigate which type of 
a-adrenoceptor was involved, in other preparations the 
effects of the selective ai-adrenoceptor blocker, 
prazosin (10_6M) on the response to field stimulation 
was examined. As illustrated in figure 4.28, 60min after 
the start of perfusion with prazosin the constrictor 
response was substantially reduced, with a further, but 
smaller, decrease at 90min. On cessation of the prazosin 
perfusion the response gradually returned to control 
values by about 120min post perfusion. In another series 
of experiments the selective a2 -adrenoceptor blocker 
rauwolscine (10“6M) was added to the prazosin perfusion. 
However, it is clear from figure 4.28 that adding 
rauwolscine did not significantly modify the effect of 
prazosin. Although there were differences in the control 
responses between the two groups of preparations (CTL), by 
90min of perfusion there was no significant difference in 
the magnitude of inhibition of the constrictor response.

Intra-arterial injection of a a-blocker such as 
phentolamine and a selective ai-blocker such as prazosin



Fig. 4.28. Comparison of the effect of continuous 
perfusion of the knee joint with prazosin at 10"6M( 0 ) 
and another perfusate ( • ) containing prazosin (10"6M) 
plus rauwolscine (10-6M). ON indicates the period during 
which the Locke’s perfusate contained the adrenoceptor 
antagonists, whilst OFF indicates return to plain Locke’s 
solution, n = 6 - 7. * = p<0.05; ** = p<0.01.
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both attenuated the constrictor response due to saphenous 
nerve stimulation in the in-vivo experiments as well but 
not the rauwolscine an 0,2 -blocker (f igure 4.29). These 
experiments suggest that the neurotransmitter which is 
released from sympathetic nerve ending innervating 
articular blood vessels is noradrenaline which acts 
principally via ai-adrenoceptors.

In order to assess whether any component of the 
constrictor response was mediated via purinergic 
receptors, a , ft methylene ATP (10~6M), a P2 -purinoceptor 
desensitiser was perfused and the effect of field 
stimulation was examined during the period of perfusion. 
In none of the preparations was this agent found to 
influence the constrictor response even after 90 min of 
perfusion (figure 4.30). As illustrated in figures 4.31, 
4.32, the intra-arterial injection of 0.2ml a, ft mATP also 
did not change the response to direct saphenous nerve 
stimulation even when the maximum frequency (30 pulses per 
second) was used.

d : The effect of UK-14304 on the responses to
saphenous nerve stimulation

Intra-arterial injection of UK-14304 a selective 0,2 

agonist attenuated the constrictor response due to direct 
saphenous nerve stimulation (Figure 4.33 ). This response
was dose dependent with increasing concentration of 
UK-14304 leading to decreasing response to nerve



Fig. 4.29. The effect of close intra-arterial injection of 
different antagonists on the constrictor response to 
saphenous nerve stimulation in the rabbit. PHA; 
phentolamine (10~5M), PRA; prazosin (10~5M), RAW; 
rauwolscine (10_5M), a, ft mATP (10“5M). The black 
histograms represent control responses before antagonists 
administration. n= 5-7, NS: Non significant, * P<0.05, ** 
P<0.01, *** P<0.001 .
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Fig. 4.30. Perfusion of the knee joint with a,ft methylene 
ATP (1Q-6M) had no effect on the constrictor response to 
field stimulation of the joint capsule, n = 7 - 8.
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Fig. 4.31. Trace shows the effect of a, 13 mATP (10_4M) 
injection on the magnitude of constrictor response in knee 
joint blood vessels due to saphenous nerve stimulation, a, 
13 mATP itself caused vasoconstriction via P2-purinoceptors 
(Ii), but by the second injection (1 2 ) these postsynaptic 
receptors became desensitized and there was no response by 
the third injection (I3 ) . Arrows S shows the onset of the 
electrical stimulus train (10V, 30HZ, lmsec, 30sec).
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Fig. 4.32. Comparison between the constrictor response in 
articular blood vessels due to saphenous nerve stimulation 
(10V, 30HZ, 1msec) before(CTL) and after a, 13 mATP. No 
significant changes were observed. n= 5, NS: Non
significant.
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Fig. 4.33. The effect of UK-14304 on constriction of 
articular blood vessels in response to saphenous nerve 
stimulation. ( • ) shows the constrictor response before 
UK-14304 injection. ( 0 ) represents the response after
the injection of UK-14304. * PC0.05, ** P<0.01. n= 8.
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stimulation. This effect is presumly the result of 
activation of pre-synaptic az-adrenoceptors by this 
a2-agonist.
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DISCUSSION

The results of the present experiments demonstrate 
that the vasoconstrictor response to electrical 
stimulation of the dorsal aspect of the joint capsule is 
neurally mediated as it was significantly reduced by 
tetrodotoxin or virtually absent in animals pretreated 
with reserpine. Additional supporting evidence is that 
perfusion with the a -blocker phenoxybenzamine for about 
an hour could completely abolish the response to 
electrical stimulation. Haloalkylamines such as 
phenoxybenzamine are known to have a slow onset of action 
(at least 1/2 hour) even on systemic administration due to 
the time required for formation of reactive intermediates 
which bind with receptors (Wiener 1985 ) . However in the 
in-vivo experiments close intra-arterial injection of 
substances such as phentolamine could attenuate the 
response due to nerve stimulation in short time (a few 
minutes). None of the above procedures would have been 
expected to prove successful if the vasoconstrictor 
response resulted from direct electrical stimulation of 
vascular smooth muscle.

The vasoconstrictor response to electrical 
stimulation was blocked almost equally well by the a 
-blocker phenoxybenzamine and by guanethidine which 
inhibits release of various transmitters, suggesting this 
response is principally mediated by noradrenaline. This
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has also been proved by intra-arterial injection of 
phentolamine which attenuated the response to saphenous 
nerve stimulation in-vivo. If any other neurotransmitters 
are co-localised within sympathetic efferent fibres 
innervating knee joint blood vessels, these do not appear 
to contribute significantly to the constrictor response 
with the stimulus parameters employed. Noradrenaline 
appears to be acting upon ai-adrenoceptors as
vasoconstriction was blocked by the ai antagonist 
prazosin, but there was either no effect or little 
additional effect either on the magnitude or the time 
course by using the a.2 antagonist rauwolscine.

These results are consistent with previous 
observations that a -adrenoceptors are present on rabbit 
knee joint blood vessels and that vasoconstriction 
elicited by noradrenaline injection is mediated 
principally via ai -adrenoceptors (Ferrell and
Khoshbaten 1989a).

The dilator response which followed after the initial 
vasoconstriction was substantially attenuated after 
injection of substance P antagonist. This suggests that, 
consistent with the finding of Ferrell and Cant (1987), 
this response is likely to be mediated by nerves which 
release Substance P from their terminals when depolarised.

Administration of UK-14304 (selective ci2-agonist) 
attenuates the reduction of articular blood flow due to 
saphenous nerve stimulation. This finding suggests that,
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there might be prejunctional 0,2 receptors which mediate 
inhibition of transmitter release from sympathetic nerve 
endings.

Although it has been shown in section I of this 
chapter that Pi and P2 purinoceptors are present within 
articular blood vessels, and that the P2 receptor 
mediates vasoconstriction, in the present experiments no 
evidence was obtained to indicate that ATP is released 
from nerve endings and contributes towards the 
vasoconstriction elicited by either electrical 
stimulation of the joint capsule or direct saphenous nerve 
stimulation. The role of purinoceptors in regulating 
articular blood vessel calibre remains unclear at present.

In summary, all of the data is now consistent with 
the hypothesis that noradrenaline is the main 
neurotransmitter at articular blood vessels which 
responsible for the vasoconstrictor response. It is also 
suggested that the widespread sympathetic vasopressor 
response to stimulation of the sympathetic outflow in 
articular blood vessels of the rabbit comprises mainly 
ai-adrenergic elements since it can be almost blocked by 
ai-adrenoceptor antagonists such as prazosin but not the 
a2-adrenoceptor blocker, rauwolscine.

*



SECTION III

RESPONSES OF ARTICULAR BLOOD VESSELS TO 
ACUTE JOINT INFLAMMATION 

IN THE RABBIT



SUMMARY

1.Utilising laser Doppler flowmetry, this study has 
examined the responses of blood vessels in the rabbit knee 
joint capsule to induction of acute joint inflammation by 
intra-articular injection of 4% kaolin suspension.

2. Kaolin injection produced an inflammatory response 
which became evident about 4 hours after injection.

3. Electrical stimulation of the nerve supply to the 
knee joint prior to induction of inflammation produced a 
biphasic response - an initial vasoconstriction during the 
stimulation phase followed by dilatation after cessation 
of stimulation.

4. These responses were followed over an eight hour 
period and it was observed that the constrictor response 
became progressively greater, producing a further 19% 
decrease in blood flow during nerve stimulation about 
three hours after the injection of kaolin.

5. The sensitivity of post-junctional
a -adrenoceptors showed still greater increase in the 
inflamed joint as close intra-arterial injection of 10-6M 
adrenaline produced an additional 30% reduction in blood 
flow four hours after kaolin injection compared to the
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control response.

6. Comparing above results it is possible that the 
lesser enhancement of the constrictor response to nerve 
stimulation in the inflamed joint may reflect 
sensitisation of pre-junctional a.2 -adrenoceptors in 
addition to the effects exerted on post-junctional 
a-adrenoceptors by the inflammatory process.

7. The dilator response was also found to increase 
over eight hours, although this rise was less marked.

8. These findings indicate that even over the limited 
time span of the experiments, significant alterations 
occurred in factors which can influence the calibre of 
articular blood vessels.

9. The functional significance of this finding is at 
present unclear, but it suggests that some of the 
mechanisms which normally regulate articular blood flow 
are significantly disturbed by joint inflammation.



INTRODUCTION

The factors regulating the calibre of articular blood 
vessels are at present poorly understood. The presence of 
nerves in the tissues lining diarthrodial joints has been 
demonstrated both by functional (Kellgren and Samuel 
1950) and by histological techniques (Gardner 1950, 
Skoglund 1956). It has been shown that the blood vessels 
supplying the knee joint of the dog are innervated by 
sympathetic efferent fibres which when stimulated produce 
vasoconstriction (Cobbold and Lewis 1956b). More recently 
it was demonstrated that electrical stimulation of the 
posterior articular nerve supplying the dorsal aspect of 
the cat knee joint produced a biphasic response - an 
initial vasoconstriction during stimulation followed by a 
long-lasting dilatation (Ferrell and Cant 1987). The 
dilator response appeared to be mediated by substance P 
release from unmyelinated joint afferent fibres as it was 
inhibited by intra-articular injection of the potent 
substance P antagonist D-pro 4 D-trp 7 * 9 > i° SP (4 — 11) 
(Ferrell and Cant 1987). The constrictor response is 
likely to be mediated via ai adrenoceptors as these are 
the principal type of postjunctional receptor found on 
rabbit articular blood vessels (Ferrell and Khoshbaten 
1989a). Adrenaline and noradrenaline were found to be 
equally effective in eliciting vasoconstriction in these 
vessels which also appear to be devoid of 13 adrenoceptors 
(Ferrell and Khoshbaten 1989a). There would appear,
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however, to be little information available about the 
adrenergic control of normal and diseased synovial tissue.

Rheumatoid arthritis is a common clinical syndrome 
characterised by a chronic symmetric inflammation with a 
predilection for the more peripheral joints, which 
eventually results in joint destruction. 0.3-1.5% of
the population in the world are affected by joint 
inflammation (Fitzgerald 1989). Among animal model it was 
reported that joint pain itself may directly result in the 
observed morbidity, so its treatment may have significant 
benefits beyond alleviation of suffering (Dardick et al 
1986, Landis et al 1988).

Pearson and Wood (1959) have concentrated on the role 
of the nervous system in arthritis. Their study was 
possible because of existence of suitable animal models 
for arthritis which in their clinical manifestation mimic 
those of rheumatoid arthritis. Works on the effect of 
the nervous system in arthritis were limited to some 
clinical signs, such as chronic pain, reduced activity, 
having fragmented sleep patterns, hyperventilation, 
increased sensitivity to paw pressure or flexion and 
extension of inflamed joints (Calvino et al 1987,Landis et 
al 1988).

Calvino and his colleagues (1987) concluded that, in 
arthritic rats, the sensitivity to light pressure on the
inflamed skin and gentle movement of the affected joint 
are increased.
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Levine and his colleagues have recently also 

produced evidence that the peripheral limb of the 
sympathetic nervous system is involved in arthritis. They 
found that sympathectomy markedly reduced inflammation and 
joint injury in the experimental arthritic model (Levine 
et al 1986). In another experiment, rats treated with 
J32-adrenergic antagonists showed significantly reduced 
joint injury (Levine et al 1988).

The present experiments were performed to examine 
whether the response to electrical stimulation of the 
nerve supply (sympathetic efferent and afferent C fibres) 
to the rabbit knee joint is altered by experimentally 
induced acute joint inflammation. This was attempted to 
establish whether the vasodilation known to occur in joint 
inflammation could be attributed to alteration of 
neurotransmitter release at sympathetic nerve endings or 
change in adrenoceptor sensitivity induced by the 
inflammatory process.



EXPERIMENTAL PROTOCOL

Adult albino New Zealand rabbits weighing about 
3-3.5kg were anaesthetised with a mixture of diazepam 
(0.5mg/kg IP) and hypnorm (O.lmg/kg IM). Thereafter, 
anaesthesia was maintained using a gaseous mixture of 
O2/N2O/halothane (1-2%) which was delivered via a tracheal 
cannula. The rest of surgical procedures were carried out 
as described previously (Chapter two, in-vivo 
preparation). The antero-medial aspect of the knee was 
exposed and the patellar ligament sectioned close to the 
patella and the underlying articular tissue carefully 
exposed. A 21G hypodermic thermocouple was inserted into 
the joint cavity and connected to an amplifier (Thermalert 
TH-6D) to provide a measure of intra-articular 
temperature. Relative changes in blood flow were measured 
using a near infra-red (780nm) laser Doppler flowmeter 
(Moor Instruments MBF2). The laser Doppler technique has 
been shown previously to provide a means of assessing 
synovial blood flow in the human knee (Geboreck et al 
1989). The laser probe was placed on the surface of the 
capsule as defined in chapter 2 and the surrounding tissue 
covered with cling film. The signal from the flowmeter was 
recorded on one channel of a pen recorder with blood 
pressure being recorded on the other channel.

The saphenous artery was cannulated as described in 
section II of this chapter. The saphenous nerve was
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dissected free close to the groin, the proximal end cut 
and all branches except those to the knee were sectioned. 
Bipolar silver wire electrodes were then placed on the 
distal end of the nerve and the stimulator (Harvard 
Advanced stimulator) was set to deliver 30sec trains of 
rectangular pulses of 1msec width, 10 Hz frequency, and 
10V amplitude.

Acute inflammation was induced by intra-articular 
injection of 4% kaolin suspension (Sigma) into one knee 
joint with the other being injected with sterile 
physiological saline to act as an internal control. The 
responses of the two knees were examined by monitoring 
intra-articular temperature and by measurement of Evans 
blue extravasation into the joint tissue of the two knees. 
As Evans blue binds to plasma proteins normally restricted 
to the vascular compartment, its presence in joint tissues 
provides an indirect means of assessing capillary 
permeability. The technique used to extract Evans blue and 
its subsequent spectrophotometric measurement has been 
described previously (Lam and Ferrell 1989). Evans blue 
was injected intravenously in a dose of 75mg/kg prior to 
intra-articular injection and the tissue samples were 
obtained at the conclusion of the experimental period ("8 
hr after intra-articular injection of saline or kaolin).
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RESULTS

a: Saphenous nerve stimulation

Electrical stimulation of the saphenous nerve 
produced a repeatable response consisting of reduction in 
blood flow during the period of nerve stimulation, 
indicating vasoconstriction, followed by a longer-lasting 
dilator response (Figure 4.23).

This response to nerve stimulation remained
relatively stable and reproducible upon repeated
stimulation, as long as the 30sec pulse trains were not 
re-applied until 5min had elapsed from the previous period 
of stimulation.

b : Temperature monitoring of the knee .joint cavity

Simultaneous monitoring of the intra-articular 
temperatures of the two knees from the same animal 
revealed characteristic responses. The knee which was 
injected with saline showed a progressive fall in 
intra-articular temperature with time (Figure 4.34), 
presumably due to cooling of the immobile knee. The knee
injected with kaolin also showed a fall in temperature
initially, but this eventually levelled out (Figure 4.34). 
The 2°C difference in the temperatures before injection 
was due to the kaolin- injected knee being exposed to the 
atmosphere, in order to obtain the blood flow



Fig. 4.34. Change in intra-articular temperature in knees 
injected with saline (•) compared to those injected with 
4% kaolin suspension (0). The injections were administered 
at the arrow. Means ±  SEM; n = 5 in both cases.
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measurements. It is noticeable that the initial
temperature difference between the knees was almost
completely reversed by the end of eight hours. This
suggests that the kaolin-injected knee was becoming
inflamed by this time.

c : Evans blue in.iection

Injection of Evans blue (75mg/kg) had no effect on 
articular blood flow (Figure 4.35). As shown in figure 
4.36, the constrictor response to saphenous nerve 
stimulation did not change significantly. After eight 
hours, -measurement of Evans blue content in the two
knees of 5 rabbits revealed significant inflammation in 
the kaolin-treated side compared to the saline-injected 
side (Figure 4.37).

d : The effect of kaolin injection

The responses to nerve stimulation were monitored in 
two groups of animals every half hour over a period of 7-8 
hours. One group consisted of animals where the knee was 
injected with saline (n = 3) whilst the other group (n = 
5) consisted of animals where the knee was injected with 
the kaolin suspension. As shown in figure 4.38, prior to 
kaolin injection, nerve stimulation resulted in about a 
almost 30% reduction in blood flow. This constrictor 
response to nerve stimulation increased in amplitude after 
kaolin injection, producing a further 19% reduction of



Fig. 4.35. Comparison between the blood flow base-line 
before (CTL) and after injection of Evans blue,75mg/kg 
(EVB). There is no effect of Evans blue on the flowmeter 
signal. n= 5, NS: Non significant.
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Fig. 4.36. The effect of Evans blue injection (75mg/kg) 
on the vasoconstrictor response of saphenous nerve 
stimulation in rabbit. No significant effect was observed 
after Evans blue injection. n= 5, NS: Non significant.
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Fig. 4.37. Comparison of Evans blue content of the joint 
capsule in saline-injected knees (filled histogram) with 
knees injected with 4% kaolin (open histogram). A 
significant difference in Evans blue content occurred in 
the posterior capsule (P-CAP). Although Evans blue content 
was also elevated in the anterior capsule (A-CAP) in the 
kaolin-injected knee compared to control, this was not 
significant. Means + SEM; n = 5 ; * = p<0.05.
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Fig. 4.38. Effect of intra-articular kaolin injection (§)
and saline injection (0) on the magnitude of the
constrictor response to nerve stimulation over eight 
hours. Change in blood flow is expressed as percentage 
decrease in blood flow compared to baseline value 
immediately before stimulation. CTL represents the
response to nerve stimulation immediately prior to 
injection of kaolin or saline. Means ±  SEM; n = 5; * =
p<0.05.
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blood flow some three hours after injection which 
fluctuated thereafter, but always remained greater than 
the constrictor response in the saline-injected knees. It 
is noticeable that the latter also showed some 
enhancement, but this was of lesser magnitude (9% 
maximum).

The dilator response to nerve stimulation showed less 
obvious change with time (Figure 4.39). Although the mean 
value of the kaolin-injected knee peaks a four hours, this 
did not show a statistically significant difference from 
the value obtained from saline-injected knees at this 
time. However, comparison of the magnitude of the dilator 
response to nerve stimulation prior to injection of kaolin 
with the values obtained after injection reveals that at 
six hours the dilator response becomes significantly 
greater than control (p<0.05) and by seven hours the 
difference is greater still (p<0.001). In the 
saline-injected knees, although some variation in the 
dilator response occurred over the seven hour period, none 
of the values differed significantly from the control (pre 
saline injection) value. This difference may be partly 
attributable to the control value for the kaolin-injected 
knees being less than the saline-injected knees and partly 
due to the greater variability (as shown by the standard 
error bars) of the control values in the saline-injected 
knees compared to kaolin-injected knees. Although the 
means of the control values differed between the two 
knees, this difference was not statistically significant.



Fig. 4.39. Effect of intra-articular kaolin injection (•) 
and saline injection (0) on the magnitude of the dilator 
response following nerve stimulation. In this case the 
change in blood flow is expressed as the percentage 
increase in flow relative to the value obtained 
immediately prior to nerve stimulation. CTL represents the 
dilator response obtained prior to injection of kaolin or 
saline. Means ±  SEM; n = 5; * = p<0.05.
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Even though the joint capsule was exposed to the
external environment for many hours, blood flow (as
measured by changes in flux values compared to control 
values) changed relatively little over this time in the 
saline-injected knee (Figure 4.40). In the kaolin-injected 
knee little change in blood flow occurred until about 6.5 
hours post injection when statistically significant 
differences in blood flow occurred compared to the 
saline-injected knee. When.compared to the control value, 
the kaolin- injected knees showed consistently significant
differences at 4.5 hours and beyond whereas none of the
values differed significantly from control in the
saline-injected knees.

e : The effect of kaolin on adrenergic receptors

Although the responses to nerve stimulation were 
modestly enhanced by the inflammatory process, larger 
changes occurred in the sensitivity of the adrenoceptors 
as the response to close intra-arterial injection of 
adrenaline (10_6M) was modified (Figure 4.41). Immediately 
after intra-articular injection of saline or kaolin there 
was little difference in the constriction induced by
adrenaline which at this dose produced about a 50%
reduction in flow. However, when the same dose of
adrenaline was administered 2 hours later, a highly 
significant rise in the response occurred in 
kaolin-injected knees, with saline-injected knees showing



Fig. 4.40. Measurement of change in blood flow in 
kaolin-injected knees (•) compared to saline-injected 
knees (O) over seven hours. Change in blood flow is 
relative to the control value (CTL) obtained immediately 
after injection of these substances. Means ± SEM; n = 5; 
* = p<0.05.
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Fig. 4.41. Response to close intra-arterial injection of 
10"6M adrenaline in animals with kaolin-injected knees (• 
; n = 6), compared to the response obtained in animals 
with saline-injected knees (O ; n = 3). Immediately after 
injection of these substances (CTL) the means do not 
differ significantly. After two hours the responses in the 
kaolin-injected knees are greater and remain elevated 
thereafter compared to saline-injected knees. *** =
p<0.001; ** = p<0.01
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a slight reduction in response* Although the
saline-injected knees exhibit a trend of rising 
sensitivity to adrenaline with time, none of the values 
differ significantly from the control response, whereas in 
the kaolin injected knees all the responses differ
significantly from control (p<0.001). Six hours after
kaolin injection the same dose of adrenaline now produced
about a 90% reduction in flow.

The differences in response to intra-arterial 
injection of adrenaline are well demonstrated in figure
4.42, which shows dose/response curves to adrenaline.
Figure 4.43, shows that the response to adrenaline eight
hours after injection of kaolin is enhanced compared to 
saline injection after the same length of time. Figure 
4.44 is from the same animal and indicates that the 
response to injected adrenaline is only little affected by 
time.

f : The effect of cooling on adrenoceptor
sensitivity.

On cooling the knee joint artificially with a fan^
intrctarticular temperature was reduced from 32.5 

°C to 28.4 °C. Administration of 0.2ml adrenaline 10"6M 
before and after cooling failed to show significant
changes either in sensitivity nor in articular blood flow 
(Figures 4.45, 4.46). Thus the possibility that cooling
may have increased the sensitivity was ruled out.



Fig. 4.42. A: Dose/response relationship to close
intra-arterial injection of adrenaline in kaolin-injected 
knee (•) compared to saline-injected knee (0) eight hours 
after intra-articular injection of these substances.

B: Dose/response relationship to close
intra-arterial injection of adrenaline in a 
saline-injected knee immediately after the intra-articular 
injection ( □ ) and eight hours later ( • ) in the same 
animal.
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Fig. 4.43. Traces show dose/response relationship of 
articular blood vessels to close intra-arterial injection 
of adrenaline in the knee pretreated with kaolin after 
eight hours (A) and in the saline-injected knee after same 
period of time (B). Arterial blood pressure and the heart 
rate were also monitored. Dot on the time scale indicate 
one minute.
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Fig. 4.44. Traces show dose/response relationship to close 
intra-arterial injection of adrenaline in the normal knee 
at the begining (A) and after eight hours (B) with 
inta-articular injection of 2ml normal saline. Dot on the 
time scale indicate on minute.
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Fig. 4.45. Upper panel: Responses of capsular blood 
vessels to adrenaline (10~6M) injection at different 
temperatures (32.5 °C & 28.4 °C). No significant change
was observed. n= 4.

Lower panel: The signal obtained from the 
blood flow monitor at different temperature (32.5 °C &
28.4 °C) show no significant changes. n= 4.
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Fig. 4.46. The effect of temperature changes (32.5 °C to
28.4 °C) on the constrictor response to injection of
adrenaline (10~6M). The upper trace shows the signal 
obtained from the blood flow monitor. The middle and lower 
traces represent arterial blood pressure and heart rate 
respectively. Dots on the time scale indicate one minute. 
On and off indicate the time that fan was turned on and 
off respectively.





148

DISCUSSION

The results of the present experiments demonstrate 
that within eight hours of inducing an acute inflammatory 
response in the rabbit knee by intra-articular injection 
of 4% kaolin, changes occurred in the sensitivity of a 
-adrenoceptors. The response to close intra-arterial 
injection of adrenaline demonstrates that post-junctional 
a -adrenoceptors become more sensitive within two hours of 
kaolin injection and by six hours give rise to an 
additional 40% reduction in blood flow compared to the 
response to the same dose (10_6M) immediately after kaolin 
injection. The response to nerve stimulation might have 
been expected to show a similar increase in effect, but 
overall there was a smaller increase in the constrictor 
response (maximum increase ~19%). This could be explained 
if the inflammatory process also enhances the sensitivity 
of pre-junctional adrenoceptors. These are usually of 
the a.2 sub-type and act in a negative feed-back fashion, 
limiting the release of noradrenaline from sympathetic 
nerve endings (Vizi 1979). Preliminary experiments in 
previous section of this chapter suggest that such 
receptors are found in the rabbit knee and act as 
indicated above. Another possibility is that the 
inflammatory process enhances the mechanisms involved in 
the re-uptake of noradrenaline at sympathetic nerve 
endings and this contributes to the smaller enhancement of
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the constrictor response to nerve stimulation in
kaolin-injected knees.

It is noticeable that even in the saline-injected 
knees there occurred a gradual increase in sensitivity to 
injected adrenaline over eight hours (Figure 4.44). This 
was not due to increased sensitivity of the a  

adrenoceptors to cold as cooling the knee artificially 
with a fan and repeating the administration of adrenaline 
failed to show increased sensitivity in the cooled, 
saline-injected knee. This must therefore reflect some 
other factor acting to increase the sensitivity of 
a-adrenoceptors. One possibility is that exposure of the 
capsule and insertion of thermocouple probes into the 
synovial cavity may provoke a low grade inflammatory 
response over the eight hour measurement period.

The dilator response which follows nerve stimulation 
appeared to show a gradual rise in the kaolin-injected 
knee with the value at 7.5 hours having doubled compared 
to the control value. By contrast, in the saline- injected 
knee the value at 7.5 hours is only slightly increased 
compared to its control value. Previous work has shown 
that the dilator response is mediated by substance P 
released from C fibre afferents innervating the knee 
(Ferrell and Cant 1987). The increased dilator response in 
the inflamed knee may reflect greater release of substance 
P from these nerves fibres or perhaps up-regulation of 
substance P receptors. As substance P is known to exert 
pro-inflammatory actions on joint tissue (Lam and Ferrell



150
1989), increased release of substance P or increased 
sensitivity of substance P receptors may contribute to the 
inflammatory process.

One hypothesis which was to be tested in the present 
experiments was whether the vasodilation which occurs in 
inflamed joints could be attributed to some extent by a 
decrease in adrenoceptor sensitivity to noradrenaline 
release from sympathetic nerve endings on articular blood 
vessels. However, it is clear that the opposite occurs - 
these become sensitised by the inflammatory process. This 
is mitigated to some extent by the possible sensitisation 
of pre-junctional <12 adrenoceptors. An additional 
mitigating factor may be the release of substance P from 
unmyelinated afferent fibres. These fibres show enhanced 
neural activity in acutely inflamed joints (Schaible and 
Schmidt 1988), and thus may contribute to vasodilation in 
such joints.

The present experiments have shown that acute joint 
inflammation induced by kaolin can influence those factors 
which normally regulate articular blood vessel calibre. 
The mechanisms responsible for altering the sensitivity of 
adrenoceptors (and perhaps substance P receptors) and the 
functional significance of this remain to be determined.

***
*



CHAPTER FIVE

THE INNERVATION OF THE KNEE JOINT 
BLOOD VESSELS 

IN THE CAT
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SUMMARY

1. Experiments were carried out in cats anaesthetised 
with sodium pentobarbitone 45mg/kg. The responses of knee 
joint blood vessels to articular nerve stimulation and 
close intra-arterial injection of drugs were examined.

2. Dose/response relationships to intra-arterial 
injection of adrenaline, (a agonist); isoprenaline, (13 
agonist); acetylcholine, and histamine were obtained as 
well as the responses to these agonists after 
administration of appropriate antagonists.

3.Adrenaline and isoprenaline both induced dose 
dependent vasoconstriction via a-adrenoceptors in 
articular blood vessels. The constrictor effect of 
isoprenaline was reduced by phentolamine but not by 
propranolol.

4. Acetylcholine produced dose-dependent vasodilation 
in articular blood vessels. This reponse was attenuated 
by atropine.

5. Histamine affected knee joint blood vessels by 
producing an initial rise in articular blood flow followed 
by a fall. These effects were reduced by injection of 
diphenhydramine (Hi antagonist) prior to histamine 
injection.



153

6. The posterior articular nerve (PAN) was stimulated 
at different intensities, and frequency response curves 
were obtained. Electrical stimulation of PAN produced an 
initial vasoconstriction (all 14 cats) during stimulation 
followed by a prolonged dilatation on cessation of
stimulation (8 out of 14 cats). The constrictor response 
was increased as a function of frequency but was little 
altered with increasing intensity beyond a threshold 
level.

7. The constrictor response to electrical stimulation 
of PAN was markedly reduced by the a-adrenergic antagonist 
phentolamine(10”5M ), the ai -blocker prazosin (10-5M), and 
guanethidine (10_5M) which inhibits the release of
noradrenaline, ATP, and neuropeptide Y from sympathetic 
nerve endings.

8. The constrictor response to PAN stimulation was 
unaffected by the a i -blocker rauwolscine and the
P2-purinoceptor desensitiser a, 0, methylene ATP.

9. The dilator response was due to activation of
C-fibre afferents as it could also be produced by direct
electrical stimulation of L7 dorsal roots.

10. The dilator response occurring in response to 
either stimulation of PAN or L7 dorsal roots was reduced 
by prior intra-articular injection of lOOug of the



154
substance P antagonist D-Pro4 D-Trp7>9 >10 -SP(4-11).

11. These results suggest that, 1) a-adrenoceptors, 
muscarinic receptors, and Hi receptors are present on 
articular blood vessels. 2) The vasoconstrictor response 
to electrical stimulation of PAN is most likely to be 
mediated via noradrenaline acting mainly upon ai
-adrenoceptors. 3) As the dilator response to articular 
nerve stimulation is reduced by a substance P antagonist, 
the mediator inducing this response could be substance P.
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INTRODUCTION

Previous attempts at a comprehensive study of the 
innervation of the cat’s knee joint have been by Gardner 
(1950) and Skoglund (1956); more limited studies have been 
reported by Samuel (1952). Gardner (1944) mapped the 
nerves to the knee joint in the cat. He described how the 
knee joint received its innervation and made measurements 
of the nerve fibre diameters of some of the nerves 
supplying it. Gardner’s study is the only one dealing with 
all aspects of the anatomy of the knee joint innervation 
in the cat.

The knee joint is innervated by medial articular 
nerve (MAN), posterior articular nerve (PAN), and lateral 
articular nerve (LAN), (Gardner 1944, Skoglund 1956, 
Freeman and Wyke 1967). The PAN is the larger of the two 
primary articular nerves. It arises alone from the 
posterior tibial nerve and predominantly innervates the 
posterior parts of the knee joint (Freeman and Wyke 1967). 
The majority of fibres in PAN and MAN are unmyelinated 
(Langford and Schmidt 1983). It has been reported that PAN 
and MAN in the cat consist of about 20% myelinated and 80% 
unmyelinated nerve fibres. In the PAN, about half of the 
unmyelinated fibres are efferent sympathetic fibres and 
other half are afferent C-fibres (Langford 1983).

Although there are some studies concerning the 
innervation of the knee joint blood vessels in the cat,
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little appears to be known about the action of PAN in 
regulating the articular blood flow.

Cobbold and Lewis (1956b) observed that electrical 
stimulation of the medial articular nerve (MAN) resulted 
in reduction of blood flow to the dog knee joint. 
However, the electrical stimulus parameters used by 
Cobbold and Lewis were not stated. In a study carried out 
by Ferrell and Russell (1985), it was reported that the 
stimulation of posterior articular nerve of the cat knee 
joint above C fibre threshold resulted in plasma protein 
extravasation into the synovial cavity.

In another study, Ferrell and Cant (1987), observed 
neurogenic vasodilation to PAN stimulation. They 
concluded that stimulation of unmyelinated articular nerve 
fibres produced an initial fall followed by a prolonged 
rise in intra-articular temperature. These findings were 
confirmed in a more recent study in the rabbit by 
Khoshbaten and Ferrell (1989). It was shown that 
stimulation of nerves supplying knee joint blood vessels 
in the rabbit resulted in an initial vasoconstriction 
during stimulation followed by a prolonged vasodilation on 
the cessation of stimulation. In other sites such as skin, 
it has been observed that this neurogenically mediated 
increase in blood vessel permeability is accompanied by 
dilation of these blood vessels (Couture and Cuello 1984).

As to the types of receptors present on articular 
blood vessels in cat and types of neurotransmitter(s ) 
released from the nerve ending , less is known. Cobbold
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and Lewis (1956b) found that close intra-arterial 
injection of adrenaline and noradrenaline both produced 
vasoconstriction while acetylcholine injection showed a 
considerable vasodilation. These findings were also 
confirmed in more recent studies on the rabbit articular 
blood vessels (Ferrell and Khoshbaten 1989a,b). In these 
studies, it was concluded that ai and a.2 -adrenoceptors 
are present within rabbit articular blood vessels, but 
that J3 -adrenoceptors are absent. It was also found that 
the effect of noradrenaline appears to be mediated 
principally via ai-adrenoceptors. The vasodilator effect 
of acetylcholine is mediated via muscarinic receptors on 
the endothelial layer of blood vessels.

Although it has been shown that blood vessels of the 
knee joint are innervated by sympathetic efferent fibres 
in the dog (Cobbold and Lewis 1956b), and in thecat 
(Ferrell and Cant 1987) whose action is to constrict these 
vessels, the nature of neurotransmitter(s ) was not studied 
by these authors.

For many years, studies of the neurohumoral control 
of the vasculature have been dominated by the role of 
catecholamines released from sympathetic perivascular 
nerves and from the adrenal medulla into blood stream 
(Burnstock 1975, Burnstock et al 1980). Attention has also 
been paid to the cholinergic innervation of some blood 
vessels (~ Burnstock 1980).
In last decade, however, nonadrenergic, noncholinergic 
components of the autonomic nervous system have become 
established. Many neurotransmitters such as ATP,
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vasoactive intestinal polypeptide (VIP), substance P, 
dopamine and neuro-peptide Y (NPY) are now being 
considered for the neural control of the vasculature 
(Burnstock 1985).

The concept that each nerve cell makes and release 
only one nerve transmitter (widely known as Dale’s 
principle) has been re-examined by Burnstock in 1976 and 
many others subsequently (Sneddon and Burnstock 1984, 
Sneddon and Westfall 1984, Burnstock and Sneddon 1985, 
McDonald 1988). The experimental evidence relating to the 
co-transmission hypothesis is outlined these papers.

Although there is abundant evidence about the 
neurohumoral control of many blood vessels in many 
vascular beds, there is still little known about the 
innervation of articular blood vessels.

The first evidence for involvement of noradrenaline 
as a neurotransmitter in articular nerves supplying the 
knee joint blood vessels came from the work carried out by 
Ferrell and Khoshbaten (1989b). It was concluded that the 
vasoconstrictor response to electrical stimulation of the 
rabbit knee joint capsule is mediated via noradrenaline 
acting upon ai -adrenoceptors.

The subsequent dilator response followed after 
vasoconstriction due to PAN stimulation, was abolished by 
intra-articular injection of the substance P antagonist 
(Ferrell and Cant 1987). This finding was also confirmed 
in a study on the rabbit (Chapter 4, section II).

In the present experiment by using laser Doppler
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flowmetry, attempts were made to establish more evidence 
whether such vasoconstriction and neurogenic vasodilation 
also occur in articular blood vessels in cat, and the 
nature of neurotransmitter(s ) released from nerve endings 
on these vessels.
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METHODS

I. Basic procedures

1. Animals

21 adult cats were used in the present studies, their 
weights varying between 1.8-4.5 kg; the mean figure being 
2.4 kg. These animals were starved for 12-18 hours prior 
to induction of anaesthesia.

2. Anaesthesia

In most cases, anaesthesia was induced by an 
intra-peritoneal injection of pentobarbitone ("Sagatal": 
May & Baker Ltd) in a dose of 45mg per kg. Maintenance of 
anaesthesia was by means of further intra-arterial 
injections of pentobarbitone in doses of 0.3-lml 
(30mg/ml), depending on the weight of cat. In this way, 
deep anaesthesia could be maintained for long periods. An 
animal was judged to be deeply anaesthetised when it no 
longer exhibited reflex withdrawal of the forelimb on 
pinching the skin of that forelimb. No surgical procedures 
were performed until the animal had reached this level of 
anaesthesia.

In some experiments, induction and maintenance of 
anaesthesia was achieved by administration of mixture of
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nitrous oxide, oxygen, and 2-4% halothane ("Fluothane": 
ICI) via a face mask.

3. Tracheotomy

The fur of the neck from the sternum to the jaw was 
shaved with clippers, and an incision made by scalpel
through the skin from the hyoid bone to suprasternal
notch. The skin flaps were retracted, and the thyrohyoid
muscles along the midline were separated to expose the
trachea. The sides of the trachea were completely cleared 
by blunt dissection, and a linen thread passed round it by 
means of an aneurysm needle. The trachea was raised by the 
thread and was cut halfway through between two tracheal 
rings craniad to the thread. The caudal edge of the cut 
was gripped in Spencer-Wells forceps, and a suitable glass 
trachea cannula was slipped into the trachea and tied in 
position.

4. Carotid artery cannulation

After tracheatomy, the right common carotid artery 
was exposed and freed from surrounding structures, 
particulary the vagi, and a heparinised cannula was 
inserted into this artery for monitoring arterial blood 
pressure and tied in place

The incision on the skin of the neck was then closed 
over with Michel clips.
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5. Temperature control

During the surgical procedures and experiments, the 
animal core temperature was checked, and whenever needed 
heat was supplied by means of heating elements built into 
the operating table. The core temperature was monitored by 
a rectal thermometer. The rectal temperature was 
maintained at 37+. 1°C. The temperature of the spinal and 
popliteal pools were also maintained at the same level by 
means of additional heating lamps.

II. Surgical procedures

When it was necessary to examine the effect of 
afferent C-fibres on the knee joint blood vessels, a 
laminectomy was necessary to expose the spinal cord, and 
isolation of dorsal roots L7 and Si . After induction of 
anaesthesia, tracheotomy, and carotid cannulation , the 
following procedures were carried out.

1. Laminectomy

The fur on the back of the animal was removed from 
the level of the Ti0 to the base of the tail. A midline 
incision was made from L4 to the root of the tail. After 
then the skin flaps were retracted, the superficial 
lumbodorsal fascia was incised to expose the tips of the 
spinous processes from L4 to S2 . The lumbar multifidus
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muscle was cleared from these spinous processes by blunt 
dissection with a scalpel. The articular and mammillary 
processes of Ls to Si were removed with large bone 
nibblers. Whilst gripping the spinous process of Ls , a 
small pair of bone nibblers was introduced between the L4 
and L s , and the roof of the vertebral canal on the right 
side was removed from Ls to S i . The bone and the ligaments 
between the spinous processes were then removed, followed 
by the bone forming the roof of the vertebral canal on the 
left side, thus exposing the spinal cord as seen in figure 
5.1. Damage to the cord was prevented by lifting the 
vertebral column with Spencer Wells forceps during these 
procedures. The lumbar multifidus muscles on both sides 
were removed. The spinal cord was covered with moist 
cotton wool, and the incision was temporarily closed with 
Michel clips.

2. Posterior articular nerve (PAN) dissection

After removal of the fur from the left knee joint to 
the ankle, an incision was made from three centimetres 
craniad to the knee, down to the ankle. The skin flaps 
were freed by blunt dissection and retracted, exposing the 
gastrocnfcmii and the popliteal fat pad. This pad was freed 
from surrounding structures and removed, its blood vessels 
being either cauterised or cut between double ligatures. 
The sciatic nerve and its branches could now be seen in 
the popliteal fossa. The common peroneal nerve was cut as 
it crossed the lateral aspect of lateral gastrocnemius.



Fig. 5.1. A: First step in the laminectomy, exposure of 
the vertebral spinous processes. L7 - S2 .

B: Exposure of the spinal cord after
laminectomy.



A
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The nerves to the medial and lateral gastrocnemius were 
then severed, and the two heads of gastrocnemius were 
separated from above downwards. On retraction of these, 
the posterior tibial nerve was visible on the deep surface 
lateral gastrocnemius as shown in figure 5.2 . A leash of 
nerves can be seen arising from the posterior tibial 
nerve. PAN usually forms the first branch of this leash, 
but in this figure it has been dissected free to simplify 
identification. PAN travels with the leash in the first 
part of its course, and then leaves it to pursue a some 
what tortuous course to the dorsum of the knee joint. On 
identification and dissection of PAN, a fine silk thread 
was loosely tied around it, to facilitate identification 
later in experiment. The posterior tibial nerve, posterior 
tibial leash, and nerve to soleus were all severed caudal 
to the point where PAN joins the posterior tibial nerve. 
Moist cotton wool was inserted in the popliteal fossa, and 
the skin incision closed with Michel clips.

3. Posterior tibial cannulation

To enable intra-arterial injections close to 
articular blood vessels, the posterior tibial artery was 
separated from surrounding structures and small branches 
in between the bifurcation of popliteal artery to 
posterior and anterior tibial arteries and 2 centimetres
down were all either ligated or cauterised, then a 25G 
polythene cannula was inserted retrogradly, and advanced 
until the its tip was just distal to the branches



Fig. 5.2. Photographs of the posterior articular nerve 
dissection.

A: Posterior articular nerve.
B: Posterior tibial leash.
C: Posterior tibial nerve.
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supplying the knee joint.

4. Arrangement of animal in the experimental frame

On completion of the surgical procedures, the animal 
was located into the frame. Figure 5.3A shows an empty 
experimental frame, where the head holder, hind limb 
holder, and metal rods for holding the electrodes can be 
seen. The animal was rigidly mounted to the frame as 
demonstrated in figure 5.3B . Particular attention was 
given to the placing and fixation of the left hind limb.

5. Formation of the spinal paraffin pool

Once the cat had been rigidly attached to the frame, 
a paraffin pool was formed at the site of laminectomy 
(Figure 5.4). The spinal paraffin pool was formed by using 
a strip of X-Ray film attached to the skin flaps of the
laminectomy incision by Michel clips. A circular or
elleptical pool was formed when the two ends of the strip 
were joined up. This pool was then filled with clear 
liquid paraffin at a temperature of 37 °C to cover the 

spinal cord.

6. Retraction of the Dura and exposure of the
spinal roots

With the aid of dissecting microscope, an incision 
was made in the dura and extended along the full length of



Fig. 5.3. A: Photograph shows an empty experimental
f rame.

B: Photograph shows how the animal is in
position for experimental procedures.





Fig. 5.4. Photographs of spinal paraffin pool. Dorsal 
roots L7 and Si were cut close to their entry to the 
spinal cord and retracted.
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the exposed spinal cord. Care was taken not to rupture or 
damage any of the small blood vessels overlying the spinal 
cord. The left and right flaps of the incised dura were 
then retracted and stitched onto the surrounding muscles 
in order to facilitate exposure of the dorsal roots. The 
exposed left dorsal roots L7 and Si were then lifted with 
a glass hook and separated from each other. These dorsal 
roots were then sectioned close to their entry to the 
spinal cord (Figure 5.4).

7. Formation of the popliteal paraffin pool

This pool was simply fashioned by rigidly positioning 
the hind limb at a knee joint angle of about 120°, and 
retracting the popliteal skin flaps and attaching these to 
the frame. Warmed liquid paraffin (37°C) was then poured 
into the popliteal fossa(Figure 5.5).

8. Locating the laser probe

The fibre optic probe (2mm in diameter), was either 
located on the external surface of posterior capsule 
(Figure 5.5) or a smaller probe (0.9mm in diameter) was 
inserted (via a 18G needle) from the antero-lateral side of 
knee into the joint cavity and advanced dorsally to 
contact the internal surface of the posterior capsule 
(Figure 5.6).

9. Stimulation of L7 and Si



Fig. 5.5. Photograph of popliteal paraffin pool. Laser 
probe is shown placed on theexternal surface of posterior 
joint capsule.





Fig. 5.6. Diagram of the experimental arrangement to show 
where the laser probe is located, A; view of lateral 
aspect of cat knee joint, B; posterior aspect of knee 
joint in cat. Laser probe was inserted from antero-lateral 
side through the infra-patellar region.
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Before cutting the PAN, L7 and Si dorsal roots were 
located on a pair of silver electrodes with an 
inter-electrode distance of two and half millimetres. 
Electrodes were connected to a Harvard advanced stimulator 
which produced square wave pulses whose duration, 
intensity, and frequency could be varied.

10. Stimulation of PAN

To see the direct effect of PAN stimulation, after 
the formation of the popliteal paraffin pool, under the 
dissecting microscope the PAN was located on a pair of 
silver electrodes connected to the stimulator and then was 
cut while the knee joint blood flow, arterial blood 
pressure, and heart rate were monitoring on th pen 
recorder.

11. Termination of the experiment

At the end of the experiment the animal was 
painlessly killed by an intra-arterial overdose injection 
of sodium pentobarbitone, 3-5ml, 200mg/ml (Euthatal, May & 
Baker Ltd.).

12. Statistics

Statistical data analysis was carried out by either 
paired or unpaired t test. An F test was also used to test
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the assumption of homogeneity of variances. Where this 
exceeded tabled F values, modified t values were generated 
using the formula described by Phillips (1978). All data 
expressed on graphs are means ± S.E.M. Differences between 
means were considered significant if the P values were 5% 
or less.
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RESULTS

1. Drug in.iection

a. The effect of adrenaline on articular blood vessels

Intra-arterial injection of adrenaline resulted in a 
dose-dependent vasoconstriction of the knee joint blood 
vessels (Figure 5.7). Although the response at each dose 
did not significantly differ from the response evoked by 
the preceding dose except for the 10"8M dose, they all 
differed significantly from control.

b. The effect of isoprenaline (ISO)

The presence of 13 receptors was tested by 
intra-arterial injection of isoprenaline, a j3-agonist. A 
constrictor response was observed following the injection 
(Figures 5.8, 5.10A). The injection of ISO was also
investigated after injections of both an a-antagonist, 
phentolamine and a 13-antagonist, propanolol (Figures 5.9, 
5.10B). The constrictor effect of ISO illustrated in 
figure 5.10A was mediated via a-adrenoceptors as it could 
be reduced by phentolamine (10~5M) while propanolol 
(10~4M) did not significantly change the response although 
the fall in blood pressure due to ISO injection was



Fig. 5.7. Intra-arterial injection of adrenaline (10"9M- 
10" 4M) produces dose/dependent vasoconstriction of 
articular blood vessels. n= 6-8, * PC0.05 .

The concentrations can be converted to the mass of drug 
inj0cted by multiplication of that concentration by

2x10"4 in this and subsequent figures.



De
cre

as
e 

in 
blo

od
 

flo
w 

(% 
of 

co
nt

ro
l)

75.0

37.5

0.0

9 8 7 6 5

Log adrenaline [mole/lit]



Fig. 5.8. The effect of close intra-arterial injection of 
isoprenaline (10_8M - 10_4M) on articular blood vessels 
(panel A), systolic blood pressure (panel B), and 
diastolic blood pressure (panel C). n=5, * P<0.05, **
P<0.01 .
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Fig. 5.9. Responses of articular blood vessels were 
compared between close intra-arterial injection of 
isoprenaline (10"4M ),before (A) and after injection of 
propranolol,10"4M (B), and phentolamine, 10"5M (C). There 
is no significant response between injection of 
isoprenaline before and after propranolol. But the 
response was obviously reduced by phentolamine injection 
prior to isoprenaline. *** P<0.001 , n= 5 - 7.
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attenuated(Figure 5.10).

c. The effect of acetylcholine (ACh)

The presence of cholinergic receptors was 
investigated by intra-arterial injection of ACh. As
illustrated in figure 5.11, there was a rise in articular
blood flow following the injection of ACh. The dilator 
effect of ACh illustrated in figure 5.12 shows a
dose-dependent vasodilation of these vessels. However
there was less response at a dose of 10"6M compared to 
the 10"7M dose. Monitoring arterial systolic and diastolic 
pressures during the experiments, permitted assessment of 
whether there is any systemic effect, following ACh 
injection. Obviously, by injecting 0.2ml ACh even at a 
dose 10"8M, arterial diastolic pressure was reduced. This 
could be because of a temporary systemic vasodilation 
since the heart rate did not change significantly (Figures 
5.11, 5.12). Injection of atropine (muscarinic blocker)
prior to ACh injection, attenuated the vasodilator effect 
of ACh (Figure 5.13). So the dilator response of ACh was 
mediated via muscarinic receptors.

d. The effect of histamine

Although histamine is widely known as a vasodilator 
agent in blood vessels (Haddy 1960, Powell and Brody 
1976), there are reports describing the use of histamine 
to raise the tone of blood vessels(Kennedy and Burnstock



Fig. 5.10. Traces show the effect of isoprenaline on the 
knee joint blood vessels and arterial blood pressure 
before (panel A) and after (panel B) propranolol(10“4M ).
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Fig. 5.11. Trace shows that intra-arterial injection of 
ACh (10-8M) produce vasodilation in articular blood 
vessels (top trace). Arterial blood pressure transiently 
falls down but there is no change in heart rate. 
Electrical stimulation of the L7 dorsal roots also induces 
dilatation of these blood vessels.
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Fig. 5.12. A: the effect of intra-arterial administration 
of different doses of ACh on articular blood vessels. ACh 
produces a vasodilator response in these blood vessels.

B: The effect of ACh injection on arterial
diastolic pressure. * P<0.05, ** P<0.01, *** P<0.001,
n=5-7.
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Fig. 5.13. Histograms compare the effect of ACh 10“4M on
articular blood vessels before (CTL) and after
intra-arterial injection of atropine 10“4M (ATR). This 
effect was significantly reduced. n= 5, *** P<0.001.
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1985). In the present study, intra-arterial injection of 
histamine resulted in a biphasic response, an initial 
rise followed by a prolonged fall in blood flow in
articular blood vessels (Figure 5.14B). As illustrated in 
figure 5.14A the dilator response was most obvious at low 
doses (10_11M to 10“8M) while the constrictor effect
became significant from 10“8M, and this response was 
dose-dependent where as the dilator response was not 
(Figure 5.15). Following injection of histamine 10“8M and 
up, there were falls in arterial systolic and diastolic 
pressures and rises in heart rate. These change were the 
systemic effects of histamine which entered the 
circulation. As illustrated in figure 5.14B, whilst the 
systemic effects of histamine started to reverse, the 
constrictor response to histamine was still increasing. 
Thus the possibility that the fall in articular blood flow 
was only due to decrease in systemic blood pressure
appears unlikely. Injection of diphenhydramine
(Hi-blocker) reduced both effects of histamine on 
articular blood vessels and systemic blood pressure
(Figure 5.16).

2. Nerve stimulation

a. Denervation of the posterior articular nerve (PAN)

After dissecting the PAN free from surrounding 
tissue, it was placed over double silver chloride hook 
electrodes in the popliteal paraffin pool. Thereafter, it



Fig. 5.14. Panel A: shows signal representing the
vasodilator response to injection of histamine at low 
doses (10"9M ).

Panel B: shows the biphasic effect of histamine 
in higher doses (10~5M).

Panel C: shows the reduction of response to
histamine in present of diphenhydramine. Middle and lower 
traces show arterial blood pressure and heart rate changes 
respectively.
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Fig. 5.15. A: Intra-arterial injection of histamine
produces dilator response in articular blood vessels.

B: Following the dilatory response to
histamine injection there is also vasoconstriction in the 
same blood vessels.

C: Injection of histamine causes a fall in 
arterial diastolic blood pressure at the same time. * 
P<0.05, ** P<0.01. n= 5 - 8.
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Fig. 5.16. Responses to close intra-arterial injection of 
histamine (10-4M) before (filled histogram) and after 
(open histogram) injection of diphenhydramine (10~4 ). 
Constrictor response (A) followed by the dilator response 
(B) of histamine was significantly affected by 
diphenhydramine. The percentage fall in diastolic pressure 
in result of histamine injection was also attenuated(C). 
n= 5, * P<0.05, ** P<0.01 .
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Fig. 5.17. Acute transection of PAN induces a rise in knee 
joint blood flow. This could be the result of removal of 
sympathetic basal tone from these vessels. Arrow shows the 
point of transection.
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was cut proximally. As shown in figure 5.17, in some 
experiments transection of the PAN resulted in an obvious 
rise in blood flow to the joint.

b. Stimulation of PAN

In 8 out of 14 cats, stimulation of articular nerve 
fibres resulted in a characteristic pattern of initial 
fall in the blood flow of the knee joint during 
stimulation followed by a prolonged vasodilation on 
cessation of stimulation (Figure 5.18). In all 14 cats the 
constrictor response was observed on electrical 
stimulation of PAN (table 8).

In order to check whether the responses to PAN 
stimulation only reflected changes occurring in articular 
blood vessels, in experiments using the intra-articular 
probe, a film of black polythene was placed between the 
outer surface of posterior capsule and the muscles 
overlying the posterior capsule (Figure 5.19). In other 
experiments with the laser probe on the external surface 
of posterior capsule, the polythene film was located
between the capsule and condyle of femur via a small 
incision through the capsule (Figure 5.20). When 
electrical stimulation was applied before and after
removal of the polythene film, no change was observed with 
either of these manoeuvers.

Responses to PAN stimulation were obtained both by 
increasing the number of pulses per second and also by
increasing the stimulus voltage(Figure 5.21). These showed



Fig. 5.18. The top trace shows the signal obtained from 
the blood flow monitor in response to electrical 
stimulation of the PAN. Vasoconstriction occurs during 
stimulation followed by dilation on cessation of 
stimulation. As the PAN was sectioned proximally heart 
rate and arterial blood pressure remained constant. Small 
bars represent the time of stimulation (10V, 10HZ, 1msec).
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Fig. 5.19. Responses to stimulation of PAN (10V, 10HZ, 
lmsec) before and after locating of black polyethylene 
film between outer surface of posterior capsule and 
covering tissues e.g.muscles and skin. Flow probe was 
inserted antro-laterally and advanced until it contacted 
the internal surface of posterior capsule. Arrow shows the 
time that black polyethylene film was put in place. S bars 
represent the time of stimulation.
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Fig. 5.20. Responses to stimulation of PAN (10V, 10HZ, 
lmsec) before and after removal of black polyethylene film 
which was located between internal surface of posterior 
capsule and femoral condyle. The probe was placed on the 
external surface of posterior capsule. Arrow shows the 
time that the black polythene was removed. Bars indicate 
the time of stimulation.
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Fig. 5.21. This graph plots the constrictor response 
against frequency of PAN stimulation with 5Volt ( • ), and 
lOVolt ( 0 ) magnitudes. No significant changes are
observed between two different voltages. n= 5 - 12.
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Table 8

NO of Date Constrictor Dilator Dilator followed
animal reponse response using a blocker

1. 15/5/88 +++ ++
2. 21/1/89 +++ -
3. 27/1/89 ++ -
4. 1 /2/89 ++++ -
5. 8 /2/89 ++++ -
6. 12/2/89 +++ +++
7. 15/2/89 +++ +* +
8. 22/2/89 +++ + +
9. 28/2/89 ++ +* +
10. 8 /3/89 ++ +++ ++
11. 15/3/89 +++ ++ ++
12. 19/4/89 ++++ -
13. 25/5/89 +++ +
14. 3 /5/89 ++ -

Table 8: The responses of articular blood vessels to posterior articular 
nerve stimulation in 14 cats. (-); No response, (+); Up to 15%, (++); 
15-30%, (+++); 30-50%, (++++); 50% and more, * Dilator response absent 
initially but appeared later in recording period.
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considerable enhancement of constrictor response to 
increasing the frequency but little significant change to 
increasing the voltage. As illustrated in figure 5.22, 
there was a consistent response to PAN stimulation
following at intervals of five minutes. Different trains
of stimuli were also applied while the frequency and
voltage were maintained constant at 10HZ and lOVolts
respectively (Figure 5.23). As shown, the longer the 
duration of the stimulus train, the greater the 
constrictor response and the longer the recovery period.

c. The effect of different antagonists on PAN 
stimulation

The object of these experiments was to assess whether 
PAN stimulation mediates its constrictor effect via 
noradrenaline or other mediator!s) released from 
sympathetic efferent fibres. Figure 5.24 shows that the
constrictor response was lowered following perfusion of 
knee joint vessels with guanethidine (10~ 5 M ) which blocks 
the release of neurotransmitters such as noradrenaline, 
ATP, and NPY (Lundberg et al 1984). As shown in figures 
5.25, 5.26, close intra-arterial injection of
phentolamine , an ai , a,2 -blocker ( 10_ 5 M ) ; and prazosin, an 
ai-blocker (10-5M), like guanethidine, attenuated the 
constrictor response due to nerve stimulation but
rauwolscine, an a.2 -blocker (10“5M), and a, 13 mATP, a
P2 -purinoceptor desensitiser(10”5M ) did not. It is 
noticeable that perfusion with guanethidine, and



Fig. 5.22. Upper trace shows consistent vasoconstricto 
response 5 min after previous period of stimulation. S 
time of stimulation. Arterial blood pressure (middl 
trace) and heart rate (lower trace) were also monitored.
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Fig. 5.23. The effect of PAN stimulation at different 
durations but at the same magnitude (10V), pulse width 
(lmsec), and frequency (10HZ). The longer the duration of 
stimulus resulted in greater constrictor response and 
longer recovery period. Bars represent the period of 
stimulation. Arterial blood pressure (middle trace) and 
heart rate (lower trace) were also monitored. Since PAN 
was sectioned centrally, no changes in blood pressure or 
heart rate were observed during nerve stimulation.
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Fig. 5.24. Upper trace show the effect of guanethidine 
(10-5M) perfusion on vasoconstrictor responses of 
articular blood vessels. By removing the constrictor 
response, the dilator response to PAN stimulation became 
obvious. S bars represent periods of stimulation. 
Middle and lower traces show arterial blood pressure and 
heart rate changes respectively. A: start of guanethidine
perfusion, B: perfusion stopped.
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Fig. 5.25. The constrictor response to PAN stimulation is 
shown before (black histogram) and after administration of 
different antagonists, GUA; guanithidine (10"5M), PHA; 
phentolamine (10_5M) , PRA; prazosin (10_5M), RAW;
rauwolscine (10'5M), and a, 0 mATP (10~5M). n= 5 - 8, NS: 
Non significant, * P<0.05, ** P<0.01, *** P<0.001 .
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Fig. 5.26. PAN stimulation induces a vasoconstrictor 
response in articular blood vessels (10HZ, 10V, 1msec). 
This response was not affected by rauwolscine (RAW 10“5M), 
or a, 0 mATP (10_5M), which were both administered 
intra-arterially prior to nerve stimulation. The 
vasoconstrictor response was not only abolished by 
administration of phentolamine (10_5M), but a dilator 
response also became evident (upper trace). SAL: 
injection of 0.2ml saline. Middle and lower traces show 
arterial blood pressure and heart rate changes 
respectively.
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phentolamine not only attenuated the constrictor response 
to PAN stimulation but also it enhanced the dilator 
response (Figures 5.24, 5.26). The effectiveness of
phentolamine and prazosin but not rauwolscine and a, 13 mATP 
in reducing the constrictor effect of PAN stimulation on 
articular blood vessels suggests that the neurotransmitter 
involved in constriction of these vessels is noradrenaline 
acting upon ai-adrenoceptors.

d. Dorsal root stimulation

In early experiments antidromic activation of knee 
joint C fibre afferents was achieved by direct electrical 
stimulation of PAN (Ferrell and Cant 1987). To see whether 
the dilator response to PAN stimulation in these 
experiments was due to activation of afferent C-fibres, 
dorsal roots of L7 and Si (which include most of afferent 
fibres arising from sensory receptors in the dorsal aspect 
of the knee joint capsule (Skoglund 1956)) were 
stimulated. As illustrated in figure 5.27, electrical 
stimulation of L7 induced a monophasic dilator response in 
articular blood vessels. Comparing the dilator responses 
of Li7 and PAN stimulation together, the response to PAN 
stimulation was less (Figure 5.28). This could be because 
of activation of efferent sympathetic fibres, as the 
dilator response was significantly greater due to PAN 
stimulation when an a-blocker was used (Figure 5.28). The 
dilator response due to either L7 , or PAN stimulation was 
reduced by intra-art icular injection of lOOug' of



Fig. 5.27. Traces of representative recordings of 
articular blood flow changes are shown (upper trace) when 
L7 dorsal roots were stimulated (10HZ, 10V, 1msec)before
(A) and after (B) administration of intra-articular 
injection of substance-P antagonist (lOOug). There is no 
changes in either arterial blood pressure (middle trace) 
or heart rate (lower trace). Bars indicate time of 
stimulation.
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Fig. 5.28. Comparison of the dilator response to 
electrical stimulation of L7 and Si , L7 stimulation before 
and after intra-articular injection of a substance P 
antagonist (SPA); L7 and PAN stimulation after injection 
of an a blocker such as phentolamine (P+B); PAN 
stimulation before and after the a blocker (P+B), and PAN 
stimulation before and after SPA. As shown in this figure 
L7 is the dorsal root which contains most of afferent C 
fibres arising from the posterior joint capsule. Responses 
to either L7 and PAN stimulation were significantly 
reduced by SPA. n = 7-12 * p<0.05, ** P<0.01, *** P<0.001.
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substance P antagonist (D-Pro 4, D-Trp 7, 9, 10)- SP(4-11) 
prior to electrical stimulation of these nerves(Figures 
5.27, 5.28).
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DISCUSSION

The purposes of the present investigation were three 
fold; pirst, to attempt to identify response of articular 
blood vessels to exogenous drugs such as adrenaline (AD) 
isoprenaline (ISO), histamine (HIS), and acetylcholine 
(ACh) and quantify these responses. Second, to assess the 
changes in knee joint blood flow during stimulation of
nerves supplying these vessels. Third, to identify the
mediator(s) released during nerve stimulation.

1. The effect of AD. ISO. HIS, and ACh

The present data show that adrenaline and 
isoprenaline induce dose-dependent vasoconstriction in 
articular blood vessels. The reduction in the flowmeter 
signal during administration of ISO could have resulted 
from either fall in blood pressure or shunting of blood 
flow to surrounding muscles in addition to any articular 
blood vessel constriction. However, these are unlikely to 
have contributed significantly as the effect was 
attenuated by phentolamine but not by propanolol. Thus 
there is no evidence to indicate the presence of 13 
adrenoceptors on articular blood vessels in the cat. The
constrictor effect was consistent with the findings of
Cobbold and Lewis in dog (1956a), and Ferrell and 
Khoshbaten in rabbit (1989a). However, Cobbold and Lewis
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did not quantify their results.

In this vascular bed, intra-arterial injection of low 
to high concentrations of ACh resulted in graded 
vasodilator response, with a fallin the arterial diastolic 
pressure. Fall in arterial diastolic pressure could be the 
effect of ACh on other blood vessels inducing vasodilation 
while the heart rate did not change. The relaxation of 
vascular smooth muscle by ACf» was highly sensitive to 
blockade by atropine.

ACh released from sympathetic cholinergic nerves 
innervating the precapillary resistance vessels of 
skeletal muscles cause dilatation of these blood vessels 
acting directly on vascular smooth muscle cells (Berne and 
Levy 1986). Another possibility is that ACh also produces 
a powerful vasodilator action in-vivo via endothelial 
derived relaxant factor(EDRF) released from the 
endothelium (Furchgott 1981). This possibility was also 
confirmed in another study in rabbit knee joint blood 
vessels by Ferrell and Khoshbaten (1989b). Whether the 
effect of ACh on articular blood vessels in the cat is 
either a direct effect on vascular smooth muscle or via 
endothelial layer lining internal surface of these vessels 
requires further investigation.

In some cats, the effect of intra-arterial injection 
of histamine was tested. The results show an initial 
vasodilation followed by a prolonged constrictor effect in 
knee joint blood vessels. The constrictor effect was
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dose-dependent.

Reports have indicated that histamine induces 
vasodilation in most blood vessels (Haddy 1960, Powell and 
Brody 1976) as well as increasing capillary permeability 
(Lewis and Grant 1924). However, in other studies, 
histamine was used to enhance the contractility of some 
vascular smooth muscles (Kennedy and Burnstock 1985, 
Furchgott 1981 ) . Histamine acts on two separate and 
distinct receptors, termed Hi and H2 receptors. Both Hi 
and H2 receptors could mediate the vasodilator effect of 
histamine (Powell and Brody 1976). The Hi receptors are 
generally more important, except for certain area such as 
temporal artery in human (Powell and Brody 1976). As these 
results show, both responses (dilator and constrictor 
effects) are present in articular blood vessels of cats, 
although the dilator reponse was absent in the same blood 
vessels in the rabbit (chapter 4, section III of this 
research). The possibility that fall in articular blood 
flow could be the result of dilatation of other adjacent 
vascular beds was ruled out, because at the same time that 
arterial blood pressure was returning to the baseline, the 
articular blood vessels were still constricted. It is also 
noticeable these effects were significantly reduced by 
injection of diphenhydramine (Hi-blocker), so it is 
suggested that most of histamine effect was via Hi 
-receptors. But whether histamine exerts its effects via 
receptors on vascular smooth muscles or the endothelial 
layer or both is unclear.
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2.The effect of nerve stimulation

Stimulation of posterior articular nerve resulted in 
an initial vasoconstriction of articular blood vessels of 
all animals (14 cats) during the stimulation period 
followed by a prolonged vasodilation on cessation of 
stimulation (in 8 cats). The results of the present 
investigation indicate that, consistent with the findings 
of Cobbold and Lewis in the dog (1956b), and Khoshbaten 
and Ferrell in the rabbit (1989), articular nerves (e.g. 
PAN), in the cat also contain sympathetic efferent fibres 
which are vasoconstricting in nature. The dilator response 
was observed in previous experiments carried out in the 
cat by Ferrell and Cant (1987) but not in the observations 
made by Cobbold and Lewis (1956b). The present 
observations more closely resemble those obtained by 
Ferrell and Cant (1987).

The dilator response was demonstrated to arise from 
afferent fibres as it could be elicited on electrical 
stimulation of the appropriate dorsal roots (L 7 ). The lack 
of dilator response in the experiments of Cobbold and 
Lewis (1956b) is perhaps due to differences in the 
techniques, species, or more likely differences in the 
nerve used (MAN vs PAN). The differences between present 
results where in some animals the dilator response was 
absent, and those of Ferrell and Cant (1987) could be due 
to differences in techniques of blood flow monitoring. In 
the present research more localised areas of the posterior
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capsule were used by placing the tip of the probe on 
different areas of capsule. So it can also be due to 
differences in the distribution of afferent C fibres. In 
experiments where the dilator response was absent, the 
possibility exists that the prolonged recovery period 
followed vasoconstriction induced by PAN stimulation 
could mask the dilator response.

The findings from this study, taken together with the 
results of previous experiments (Ferrell and Russell 1985, 
Ferrell and Cant 1987, Khoshbaten and Ferrell 1989), 
indicate that the components of neurogenic inflammation 
-vasodilation and increased permeability of blood vessels- 
occur on antidromic stimulation of afferent C fibres in 
articular nerve. It is possible these fibres could 
contribute to the initiation or maintenance of the 
inflammatory process. Therefore, the potential for a 
neurogenic component of joint inflammation exists, 
particulary in view of the finding that the spontaneous 
activity of C fibres is enhanced in acutely inflamed 
joints in cat (Coggeshall et al 1983) and rats (Guilband 
et al 1985 ) .

3. Mediator released during nerve stimulation

These results show that like other blood vessels, 
articular blood vessels are also innervated by sympathetic 
efferent fibres. The vasoconstrictor response to 
electrical nerve stimulation (PAN) was significantly
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reduced almost equally effectively by the ai , a,2 -blocker 
phentolamine, by guanithidine, and by the ai -blocker 
prazosin, suggesting this response is mainly mediated by 
noradrenaline. The vasoconstrictor response which was due 
to PAN stimulation in the cat appeared to be resistant to 
rauwolscine, an 0,2 -adrenoceptor antagonist. These results 
are consistent with the previous observation in rabbit 
that NA released from sympathetic efferent fibres is 
acting mainly via ai -adrenoceptors (Ferrell and 
Khoshbaten 1989c).

There is compelling evidence that ATP is stored 
together with NA in adrenergic nerves (Su 1975 Levitt and 
Westfall 1982, Sneddon and Burnstock 1984, Burnstock 
1985). In order to test this possibility that ATP is 
contributing as mediator or transmitter from articular 
sympathetic nerve endings, the effect of a P2 
-purinoceptor desensit iser, a, J3 methylene ATP was tried, 
a, j3 mATP did not change the magnitude of constrictor 
response. So in present study no evidence was obtained to 
indicate that ATP is released from nerve endings and 
contributes towards the vasoconstriction elicited by 
electrical stimulation of PAN.

Intra-articular injection of substance P antagonist 
reduced the magnitude of dilator response elicited by 
either electrical stimulation of dorsal roots (L7 ) or PAN 
stimulation. Assuming that (D-Pro4,D-Trp7,9,10)-SP(4-11) 
is a specific substance P antagonist, it would appear
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that the dilator response is mediated by articular 
afferents which release substance P from their terminals 
when depolarised. This is very similar to the results from 
the rabbit experiments (chapter 4 section II).

Therefore, by knowing the existence of substance P in 
the articular C fibre afferents, and their vasodilator 
effect, it is possible that these fibres may have an 
important role to play in local regulation of blood 
flow and also in acute inflammatory joint diseases besides 
their well-known role in nociception.

***
*
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Appendix A

a . Preparation of Gelatin-KI-Barium Sulfate

All the procedures and ingredients which were used for 
preparation of Gelatin -KI- Barium Sulfate were carried 
out according to technique of Schlesingers medium 
(Schlesinger 1957).

b . Injection of specimen

A polythene cannula which has been already inserted 
into the popliteal artery was gently flushed with a few ml 
of saline solution to free articular blood vessels of air
and to identify leaks so that they may be stopped. With
the specimen ready for injection, procedures were:

(i). The bottle of the Gelatin - KI - Barium mass
was shaken to distribute the barium sulfate evenly.

(ii). 26ml of the mass poured into small bottle.
(iii). 1ml distilled water was added to it.
(iv). 3ml formalin (40%) was also added.
(v). Immediately after adding of formalin, 1ml

injection was administered by 1ml syringe.
(vi). After injection of radiopaque mass, the whole 

tissue was transferred to a bottle filled with formalin 
(10%) to be fixed.
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c . Clearing technique

Following the tissue fixation in the formalin (10%) for 
a day, clearing method was carried out to identify the 
existence of radiopaque mass in the blood vessels.

Clearing method:

(i). Tissue was washed out with tap water.
(ii). Tissue was transferred to 70 percent alcohol 

(methyl alcohol) for 12 hours.
(iii). Tissue was again transferred to 90 percent 

alcohol for 24 hours and this was repeated for following 
seven days

(iv). For final dehydration, tissue was transferred 
to 100 percent alcohol (ethyl alcohol) for 24 hours and 
seven times.

(v). At last, for clearing, tissue was mounted into 
methyl sulicylate for about 4-6 hours.

(vi). When tissue was cleared some pictures were 
taken to visualized where the radiopaque mass were.

As it is shown in figure 2.14 radiopaque mass are found 
in the joint blood vessels. Although disadvantage of this 
method was that it can not show whether the radiopaque 
mass were in blood vessels supply bones or not, bu this 
possibility was ruled out by Evans blue injection 
technique.
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Appendix B

Processing for semi-thin histology

1. The specimens were fixed in 10% formalin.
2. They were washed with:

a. Millonig’s buffer for 0.5 hour.
b. 70% ethanol alcohol for 1 hour.
c. 90% ethanol alcohol for 1 hour.
d. 100% ethanol alcohol, four changes over six hours 

period.
e. Propylene oxide, Two changes over 40 minutes.
f. Propylene oxide/ Spurr’s resin 1:1 mixture, for

eight hours.
g. Propylene oxide/ Spurr’s resin 1:3 mixture, for

eight hours.
h. Pure Spurr’s resin, twice over 48 hours.

3. Specimens were then embedded in fresh Spurr’s resin. 
Polymerisation began overnight at 35 °C rising thereafter 
to 65 °C for 24 hours.

4. Serial sections were then cut on a reichert-jung 
autocut ultramicrotome at a thickness of 1 um, using 6mm 
wide glass knives of the Latta-Hartman type

5. Section were mounted on the glass slides and left to 
dry.

6. Sections were then stained either by Toludine blue 
or Haematoxyline and Eosin (H & E),

Process of H & E staining:
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The sections have been:
1. Deresinated in saturated NaOH in Ethanol for 20mins.
2. Hydrated in:

a. Absolute alcohol for 30sec - lmin, three times.
b. 90% alcohol (Ethyl) 30sec - lmin.
c. 70% alcohol (Ethyl) l-2min.

3. Washed in water twice.
4. Stained with wiegert’s Haemotoxyline for 5-7min.
5. Washed in water.
6. Differentiated in 1% acid/alcohol.
7. Washed in water.
8. Blued in Scotts.
9. Washed in water
10. Stained in 2% eosin for 10-20min.
11. Washed in water
12. Dehydrated in:

a. 70% alcohol (Differentiated eosin).
b. 90% alcohol (Differentiated eosin).
c. Absolute alcohol twice.

13. Cleared in xylene for 5min.
14. Mounted in Histomount.

Process of Toludine blue 

Sections have been:
1. stained with toludine blue for lOsec.
2. Dried with air
3. Mounted in Histomount.
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