





of diffusion, which states that the ratio of resistances of the
layers to a very small solute, whose diffusion is negligibly
restricted within either layer, is (Aj/!l1)/(A2/ 1), where A is
equivalent pore area and [ is pafhlength in membranes 1 and 2.
A1/ A may be estimated from the ratio of the area of intimal
intracellular matrix (McDonald & Levick, 1988) to the area of
endothelial diffusion, consisting of intercellular junctions (Landis
& Pappenheimer, 1963) and fenestrae (Levick & Smaje, 1987).
The distance (/) from the capillary plexus to the joint surface
averages 10um (Knight & Levick, 1984) and the thickness of the
endothelial barrier is significantly less (0.lum for intracellular
junctions and 4nm for fenestral membrane- but fenestrae
maybe 100nm due to glycocalyx and basement membrane
(Levick, 1989)). Substituting these figures for area and length
indicates that the capillary wall only accounts for 25-75% of the
total resistance. However, when the radius of the solute is taken
into consideration, solutes with a radius of between one and
eight nanometres are restricted principally by the endothelium
(Levick, 1981). Albumin is therefore restricted principally by
the endothelium, while for larger proteins, such as globulins, the
intimal layer dominates the net resistance to exchange.

Although the degree of permeability of the blood-joint barrier
is sufficient to give protein concentrations approximating 42% of
plasma levels, the control perfusion experiments performed here
demonstrate that this extravasation does not happen sufficiently

quickly to maintain a measurable level of protein in the
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perfusate. Pre-infusion levels of protein in the rat knee joint will
approximate 25 g/l, which, allowing for a ten-fold dilution by
the perfusate, 1is approximately ten times greater than the
largest concentration of protein extravasated during peptide
perfusion. Perfusion of the joint with SP or NKA results in an
increased level of protein in the perfusate, Which must result
from an increase in the rate of diffusion of protein across the
barrier. As NK receptors are located principally on the
endothelium, the increase in permeability is most likely to occur
at this level. The principle oncotic agent, albumin, is the main
protein molecule restricted by the endothelium and an increase
in permeability will therefore involve a decrease in o,1p. This
increase in permeability of the endothelium can arise from 1)
increase in the size of endothelial channels e.g. fenestrae 2) a
reduction in endothelial fibre matrix density 3) a greatly
increased rate of vesicular transport. The time course of the
response favours the first option.

Fluid exchange between blood and the synovial cavity should
be described by Starling’s hypothesis of fluid exchange (Starling,
1896) and will depend on the hydraulic and osmotic pressures in
the synovial capillaries and joint cavity. The effect of capillary
blood pressure (Knight & Levick, 1985), plasma colloid osmotic
pressure  (COP) (Knight er al, 1988) and intra-articular
hydrostatic pressure (Levick, 1979) on synovial fluid exchange
are consistent with Starling’s hypothesis of fluid exchange.

However, as plasma proteins can slowly permeate the blood-
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joint barrier, the osmotic pressure exerted by them depends not
only on the concentration difference on either side of the semi-
permeable membrane, but also on the osmotic reflection
coefficient of the membrane (o). As the size of endothelial 'gaps
increase, then the greater will be the contribution of bulk flow of
fluid to the net transport of proteins and solvents. The amount of
solvent extravasated will have a limited effect on  protein
concentration measured, as it will be minimal compared to the
0.1 ml of saline perfused through the joint. It should also be
noted that albumin exerts less of an oncotic pressure in the joint
than in the ©blood stream, due to - a low protein local
ultrafiltration stream from  fenestrae  diluting the protein
(Levick, McDonald & Knight, 1991).

An increase in intraarticular pressure above yield pressure
(9.5 cm Hy0) results in an increase in hydraulic permeability of
synovium (Knight & Levick, 1985) which is due to a marked
increase in interstitial area (McDonald & Levick, 1988) and a
reduction in extravascular path length (Levick & McDonald,
1989a; 1989b). Joint pressures were not recorded during
perfusion of the joints and it may be possible that there was an
increase in pressure in some experiments. Although minimal
extravasation was recorded during the control perfusion, if the
intimal resistance is reduced then the endothelium becomes the
rate limiting step for diffusion. It is possible, therefore, that
large proteins which would not normally show an increase in the

rate of diffusion in response to increased endothelial
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permeability, do so when the intima is compromised. As these
proteins (e.g. globulins) are too large to pass through fenestrae,
this would necessitate an increase in the rate of vesicular

transport.
D) SP evokes desensitisation

Progressive decline and block of the effect have been
described in various cases when an agonist is acting in high
concentrations over an extended period e.g. the muscle end plate
of- frog sartorius repolarises spontaneously despite the continued
presence of acetylcholine. Explanations of this phenomenon of
desensitisation are inactivation of the receptor itself or
exhaustion of some limited substances specifically required for
the reaction, following binding of the agonist and the receptor. It
is also possible that the variable being measured becomes
depleted or the rate of degradation of the agonist increases.

The reactive form of the receptor is able to form a drug-
receptor complex which may then dissociate back to the receptor
and unbound agonist. However, the receptor bound with the
agonist may also undergo very slow change, becoming
inactivated. The reactivation of the receptor also proceeds
slowly. In this way, if all the receptors are in the reactive state
at the start of the reaction, the effect progressively declines
because the concentration of reactive receptors diminishes as

long as the rate of inactivation exceeds that of reactivation (Fig.
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65). This receptor-inactivation theory (Gosselin, 1977)
accommodates the major elements of both the occupation (Clark,
1933) and rate (Paton, 1961) theories of drug-receptor
interactions. The receptor-inactivation theory also predicts that
the latent period between addition of drug and peak response
decreases with dose (Gosselin, 1977). This is consistent with the
time to peak response in the normal animals (Fig. 55)

The main second messenger system coupled to activation of
the three known neurokinin receptor types is stimulation of
phospholipase C leading to phosphoinositide breakdown  and
elevation of intracellular calcium. The large number of potential
targets for phosphorylation in the C-terminal, cytoplasmic region
of the receptor may be related to desensitisation (Hersey &
Krause, 1990). There may also be depletion of some elements of
the second messenger system e.g. calcium. The events following
second messenger activation remain unclear and it is uncertain if
there could be any depletion of substances between the second
messenger system and activation of the response.

The depletion of albumin or the blockage of dilated fenestrae
by large molecules are not likely as protein extravasation
continues in the inflamed joints.

Desensitisation is a feature common to many NK-1 receptor
mediated events and is more intense than for NK-2 or NK-3
mediated responses (Moskowitz et al, 1987). In the present
experiments both SP and NKA have the same time course of

protein extravasation. This could be because NKA is exerting the
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Figure 65: The free receptor (R) and agonist (A)
interact to form an active receptor complex (RA).
This may become inactivated (R'A) before
dissociation takes place (R'+A). The relative rates
of activation and deactivation dictate the rate of
desensitisation.






majority of its effect at NK-1 receptors. With both SP and NKA
the response decays over a period of twelve minutes after the
maximum and does not reappear with continued perfusion of the
agonist. The time course of the decline in response in the joint is
similar to the time course of the effect on blood pressure.
Following one hour of saline perfusion there is a response to re-
introduced SP or NKA, but this response is less than the previous
peak. This could be in part because of incomplete removal of SP
during the saline perfusion, providing some continued

desensitisation.

E) Inflammation increases the sensitivity to SP and reduces

desensitisation

The response of a tissue to stimulation by an agonist is a
product of the affinity and intrinsic efficacy of the agonist and
the amplification of the effect by the tissue. The intrinsic efficacy
and the tissue response are sometimes described together as the
intrinsic activity, although this term also originally represented
the efficacy alone (Ariens, 1954) (this would only be true if a
linear relationship exists between receptor occupancy and tissue
response). The affinity of an agonist is the tenacity with which it
binds to its receptor or, in statistical terms, the probability of
binding to a free receptor at any given instant. The intrinsic
efficacy is the inherent property that imparts the biological

signal to the receptor to result in a response and is a property of
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the agonist, not the tissue. Tissues are amplifiers of the effects of
agonists and can vary dramatically in their threshold and
maximal limits of amplification. The observed response is what
the tissue does with the signal from the receptor.

It follows, therefore, that the increased sensitivity of the
inflamed tissues to SP is either the result of increased
amplification of the signal by the inflamed tissues, or an up-
regulation of the receptors. The dose-response curve for protein
extravasation with SP perfusion in the inflamed joint displays a
shift to the left. The pD; of SP in the inflamed joint is 8.5
compared to a pDp value of 7.0 in the normal joint (Fig. 53).
However, because of tissue amplification systems for receptor
stimuli, the concentration of agonist that produces half the
maximal response is not necessarily the agonist concentration
that occupies half the receptor population. A left-shift is
therefore not necessarily the result of increased affinity.

An amplification by the tissues could result in a response
being detectable at lower concentrations of SP, as well as
increasing the response to more concentrated SP. This
amplification could be due to an increase in the effective
concentration of the agonist at the receptors or to an increase in
the number of effective receptors. Blood vessels are more
permeable in inflamed joints than in normal joints as
demonstrated by the degree of protein extravasated in the
inflamed joints (Fig. 52). As protein can diffuse out of the vessels

more readily in the inflamed joint, peptides should be able to
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diffuse into the vessel more readily and achieve  greater
concentrations inside the capillaries. This 1is because both
peptides and albumin have their rate of diffusion limited by the
capillary fenestrae, which will be dilated if albumin is diffusing
out more rapidly. As the majority of the NK-1 receptors are
located on the endothelial cells it is possible that the effective
concentration of the agonist at these receptors is increased in the
inflamed joint by SP diffusing through the fenestrae. This may
increase the total number of effective receptors, thereby
amplifying the response. It is also possible, that with some
endothelial cells already contracted and fenestrae open as a
result of the inflammation, a further contraction of endothelial
cells in response to SP perfusion produces a disproportionate
increase in the size of the fenestrae as a result of the tension in
the endothelium 1i.e. the tissue response 1is non-linear. An
increased amplification by the tissue would also result from an
activation of the second messenger system. If SP and carageenan
share similar second messenger systems it is possible that this
system has been primed by the introduction of carageenan.
Subsequent stimulation by SP would then produce a greater
effect, i.e. each binding of SP to a receptor will produce a greater
response in the inflamed joint. Dilatation of blood vesels in the
inflamed joint may also be responsible for both the protracted
time course and increased sensitivity. CGRP, a known vasodilator,
has been shown to inrease the sensitivity and prolong the

extravasation produced by SP perfusion (Green er al, 1992). Also,
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as SP partly mediates its inflammatory response through mast
cells, it is possible that an increase in activity of the mast cells in
the inflamed joint will increase the sensitivity to SP perfusion.
NK-1 agonists which are devoid of mast cell degranulating
effects (Drapeau et al, 1987) could be used to distinguish the
mast cell component of the response to SP in the inflamed joint.

It is also possible that the sensitisation to SP in the inflamed
joint is due to up-regulation of the receptors. Drug binding
involves diffusion to the receptor followed by formation of the
drug-receptor complex. The  association rate constant for
diffusion to the receptor (kp;) is influenced by various factors,
including the viscosity of the medium and the radius of the
target on the receptor. A decrease in the viscosity of the medium
in proximity to the receptor as a result of extravasation, or an
increase in the radius of the receptor target as a result of
conformational changes would both increase the diffusion rate. A
drug-receptor complex is formed when intermolecular forces
between the agonist and receptor modify diffusion rate
constants. Various attractive and repulsive intermolecular forces
create a distance of minimum free energy at which the agonist
will reside in the influence of the receptor. It will only escape
the force field of the receptor when it gains enough kinetic
energy by thermal agitation to do so. An up-regulation of the
receptor will result from a speeding up of this process and will

depend mainly on an alteration in the charge or structure of the
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receptor leading to altered electrostatic or hydrophobic forces. A
change in temperature will also affect the rate of dissociation.

It would appear at first sight that SP has a similar maximal
response in both normal and inflamed joints (Fig. 53). However,
it should be noted that these results represent the increase in
protein extravasation with introduction of SP, rather than a
measure of the total protein concentration. The increase in
protein levels with SP perfusion are then added to the mean
basal level of protein extravasation with saline perfusion in the
inflamed joints. As resting protein levels are higher in the
inflamed joint, the increase in protein extravasated is greater
with low concentration of SP in inflamed joints in comparison to
normal joints but is less with high SP concentrations. However
the maximal level of total protein extravasation is the same in
normal and inflamed joints and it is probable that this is the
maximal level of protein extravasation that the joint is capable
of producing. In other words the maximal response for both the
normal and inflamed joints is not a consequence of the
saturation of receptors with SP but is a saturation of the
capability of the vessels in the joint to extravasate protein. Both
normal and inflamed joints therefore show the same maximal
response of total protein extravasated. This could be verified by
high concentrations of substances not acting at receptors e.g.
formalin

The time taken for the SP-induced protein extravasation to

reach the peak response in normal animals is longer for higher
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concentrations of SP (Fig. 55). This may involve the latency to
maximal receptor response as mentioned above, as well as a
longer period required for equilibrium to be reached with higher
concentrations. In inflamed joints the situation is reversed, high
concentrations of SP taking the shortest time to produce a peak
response. More careful analysis shows this to be due to the
maintained raised protein levels together with the fluctuations
in the raised levels. With low SP concentrations the fluctuations
in the protein levels are often as great as the initial response and
so the peak level can be virtually any time at random, so long as
the level remains moderately raised. With more concentrated SP
there is a more definite drop in protein levels after the initial
rise such that subsequent fluctuations do not encompass the true
peak.

The desensitisation of the response, which takes effect over
twenty minutes in the normal joint, takes place over an hour or
more in the inflamed joint. If after uniting with SP the receptors
themselves undergo a change to form a non-reactive form in the
normal joint (Fig. 65), it is possible that in the inflamed tissue
the step returning the receptor to the sensitised form is
accelerated.

If depletion of second messengers or other substances leads
to the desensitisation, then it is possible that in the inflamed
joint the process for the replenishment of these substances has
been accelerated. Presumably if carageenan utilises a similar

second messenger system to SP, a process for the replenishment
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of the substances involved could have evolved over the twenty
four hours during the establishment of the inflammation. The
correlation between basal protein extravasation levels and the
time taken for a reduction in SP-induced protein extravasation
suggests that the rate of desensitisation is inversely proportional
to the degree of inflammation.

This change in duration of the response could also be due to
an increase in the number of available receptors as a result of
increased permeability of the endothelium. This could mean that
although a proportion of the receptors are desensitised, a
significant proportion remain to enable the response to continue.

The sustained response to SP in the carageenan-treated
animals could be due to the presence of greater numbers of
inflammatory cells in the synovial fluid, as these are known to
be involved in the inflammatory response to carageenan (Di
Rosa, 1972). To test this hypothesis, a series of normal knees are
perfused with a suspension of inflammatory cells to which SP
(1uM) is added. The response for a single animal (Fig. 54) and for
the mean of five animals (Fig. 66) indicate clearly that the
response is transient in the presence of inflammatory cells.

In the inflamed joint, greater levels of protein extravasation
are produced and remain elevated over a more extended period
than in normal joints. In other words the total area under the
protein-time curve is much greater i.e. the total protein
extravasated is much greater in inflamed joints. If protein

extravasation is an indication of acute inflammation, then SP has
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Figure 66: Relative change in protein
extravasation from basal level during perfusion
with ¢ wwhite blood cells = (WBC) and during
perfusion with a similar perfusate coritaining SP
(1uM) in normal animals. Means + SEM. n = 5.

* = p<0.05; ** = p<0.01; *** = p<0.001.
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a greater inflammatory effect in inflamed joints than in normal
joints. Also increased levels of intraarticular albumin per se will
increase  synovial interstitial fluid viscosity and exert a
pericapillary oncotic pressure (Levick et al, 1991). As o0a1p is
reduced, an increased transsynovial flow of albumin and
solvents will increase the pressure in the joint (Knight et al,
1988) with the consequent deleterious effects on joint function.
Therefore, not only is protein extravasation an indication of

inflammation, but is also pathogenic in its own right.

F) Both NK-1 and NK-2 receptors are involved in protein

extravasation in the rat knee joint

Experiments with receptor selective agonists (Abelli er al,
1989; Jacques er al, 1989; Abelli, 1991; Lam & Ferrell, 1991b)
and antagonists (Eglezos et al, 1991; Lembeck er al, 1992; Xu et
al, 1992) have demonstrated that NK-1 receptors are responsible
for protein extravasation. The results of the experiments
presented here demonstrate that NK-2 receptors may also be
involved in protein extravasation in the rat knee joint.

Both SP and NKA produce the same degree of protein
extravasation over the same time-course. In the first series of
experiments determining a dose-response curve for SP, the pDy
value was 7.0, while in the second series of experiments the pDs
value was 5.9; although the difference in the protein values from

the two dose-response curves is not significant. The difference in
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the values is due partly to the different volume of reagents used
to measure protein concentration. This alters the sensitivity of
the test, and as the basal levels of protein below the threshold
level detectable by the test are taken at the threshold Ilevel,
when subtracted from the peak response, this reduces the
maximum increase in the level of protein extravasation. Also, in
the second series of experiments urethane alone was used for
anaesthesia, while in the first series of experiments urethane
and valium were used. It has been shown that urethane
decreases the level of neurokinin induced protein extravasation
in the rat (Kerouac & Couture, 1987). As the inclusion of valium
reduces the amount of urethane required it is possible that the
level of urethane has an effect on the second series of SP dose-
response experiments. The series of experiments producing the
NKA dose-response curve are produced under the same
conditions as the second SP dose-response curve. NKA has a pDp
of 6.4 on this curve which is a higher affinity than SP under the
same conditions. As NKA is the natural endogenous agonist for
NK-2 receptors, these values suggest the existence of NK-2
receptors. All natural TKs are capable of acting as full agonists at
all of the NK receptors but with different affinities. Although SP
is the natural endogenous ligand at NK-1 receptors and NKA is
the natural endogenous ligand at NK-2 receptors, NKA shows a
higher  affinity for NK-1 receptors than SP for NK-2
receptors(Abelli et al, 1989; Advenier er al, 1992). Thus,

depending on the relative densities of the two classes of
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receptor, NKA may have a greater affinity with a mixed bag of
NK-1 and NK-2 receptors. The protein extravasation induced by
perfusion with the NK-2 agonist [NlelO-neurokinin  A4-10
supporfs a claim for the contribution of NK-2 receptors in
protein extravasation. It is possible that the NK-2 agonist cross-
reacts with NK-1 receptors, but the response to concentrations as
low as 10uM makes it unlikely that this is the only receptor
responsible.

The NK-1 and NK-2 receptor antagonist FK224, antagonises
both SP and NKA induced protein extravasation. The ability of
high concentrations of FK224 to completely inhibit protein
extravasation at low agonist concentrations suggests that only
NK-1 and NK-2 receptors are involved in this process.
Unfortunately it was not possible to dissolve sufficiently high
concentrations of FK224 to completely abolish the response to
higher concentrations of the agonists. In fact, although the
response was not significantly different, there was an increase in
the mean response to 100uM SP when perfused with FK224.
There was a larger increase for the less concentrated solution of
FK224 than for the more concentrated solutions. Blood pressure
recordings taken during SP perfusion show that there is a
transient fall in blood pressure during perfusion with 100uM SP,
which has a similar time-course to protein extravasation in the
joint. It is therefore possible that the true effect of perfusion
with 100uM SP is diminished by the coincident fall in blood

pressure. Previous perfusion with all concentrations of FK224
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used in these experiments abolishes the transient fall in blood
pressure produced by 100uM SP. This could therefore explain
the greater level of protein extravasated when FK224 perfusion
precedes 100uM SP perfusion. This effect could be greatest with
1uM FK224 because, although the blood pressure is prevented
from falling, there is only a minimal antagonistic effect in the
joint at this concentration of antagonist. More concentrated
levels of FK224 antagonise the response in the joint as well as
preventing a fall in blood pressure and so the level of protein
extravasation is less than with lower concentrations of FK224.
However, it is wuncertain to what extent a reduction in blood
pressure has an effect on extravasation. Hypotension has been
shown to have an inhibitory effect on tachykinin-induced
extravasation in some preparations (Chahl, 1979) but not in
others (Couture & Kerouac, 1987). To ascertain the true effect of
lowering the blood pressure, future experiments should include
an analysis of protein extravasation at different blood pressure
levels. The large wvariability in extravasation experiments may
also be due to a variability in the blood pressure in different
experiments.

FK888 reduces extravasation induced by SP to the same
extent as FK224. The only significant difference is a greater
inhibition of extravasation by FK224 at 1pM concentrations of
both the agonist and antagonist. This suggests that SP induces
extravasation by binding predominately to NK-1 receptors, as

FK888 is a highly specific NK-1 receptor antagonist. Protein

174



extravasation induced by NKA is unaffected by FK888. This
suggests that NKA can produce extravasation by binding to
receptors other than NK-1 receptors. It is most likely that NKA is
binding to NK-2 receptors in this situation. However, perfusion
with the NK-2 specific antagonist SR 48968 has no significant
effect on protein extravasation induced by either SP or NKA. As
the results with FK888 and SP show, SP is acting predominately
at NK-1 receptors and so SR 48968 would not be expected to
influence the resuits of SP induced extravasation. However
results with NKA and SR 48968 suggest that NKA can induce
protein  extravasation by binding to either NK-1 or NK-2
receptors. A greater affinity for NK-2 receptors would be
balanced by a greater density of NK-1 receptors to give similar
degrees of protein extravasation with NKA. Hence NKA induced
extravasation is only blocked by the NK-1 and NK-2 antagonist,
FK224. Future experiments could include both FK888 and SR
48968 with NKA perfusion to ascertain if both NK-1 and NK-2
receptors are 1involved.

The presence of two receptors could account for the gradient
of the line in the Schild plot analysis being less than one. The
reduction in extravasation by the lowest concentration of the
antagonists is not followed by similar further reductions as the
concentration of the antagonist is increased by identical
logarithmic steps. Initially the agonist will be displaced from the
receptor to which it has the least affinity, as well as being

displaced from its natural receptor. As the concentration of the
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antagonist increases, the agonist only remains bound to its
natural receptor and subsequent similar decreases in the level of
extravasation require greater increases in the concentration of
the antagonist. This is because the agonist has a greater affinity
for its natural receptor and therefore takes more concentrated
levels of antagonist to be displaced. Hence the dose response
curves show decreasing right shifts, which gives a gradient of
less than one in the Schild plot. With heterogenous receptor
populations nonlinearity and a slope less than unity will be most
evident at dose ratios less than ten. Different Schild regressions
for the same antagonist with different agonists are also
indicative of a heterogenous receptor population.

Schild regressions can also have slopes of less than unity if an
agonist removal system is operative. However this is because the
increased concentrations of agonist required for a response in
the presence of antagonist will eventually saturate the uptake
mechanism, resulting in an underestimation of the antagonism.
Solubility and financial restrictions restricted concentrations
used here to the same level both in the presence and absence of
antagonist, so the same degree of saturation of uptake would be
observed at all concentrations of antagonist. In this situation
underestimation of antagonist potency at high concentrations
could be made if the antagonist displays concomitant receptor
and uptake blockade. This would also explain the increased

response at high agonist concentrations, if uptake saturation by
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the agonist and blockade by the antagonist combined to give
maximal effects.

Failure of the system to reach equilibrium for any other
reason will also yield a Schild regression of less than unity. As
there is no period of maintained protein extravasation in normal
animals it is likely that desensitisation occurs before equilibrium
is reached, and so the maximal response does not represent

equilibrium.
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3.5 The contribution of joint afferent nerves to the

pathogenesis of arthritis.

a) Central reflexes

If  the reflex actions of low-threshold articular
mechanoreceptors are protective in nature, then it is clear that
enhanced articular nociceptive discharge, such as that occuring
in inflammatory joint disease, will result in abolition of these
protective reflex mechanisms with consequent aggravation of
joint injury.

In the analysis of a typical ski injury, it is calculated that
34ms will pass between the loading of a cruciate ligament and
ligament rupture, while 89ms will elapse between loading of the
ligament and the initiation of a protective reflex (Pope er al,
1979). The latter latency agrees with the latency from
stimulation of the ligament to the shortest latency of an EMG in
the sartorius muscle (Stener & Petersen, 1962). These latencies
would suggest that the reflex response is too slow to be
protective. Results presented here indicate a latency from
activation of group II afferents to excitation of either a- or y-
motoneurones to be of the order of 15ms. This would be quick
enough to initiate a protective reflex provided sufficient muscle
tension rises quickly enough to overcome the forces acting at the
joint. The group II joint afferents respond to movement of the

joint before this becomes noxious, and contribute to the
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excitation of motoneurones accordingly. If the response of the
muscles around the joint 1is not sufficient to stabilise the
movement, more stress will be placed on the joint structures,
activating nociceptors. However, by this time the cause is lost,
the reflex being too slow to protect the joint structures. It is
significant that the initial excitation of extensor motoneurones
by the proprioceptors 1is inhibited when nociceptors are
activated. Presumably by this stage it is not worth while for the
muscles to resist the movement activating the nocieceptors, but
better to be inhibited, thereby relaxing joint structures. This
inhibition of extensor activity is consistent with other FRA'’s.

The level of activity in the «-motoneurone pool is dependent
on descending commands, autogenic and heterogenic reflexes
(Nichols, 1987). This activity mediates muscle stiffness, together
with intrinsic muscle stiffness determined by the viscoelastic
properties of the muscle (Hoffer & Andreassen, 1981). Of all the
factors contributing to joint stability, including physical restraint
by ligaments and friction, the load imposed on the joint is
paramount (Markolf er al, 1981). A considerable proportion of
this load comes from muscle contraction (Markolf, Graff-Radford
& Amstutz, 1978). It is probable, therefore, that the reflexes
from joint afferents are very important in the continuous
regulation, or presetting, of the muscle tone of muscles
surrounding the joint. It is also possible that joint deformities,
which are so prevalent in articular disease, could result from

alteration in reflex excitability of muscles acting over the
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affected joint. Activity in nociceptors, such as found in joint
inflammation, will lead to a disfacilitation of motoneurones by
proprioceptors. This may lead to a general imbalance in muscle
tone of muscles surrounding the joint, especially during
movement of the joint. This imbalance may lead to an
accumulation of minor injuries to the joint, accentuating the
inflammation and producing further disfacilitation.

An imbalance is more likely to occur than atony of the
muscles, as although disfacilitation of motoneurones is produced
by activity in nociceptors, y-motoneurones are also excited by
nociceptors. Also, an increase in activity of mechanoreceptors is
responsible for muscle wasting and weakness associated with
joint inflammation (Stokes & Young, 1984). Reflex inhibition in
the absence of pain, and the ability of joint effusions to inhibit
muscle contractions, implicate mechanoreceptors in the reflex
inhibition of muscle contraction (Stokes & Young, 1984; Jones,
Jones & Newham, 1987; Iles, Stokes & Young, 1990). An
inhibition of these group II  afferents would therefore be
expected to increase the reflex excitation of the extensor muscles
rather than inhibit them. However, as we have also shown
excitation of extensor motoneurones by group II joint afferents,
inhibition of these afferents is likely to have a complex result,
with possible imbalance in the overall tension of muscles around
the joint.

As joint receptors provide sensory feedback throughout the

entire range of joint movement (Ferrell, 1980; 1985; Marshall &
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Tatton, 1990), it is possible that these receptors may modify
reflex-mediated stiffness at all joint angles. As the response
characteristics of somatosensory cells in the brain afe unsuited
to monitoring joint position, and the majority of these cells are
rapidly adapting (Yin & Williams, 1976), it is probable that the
principle function of the joint receptors is not to provide an
awareness of joint position, but in reflex regulation of joint
stiffness at the spinal level, as well as through a long latency

pathway to the cortex.
b) Peripheral inflammation

If pain is perceived in a joint, then nociceptive afferents are
active. Neuropeptides are being released at the central synapses
to act as neurotransmitters, and also in the periphery, from the
afferent peripheral terminals. Under normal circumstances the
peripheral release of the neuropeptides SP and NKA will result
in a transient inflammation. However, if the joint is already
inflamed, the release of SP will promote a more persistent
inflammation. Therefore, if a joint suffers an injury which
instigates an inflammatory response, the subsequent release of
SP will potentiate the inflammation and perhaps delay or
prevent the healing process. The quantitative contribution made
by the neuropeptides to the overall pathogenesis remains
uncertain. In certain individuals it is possible that the

inflammation produced by the neuropeptide release is sufficient
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to span the interval from the original acute inflammation to a
persistent form of arthritis. What would have been an acute
injury turns into a chronic problem in susceptible individuals.
As both NK-1 and NK-2 receptors are involved 1in the
peripheral inflammation, it would be of value to assess the
efficacy of NK-1 and NK-2 receptor antagonists in the treatment
or prevention of arthritis. As both SP and NKA are involved at
the central synapse and therefore in the segmental reflexes and
the perception of pain in higher centres, it would also be of value
to asses the efficacy of these antagonists in preventing muscle

atrophy, deformation of joints and the perception of pain.

¢) General Conclusion

Joint proprioceptive and nociceptive afferents play a role in
maintaining the integrity of the joint by exerting effects on
muscle tone (via proprioceptors) and blood vessel calibre and
permeability (via nociceptors). An acute injury will evoke the
appropriate response to reduce movement and initiate the
healing  process. @ However, if for whatever reason the
inflammation becomes chronic, there is an adverse effect on
proprioceptive feedback (Ferrell, Crighton & Sturrock, 1993) and
an altered response to neuropeptides, thereby potentiating the

disease process.
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Appendix 1

Spinal c¢ord histology.

At the end of the experiment, the spinal cord is dissected
from the cat and fixed in formol saline. After several days the
spinal cord is processed and embedded in celloidin using the

following method.

Celloidin embedding.
B.D.H. NECOLOIDINE.

8% CELLOIDIN. (DILUTE WITH ETHER.)

Method.

1.) 70% Alcohol. = 3 days. (Change daily.)
2.) 90% Alcohol. = 3 days. (Change daily.)
3.) Absolute alcohol. = 5 days. (Change daily.)
4.) Abs.alcohol/Ether. = 24 hours.

5.) 2% Celloidin. = 7 days.

6.) 4% Celloidin. = 7 days.

7.) 8% Celloidin. = 4 days.

8.) Embed in 8% Celloidin.

Wrap paper around the top of a wooden block to form a mould
deeper than the length of spinal cord to be embedded. Place the
specimen into the mould and fill with celloidin. Put the mould,
together with a small beaker of ether, into a desiccator and leave

for several hours. The ether atmosphere promotes the dispersion
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of bubbles introduced during handling. Replace the ether with
chloroform and reseal the desiccator. The chloroform atmosphere
hardens the block without the formation of a hard outer skin and
soft centre. Replace the chloroform when necessary as the
hardening takes several days. The paper mould may be stripped
away after several days to aid hardening. When the block is
completely set it has the consistancy of hard rubber. Blocks are

stored in 70% alcohol prior to sectioning.

Sectioning.
The embedded spinal cord is then sectioned using an M.S.E.
base sledge microtome. Serial sections are cut at 100um and

stored in 70% alcohol prior to staining.
Staining.
Free floating sections are stained individually using the

following technique.

Stain.

0-1% Aqueous Thionine.
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Method.

1.) Running tap water. = 5 minutes.
2.) 0-1% Thionine. = 2-5 minutes. (Control microscopically.)
3.) Running tap water. = wash till clear.

4.) Dehydrate in 70 then 90% alcohol.
5.) Transfer to clearing xylene then pure xylene.

6.) Mount in D.P.X.

Result.
Nuclei and nerve cell bodies: blue to purple.

(Chang, M., 1936) | B
Microscopy.

Sections were examined using a Zeiss Axiophot microscope

and photomicrographs taken on Kodak Ektachrome 60.
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Appendix 2

The Mann-Whitney U Test.

1. Null Hypothesis (Hp): The population relative frequency
distributions for A and B are identical (where B is control or

lesser response and A is treatment or greater response).

2. Alternative hypothesis (Ha): The population relative frequency
distribution for A is shifted to the right of the relative frequency
distribution for population B (i.e. a one-tailed test).

3. Test statistic:
UA=nin2 +n1(m +1) - Wa
2
Where: Wp is the rank sum for sample A relative to sample B.
ny is the number of observations in sample A.
ny is the number of observations in sample B.

Ranks of ties are averaged.

4. Rejection region: For a given value of « (probability of a type I
error), reject Hg if Uy & Uy where P(Up ¢ Upg) = a. (i.e. Up is
selected value of U corresponding to desired level of a for

corresponding sample sizes)

5. Assumptions: Samples have been randomly and independently

selected from their respective populations.
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Appendix 3
Kruskal-Wallis H Test for Comparing k  Population

Distributions.

1. Null Hypothesis (Hp): The k population distributions are

identical

2. Alternative hypothesis (Ha): At least two of the population

distributions differ in location

3. Test statistic:
H= 12 Yni_LRi-Rlz
n(n+1)

Where: n; is the number of observations in group i.
n is the total sample size.
Ri is the average of the ranks in group i.

R is the average of all the ranks.

4. Rejection region: Reject Ho if H > x24 with (k-1) degrees of
freedom (i.e. under the null hypothesis, the distribution of H can
be approximated by a x2? distribution with k-1 degrees of

freedom).

5. Assumptions: The k samples are randomly and independently

drawn. There are five or more measurements in each sample.
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The following z-values are also printed for each group

For group i,

zi = Ri-(n+1)/2
V(n+1)n/ni-1)/12

Under the null hypothesis, z; is approximately normal with mean
0 and variance 1. The value of z indicates how the mean rank,
Rj, for group 1 differs from the mean rank, R, for all n

observations.
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Appendix 4

Drugs and reagents

1.

Urethane (Ethyl Carbamate, Sigma) 25% in distilled water

Hypnorm (Fentanyl/Fluanisone, Janssen)

. Vallium (Diazepam, Roche)

Pavulon (Pancuronium Bromide, Organon Teknika)

2
3
4
5. Fluothane (Halothane, ICI)
6.
7
8
9

Capsaicin (Fluka) in saline

. Benzethonium Chloride (Sigma) in saline

. Substance P (ICI) in saline

. Neurokinin A (Novabiochem) in saline

10. FK888 (Fujisawa) in 100% alcohol and then saline

11. FK224 (Fujisawa) in 100% alcohol and then saline

12. SR48968 (Sanofi Recherche) in 100% alcohol and then

saline

in
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