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(57 ABSTRACT

The present invention relates to an apparatus and to a
method for the measurement of dimensions of biological
structures. In particular, but not exclusively, the invention
relates to the measurement of changes over time in the
physical dimensions of tubular biological structures such as
blood vessels in response to stimuli such as hormones,
agonists, potential drugs. The method may be used in
determining the effect of a gene.
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Figure 1
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Figure 3
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Model Blood Pressure  Media Area Media:lumen

parameter BP A (um?®) R

4 week group a -0.44* -0.19 -0.48+*
by -0.67* -0.38% -0.75%
A 0.78* 0.47+ 0.84*
ay -0.50* -0.28*% -0.55%
by 0.31* 0.07 0.46%
A 0.29* 0.14 0.44%*

8 week group a 0.08 0.12 0.07
b -0.02 -0.35% 0.22%
A 0.11 0.53% -0.26%*
a; 0.28* 0.29* 0.03
by -0.30* -0.29* -0.07
Az -0.31* -0.35% 0.05

Figure 13
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APPARATUS AND METHOD FOR MEASUREMENT
OF BIOLOGICAL STRUCTURES

[0001] The present invention relates to an apparatus and to
a method for the measurement of dimensions of biological
structures. In particular, but not exclusively, the invention
relates to the measurement of changes over time in the
physical dimensions of biological structures.

[0002] The measurement of the size of biological struc-
tures, such as arteries or muscles, has a number of applica-
tions in the laboratory. In particular, it is often desirable to
investigate contraction or relaxation of blood vessels and the
like in response to hormones, agonists, or potential drugs.

[0003] Typically, such investigations are conducted with
use of a myograph, that is, a device for measurement of
muscle characteristics. Wire myography involves mounting
the vessel under study onto a pair of steel wires, which are
secured to supports. Mounting the vessel is a difficult,
time-consuming technique which requires considerable
practice and often results in damage to the vessel, mainly
because of the difficulty in aligning the wires with the lumen
of the vessel. One support is attached to a micrometer,
allowing control of vessel circumference, while the other
support is attached to a force transducer, for measurements
of tension development. The whole assembly is maintained
in a chamber containing physiological salt solution, to which
various test substances may be added to assess the vessel
response. However, the quality of the information obtained
from a wire myograph is limited because the vessel is not
stretched in a manner that reflects the situation in vivo.

[0004] An alternative technique is pressure myography,
where vessels are cannulated at both ends and examined
under pressure.

[0005] Pressure myography creates a situation closer to
that found in vivo; however, mounting vessels onto cannula
is a difficult, time-consuming procedure.

[0006] Diameter and length of vessels under study may
also be determined visually, either by an experienced experi-
menter under the microscope, or automatically by means of
a computing device running image analysis software. How-
ever, such software must be relatively sophisticated to
accurately image and analyse the dimensions of the vessel
under study and such image analysis is difficult to apply to
the internal diameter of vessels.

[0007] Perfusion myography requires substantial amounts
of expensive equipment yet the number of experiments that
can be conducted is extremely low.

[0008] Therefore, the use of transducers and imaging
technologies are not conductive to conducting large numbers
of experiments because of three fundamental disadvantages.
Firstly, the tissue must be ‘mounted’ onto the measurement
apparatus. This involves skilled technicians or scientists and
can take valuable time. Secondly, a lack of automation in
these systems means that they must be supervised and
managed throughout the assay by a skilled technician.
Thirdly, the systems are very expensive. These fundamental
problems represent ‘barriers to entry’ that limit usage of such
systems.

[0009] Tt is among the objects of embodiments of the
present invention to obviate or alleviate these and other
disadvantages of known myography techniques and sys-
tems.
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[0010] According to a first aspect of the present invention,
there is provided a method of detecting a change in the
physical dimensions of a biological structure, the method
comprising the steps of:

[0011] illuminating a biological structure with light
of a first wavelength;

[0012] detecting the intensity of light transmitted by
the biological structure in at least first and second
physical states; and

[0013] comparing the intensity of transmitted light
with a reference light intensity of the same wave-
length, to determine a change in the absorption of the
biological structure, said change in the absorption
corresponding to a change in physical dimensions.

[0014] The present invention therefore makes use of the
differing degree of absorption of light by biological struc-
tures with different diameters and thicknesses. Further, the
present invention also allows detection of changes in the
internal diameter of a tube structure, since this will affect the
thickness and hence absorption of the structure.

[0015] Preferably, the method is used to measure a bio-
logical tube structure; for example, a blood vessel or the like.

[0016] Preferably, the detection of transmitted light com-
prises the step of detecting the intensity of transmitted light
across substantially the whole diameter of the biological
structure. It has been found that such a relatively crude
measurement technique in fact provides sufficient informa-
tion to determine a change in the dimensions of the structure
from a change in the absorption of the structure. There is
thus no requirement to obtain a detailed optical image, nor
to obtain images of many different points across the struc-
ture, in contrast to known myography techniques. This
therefore provides advantages in terms of information gath-
ering and processing.

[0017] Preferably, the method further comprises the step
of repeating the illumination, detection, and comparison
steps with light of a second wavelength. This may itself be
performed as many times as desired, with further wave-
lengths. The use of additional wavelengths of light can
provide additional information regarding the biological
structure, due to the differing transmissivity of such struc-
tures at different wavelengths. Preferably, the wavelengths
are selected such that in one of the wavelengths the biologi-
cal structure is essentially opaque, whilst in another of the
wavelengths the biological structure is semi-transparent. It
will be readily apparent to the skilled person that with a
general knowledge of the tissue being studied, it will be
possible to select wavelengths such that some are highly
absorbing while others provide contrast between paths of
large and small optical density. The illumination, detection
and comparison steps with second or subsequent wave-
lengths may be performed subsequently to the steps con-
ducted with the first wavelength; alternatively, the steps may
be performed simultaneously. Separate performance of the
steps ensures that the information from each wavelength is
kept separate; if the steps are performed simultaneously, it is
preferred that the method further includes the step of dis-
tinguishing measured intensities of each wavelength of light
used. For example, separate detectors may be used, or the
detected combined intensity may be subjected to post-
processing to separate the various wavelength components.
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[0018] Preferably, the reference light intensity corre-
sponds to the intensity of light measured when no biological
sample is illuminated; that is, a blank reference measure-
ment. This allows account to be taken of any features of the
system used for making the measurements which affect the
light wavelengths used. Alternatively, the reference light
intensity may correspond to the measured intensity of light
transmitted by the biological sample in a different physical
state. This allows measurements of the change in transmis-
sivity of a biological structure over time to be obtained. Of
course, a combination of the two reference intensities may
be used, to provide both an absolute and a relative measure-
ment of transmitted light.

[0019] According to a second aspect of the present inven-
tion, there is provided a method of measuring changes in the
physical dimensions of a biological structure over time, the
method comprising the steps of:

[0020] illuminating a biological structure at first and
second time points with light of a first wavelength;

[0021] detecting the intensity of light transmitted by
the biological structure at said first and second time
points; and

[0022] comparing the intensity of transmitted light at
the first time point with the intensity of transmitted
light at the second time point to determine a change
in the intensity of transmitted light, said intensity
change being indicative of a change in physical
dimensions of the biological structure.

[0023] The method may further comprise the step of
altering the local environment of the biological structure
between said first and second time points. For example, this
may include addition or removal of agonists, hormones,
potential drugs, test samples and the like to the vicinity of
the biological structure, or direct physical stimulation of the
structure. The method may also include the step of trans-
fecting the biological structure with exogenous nucleic acid,
this may be of use in determining the effect of a gene or
similar nucleic acid structure, or the potential stability of a
transfection vector or of the biological structure for trans-
fection. Alternatively, or in addition, peptide or protein
structures may be added to the biological structure, to
determine the effects of such peptides or proteins directly,
without the requirement for expression of a transfected gene.

[0024] Formulae for use in the methods of the invention
are described in detail with reference to the examples of the
invention. The invention also provides use of these equa-
tions in the measurement of physical changes in tubular
biological structure.

[0025] According to a further aspect of the present inven-
tion, there is provided an apparatus for detecting changes in
physical dimensions of biological structures, the apparatus
comprising a light source, a light detector, means for locat-
ing a biological structure between the source and the detec-
tor, and data processing means for recording and analysing
detected light which has been transmitted by the biological
structure to detect and analyse changes in characteristics of
the transmitted light to determine changes in the physical
dimensions of the biological structure.

[0026] The light source may generate light of a single
wavelength, or of a plurality of wavelengths. A number of
distinct light sources may alternatively be provided.
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[0027] The light detector may comprise, for example, a
CCD device, a photoresistor, a photodiode, or the like. The
detector may be capable of detecting light of only a single
wavelength or of a plurality of wavelengths. Where the
detector can detect a plurality of wavelengths of light, the
apparatus preferably further comprises means for separating
detected light of multiple wavelengths: this may comprise
post-detection means, such as a data processing means; or
may comprise pre-detection means, such as means for
generating light of a single wavelength at a time, or filter
means for allowing only light of a single wavelength to
reach the detector.

[0028] The apparatus may further comprise means for
aligning generated and detected light. Preferably, this com-
prises aligned optical fibres, at least one of which carries
generated light, and at least one of which carries detected
light. The fibres are connected at one end to a light source
or light detector, as appropriate, with the other ends of the
fibres being in opposed alignment, such that light leaving the
source fibre can enter the detection fibre. The apparatus may
further comprise a plastics or similar optical fibre holder,
arranged to hold optical fibres in oppositely aligned rela-
tionship. The holder may conveniently comprise a bifur-
cated tube, the tips of each fork of which are in alignment;
in use, an optical fibre may be inserted into each fork of the
holder, with the free ends of the fibres being coterminous
with the ends of the forks. This ensures the optical fibres are
aligned correctly.

[0029] The means for locating a biological structure may
comprise a wire holder, a cannula, or the like.

[0030] Preferably, the locating means comprises a plastics
tube bearing an external circumferential groove; in use, a
biological tube structure may be located over the plastic
tube, and secured thereto by means of tying a fastener
around the groove. Conveniently, the tube is of polypropy-
lene.

[0031] Preferably, the apparatus further comprises means
for subjecting the biological structure to fluids and the like.
Preferably, this comprises a chamber having a fluid inlet and
a fluid outlet, in which the biological structure is located.
The apparatus may further comprise one or more fluid
reservoirs, for storing circulatory fluid. Conveniently, the
chamber comprises a fluid pump, for circulating fluid within
the chamber, or into and out of the chamber. Conveniently
also, the pump may be arranged to maintain the chamber at
substantially physiological fluid pressure. The apparatus
may still further comprise means for introducing substances
to the biological structure; for example, a syringe may be
used to introduce a test substance to the circulating fluid.
Preferably, a plurality of chambers are provided, enabling a
plurality of biological structure samples to be studied simul-
taneously.

[0032] Preferably, the data processing means comprises a
computer.
[0033] Following dissection, isolated tissue can be diffi-

cult to manipulate as it is flaccid in nature.

[0034] This is especially true with respect to the accurate
positioning of the tissue with regard to the locating means,
which may comprise a wire holder, a cannula or the like. To
obviate this disadvantage and according to a further aspect
of the invention there is provided a method of immobilising
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and positioning the tissue that ensures alignment with the
locating device, the method comprising placing the tissue
upon a layer comprising one or more proteins selected from
the following: collagen, elastin, gelatin, fibronectin, fibrino-
gen, vitronectin.

[0035] The method may further comprise the step of first
placing the protein layer upon a polypropylene or polyeth-
ylene surface. Preferably, the plastic surface comprises the
inner aspect of half of a conical funnel, ensuring a concave
surface upon which to place the tissue. Two such funnels are
then placed in opposition upon a rigid bath, with the mouths
of the funnels facing each other. One funnel is fixed as part
of the bath, the second funnel is placed on the bath,
preferably attached to a rail that allows movement towards
or away from the first funnel in the horizontal plane.

[0036] Further, the accurate positioning of the tissue with
respect to the chosen locating device is ensured by placing
one end of the tissue in the neck of the fixed conical funnel
at a point that equals the external diameter of the tissue. The
second funnel is moved along the horizontal plane until the
end of the tissue in the neck of the conical funnel again lies
above the point in the funnel that equals the external
diameter of the tissue. The tissue is then placed on the
protein layer of the moveable second funnel.

[0037] The locating device can be guided firstly through
the narrow portion of the funnel and then through the
immobilised tissue.

[0038] The means for locating the biological structure in
the apparatus of the invention may include a layer of protein
to immobilise the structure.

[0039] Typically the protein may be or may be derived
from collagen, elastin, gelatin, fibronectin, fibrinogen, vit-
ronectin or any combination thereof.

[0040] The invention also provides the use of at least one
protein chosen from collagen, elastin, gelatin, fibronectin,
fibrinogen and vitronectin to support biological tissue in
testing apparatus.

[0041] The apparatus may further comprise temperature
regulation means, for regulating the temperature of a bio-
logical sample.

[0042] These and other aspects of the present invention
will now be described by way of example only and with
reference to the accompanying drawings, in which:

[0043] FIG. 1 shows a schematic diagram of an imple-
mentation of the method of measuring biological structures
of one aspect of the present invention;

[0044] FIG. 2 shows a hypothetical example of the inten-
sity of light of two different wavelengths transmitted
through a hypothetical biological structure;

[0045] FIG. 3 shows a schematic diagram of an apparatus
for measurement of biological structures in accordance with
a further embodiment of the present invention;

[0046] FIG. 4 shows a fibre optic holder as may be used
with an apparatus for measurement of biological structures
in accordance with an embodiment of the present invention;

[0047] FIG. 5 shows a biological structure mounting
means as may be used with an apparatus in accordance with
an embodiment of the present invention;
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[0048] FIG. 6 shows an apparatus for measurement of
biological structures in accordance with an embodiment of
the present invention;

[0049] FIG. 7 shows a graph of the percentage change in
lumen diameter of a blood vessel in response to differing
concentrations of an agonist, as determined with the appa-
ratus of FIG. 6;

[0050] FIG. 8 shows the geometry of a vessel under
tension in a myograph, as described in more detail with
reference to Experiment 2 below;

[0051] FIG. 9 is a schematic diagram of the experimental
apparatus for absorption spectroscopy using the Mulvany
myograph, as described in Experiment 2 below;

[0052] FIG. 10 shows transmission spectra obtained using
the adapted Mulvany myograph for normal (Ni, N2:
BP=135.4 mmHg, media thickness=25.32 um) and hyper-
tensive (H1, H2: BP=231 mmHg, media thickness=46.7 ym)
vessels under tension produced by a linear stretch of 250 um
(Ni, H1) and 300 um (N2, H2). Spectra are obtained from
paired specimens;

[0053] FIG. 11 shows the fitted averaged normalised
transmission spectrum of a control vessel under a linear
stretch of 350 um. Data points are represented by circles and
the continuous line is given by;

- 0.39 . 0.098
T T+exp(—0.057A —412]) 1 +exp(—0.179[A - 753))

[0054] FIG. 12 is a table showing blood pressures (tail-
cuff) and morphological characteristics of mesentery arteries
(meantsem);

[0055] FIG. 13 is a matrix of correlation coefficients. Data
derived from all groups (4 week, 8 week clipped and
control.) Total number of spectra analysed=659 (*p<0.001,
normotensive vs. hypertensive); and

[0056] FIG. 14 represents a locating means to position
tissue for testing in apparatus of the invention.

[0057] Referring first of all to FIG. 1, this shows a
schematic arrangement for measuring biological structures,
in accordance with one embodiment of the present inven-
tion. A biological tube structure 12, such as a blood vessel,
is suspended in an enclosure 14, such that the blood vessel
12 may be illuminated by a light source 16. An aperture 18
allows only a portion of the light to be transmitted. The light
source 16 is a combination of a number of spectral compo-
nents; each spectral component will generate an intensity
profile 20 of light transmitted by the blood vessel 12, whose
characteristics will be a function of the blood vessel geom-
etry and optical properties. A focussing lens 22 and a
detector 24 are used to obtain a single point intensity
measurement of the transmitted light for each spectral
component. This single measurement is essentially the inte-
grated intensity profile for the spectral component.

[0058] Aset of measurements consists of extinction values
(integrated intensity profiles) of the tissue-transmitted inten-
sity for each distinct spectral component, these are labelled
€;. A reference set of measurements e; are taken without
tissue present.
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[0059] The spectral components are chosen so that in one
(or some) of the components the tissue is essentially opaque
whilst in another (others) the tissue is semi-transparent. The
transition between these conditions is actually quite narrow,
because the light absorption increases (essentially) exponen-
tially with optical density. Thus with a general knowledge of
the tissue being studied it is always possible to select
spectral components that are highly absorbing and ones that
provide contrast between paths of large and small optical
density. This property is used in the standard perfusion
myograph to provide imaging contrast between the vessel
lumen and vessel wall.

[0060] FIG. 2 shows a series of hypothetical representa-
tive intensity measurements for a blood vessel model with
two spectral components, i and j. For each spectral compo-
nent there is shown a reference measurement €y, €,
denoted by reference numerals 26, 28, and a-pair of extinc-
tion measurements ¢; (t,), € (1,) (reference numerals 30, 32)
taken at successive times. It will be seen that the character-
istics of the vessel alter from time t, to time t, (for example,
a hormone is added to the system causing the vessel to
contract), and that the vessel is essentially opaque for
spectral component j, so that no information can be derived
concerning the vessel lumen from this component alone.
Because these measurements are all derived from a fixed
aperture, a simple model of the relationship between the
extinction value and the profile may be written as:

€q=M[;
&(O=(M-VO)I+(V)-LOM ot LDy

[0061] where we have assumed that the illumination pat-
tern is uniform with intensity per unit length I, and M is a
measure of the aperture size. The variable vessel and lumen
sizes are represented by (V(t),L(t)) respectively and the light
absorption coefficients in the vessel and lumen are repre-
sented by ((ciy;, ;) It is convenient to form the normalised
extinction coefficients as follows, where the normalised
values are denoted by a hat over the variable:

R (1) o P R
&= — =1- V0 +(V0 - Loy + Ly

0i

[0062] Two instances of this equation (i.. for two spectral
components) can be solved for the vessel and lumen sizes,
providing the tissue optical proprieties are known (or can be
calibrated). Further simplification can be achieved when the
vessel wall is essentially opaque for certain selected spectral
components, such as spectral component j, in which case the
normalised extinction coefficient reduces to:

€(H=1-V(9)
[0063] and hence the lumen size may be estimated from:

5 (D1 —ay) +ay; -2
fiy = ST B RO CZY )_Zjv "

[0064] With careful choice of spectral components, as
selected by a person of skill in the art, the following
condition may apply

Cy>>0p
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[0065] And hence

N (1 1,
L=l +.9j(t)(a—v_ - 1] -—&

@yi

[0066] Many more models of the tissue geometry and
associated extinction profiles could be envisaged. The one
considered here is only presented as an example. It is
intended to illustrate how a relationship exists between the
vessel lumen and the measured normalised extinction coef-
ficients of at least two contrasting spectral components.
Although the relationship derived here is a linear one, in
principle the relationship can be non-linear. In a real system
this relationship can be explored by means of calibration
with respect to tissue phantoms (that is, a material con-
structed to mimic the geometrical and optical properties of
a real tissue sample; for example, a cylinder constructed of
optical resin embedded with fine sand) that mimic the
geometry and scattering properties of a range of vessels.
Such phantoms are straightforward to construct.

[0067] Referring now to FIG. 3, this shows in broad
outline an apparatus 40 for measurement of biological
structures such as a blood vessel 42. The apparatus 40
includes a chamber 44 in which the blood vessel 42 is
mounted and supplied with suitable media for maintaining
the condition of the vessel 42. A light source 46 generates a
range of spectral components 48, which components 48 are
passed through a lens 50 which collimates and aligns the
distinct components into a single light field 52. The light
field 52 is then directed by means of a fibre optic arrange-
ment 54 to illuminate a suitable area of the chamber 44 and
vessel 42. Light which is transmitted 56 by the vessel 42 is
received and directed by means of a further optical fibre
arrangement 58 to a suitable light detector 60 which pro-
vides an integrated intensity profile of the transmitted light.
The intensity data is passed to a data processor 62, such as
a personal computer, which can also be arranged to receive
data from and pass data to the other components of the
apparatus 40, and to control the operation of the apparatus.
The PC 62 is also connected to an output device 64, such as
a monitor or a printer, for generating a record of experi-
mental data.

[0068] Various components of the apparatus 40 will now
be described in more detail. FIG. 4 shows an optical fibre
holder 70 which may be used with the apparatus 40 to ensure
appropriate direction of illuminating and transmitted light
(by means of optical fibre arrangements 54 and 58 on FIG.
3). The holder 70 comprises tubular moulded plastic 72
forming an inverted cup shape with a bifurcation point 74
resulting in two channel portions 76, 78, the free ends of
which are opposed. The holder 70 is mounted on a circular
swivel mount 80, allowing the holder to be easily moved
into and out of position. In use, two optical fibres, one
serving as a transmitter, and one as a receiver, are inserted
into the tube 72 from the swivel mount 80. The transmitter
fibre is fed along the tube to the left channel portion 76,
while the receiving fibre is fed to the right channel portion
78. The ends of the fibre are adjusted to sit flush with the
ends of the channel portions 76, 78, to ensure that light
leaving the transmitter fibre can be detected by the receiving
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fibre. The other ends of the fibres are connected to the
appropriate transmitter or detector parts of the apparatus. In
use, the holder 70 is placed so that each channel portion 76,
78 is on either side of a biological structure to be measured.

[0069] The biological structure, if it is a tube structure,
may be supported between the portions of the holder by
means of a tissue mount as shown in FIG. 5. The tissue
mount 82 comprises a polypropylene tube 84 with parallel
walls and an external diameter roughly one tenth of the
length, and an internal diameter approximately four-fifths of
the external diameter. At a distance from one end generally
equal to the external diameter of the tube, a 20 mm groove
86 is present. To manufacture the tissue mount 82, standard
polypropylene tubing (Camlab, Cambridge, UK) is cut to
appropriate lengths and mounted on a microlathe. A micro-
manipulator holding a heated surgical needle (28 gauge) is
slowly advanced towards the turning plastic tube, cutting a
20 mm circumferential groove in the tubing. To mount a
vessel on the mount 82, a section of vessel under study is
pulled onto the mount until the edge of the vessel passes the
groove 86. A small plastic tie is applied to the vessel and
tightened gently over the groove to secure the vessel on the
mount 82.

[0070] FIG. 6 illustrates a further apparatus 90 for mea-
surement of biological structures according to an embodi-
ment of the invention. The apparatus 90 includes four
chambers 92 in which an experimental sample can be

located, each of which is provided with an optical fibre
holder 70 as described.

[0071] The apparatus includes an oscilloscope 94, for
monitoring the intensity of transmitted light, and is con-
nected to a personal computer 96 with monitor 98 for
analysing and displaying experimental data. The apparatus
90 also has multiple fluid reservoirs 100 for storing and
dispensing media or other substances for use in experimental
procedures, and a multi-channel cassette pump (not shown
in the interest of clarity) for fluid pumping.

[0072] To prepare the apparatus 90 for experimental pro-
cedures, tissue mounts as described are attached to each of
two stainless steel pipes in each chamber 92. A section of
isolated blood vessel (length range 8-16 mm; diameter range
100-1000 um) is pulled onto the proximal cannula until 2
mm of vessel surrounds the tissue mount. The vessel is
secured by means of a plastic tie, as described.

[0073] Prior to the study of the tissue, the optical fibre
holder 70 is swivelled across and positioned across the tissue
so that the end faces of the optical fibres are in apposition
and the light emitted is directly perpendicular to the longi-
tudinal axis of the tissue (as shown in chain dotted outline
79 in FIG. 4).

[0074] The fluid reservoirs 100, connected to perfusion
loops by a system of tubing and controlled by solenoid
valves are filled with the appropriate solutions prior to
commencing the experimental protocol. Generally, reser-
voirs will contain rinsing solution and drugs. Filling of the
reservoir is done manually via filling hole prior to each
study.

[0075] FIG. 14 allows accurate positioning of tissue with
regard to the locating means.

[0076] Following dissection, isolated tissue can be diffi-
cult to manipulate as it is flaccid in nature. This is especially
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true with respect to the accurate positioning of the tissue
with regard to the locating means, which may comprise a
wire holder, a cannula or the like. To obviate this disadvan-
tage and as shown in FIG. 14 immobilising and positioning
the tissue can help alignment with the locating device. By
placing the tissue structure gently using forceps upon a layer
comprising one or more proteins selected from the follow-
ing: collagen, elastin, gelatin, fibronectin, fibrinogen, vit-
ronectin the tissue can be held in place.

[0077] The protein layer can be placed upon a polypro-
pylene or polyethylene surface. Preferably, the plastic sur-
face comprises the inner aspect of half of a conical funnel,
ensuring a concave surface upon which to place the tissue.
As can be seen in FIG. 14, two such funnels are then placed
in opposition upon a rigid bath, with the mouths of the
funnels facing each other. One funnel (A) is fixed as part of
the bath, the second funnel (B) is placed on the bath,
preferably attached to a rail that allows movement towards
or away from the first funnel in the horizontal plane.

[0078] Further, the accurate positioning of the tissue with
respect to the chosen locating device is ensured by gently
placing one end of the tissue in the neck of the fixed conical
funnel (A) at a point that equals the external diameter of the
tissue. The second funnel (B) is moved along the horizontal
plane until the end of the tissue in the neck of the conical
funnel again lies above the point in the funnel that equals the
external diameter of the tissue. The tissue is then gently
placed on the protein layer of the moveable second funnel

B).

[0079] The locating device can be guided firstly through
the narrow portion of the funnel and then through the
immobilised tissue.

[0080] Various examples of experiments will now be
described. The experiments were all performed with a
modified pressure myograph (P110, Danish MyoTech, Aar-
hus, Denmark) with four chambers in each module and
multi-reservoir capabilities. A Type 205U/CA multi-channel
cassette pump (Watson-Marlow, Camlab, Cambridge, UK)
was also used.

[0081] The suppliers’ instructions were used for operation
and preparation of the myograph and pump, modified where
appropriate for implementation of the present measurement
protocol.

EXAMPLES

Example 1

[0082] Absorption Spectroscopy of Agonist-Induced
Vasoconstriction and Vasodilation in Rat Mesenteric Arter-
ies.

[0083] 3" order mesenteric arteries from normotensive
male Wistar rats were set up in two perfusion chambers in
normal physiological salt solution (PSS), at 37° C. and
gassed with 95% O,/5% CO,. The vessels were pressurised
to 60 mmHg and allowed to equilibrate for 30 minutes.
Thereafter, one vessel acted as a control and the other vessel
received increasing concentrations of the thromboxane A2
mimetic, U46619. Transmission spectra were recorded at
one second intervals and analysed according to the methods
described above.
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[0084] U46619-induced vasoconstriction was detected via
shifts in the transmission spectra due to changes in lumen
diameter. The optical extinction model described above was
used to accurately and continuously measure lumen diam-
eter. This data can then be expressed as graph of concen-
tration (of agonist) versus response (% change in lumen
diameter) (FIG. 7).

[0085] Experiment 2. Absorption Spectroscopy of Rat
Arteries.
[0086] Third order mesenteric resistance arteries were

obtained from adult female normotensive Wistar and hyper-
tensive Goldblatt (one kidney-one clip) rats 8 weeks fol-
lowing the induction of hypertension. Twenty arterial
samples (10 normotensive; 10 hypertensive) were studied
from 16 animals (6 eight-week normotensive, 5 eight-week
hypertensive, 3 four-week normotensive, and 2 four-week
hypertensive). Dissected arterial segments were stored in
cold saline solution prior to mounting in the myograph.

[0087] Ring preparations were mounted on two stainless
steel wires (40 um in diameter) in physiological salt solution
gassed in 95% 0,/5% CO, and maintained at 37° C. to a pH
of 7.4. The wires were secured onto the myograph mounting
heads to enable the internal diameter of the vessel to be
controlled directly via an automated linear stage attached to
one mounting head. Morphological measurements of media
thickness (w), wire diameter (d) and wire separation (s) were
made using light microscopy and a filar calibrated eyepiece
with the vessels under conditions of minimum tension (FIG.
8). The average of three values taken at locations equidistant
along each vessel-was used. Assuming a circular cross-
section under physiological conditions, effective internal
circumference (C), lumen diameter (L) and cross-sectional
area of the vessel wall (A) were calculated using the
following equations:

C=d(2+P)+2s
L=CP
A=Pw(L+w)

[0088] Spectroscopy measurements were achieved by a
simple optic fibre-coupled spectrometer integrated into the
Mulvany myograph via a probe terminating above the
vessel. Light from a tungsten halogen source (150W) was
channelled via an optical fibre and collimating lens to the
myograph (FIG. 9). The fibre optic probe (tip: 1 mm
diameter; glass fibre: 50 um core diameter) was positioned
above the vessel by means of a probe assembly clamped to
horizontal (resolution 0.01 mm) and vertical (resolution 0.05
mm) linear stages to enable accurate alignment of the
transmission system. A diode array spectrometer coupled to
the probe recorded at 2-3 seconds intervals as the lumen
diameter was stretched in 50 um steps from 100 um to 350
um. Transmission spectra were obtained from two probe
positions: one collected with a stationary probe head and the
other with the probe head moved 20 um for each 50 um
horizontal stretch. A total of 659 spectra were used in the
subsequent analysis. A standard normalisation method was
used to transform the raw spectra into transmission spectra,
defined as the ratio between the background subtracted raw
arterial spectrum and the white light spectrum. Analysis of
transmission spectra Assuming that observed features dis-
tinguishing normal and hypertensive vessels reflect an
underlying compositional change in the vessel wall, a quan-
titative analysis of the spectra could in principle have been
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performed by multivariate analysis of the constituents. How-
ever, since at this stage the existence and nature of such
compositional changes has not been established an empirical
approach was preferred in order to establish the extent and
significance of the main spectral features. Given the overall
shape of the transmission spectra (T) under examination, a
compact representation was possible using the logistic func-
tional:

a;
= Z T+ exp(-biA - 1)

[0089] A quasi-Newton algorithm was used to fit this
non-linear function to the observed spectra. Sufficiently
accurate data fits were obtained (RMS error=3%) using only
two terms from this equation which were adopted for the
analysis reported here.

[0090]

[0091] The mean dimensions of the arterial specimens
measured by microscopy are given in FIG. 12.

[0092] The presence of vascular growth was apparent in
both hypertensive age groups. The 4-week hypertensive
animals showed a marked increase of 98% in media cross-
sectional area (65% in media:lumen ratio) compared to their
paired normotensive controls. The vessels from the 8-week
hypertensive group also showed increases in these param-
eters (20% in media cross-sectional area; 20% in media:lu-
men ratio). The data for the 4-week group was skewed since
one single animal developed an unusually high pressure
(231 mmHg) and marked structural growth. Since the pur-
pose of this study was to ascertain the usefulness of spec-
troscopy, and not to investigate aspects of this particular
model of hypertension, these data were subsequently
extremely useful. Transmission spectra (resolution=1 nm)
derived from the vessels of 4-week animals show a clear
separation between normotensive and hypertensive vessels
since changes in vessel wall thickness are reflected in
vertical shifts of the spectra (FIG. 10). The difference
observed between the 8-week groups were not as marked
due to the thicker walls exhibited by the 4-week group.
Differential increase of the arterial lumen (N1 to N2 and H1
to H2) affected the observed absorption spectra in the
vertical plane confirming the correlation between wall thick-
ness and absorption spectra. More subtle features distin-
guishing hypertensive and normotensive vessels were
observed including a high absorption characteristic in the
blue-green region of the spectrum (400 nm-550 nm, FIG.
10). Given the consistency of these observations, a future
detailed quantitative analysis is appropriate to ascertain the
source of these data.

[0093] A typical transmission spectrum and its empirical
model are shown in FIG. 11 for which the model parameters
are: 2,=0.39; 2,=0.098; b,=0.057 nm™; b,=0.179 nm™;
%,=412 nm; h,=753 nm. Each of these parameters exhibits
a different sensitivity with respect to the data fitting proce-
dure and therefore the precision of the parameter estimates
was individually assessed. This assessment has been per-
formed elsewhere and the conclusion of that analysis leads
to the following worst case estimated errors on the deter-
mination of model parameters: a; (+0.02) ; a, (x0.03); b,

Results
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(20.006); b, (21.5); by (24); h, (244). These errors are much
larger than those of the majority of the spectra examined and
are quoted to allow a conservative interpretation of the
results. It should also be stressed that these errors are derived
from the limited data sets provided and should only be used
as a guide in the consideration of absolute errors.

[0094]

[0095] Both hypertensive age groups showed media
growth trends. The linear correlation coefficients obtained
from a comparison between the transmission spectral fea-
tures (a;, a,, by, by, A, h,) and the parameters which are
conventionally used in the study and clinical definition of
hypertension (media:lumen ratio (R), media cross sectional
arca (A) and blood pressure (BP)) are detailed in FIG. 13.
A number of statistically significant correlations exist
between the features extracted from spectroscopy arid those
conventionally used to define hypertension, with those of
greater significance and closer approach to linearity being
found in the 4 week group. The media:lumen ratio is
expected to reflect changes in vessel size associated with
anatomical variability and media growth, and this should in
turn be reflected in a resealing of the transmission spectra.
These effects are indeed implied by the significant correla-
tion between R and the scaling factors for the 4-week group.
In the 8-week group, with a less marked difference in
structure, the number of correlations is reduced however
significant changes can still be detected in two scaling
factors. Indeed, the most significant correlations occur
between by, h, and BP, R. Since BP and R are themselves
strongly correlated in this (correlation coefficient=0.98 for 4
week group) and many other studies their relationship to the
observed spectral features is the most important result of this
present study. Since these spectral features relate to the
logistic function (equation above) which models the average
spectral shape in the 350-550 nm range, a connection is
established between the presence of hypertension and the
existence of differential absorption in the blue-green region
of the spectrum.

[0096] The following examples relate to hypothetical
measurements which could be made using the apparatus and
method of the present invention.

Comparing Spectral and Morphological Results.

Example 1

[0097]
Human Subcutancous Arteries
Ischaemia Patients.

[0098] Human subcutancous arteries from critical limb
ischaemia patients are set up in the perfusion unit and
perfused with normal PSS. Vessels proximal to the site of
limb ischaemia are compared to vessels distal to the site of
limb ischaemia. The absorption spectra from each type of
vessel is used to examine differences in media:lumen ratio,
cross-sectional area of the vessel wall, and wall thickness.

[0099] The results demonstrate whether ischaemic (I)
arteries have markedly different absorption spectra from
proximal non-ischaemic (N) vessels, reflecting any differ-
ences in their wall thickness, media:lumen ratio and lumen
diameters.

[0100] The apparatus may also be used for transfection
experiments. During this process the blood vessel will be
exposed to any drug or vector chosen by the investigator. If

Absorption Spectroscopy of Proximal and Distal
from Critical Limb
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this is a vector for transfecting genetic material then the
material will be carried into the vascular tissue if the
pressure and flow settings are chosen appropriately. Once
there, the cells of the blood vessel will start to produce the
specific protein coded by the genetic material. These pro-
teins will make their way to the cell membrane and lodge
there. The time required for this process depends on the
vector and particular system being encouraged. Following a
suitable transfection period (determined by the investigator
and programmed at the beginning of the test) the perfusion
reservoir is changed to a reservoir containing an agonist of
choice, selected to be appropriate to stimulate the protein
induced during transfection. On contact with the proteins in
the tissue, the agonist will induce a functional response in
the tissue (usually vasoconstriction or vasodilation, possibly
changes in wall structure). Any such change will be reflected
in an alteration in the optical properties of the vascular
tissue.

Example 2

[0101] Transient Transfection of NOS Synthase Bene in
NOS-Knockout Mice using Lipofect AMINE Reagent and
Functional Detection of Transfection by Absorption Spec-
troscopy.

[0102] Mouse 1°" order mesenteric arteries are dissected
out and maintained in Optimem I supplemented with 10%
foetal bovine serum. cDNAs (for NOS) inserted into appro-
priate plasmids are mixed with Lipofect AMINE according
to the manufacturers instructions. Two arteries are set up in
separate perfusion chambers; the first tissue (A) acts as a
control (receives Lipofect AMINE and plasmids without the
¢DNA insert), the second tissue (B) receives Lipo-
fect AMINE with plasmids containing the NOS cDNA insert.
The arteries are exposed to the appropriate transfection
solutions for 8 hours.

[0103] Determination of NOS ¢DNA Transfection Effi-
ciency.
[0104] After 8 hours, the unit switches automatically and

perfuses the vessels with normal PSS. Analysis of the lumen
diameter via absorption spectroscopy begins, providing con-
tinual information on the contractile state of the artery.

[0105] Functional detection of NOS activity is achieved
by way of a two-stage protocol. Firstly, concentration-
response curves to ACh are conducted in both vessels.
During the concentration-response curve, changes in the
state of the blood vessels are continuously monitored by
absorption  spectroscopy. ACh selectively activates
expressed NOS synthase and causes release of the vasodi-
lator nitric oxide (NO). Therefore, the presence of NOS is
demonstrated by vasodilation of the blood vessel in response
to ACh. The control vessel should display little vasodilation
to ACh, as NOS cDNA was not transfected in this tissue.

[0106] Both vessels are then perfused with normal PSS for
thirty minutes. To ensure that ACh-induced vasodilation is
due to NOS activation and not other unidentified factors, the
second stage of the protocol is initiated. The concentration
response curve to ACh is repeated in the presence of the
selective inhibitor of NOS, L-NAME. If ACh produced
vasodilation via NOS activation in the first stage of the
protocol then L-NAME should abolish further responses to
ACh.
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Example 5
[0107] Transfection of Gastrointestinal Tract from ORL-1

Knockout Mice with ORL ¢cDNA using Adenoviral Vectors.

[0108] Two 3 cm segments of mouse gastrointestinal tract
are set up in perfusion chambers and perfused with normal
PSS. ¢cDNAs for the ORL-1 receptor are ligated into an
adenovirus transfer plasmid with the cytomegalovirus pro-
motor. The virus is diluted in Optimem I and then perfused
through one segment of gastrointestinal tract for up to 2
hours, the other segment acts as a control and receives the
virus without the ORL-1 cDNA.

[0109] After the transfection period, functional detection
of the expressed ORL-1 receptor is achieved by spectro-
scopic detection of contractions upon perfusion of the selec-
tive ORL-1 agonist, nociceptin. The control tissue should
display no response. To ensure that the actions of nociceptin
are through the ORL-1 receptor, the addition of nociceptin
is repeated in the presence of a selective ORL-1 antagonist,
such as naloxone. Therefore, this antagonist blocks
responses involving the ORL-1 receptor, and nociceptin
should have no effect.

1. A method of detecting a change in the physical dimen-
sions of a biological structure, the method comprising the
steps of:

illuminating a biological structure with light of a first
wavelength;

detecting the intensity of light transmitted by the biologi-
cal structure in at least first and second physical states;
and

comparing the intensity of transmitted light with a refer-
ence light intensity of the same wavelength, to deter-
mine a change in the absorption of the biological
structure, said change in the absorption corresponding
to a change in physical dimensions.

2. A method as claimed in claim 1 wherein the step of
detecting transmitted light comprises the step of detecting
the intensity of transmitted light across substantially the
whole diameter of the biological structure.

3. A method as claimed in claim 1 or claim 2 which
comprises the step of repeating the illumination, detection,
and comparison steps at least once with light of at least one
other wavelength.

4. A method as claimed in claim 3 wherein wavelengths
are selected such that in one of the wavelengths the biologi-
cal structure is essentially opaque, whilst in another of the
wavelengths the biological structure is semi-transparent.

5. Amethod as claimed in claim 3 or claim 4 wherein the
illumination, detection and comparison steps with second or
subsequent wavelengths are performed subsequently to the
steps conducted with the first wavelength.

6. A method as claimed in claim 3 or claim 4 wherein the
illumination, detection and comparison steps with second or
subsequent wavelengths are performed simultaneously with
the first wavelength.

7. A method as claimed in any of claims 3 to 6 which
includes the step of distinguishing measured intensities of
each wavelength of light used.

8. A method as claimed in claim 7 wherein separate
detectors are used.
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9. Amethod as claimed in claim 7 or claim 8 wherein the
detected combined intensity is subjected to post-processing
to separate the various wavelength components.

10. A method as claimed in any preceding claim wherein
the reference light intensity corresponds to the intensity of
light measured when no biological sample is illuminated.

11. A method as claimed in any preceding claim wherein
the reference light intensity corresponds to the measured
intensity of light transmitted by the biological sample in a
different physical state.

12. A method as claimed in any of the preceding claims
wherein the changes in the physical dimensions of a bio-
logical structure are measured over time, the method com-
prising the steps of:

illuminating a biological structure at first and second time
points with light of a first wavelength;

detecting the intensity of light transmitted by the biologi-
cal structure at first and second time points; and

comparing the intensity of transmitted light at the first
time point with the intensity of transmitted light at the
second time point to determine a change in the intensity
of transmitted light, said intensity change being indica-
tive of a change in physical dimensions of the biologi-
cal structure.

13. A method as claimed in claim 12 further comprising
the step of altering the local environment of the biological
structure between said first and second time points.

14. A method as claimed in claim 13 wherein the step of
altering the local environment includes addition or removal
of agonists, hormones, potential drugs and/or test samples to
the vicinity of the biological structure, and/or direct physical
stimulation of the structure and/or transfecting the biological
structure with exogenous nucleic acid.

15. Use of a method as claimed in claim 14 to determine
the effect of a gene or similar nucleic acid structure, or the
potential stability of a transfection vector or of the biological
structure for transfection.

16. A method as claimed in any of claims 1 to 14 wherein
peptide or protein structures are added to the biological
structure, to determine the effects of such peptides or pro-
teins directly, without the requirement for expression of a
transfected gene.

17. An apparatus for detecting changes in physical dimen-
sions of biological structures, the apparatus comprising at
least one light source, a light detector, means for locating a
biological structure between the source and the detector, and
data processing means for recording and analysing detected
light which has been transmitted by the biological structure
to detect and analyse changes in characteristics of the
transmitted light to determine changes in the physical
dimensions of the biological structure.

18. An apparatus as claimed in claim 17 wherein the at
least one light source generates light of a single wavelength.

19. An apparatus as claimed in claim 18 wherein the at
least one light source generates light of a plurality of
wavelengths.

20. An apparatus as claimed in any of claims 17 to 19
wherein the light detector comprises a CCD device, a
photoresistor or a photodiode.

21. An apparatus as claimed in any of claims 17 to 20
wherein the detector is capable of detecting light of plurality
of wavelengths.
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22. An apparatus as claimed in claim 21 which comprises
means for separating detected light of multiple wavelengths,
the means chosen from post-detection means or pre-detec-
tion means, or filter means for allowing only light of a single
wavelength to reach the detector.

23. An apparatus as claimed in any of claims 17 to 22
which further comprises means for aligning generated and
detected light.

24. An apparatus as claimed in claim 23 wherein the
means comprises aligned optical fibres, at least one of which
carries generated light, and at least one of which carries
detected light.

25. An apparatus as claimed in claim 24 wherein the fibres
are connected at one end to a light source or light detector
with the other ends of the fibres being in opposed alignment,
such that light leaving the source fibre can enter the detec-
tion fibre.

26. An apparatus as claimed in claim 25 which further
comprises a plastics or similar optical fibre holder, arranged
to hold optical fibres in oppositely aligned relationship.

27. An apparatus as claimed in claim 26 wherein the
holder comprises a bifurcated tube, the tips of each fork of
which are in alignment and wherein in use, an optical fibre
is insertable into each fork of the holder, with the free ends
of the fibres being coterminous with the ends of the forks to
ensure the optical fibres are aligned correctly.

28. An apparatus as claimed in any of claims 17 to 27
wherein the means for locating a biological structure com-
prises a wire holder, a cannula, or a plastics tube bearing an
external circumferential groove; wherein in use, a biological
tube structure may be located over the plastic tube, and
secured thereto by means of tying a fastener around the
groove.

29. An apparatus as claimed in any of claims 17 to 28
which further comprises means for subjecting the biological
structure to fluids and the like.

30. An apparatus as claimed in claim 29 wherein the
means comprises at least one chamber having a fluid inlet
and a fluid outlet, in which the biological structure is located.
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31. An apparatus as claimed in claim 30 which comprises
one or more fluid reservoirs, for storing circulatory fluid.

32. An apparatus as claimed in claim 30 or claim 31
wherein the chamber comprises a fluid pump, for circulating
fluid within the chamber, or into and out of the chamber.

33. An apparatus as claimed in claim 32 wherein the pump
is arranged to maintain the chamber at substantially physi-
ological fluid pressure.

34. An apparatus as claimed in any of claims 17 to 33
which further comprises means for introducing substances to
the biological structure.

35. An apparatus as claimed in claim 30 in which a
plurality of chambers are provided, enabling a plurality of
biological structure samples to be studied simultaneously.

36. An apparatus as claimed in any of claims 17 to 35
wherein the data processing means comprises a computer.

37. An apparatus as claimed in any of claims 17 to 36
which comprises temperature regulation means, for regulat-
ing the temperature of a biological sample.

38. An apparatus as claimed in any of claims 17 to 36
wherein the means for locating the biological structure
comprises or includes a layer of protein which can immo-
bilise the structure.

39. An apparatus as claimed in claim 38 wherein the
protein is or is derived from one or more of the group
consisting of collagen, elastin, gelatin, fibronectin, fibrino-
gen and vitronectin.

40. Use of a method as claimed in any of claims 1 to 16
to detect changes in the internal diameter of a tube structure.

41. Use of a method as claimed in any of claims 1 to 16
to measure a biological tube structure such as those chosen
from the group including blood vessel, lymphetic vessel,
airway, gut, weter, wethra, seminiferons, tubule, vas defer-
ens and the like.

42. Use of a protein chosen from collagen, elastin, gelatin,
fibronectin, fibrinogen and vitronectin to support biological
tissue in testing apparatus.
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