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ABSTRACT

Spasticity is a common sensory-motor dysfunction observed following a stroke, and it is one of
the signs indicating damage to the upper motor neurone system at the spinal or cerebral level.
Stroke survivors often experience Some resistance to passive movement of their limbs. Increased
resistance to passive movement could be attributed to neural and non-neural mechanisms.
Neural resistance to passive movement is often referred to as spasticity. Current methods used

clinically to measure spasticity proven to be limited or invalid.

The main objective of the current study was to explore the possible usefulness of GFAP, S100B,
NSE, Glutamate, GABA, Purines, CK, LD and Albumin as biomarkers of post-stroke spasticity. By
comparing the serum concentrations between spastic and non-spastic groups and identify
possible correlations of the biomarkers with the development of spasticity. In addition, it was
intended to identify possible correlations of muscle biomarkers with post-stroke muscle

weakness.

Although not statistically significant, higher levels of three central nerve system specific

biomarkers (GFAP, NSE, S100B) and purines indicate a promising candidate targets for further

exploration of associated biomarkers for spasticity following stroke.
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CHAPTER 1: INTRODUCTION

1.1 Stroke

Stroke is the second common cause of death, after ischaemic heart disease, and the third leading
cause of disability worldwide (Johnson et al., 2016). Over 100 000 people in the United Kingdom
suffer from a stroke every year, and this has been a financial strain on the National Health Service
costing over £3.6 billion. This figure is likely to increase with an increase in the ageing population
of today (Xu et al.,, 2018). Approximately, a third of stroke survivors remain functionally
dependent at one year after a stroke, with the feeling of the disabling impact of a stroke

continuing for as long as the stroke survivor lives (Newton et al., 2015).

WHO (1988) defines a stroke as "rapidly developing clinical signs of focal (or global) disturbance
of cerebral function lasting more than 24 hours with no apparent cause other than of vascular
origin”. This is a clinical definition, and it does not depend on brain imaging. The WHO definition
includes cerebral infarction, subarachnoid haemorrhage and intracerebral haemorrhage.
However, subdural haematoma and other traumatic bleedings are excluded since they are usually

caused by trauma.

1.1.1 Classification of stroke
There are two types of strokes, ischemic and haemorrhagic. Ischemic strokes, estimated to be

87% of the entire number of reported strokes, result from a cerebral artery becoming, partially



or entirely blocked thereby decreasing tissue perfusion (Donnan et al., 2008). The extent of the
infarction will depend on the size and location of the blockage. Ischemic stroke is created either
by a thrombosis, as a consequence of an atherosclerotic plaque separation, or by an embolus
originating outside the brain.  Atherosclerosis, magnified by arterial hypertension, diabetes
mellitus, smoking and raised lipid levels form one of the key processes implicated in the

pathogenesis of Ischemic stroke (Wardlaw et al., 2009).

The transient ischemic attack, on the other hand, and according to the new definition is
considered to be a brief episode of neurologic dysfunction resulted from the focal brain or retinal
ischemia, with clinical manifestations typically lasting less than one hour with no neuroimaging
evidence of acute infarction. This new definition is based on evidence from neuroimaging studies
showed that even when focal transient neurological symptoms last less than an hour, the risk of
permanent tissue injury (infarction) still exists. Even brief ischemia is thought to cause permanent

brain injury. (Simmons, Cirignano and Gadegbeku, 2012).

Hemorrhagic stroke accounts for around 13% of all strokes. It is the result of a ruptured cerebral
artery with the development of intracranial haemorrhage and sometimes raised intracranial
pressure that ultimately leads to the compression of surrounding neuronal tissue, as well as the
blocking of the blood flow of surrounding vessels with following ischemia and necrosis (Salman,
Labovitz and Stapf, 2009). Hemorrhagic stroke can be categorised as intracerebral haemorrhage
if the blood accumulation happens within the cerebral parenchyma or as subarachnoid

haemorrhage if the haemorrhage takes place outside the brain (between arachnoid mater and
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pia mater) (Laborde et al.,, 2012). Based on the underlying aetiology of intracerebral
haemorrhage, it can be categorised as primary if the rupture of small vessels is spontaneous, or
secondary when it is associated with conditions such as coagulopathies, vascular irregularities

and tumours (Wilson et al., 2015).

At an individual level, the consequences of a stroke can be destructive. Depending on the affected
brain area and the degree of damage, the effects may be extensive (Varona, 2011). The remaining
neurological deficits may include loss or weakness of the use of one side of the body (paresis),
abnormal muscle activation (spasticity), speech difficulty (aphasia/dysarthria), decrease in mental
functioning (cognitive/ perceptual Impairments) and impaired emotional functions (UK
Department of Health, 2007). These impairments can affect the ability of the individual to move,
(e.g. walking), affect the activities of daily living (ADL), (e.g. feeding, dressing) and reduces the
quality of life. It has been found that motor and functional outcomes after stroke correlate with
a combination of delimiting sizes and primary locations of lesion more than with lesion sizes only

(Alexander et al., 2010).

In addition, a series of secondary medical problems particularly falls, and infections are common
post-stroke (Langhorne et al., 2000). The type of the pathology, subtype of clinical stroke,
continence and level of consciousness have been documented as prognostic factors for death and
impairment (Vohra, Ahmed and Ali, 2000). The exact causes of death in stroke varies. It may be
the result of basic pathology, such as an increase in intracranial pressure, which will lead to

herniation or disruption of vital cerebral function, or, may be further complications of a stroke,
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such as Aspiration Pneumonia. It has been reported that complications of the immobility of
ischemic stroke patients, rather than to neurological consequence, accounts for more than a

double of the death (Creutzfeldt and Hough, 2015).

1.2 Spasticity

Spasticity is a common sensory-motor dysfunction observed following a stroke, and it is one of
the signs indicating damage to the upper motor neurone system at the spinal or cerebral level.
The European Working Group, EUSPASM, has defined spasticity as “disordered sensorimotor
control, resulting from an upper motor neurone lesion, presenting as intermittent or sustained
involuntary activation of muscles” (Pandyan et al., 2005). Based on this EUSPASM definition, the
term ‘spasticity’ can be used to describe most of the ‘positive features’ associated with the upper
motor neuron syndrome. Positive features such as increased reflexes, spasm, clonus, abnormal
movement patterns, co-contraction, altered tone and ‘abnormal’ muscle activity response to an
externally imposed passive movement. The response of a relaxed muscle to an externally
imposed stretch can present as, velocity-dependent response; position-dependent response; a
combination of velocity-dependent and position-dependent response and a clasp-knife-type
response. In some patients, increased muscle activity can present as increased resistance to

passive movement (Pandyan et al., 2018).

Spasticity is thought to be a result of lost inhibitory control of the spinal reflexes. Spinal reflex
activity is tightly regulated, and if inhibitory control is lost, the result is the hyperexcitability of

the spinal reflexes. The subsequent adaptations in the spinal networks, because of the primary
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lesion, may vary considerably since individual patients have lesions affecting different pathways
to a different extent. Changes in spinal cord inhibitory circuits; reciprocal inhibition, plateau
potentials and presynaptic inhibition may, in different patients, have different roles (Mukherjee

and Chakravarty, 2010).

It is believed that there must be some sort of rearrangement, a kind of neuronal plasticity, that
occurs within the spinal cord, as well as at the cerebral level following a stroke. The process of
neuroplasticity is believed to happen immediately after a stroke and possibly continue at a
heightened level during the first few days or weeks post-stroke. Part of neuroplasticity is
sprouting of afferent axons. (Bareyre et al.,, 2004). Afferent fibres might sprout, attach to
previously inhibitory synapses, and convert them to excitatory synapses. The development of
denervation hypersensitivity due to upregulation of receptors could be an alternative mechanism

(Calabresi et al., 1992).

It is unlikely that spasticity is caused by a single mechanism, but rather by a complicated chain of
changes in different interdependent networks. More than one pathophysiologic abnormality
contributes to the development of spasticity, and these have been well documented in literature

(Sheean, 2002; Nielsen, Crone and Hultborn, 2007).

1.2.1 Complications of spasticity
Patients with spasticity sometimes complain only from stiffness, although other features of

spasticity could be present and evident. The elastic and plastic properties of muscle tissues also
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change as a result of reduced mobilisation, and this is due to the absence of voluntary movement,
making muscle contraction and joint movement more difficult (Ghai et al., 2013). Spasticity may
also facilitate fixed positioning and lead to the sensations of heaviness or pain in the affected

limb.

Contracture, the permanent loss of range of movement of a joint, is more likely to happen in the
presence of spasticity. It is believed that, in patients who have not recovered active movement,
any form of position-dependent spasticity, the clasp-knife response and spastic dystonia can all
facilitate fixed positioning of the limbs and lead to the development of contracture. Contractures
seem to develop more rapidly in patients with spasticity who have no function than patients with
spasticity but their function still intact. Patients who recover active movement, do not necessarily
have spasticity interfering with active movement and do not develop contractures (Pandyan et

al., 2003; Malhotra et al., 2011).

Some disuse atrophy occurs within a few weeks of the injury because of certain changes in the
mechanical and physiological properties and the muscular tissue being in a contracted position,
and this result in a less efficient muscle function. Spasticity might also lead to a decrease in the
functional ability of the affected limb. These limitations directly affect the lives of the stroke
sufferers at the primary level, but the effect of spasticity is often noticed as an increased burden
on caregivers. It is estimated that in the group of chronic spastic patients, 20-30% will have
disabling spasticity and in need of some medical intervention., (Lundstrom, Terent and Borg.,

2008).



Skin breakdown can be common in persons with spasticity. Poor positioning may lead to skin
breakdown over pressure points. Pressure sore occurs in the hand because of contracture and
spasticity. Spasticity in the adductor muscles of the legs makes perineal hygiene difficult and can
cause pressure problems, at the location of where the knees rub together (Hughes and Howard,
2013). This would certainly increase the burden on the caregiver, because of the noticeable

difficulties in moving, handling, and positioning in routine daily care.

The severity of pain and overall quality of life burden associated with the development of post-
stroke spasticity may be reduced or avoided through the initiation of preventive approaches in
patients with Upper Motor Neuron Syndrome (UMNS). Early interventions may prevent, slow or
limit the progression and the complications of post-stroke spasticity. Studies have suggested that
early implementation of rehabilitation program prevents pain development and may also prevent

deterioration in contracture which is believed to be linked to spasticity (Malhotra et al., 2013).

1.2.2 Measurement of spasticity

The measures currently available for identifying or classifying spasticity can be categorised into
three groups: clinical scales, biomechanical methods, and neurophysiological methods
(Johnson, 2005). The biomechanical and neurophysiological measurement methods are mostly

used in laboratory settings.



1.2.2.1 Clinical methods
Clinical methods include several tools with different measurement characteristics and assessing
different constructs. The Ashworth Scale and its modified version (Ashworth, 1964; Bohannon
and Smith, 1987) are still common practice in the clinical setting and are widely used in scientific
research. The scales used to measure spasticity by quantification of resistance to passive
movement (Dunne, Heye and Dunne, 1995; Sampaio et al., 1997).

The Ashworth scale is as follows:

0- Noincrease in muscle tone

1- Slight increase in tone giving a catch when the limb is moved
2- More marked increase in tone but limb easily moved

3- Considerable increase in tone - passive movement difficult
4- Limb is rigid in flexion or extension

There is a modified Ashworth scale, that is similar to the Ashworth scale except that it adds a 1+
scoring category to indicate resistance through less than the half of the movement (Appendix I).
Due to their inability to distinguish between the neural and non-neural components of the
increase in resistance to passive movement, both scales have been proven to be invalid

measures of spasticity (Pandyan et al., 2003).

Another scale that claims to quantify muscle spasticity is the Tardieu Scale (Tardieu, Shentoub
and Delarue, 1954). This scale evaluates the response of the muscle to stretch applied at certain

velocities (Appendixll). Grading in Tardieu method is always performed in a constant position
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of the body for a given limb and reaction to stretch is rated at a specified stretch velocity.
Because of its ability to assess and compare the muscle response to passive movement at both
slow and fast speeds, it has been suggested as a more suitable alternative to the Ashworth Scale
for measuring spasticity (Vattanasilp, Ada and Crosbie, 2000).
Here is the quality of muscle reaction in Tardieu Scale:

0- No resistance throughout passive movement

1-  Slight resistance throughout, with no clear catch at a precise angle.

2-  Clear catch at a precise angle followed by release

3-  Fatigable clonus (<10 secs) occurring at a precise angle

4-  Unfatigable clonus (>10 secs) occurring at a precise angle

5-  Joint Immobile

The Tardieu Scale is also, confounded by the limitations of its ability to distinguish between the
neural (spasticity) and non-neural (mechanical and physiological) components of the increase in
resistance to passive movement, making its use as a measure of spasticity per se, questionable at
best (Haugh, Pandyan and Johnson, 2006). It would make more sense if the clinical scales were
to be used as a measure of the resistance to passive movement, as perceived by the clinician,

rather than a measure of spasticity (Fleuren, Bourke and Geurts, 2018).

1.2.2.2 Biomechanical methods
Biomechanical methods to measure spasticity assess muscle activation indirectly, by measuring

the resistance to an externally imposed movement. The biomechanical measure can be
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performed manually, by instrumented displacement, or by gravity (Vodovnik, Bowman and Bajd,
1984; Biering-Sorensen, Nielsen and Klinge, 2006). However, all biomechanical methods have
limited clinical applicability and can only be used to measure resistance to passive movement.
Biomechanical methods are unable to distinguish between the neural and non-neural

components to the resistance to passive movement (Pandyan et al., 2018).

1.2.2.3 Neurophysiological methods

With neurophysiological measurement methods, electrical activity of involved muscles is
measured. The use of surface electromyography (sEMG) for the recording of muscle activity
during passive movement can be a valuable addition when applied in a standardised way.
Neurophysiological methods include, Hoffmann reflex (H-reflex), H:M ratio and F-wave which
measure the efferent response to an electrical stimulus, and tendon tap (T-reflex), manual
perturbation, or controlled displacement perturbation which measure the efferent response to

a mechanical perturbation.

Most of the neurophysiological methods of measurement are relatively easy to perform.
However, due to large inter- and intra-subject variability, parameters related to the magnitude
of muscle activity cannot be used reliably. Neurophysiological measurement methods provide
more useful information to inform the management of spasticity than any of the clinical scales
or the biomechanical measures used in isolation (Pandyan et al.,, 2018). A combination of
biomechanical and neurophysiological measurements is recommended, and it is undoubtedly,

more accurate in quantifying spasticity than the clinical scales (Malhotra et al., 2008). However,
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biomechanical and neurophysiological measurements usually require specialised equipment
and training which might make them impractical and not cost effective. Another limitation is
that although they tell us of the presence or absence of spasticity, they do not give sufficient
enough information of the causes of spasticity. At a fundamental level spasticity results from
changes in signaling within the central nervous system (CNS); changes in signaling may give rise

to other markers we can measure using biomarkers analysis.

1.3 Rationale

None of the current clinical measures is sensitive enough to detect early spasticity, and they are
unable to identify it before any complications have developed, and by that time patients would
have possibly lost their ability to recover. If spasticity has not been detected and treated early,
complications will develop which can in turn exacerbate the condition further (e.g., contracture
will lead to pressure sores). Finding a way of identifying spasticity earlier is the key to better
patient’s management, with the prospects of developing future treatments. Considering the
insufficient sensitivity of current methods used routinely in the clinical setting and the
impracticality of using biomechanical and neurophysiological measures in a clinical setting, it is
necessary to establish additional methods that, when coupled with clinical assessment, can
improve diagnostic precision. The study of biological markers could represent an additional
method for the diagnosis of spasticity. The advantage of using biomarkers include quick testing
and, coupled having identified biomarkers for spasticity, possibility of identifying suitable early

treatment.
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In stroke patients, the time course of development of Spasticity can be within 48 hours or even
earlier (Pandyan et al., 2018). It has been reported that more than 90% of patients without arm
function will develop spasticity within six weeks post stroke (Malhotra et al., 2011).

If spasticity biomarkers can be identified in the early stages of a stroke, ideally before even
muscle overactivity is seen, then we will be able to manage spasticity and stop the limb
deformities and pain from emerging. The prevention of secondary complications with early
identification and treatment, in addition to helping the patient, may cut down the costs
associated with giving such service to the NHS. Biomarkers might provide a more efficient and
sensitive method of measurement, helping to elucidate mechanism better, lead to newer

treatments and assess the effectiveness of any therapeutic interventions for spasticity.

1.4 Biomarkers

A biomarker has been defined by The Biomarkers Definition Working Group of the National Health
Institute as a, “characteristic that is objectively measured and evaluated as a marker or indicator
of normal biological processes, pathogenic processes or pharmacological responses to therapeutic

intervention” (Atkinson et al., 2001).

A variety of methods have been used to develop biomarkers. This has progressed from limited
targeted pathological or physiological studies to the identification of total alterations linked to
disease processes with the use of methods such as proteomics (Rifai and Gerszten 2006).
Biomarkers have been applied in several areas of clinical practice. These include diagnosis,

prognosis and monitoring of disease development. Other applications include development and
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delivery of personalised treatments and monitoring of clinical responses to treatment (llyin,

Belkowski and Plata-Salaman. 2004).

A biomarker is considered relevant in clinical practice if it can be measured quickly and precisely
at a reasonable cost. Ideally, a biomarker should be of value to patient diagnosis or prognosis and
helpful in directing patient management (Lemos, McGuire and Drazner. 2003). C-Reactive Protein
(CRP) and Troponins are two of the widely used clinical biomarkers. CRP, which is considered an
acute phase protein is non-specific, whereas troponin is a cardiac-specific biomarker although its
use is limited in some clinical conditions. It is difficult to identify an ideal biomarker that
completely meets the strict parameters needed for the evaluation. It is unlikely for an individual
biomarker to work flawlessly well for all phases from disease risk identification before onset to
post-disease development. It is important for researchers to develop and place the targeted
biomarker to fill a gap or meaningfully complement what is already available clinical information.
A biomarker that may be unuseful in assisting with the diagnosis may be quite helpful as a tool to

follow the development of a specific pathological process in diseases.

The overall aim of this project was to investigate the potential for serum biomarkers to be able
to assess and predict the development of post-stroke spasticity. Therefore, the first objective
was to Identify the likely serum biomarkers present in the literature used for the evaluation of

neurological dysfunction.
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CHAPTER 2: LITERATURE REVIEW

The objective of this literature search is to identify potential biomarkers that can be used for early
detection and diagnosis of post-stroke spasticity. In the eventual clinical setting, such biomarkers
may also be used to augment the precision of clinical diagnosis, follow disease progression and

help with drug development.

2.1 Literature search 1
Electronic databases MEDLINE and CINAHL were searched on 17 June 2018 for all studies detailing
the use of biomarkers for post- Stroke spasticity. The search was not restricted by date or

language.

2.1.1 Electronic search strategy

The full search strategy has been described in Appendix Ill.

2.1.2 Results
The literature search retrieved 20 publications none of which related to biomarkers of post-

stroke spasticity.

2.2 Literature search 2
The first literature search did not find any publications related to biomarkers of post-stroke
spasticity; therefore, a second literature search was performed. The second literature search was

looking for biomarkers of stroke. Since spasticity is one of the consequences of stroke, we
15



believed that such search would provide a collection of stroke biomarkers which could be

investigated further and their link to post-stroke spasticity explored.

Electronic databases MEDLINE and CINAHL were searched on 17 June 2018 for all studies detailing

the use of biomarkers in Stroke. The search was not restricted by date or language.

2.2.1 Inclusion and exclusion criteria
Studies were eligible for inclusion if they were published in the English language; only assayed
blood biomarkers (not Cerebrospinal fluid) and included only stroke (not transient ischemic

attack).

2.2.2 Electronic search strategy

The full search strategy has been described in Appendix IV

2.2.3 Results

The search yielded eight thousand, one hundred and ninety-five publications. Studies were
included if they were published in the English language; only assayed blood biomarkers (not
cerebrospinal fluid, urine or other fluids) and included only stroke (not transient ischemic attack).
A number of seven thousand one hundred and thirteen publications did not satisfy the inclusion
criteria. Out of the one thousand and eighty-two articles that satisfied the inclusion criteria, only
human studies were included, this reduced the number further to seven hundred and sixty-one

studies (Appendix V). In this study, not all of the papers we are using to inform this review are
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limited to the articles identified in the search. A full review of the reported biomarkers and their

possible link to post-stroke spasticity will be discussed next.

2.3 Potential biomarkers

There have not been any studies looking at biomarkers of spasticity, and since UMN lesions are
believed to be a consequence of stroke, it might be useful to look at stroke biomarkers and study
their link to spasticity. There is the possibility that some of these biomarkers might play a role in

the development of spasticity.

An ideal central nervous system (CNS) biochemical marker should have all of the following

properties (Ingebrigtsen and Romner, 2002):

1

Central nervous system specificity.

2- Rapid and significant release into blood or CSF after injury.

3- Readily obtainable assay results.

4- Predictability of serious injury from an early sample.

5- Relationship of marker concentration with the degree of injury.
6- Inexpensive.

7- Minimally influenced by confounding factors.

8- Reproducible.

17



2.3.1 Classification of biomarkers

The literature search yielded 761 articles reporting a range of biomarkers linked to stroke. Stroke
biomarkers could be divided roughly into two categories, CNS specific and non-CNS-specific
biomarkers. The following are mainly brain-derived proteins or amino acids that had been
studied as biomarkers of stroke (Table 1). These are markers of damage to glial and neuronal
brain tissue and thus could have the potential to be linked to spasticity. These CNS specific

biological markers will be discussed in more detail next.

2.4 Central nervous system (CNS) biochemical markers

Table 1 Central nervous system (CNS) biochemical markers

Biomarker Role Origin
Neurone-specific enolase (NSE) Neuronal damage Neurone
Protein S100B Glial damage Glia
Glial fibrillary acidic protein (GFAP) Glial protein Glia
Gamma-Aminobutyricacid (GABA) Neurotransmitter Neurones
Glutamate Neurotransmitter Neurones
Glycine Neurotransmitter Neurones
Spermidine Modulate NMDA Neurones
Tau Neuronal protein Neurones
Myelin basic protein Glial damage Glia
Neurofilaments protein Structural support Neurones
Visinin-like protein 1 (VLP-1) Neuronal damage Neurones
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2.4.1 Neurone-specific enolase (NSE)

Neuron-specific enolase is a cytoplasmic glycolytic enzyme expressed mainly in neurons and
neuron-derived cells (Isgro, Bottoni and Scatena, 2015). Four studies have demonstrated
significantly lower Neuron-specific enolase concentrations in controls than in patients with
acute ischemic stroke (Cunningham et al., 1991; Fassbender et al., 1997; Missler et al., 1997;
Oh et al., 2003). However, links between Neuron-specific enolase values and infarction volume,
different stroke scale scores and result parameters have been found inconsistent (Cunningham
et al., 1991; Butterworth et al., 1996; Fassbender et al., 1997; Missler et al., 1997; Wunderlich

et al., 1999).

In a study conducted by Jager (1999), ten thromboembolic stroke patients showed significantly
elevated Neuron-specific enolase levels as early as 4 hours after stroke onset. Others could not
detect differences at 4 hours but reported a Neuron-specific enolase increase from 8 hours to
72 hours (Fassbender et al., 1997). Three studies showed a significant Neuron-specific enolase
increase when blood was drawn within the first 24 hours after ischemic stroke onset (Missler et
al., 1997; Hill et al., 2000; Oh et al., 2003). Differences between serum levels in ischemic and
hemorrhagic stroke were found in one study at 48 and 72 hours after symptom onset, but not

at hospital admission (Cunningham et al., 1996).

One reason might be that measurements of NSE serum concentrations were based on
techniques with different detection thresholds, sensitivity and specificity (Table 2). None of the

previous investigations had used a fully automated high-end technique. Besides, a variety of
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different scales have been applied to the assessment of clinical deficits and functional outcome

(Anand and Stead, 2005).

Table 2 Characteristics of NSE studies (Different assays, outcomes and normal ranges reported)

dismissal

Reference Assay Outcomes Normal NSE range
Cunningham et al. | Cunningham | CT stroke volume; Glasgow | 5.69-10.99 pg/L
(1991) Outcome Scale

Fassbender et al | Sangtec Scandinavian  Stroke  Scale; | 8.38-9.84 ng/mL
(1997) CT infarct volume

Oh et al (2003) Roche MRI infarct volume; NIHSS 4.7-7.9 ng/dL
Missler et al (1997) Roche CT infarct volume; ADLs at | 6.4-15.8 pug/L

2.4.2 Protein S100B

The S-100 is an acidic calcium-binding protein consist of two subunits (a and ). S-100 BB is

present in high concentration in glial and Schwann cells, S-100 af in glial cells, and S-100 aa is

found in slow-twitch muscle, heart, and kidney (Foster, 2017).

As a result of its broad localisation in various cell types, S100B is believed to be a biomarker of

generalised blood-brain barrier dysfunction rather than specific glial damage (Kapural et al.,

2002). S100B is released into the cerebrospinal fluid (CSF) on damage to the structure of

neuronal cells, but the fundamental mechanism of passage through the blood-brain barrier

(BBB) has not been clearly explained. The concentration of S100B is 40 times higher in the

cerebrospinal fluid than in serum or plasma. The biomarker is not affected by hemolysis and
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has outstanding stability (Kanner et al.,, 2003). It is frequently reported as a promising
biomarker that can be measured in peripheral blood samples (Fassbender et al., 1996; Buttner
et al., 1997; Missler et al., 1997; Elting et al., 2000; Herrmann et al., 2000, Wunderlich et al.,

2004; Thelin, Nelson and Bellander, 2017).

Studies have demonstrated that following stroke, serum S100B concentrations are increased
significantly (Persson et al., 1987; Abraha et al., 1997; Buttner et al., 1997; Elting et al., 2000;
Foerch et al., 2003; Wunderlich et al., 2004; Foerch et al., 2005; Jauch et al., 2006; Schulte et
al., 2014), with the secretion of S100B increasing up to 48 hours after stroke onset and the
highest concentration occurring during the first 24 hours after the onset of cerebral infarction.
Elting et al. (2000) reported that patients who had significant neurological deficits and
abnormal brain imaging showing large artery cortical infarcts had significantly higher S100B
concentrations with maximum variation over time, in comparison with patients who had a

transient ischaemic attack (TIA) or normal brain CT at presentation.

Significant correlations between the size of infarction area and S100B concentrations in blood
were demonstrated in a variety of clinical or experimental research on focal ischemia. In cases
with focal ischemia as a secondary complication, it has been shown that lesion size strongly
correlated with S100B concentrations 48 hours after stroke following cardiac surgery (Jonsson
et al., 2001). Jauch et al. (2006) have reported a direct correlation of stroke severity to S100B

concentrations.
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Increased S100B in blood is not specific for cerebral infarction as increases occur in other
neurological pathologies including traumatic brain injury and extracranial tumours, thus giving
the potential to confound interpretation of results (Raabe et al., 1998; Donato et al., 2001;
Saenger and Christenson, 2010). The apparent difficulty for widespread use of S100B in acute
conditions includes it's apparent prolonged and delayed release into the blood. It has been
shown that S100B increase immediately after stroke onset and peak at 4 days post-stroke
(Herrmann et al., 2000). This might be an issue when it comes to the diagnosis of stroke,

because of the urgency of tPA treatment, but it is not the case in spasticity diagnosis.

2.4.3 Glial fibrillary acidic protein (GFAP)

Glial fibrillary acidic protein (GFAP) is a monomeric intermediate filament protein thought to be
produced almost exclusively in brain astrocytes (Hol and Pekny, 2015). GFAP is found in the white
and grey matter of the central nervous system and is considered a highly specific brain damage
marker (Missler et al., 1999; Pelinka et al., 2004). Glial fibrillary acidic protein is released rapidly
out of the damaged brain and is upregulated through astrocytosis (Herrmann et al., 2000; Yasuda

et al., 2004; Yang and Wang, 2015).

Although the exact role of glial fibrillary acidic protein is unknown, it is involved with various
neuronal cellular processes and is partially responsible for neurological functions within the
blood-brain barrier. Initial clinical studies with glial fibrillary acidic protein reported increased
serum concentrations in ischemic stroke patient’s vs controls, with peak values around 3 days

after symptom onset (Niebro et al., 1994; Herrmann et al., 2000; Foerch et al., 2003; Foerch et
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al.,, 2012). The prolonged release and specificity of glial fibrillary acidic protein led to the
hypothesis for its use in stroke differentiation as the onset of intracerebral haemorrhage is

typically rapid, and any brain injury should result in leakage of GFAP from astroglial cells.

In a study involved patients admitted to a hospital within 6 hours of onset of stroke symptoms,
Blood samples were collected immediately after admission, and patients were diagnosed with
hemorrhagic or ischemic stroke based on computerised tomography (CT) scan, or magnetic
resonance imaging (MRI) results (Foerch et al., 2006). In this study and using an automated
enzyme immunoassay, serum glial fibrillary acidic protein was detectable in 81% of patients with
intracerebral haemorrhage, compared with only 5% of patients with ischemic stroke. In addition,
serum glial fibrillary acidic protein concentrations were much higher in patients with intracerebral
haemorrhage. For the first 24 hours after stroke, GFAP levels in ischemic stroke patients remained
within the normal range while it increased between 2-6 hours of stroke onset in hemorrhagic
stroke patients. To distinguish between ICH and ischaemic stroke, a time frame was determined

to be between 2-6 hours after the onset of stroke (Dvorak et al., 2009).

2.4.4 Gamma aminobutyric acid (GABA)

Gamma-aminobutyric acid (GABA) is the chief inhibitory neurotransmitter in the human central
nervous system. Inhibitory neurotransmitters reduce the probability that glutamate stimulation
leads to action potential by lowering the resting membrane potential of the neurone (Nuss, 2015).
GABA neurotransmission causes hyperpolarisation as a result of increased chloride flux across the

postsynaptic membrane (Herbison and Moenter, 2011). These actions are believed to
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counterbalance the toxic effects that glutamate cause during cerebral ischemia as it is supported
by the neuroprotection of the GABAa receptor agonists in animal stroke models (Lyden, 1997).
Using microdialysis technique after permanent middle cerebral artery occlusion in rats and after
temporal lobe resection in humans, a sustained increase in Gamma-Aminobutyric acid outflow in
the ischemic brain has been detected (Melani et al., 1999). Reduction in Cerebrospinal fluid and
plasma levels of Gamma-Aminobutyric acid have been detected in patients with acute ischemic

stroke (Blicher et al., 2015).

The dynamics of GABA are unknown but, an increase in neuronal or glial GABA uptake, a decrease
in GABA-ergic neuronal activity or an enhanced binding of GABA to its receptors in the ischemic
brain have been suggested. The enhanced binding of GABA to its receptors, in particular, may
lead to a reversal inflow of GABA from blood across the disturbed blood-brain barrier to the brain

tissue and hence the reduction in GABA in the blood (Serena et al., 2001).

2.4.5 Glutamate

Brain tissue releases glutamate in very high concentrations in the core of the cerebral infarction
and the penumbral cortex; this leads to a massive influx of calcium that activates many of
catabolic processes "which in turn" produce cell death (Lai, Zhang and Wang, 2014). Hypoxia due
to the spread of peri-infarct depolarisations, triggered in the core of the ischemic infarct has been
suggested as another explanation for glutamate-mediated injury (Busl and Greer, 2010).
Glutamate is released in high concentrations in the penumbral cortex a region of reduced

perfusion in which neurons are viable for some time after the onset of ischemia (Breton and
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Rodriguez, 2012) especially if blood flow is reduced for a long time (Xing et al., 2012). Plasma
glutamate level may reflect the extent of glutamate accumulation in an ischemic brain (Davalos
et al., 2000). This hypothesis is supported by the finding of a high correlation between plasma,
and cerebrospinal fluid concentrations of glutamate in stroke patients (Leibowitz et al., 2012) and
the clearly defined increase in plasma glutamate found after 4 hours from the onset of permanent
middle cerebral artery occlusion in a rat stroke model (Puig et al., 2000). Early increase of
glutamate plasma levels has been reported. Glutamate remains elevated up to 15 days post-
stroke and decreases gradually to be within the normal range at 90 days post-stroke (Aliprandi et
al., 2005). It has been shown that the amount of glutamate released during experimental ischemia
correlates positively with the infarct size. (Carmichael, 2005). Thus, glutamate toxicity may have

arole in the progression of penumbra to infarction.

2.4.6 Glycine

Glycine is a well-known inhibitory neurotransmitter in the central nervous system, mainly in the
spinal cord, brainstem, and retina. Glycine works by activating the glycine receptors which cause
chloride to enter the neuron through the ligand-gated ion channels. This process causes an

inhibitory postsynaptic potential (Bowery and Smart, 2006).

In a study performed by Castillo et al., (1997), cerebrospinal fluid and plasma concentrations of
glycine were shown to be significantly higher in patients with progressing ischaemic stroke
compared to patients with stable ischaemic stroke. Increased levels of glycine in plasma have

been detected 4 hours after permanent middle cerebral artery occlusion in a rat stroke model
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(Puig et al., 2000). This led to the assumption that glycine levels in the brain are likely to be
detected in peripheral blood in large ischemic infarctions. Plasma glycine concentrations in
lacunar strokes were found to be within the normal range, and no difference has been detected
between patients with progressing and patients with non-progressing lacunar strokes. The
difference in glycine level between large infarction and lacunar stroke is thought to be due to a

smaller release of glycine in small infarctions (Phillips et al., 2007).

2.4.7 Spermidine

Spermidine is a low molecular weight amine that is found in a very high concentration in the
human brain (Park and Igarashi, 2013). Spermidine is mainly found intracellularly with only small
guantity detected in the extracellular space or the peripheral circulation. Spermidine is present
in nearly all cells of the human brain. (Hougaard, 1992). It has been shown that there is a
continuous release of spermidine from cells into the extracellular space (Duan et al., 2011) for
the purpose of regulation of cellular concentration (Miller-Fleming et al., 2015). Extracellular
spermidine concentration has been shown to be increased after focal cerebral ischemia.
However, spermidine showed a significant decrease in concentration after reperfusion of focal
cerebral ischemia in rats (Paschen et al., 1991). It has been found that spermidine release plays
a significant role in the changes of the blood-brain barrier in focal cerebral ischemia and the
development of ischemic oedema (Kindy et al., 1994; Igarashi and Kashiwagi, 2011,). Spermidine
is mainly transported in the blood by red blood cells after release from brain tissue (Minois,
Carmona-Gutierrez and Madeo, 2011). The transportation mechanism of spermidine across the

cell wall in the initial phase of cerebral ischemia is still not fully understood (Yang et al., 2017).
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2.4.8 Tau protein

Tau protein is expressed mainly in neurons and axons. It is considered to be a structural
microtubule-associated protein. Increased levels of tau protein in cerebrospinal fluid (CSF), have
been described in acute ischemic stroke (Hesse et al., 2000), traumatic brain injury (Franz et al.,
2003), in cerebral complications after aortic surgery (Shiiya et al., 2004) and neurodegenerative

diseases, e.g. Alzheimer’s disease (Otto and Wiltfang, 2003).

Bitsch et al. (2002) carried out the first serum analyses of tau protein in acute ischemic stroke.
An elevated tau protein levels have been described in 35% of the recruited study patients with
peak concentrations within 3-5 days. A correlation of peak tau protein values with infarction
volume and functional disability after 3 months was found; nevertheless, Bitsch et al. (2002)
failed to show a significant association of peak tau protein values with the severity of clinical

deficits.

2.4.9 Myelin basic protein

Myelin basic protein (MBP) is considered to be the second most abundant protein in the human
central nervous system (Greene et al., 2012). Its responsible for maintaining the correct structure
of the myelin sheath and, it plays a vital role in the process of myelination of nerves in the
nervous system (Taveggia, Feltri and Wrabetz, 2010). Myelin sheath protects and improves signal

conductance by working as an insulator to increase the velocity of nerve impulses (Husted, 2006).
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Serum Myelin basic protein was shown to be elevated up to two weeks in an experimental model
of TBI (Rostami et al., 2012). However, its sensitivity as a predictive of injury severity in TBI has
been challenged. Berger et al. (2005) reported that myelin basic protein levels are specific for
ICH and do not increase immediately after an injury. Recently, spectrometry technology has been
used as an alternative method for the characterisation of Myelin basic protein proteolysis
following central nervous system injury (Ottens et al., 2008). The level of MBP has been shown

to be increased significantly in patients with acute cerebral infarction (Berger et al., 2006).

2.4.10 Neurofilaments protein

Neurofilament (NF) proteins are the dominant structural proteins of axons. NF proteins are
composed of three polypeptides, light chain (NFL), medium chain (NFM) and heavy chain (NFH).
The release of neurofilament proteins into the extracellular space result from pathological
mechanisms that cause axonal damage. Neurofilament proteins then diffused into the
cerebrospinal fluid and finally transported into the peripheral blood (Giovannoni, 2010). The
levels of neurofilament protein are believed to be a potential and a good surrogate for
guantifying central nerve system axonal damage. The utility of neurofilament levels as a
biomarker has been reported in several studies looking at neurological diseases characterised by

axonal damage such as stroke (Petzold, 2005).

Levels of both, neurofilament light chain and neurofilament heavy chain are acutely increased in

relation to acute stroke attacks. Neurofilament proteins reach the highest level in two weeks
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after the stroke onset and remain at a high level for at least 15 weeks after stroke onset (Lycke

et al., 1998).

2.4.11 Visinin-like protein 1 (VLP-1)

Visinin-like protein 1 (VLP-1) is a calcium sensor protein found in human central nervous system
neurons. It has been found to have a widespread distribution in the brain and be abundant in all
brain areas except the caudate—putamen (Bernstein and Braunewell., 2009). It has been
demonstrated that Visinin-like protein 1 was present in the blood of stroke patients, as well as
in the cerebrospinal fluid of an animal model of stroke (Laterza et al., 2006). It is believed that
Visinin-like protein 1 takes longer than 24 Hours post-injury to spread from the cerebrospinal

fluid into the bloodstream (Hesse et al., 2000).

One study (Laterza et al., 2006) considered Visinin-like protein 1 to be a promising post stroke
biomarker even though the samples were obtained retrospectively from routine clinical care and

were not systematically collected at a particular time frame after stroke onset.

2.5 Miscellaneous biomarkers reported in stroke studies (non- central nervous system
specific)

The following are biological markers reported in stroke studies but are not brain-derived proteins
or amino acids. These biomarkers can be detected or their level changes in other pathological
processes of the human body and not only limited to central nervous system diseases or injuries.
Therefore, it should not be considered ideal (CNS) biomarkers, and hence, their use for studying

spasticity cannot be attributed to CNS only (Table 3).
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Table 3 Miscellaneous biomarkers reported in stroke studies (non-central nervous system

specific)

Biomarker

Study

Inflammatory Biomarkers

C-reactive protein (CRP)

Interleukin 6 (IL-6)

Tumor necrosis factor alpha (TNF-a)

Vascular cell adhesion molecule 1 (VCAM-1)
Intercellular Adhesion Molecule 1 (ICAM 1)
Matrix metalloproteinase-2 (MMP-2),

matrix metalloproteinase-9 (MMP-9)

A2

Lipoprotein-associated  phospholipase

(Lp- PLA2)

Apolipoproteins C-I and Apolipoproteins C-llI
Monocyte chemoattractant protein-1 (MCP-1)

Ferritin

Resistin
Serum amyloid A

P Selectin

Rost et al., 2001; Arenillas et al., 2003; Curb et
al., 2003; Ballantyne et al., 2005; Di Napoli et
al., 2003

Vila et al., 2000; Montaner et al., 2003; Smith
et al., 2004; Sotgiu et al., 2006

Castellanos et al., 2002; Sotgiu et al., 2006
Lynch et al., 2004; Sotgiu et al., 2006
Castellanos et al., 2002; Sotgiu et al., 2006

Reynolds et al., 2003; Lynch et al.,, 2004
Ballantyne et al.,, 2005; Oei et al., 2005;
Gorelick, 2008; Wassertheil-Smoller et al.,
2008; Elkind et al., 2009; Thompson et al.,
2010

Allard et al., 2004

Reynolds et al., 2003

Davalos et al., 2000; Erdemoglu and Ozbakir,
2002

Efstathiou et al., 2007

Rallidis et al., 2006

Cha et al., 2002
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Haemostasis

Fibrinogen

D-Dimer

Von Willebrand factor (VWF)
Cellular fibronectin

Soluble glycoprotein V
Anticardiolipin Antibodies
Thrombin-antithrombin complex
Fibrinopeptide A

Factor VIIIC

Ernst and Resch, 1993; Mauriello et al., 2000;
Di Napoli et al., 2001

Fon et al., 1994; Montaner et al., 2008
Reynolds et al., 2003; Lynch et al., 2004
Powers et al., 2003

Wolff et al. 2005

Tanne et al., 2002

Tanne et al., 2006

Landi et al., 1987; Feinberg et al., 1996

Landi et al., 1987

Cardiac
Atrial natriuretic peptide (ANP)

B-type natriuretic peptide (BNP)

Troponin |

Troponin T

Makikallio et al., 2005

Makikallio et al., 2005; Sharma et al., 2006;
Montaner et al., 2008

Christensen et al., 2004; Barber et al., 2007
James et al., 2000; Fure et al., 2006; Jensen et
al., 2007

Anti-inflammatory
Adiponectin
Interleukin-10 (IL-10)

Cortisol

Efstathiou et al., 2005
Vila et al., 2003
Davalos et al., 1994

Anticlotting
Thrombomodulin (TM)

Olivot et al., 2004; Tanne et al., 2006
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Dyslipidemia/endothelial damage
Fatty acid binding protein (FABP)

Pelsers et al., 2004; Wunderlich et al., 2005

Other Biomarkers

Parkinson disease 7 (PARK7)
Nucleoside diphosphate kinase A (NDKA)
B-type neurotrophic growth factor
L-Arginine
Beta-thromboglobulin
Insulin-like growth factor (IGF)

Tissue plasminogen activator (tPA)

Homocysteine

Hormetanephrine
Uric Acid

Plasminogen activator inhibitor

Purines

Allard et al., 2005
Allard et al., 2005
Reynolds et al.,2003
Blanco et al., 2006
Feinberg et al., 1996
Denti et al., 2004
Tanne et al., 2006
Pniewski et al., 2003
Chamorro etal.,2007
Chamorro et al.,2002; Weir et al.,2003
Lip et al., 2002

Berne et al., 1974; Weigand et al., 1999;
Pasini et al., 2000; Suzuki et al., 2000
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2.6 Muscle atrophy biomarkers

In stroke patients, lesions that interrupt the descending tracts typically cause weakness of
voluntary movements, loss of dexterity and fatigability (negative signs) as acute manifestations.
Although the primary lesion leading to spasticity is within the central nervous system, there is no
doubt that the peripheral musculature has become abnormal. As a result of the skeletal muscle
been affected by spasticity, serum levels of muscle enzymes are sometimes changed. Skeletal
muscle sodium-potassium ATPase concentration, for example, is reduced in spastic muscle (Ditor

et al., 2004).

Several sources could cause muscle weakness and atrophy, such as denervated conditions,
immobilisation and neuromuscular diseases. Muscle atrophy may also take place, secondary to
common health problems (Jackman and Kandarian, 2004) or some injuries, such as spinal cord
injury (SCI). Ageing (Castro et al.,1999) and various systemic diseases. (Hunter et al., 2004, Sandri

et al., 2004) could also cause muscle atrophy.

Furthermore, the condition may be worsened by detraining (Joyner, 2004), starvation (Mitch and
Goldberg, 1996), lowered levels of hormones (Franch and Price, 2005), decrease in
neuromuscular activity (Fitts et al., 2000), decreases in protein synthesis (Hudson and Franklin,
2002), increases in protein degradation (Kimball et al., 2002), declines in protein content
(Jackman and Kandarian, 2004), and several forms of reduced use (Reardon et al., 2001). Muscle

atrophy which results from limited movement post stroke could eventually cause muscle
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contracture, and as such, the study of muscle atrophy biomarkers could help in understanding

the broad aspects of spasticity.

The onset of muscle atrophy is rapid and severe among acute and critically ill patients, starting
within 4 hours of hospitalisation. (Kasper et al., 2002). The antigravity or the extensor group
muscles are believed to show larger atrophy than non-antigravity or flexor group muscles in the
first few weeks during hospitalisation (Fitts et al., 2000). A limb not used for prolonged duration
in time leads not only to an impairment of the muscle function (Berg and Tesch, 1996) but also to
changes in the muscle morphology During prolonged periods of hospitalisation (Bloomfield,
1997), demonstrated in symptoms such as a decrease of the muscle fibre diameter (Widrick et
al., 1997), a reduction in muscle mass (Vandenborne et al., 1998) and a decline in the overall

number of muscles fibres (Kasper et al., 2002).

Three catabolic pathways are identified to be associated with the atrophy process during

decreased muscular movement /decreased gravitational field:

e ATP-ubiquitin-dependent proteolytic pathways.

Ubiquitination process needs the activation of three ubiquitin-proteasome system enzymes:
ubiquitin-activating enzyme (E1), a ubiquitin-conjugating enzyme (E2), and ubiquitin protein
ligase (E3). At first ubiquitin binds to E1 (Adenosine triphosphate (ATP) - dependent process) and
then transferred to E2. E3 ligases communicate with E2 after covalently bind protein substrate,

which carries activated ubiquitin. Ubiquitin in its turn transferred from E2 to the target protein.
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The process replicates till target protein binds a chain of 4-5 ubiquitin particles. Then, the
ubiquitinated protein degrades into peptides inside proteasome. The binding can also be reversed

by deubiquitinating enzymes (DUBs) (Lecker, Goldberg and Mitch, 2006).

e Lysosomal proteolytic pathways.

Lysosomes are the cell organelles accountable for the elimination of other organelles and
aggregated tissues proteins. The large number of autophagosomes in humans with muscle
diseases proves that autophagy is an essential feature of muscle cells. Lysosomal enzymes are
differently activated during atrophy caused by denervation and unloading. According to
biochemical and electron microscope data, lysosomal degradation of proteins is responsible

mainly for denervation-induced atrophy (Eskelinen and Saftig, 2009).

e (Ca’* dependent proteolytic pathways.

The calcium-dependent proteolytic pathways are comprised by the caspase and calpain families.
The calpain family is a large family of non-lysosomal calcium-activated cysteine proteases, and
calpastatin is their endogenous inhibitor. Three types of calpains are expressed in human muscle,
calpain 1, 2 and 3. It is known, at least partially, that calpain 3 is muscle specific. Deficits in this
precise calpain manifest primarily in muscle, showing a muscle distinct function. Calpain 3 is not
inhibited by, and thus, it is different from calpains 1 and 2. Calpain 3 is believed to have a
regulatory function rather than one of bulk proteolysis of structural proteins. Many members of
the caspase family also function as regular proteases degrading structural protein; this has been

shown with the role of caspase-3 in breaking of actin during cachexia (Kramerova et al., 2005).
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These systems engage differently in the development of muscle atrophy induced by disuse and
denervation. It has been noticed that activity of lysosomal proteases does not increase

significantly under disuse condition (Kachaeva and Shenkman, 2012).

Human head-down bed-rest lead to a rise in the ubiquitin-binding enzyme, proteasome subunits
(Taillandier et al., 1996) and to an accretion of ubiquitinated proteins (lkemoto et al., 2001), which
demonstrates the significant participation of ubiquitin-proteasome system in muscle atrophy
under unloading conditions. Ca?* dependent proteases (calpains and caspases) also play a crucial
role in skeletal muscle atrophy under disuse (Enns et al., 2007), since Ca%* dependent proteases
(calpains and Caspases) do not break down proteins into amino acids or small peptides, they are
regarded as being a system of primary protein degradation (Goll et al., 2003). All the three major
proteasome catalytic pathways were reported to be involved in the breakdown of muscle tissue

after stroke (Springer et al., 2014).

A number of results collected showed that atrophic changes during a space flight or under head-
down bed-rest are supplemented by myofibril proteins degradation (Parry and Puthucheary,
2015) and reduction of total muscle protein (Stein, 1999). The loss of muscle structural proteins
and reduction of muscle functional characteristics result from the complex effect of activation of

different proteolytic systems.
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The analysis of plasma levels of muscle enzymes is regarded as an essential part of the evaluation
of patients presenting with weakness or atrophy and is essential in controlling the course and
response to therapy of specific muscular disorders. Serum enzymes and amino acids that have
been used to measure muscle atrophy include:

1- Creatine kinase

2- Aspartate aminotransferase

3- Alanine aminotransferase

4- Lactate dehydrogenase

5- Aldolase

6- Myostatin

7- 3-methylhistidine

8- Albumin

2.6.1 Creatine kinase

Creatine kinase is present in the highest concentrations in serum in response to muscle damage.
It is the most broadly used enzyme to diagnose and follow muscle disease. It is the best sensitive
indicator and measure of the course of muscle damage (Bohlmeyer et al., 1994). Creatine kinase
is found on myofibrils, the muscle cytoplasm and the inner mitochondrial membrane. It is

involved in cellular energy transfer and storage (Teixeira and Borges, 2012).
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Creatine kinase is a dimer molecule and occurs in three different isoenzyme arrangements
(termed MM, MB, and BB). Skeletal muscle has the highest concentration of creatine kinase
of any tissue. Normal skeletal muscle creatine kinase is more than 99 percent MM with minute
amounts of MB. In comparison, cardiac tissue has the largest concentration of creatine kinase
- MB, which estimates around 20 percent of cardiac creatine kinase (Takagi, Yasuhara and

Gomi, 2001).

2.6.2 Aspartate aminotransferase, alanine aminotransferase

The aminotransferases catalyse the transformation of the amino acids alanine and aspartate
to alpha-ketoglutarate, presenting a source of nitrogen for the urea cycle (Hirotsu et al., 2005).
Aspartate aminotransferase, alanine aminotransferase enzymes are generally found in various
tissues, and raised serum levels are a nonspecific indicator of disease. Increased serum

concentrations values are seen in skeletal muscle, hemolysis and myocardial disease.

2.6.3 Lactate dehydrogenase

Lactate dehydrogenase catalyses the last step of glycolysis, transforming pyruvate to lactate
(Phypers and Pierce, 2006). It is located in almost every tissue of the body; as a consequence,
raised serum levels are observed in a high variety of disease situations. There are five LD
isoenzymes, each consisting of tetrameric orders of M and H chains. The LD1 isoenzyme is
more prevalent in cardiac tissue, LD5 predominates in skeletal muscle (Bohlmeyer et al.,

1994).
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2.6.4 Aldolase

Aldolase is a glycolytic pathway enzyme that is found in all tissues but predominantly in
skeletal muscle, brain and liver. Aldolase concentrations are infrequently raised in patients
with myositis who have normal creatine kinase levels even though, raised aldolase levels are
not as specific or sensitive for muscle disease as creatine kinase levels. (Bohlmeyer et al.,

1994).

2.6.5 Myostatin

Myostatin is recognised as a part of the Transforming growth factor alpha (TGF -a) family that
may also develop atrophy. Decreased myostatin concentration level lead to skeletal muscle
hypertrophy in various species including humans (Lee and McPherron, 2001) while an infusion

of cells expressing myostatin into adult mice leads to muscle wasting (Zimmers et al., 2002).

2.6.6 3-Methylhistidine

Serum 3-methylhistidine has also been used as a biological marker of muscle protein
breakdown. Actin and myosin are 3-methylated in a human muscle which results in
3-methylhistidine amino acid. The resulting amino acid 3-methylhistidine is not reused for
intermediary metabolism or protein synthesis, which makes it a perfect biological marker, as

it should signify total protein breakdown based on its biology (Holm and Kjaer, 2010).

2.6.7 Albumin
Albumin is used to assess nutritional status. Reduced albumin is associated with starvation,
malnutrition (presumably from lack of essential amino acids), anorexia, malabsorption,

prolonged bed rest, intravenous fluids, fast hydration and overhydration.
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Albumin is produced by the liver at a rate of 9-12 g/day and catabolized at about the same
rate; there is no storage or reserve, and it is not catabolized during starvation (Bharadwaj et
al., 2016). It commonly decreases rather quickly in many severe acute diseases or injuries,
beginning at about 12-36 hours, with the average maximal albumin decrease being reached in

about five days.

The decrease of albumin concentrations is common in ill individuals, and a survey of
hospitalised patients shows that a significant proportion of albumin measurements are below
healthy reference ranges (Sullivan, 2001). Although some of these reductions are likely
dilutional, resulting from the administration of intravenous fluids, others are caused by loss of

albumin into urine or by reduced synthesis in the liver caused by hepatic disease (Lee, 2012).

Elevation of the serum albumin level is very unusual other than in dehydration. Most changes
involve reduction, although the normal range is somewhat large, and small reductions are thus
hidden unless the individual patient's normal levels are known. Serum protein levels are
relatively stable except for a gradual decrease after age 70 (Visser et al., 2005). Serum albumin
concentration, which reflects the amount of muscle mass (Sanaka et al.,, 1997), can be
employed as a sensitive variable to identify abnormal loss of muscle mass in some Diseases
responsible for physical inactivities such as cerebrovascular accidents, renal failure and

chronic heart failure.

Use of the albumin test is indicated in patients with moderate to severe cerebrovascular
accidents and patients who have severe physical fatigue due to advanced chronic conditions

such as malignancy. Those patients usually have disuse and/or neurogenic muscle atrophy
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that may hinder them from walking by themselves (Kwon et al., 2007). The lack of using the
lower extremities means disuse and/or neurogenic muscle atrophy of the lower limbs which

suggests a significant loss of muscle mass.

2.6.8 Purines

Purines are one of two families called nitrogenous bases. The other family of These nitrogen-
containing molecules is Pyrimidines. Nitrogenous bases are required to construct the genetic
material in every living organism. Current investigation in blood biomarkers has shown
promising results for the use of purines as early and sensitive markers of ischemic strokes.
Berne et al. (1974) demonstrated the first description of purines release from the in vivo
ischemic brain. Berne reported that Purines could be released from the ischemic brains into
the cerebrospinal fluid. Another study showed that the level of blood purine rises rapidly
during the hypoxia state and, when the oxygen supply is restored, returns to the pre-hypoxic
level within half an hour (Suzuki et al., 2000). A subsequent study used endarterectomy
procedure concluded that, carotid artery clamping induces significant increases in jugular
venous purines and that cerebral ischemia can be reflected by changes in purines
concentration (Weigand et al. 1999). A study in acute stroke settings showed that stroke is
associated with a rapid increase in circulating plasma purines concentration detectable in
peripheral veins. The purines increase likely mirrors an increased production from the
ischemic brain, and it lasts weeks after the acute event (Pasini et al., 2000). This led to the

establishment of purines as biomarkers of ischemic stroke.
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2.7 Biomarkers of interest

This review discussed the current state of stroke biomarkers and investigated several potential
biomarkers that might be utilised for the diagnosis of post-stroke spasticity and muscle
atrophy. The scientific literature reporting studies of biological markers for stroke is immense;
however, nothing was looking at spasticity from this perspective. Even though stroke
biomarkers investigated are anticipated to be biologically informative about the mechanisms
of vascular pathology, their clinical usefulness as sensitive diagnostic and prognostic tests
remain unknown. At this point, none of the papers gave us an exact explanation as to why
there is disparity regarding biomarkers levels and there are no theoretical bases on which we

can explain these differences.

To date, no single biomarker has demonstrated to have sufficient sensitivity and specificity for
a clinical diagnostic test. A number of studies have tried a multi-marker panel approach in
order to enhance sensitivity and specificity (Laskowitz et al., 2005); however, so far none has
been suitably successful in a clinical setting. For a multi-marker panel to be successful, it must
present additional information to the clinical diagnosis, yield fast results, and the

instrumentation needs to be simple to use and cost-effective.

Even though the reported CNS biomarkers represent a valid candidate to be studied and
possibly linked to spasticity, the addition of muscle atrophy biomarkers to the study will
undoubtedly improve our understanding of the phenomenon. Spasticity causes atrophy which
leads to muscle contracture and as such, it is wise to study the three aspects together to get

the full picture. ldentification of biomarkers for spasticity will assist our understanding of its
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aetiology, present diagnostic and prognosticindicators and play an essential role in developing

personalised medicine.

2.7.1 Candidate biomarkers

The following biomarkers have been chosen specifically for the reasons described below:

A. They are sensitive to damage in the neurone (Glutamate, GABA and NSE), glia (S100B and
GFAP) or the cell body (CK and LD).

B. Their response has been documented in the literature with respect to stroke.

C. There are viable methods of detecting changes in the serum and there is evidence that this
can be done. All assays used were in the linear range of detection i.e., they were sensitive
enough to detect at the levels we were looking at.

D. They are upregulated early and have the potential to contribute to early spasticity.

Biomarkers:
1- Glutamate
2- Gamma-aminobutyric acid (GABA)
3- Neurone-specific enolase (NSE)
4- Protein S100B
5- Glial fibrillary acidic protein (GFAP)
6- Creatine kinase
7- Lactate dehydrogenase
8- Albumin

9- Purines
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2.7.2 Time course of the selected biomarkers

Most of the candidate biomarkers in the current study are likely to be upregulated in a way
consistent with our current understanding of the development of spasticity. Development of
spasticity in stroke patients is believed to take place as early as 48 hours post-stroke (Pandyan
et al., 2018) and most stroke patients without arm function develop spasticity within six weeks

post stroke (Malhotra et al., 2011).

Elevated neuron-specific enolase levels were reported as early as 4 hours after stroke onset,
and the increase can still be detected at 72 hours post stroke (Fassbender et al., 1997). NSE is
likely to be increased in patients where the damage is extensive. It is believed that, patients
who have a more extensive brain damage, are more likely to develop spasticity (Cheung et al.,
2016). Serum S100B concentrations were reported to be increased immediately after stroke
onset (Persson et al., 1987) and last up to 48 hours post-stroke with the highest concentration

occurring during the first 24 hours (Elting et al., 2000).

On the other hand, GABA is the only central nervous system-specific biomarker that has been
reported to decrease post-stroke onset immediately. Clinical studies with glial fibrillary acidic
protein reported increased serum concentrations as early as 2 hours after stroke onset with
peak values around three days after symptom onset (Niebro et al., 1994). Elevated plasma
glutamate levels have been found after just 4 hours post-stroke. Glutamate remains elevated
up to 15 days post-stroke but after that, decreased to reach a normal level in 3 months period

(Aliprandi et al., 2005).
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Most of the CNS biomarkers have been studied in the context of acute stroke, and as such,
not many were followed for a more extended period. A study in acute stroke settings showed
rapid increase in plasma purines concentration and the increase lasted weeks after the acute
event (Pasini et al., 2000). Studies looking at CK levels post-stroke have reported mixed results.
With one study reporting a gradual increase in the enzyme level within the first three days and
a decline afterwards (Ay, Arsava and Saribas, 2002), and another study reported no significant
change in both serum LDH and CK levels (Parakh, Gupta and Jain, 2002). These differences in
the reported results of CK, LDH and Albumin, are predicted as these three biomarkers are not
central nervous system-specific and as such, the changes reported could be attributed to
different causes apart from the stroke. CK, LDH and Albumin serum concentration might
provide valuable information concerning muscle weakness, atrophy and the development of

contracture.

2.7.3 Biomarkers analysis approaches

Traditionally, antibody-based assays, such as enzyme-linked immunosorbent assay (ELISA) are
the primary tool for the targeted quantification of specific protein biomarkers. Mass
spectrometry (MS) based assay provides an alternative and complementary method to

existing antibody-based assays (Anderson and Hunter, 2006).

2.7.3.1 Immunoassays

The purpose of an immunoassay, such as ELISA, is to identify and quantify specific antigens in
a sample, where the presence of this antigen could indicate the existence of the disease.
Quantitative data on the concentration can be obtained when compared to a reference

standard curve.
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2.7.3.1.1 Advantages of immunoassays

1- Equipments required are relatively inexpensive.

e

Training requirements are relatively low.

3- The technique is well understood, trusted and relatively straightforward.

N
1

Offers good selectivity and sensitivity.

2.7.3.1.2 Disadvantages of immunoassay

1- The availability of a specific antibody is crucial.
2- Limited range of analytes and antigens that can be detected.
3- The daily running costs can be quite high due to the antibody cost and the

reagent usage.

4- The immunoassay process is quite long (1-3 hours).

5- Sample volumes, especially in ELISA, can be quite high.

2.7.3.2 Mass spectrometry

Mass spectrometry is an analysis technique used to identify unknown compounds and
guantify known materials within a sample. The process involves the conversion of the sample
into gaseous ions, which are then categorised by their mass to charge ratios and relative

abundances.

2.7.3.2.1 Advantages of mass spectrometry
1- Samples can be analysed in a few minutes.

2- Required sample volumes are very small
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3- Low day-to-day reagent costs.
4- The procedure is almost fully automated.

5- Offers the highest precision and sensitivity for the detection and identification.

2.7.3.2.2 Disadvantages of mass spectrometry
1- The technology is perceived as being complex to run with a substantial training
requirement.
2- High cost of the preliminary investment in instrumentation.

3- Alarge number of recruits with large number of samples are needed.

2.7.4 The methods used in the current study

While mass spectrometry is an excellent tool for identifying unknown components in a sample
or confirming their presence, ELISA reagents have been deemed to have the upper hand in
terms of sensitivity of detection of low abundance proteins (Qian et al., 2008). Specificity on
the other hand, is inherent to all immunoassays and is evaluated by determination of the
cross-reactivity. Analytes that react with the antibody would decrease in percentage of
absorbance; conversely, analytes that do not react with the antibody would produce

absorbance near 100% (Jinging et al., 2011).

Since enzyme-linked immunosorbent assays (ELISA) for the candidate biomarkers already

exist, the process of validating biomarker candidates would be a relatively straightforward

process. The immunoassays approach was adopted as an analysis method for this study.
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CHAPTER 3: METHODOLOGY

3.1 Research question:
Having identified the target biomarkers in order to achieve the aim of this project, i.e.
investigate the potential for serum biomarkers to be able to assess and predict the
development of post-stroke spasticity, the following objectives were identified.

1) Clinical assessment of chosen biomarkers in patients (spastic and non-spastic)

2) Clinical assessment of spasticity post-stroke in both groups.

3.2 Study type:

Longitudinal Observational Cohort study with repeated measures. Ethical approval was
granted from the West Midlands - Coventry & Warwickshire Research Ethics Committee
(SMARTCap and SMARTChip studies, REC reference, 14/WM/1034, 16/WM/0164 respectively,

Appendix VI, VII).

3.3 Outcome measures
This was a longitudinal observational cohort study with repeated measures. The study used
measures with identified time point of measurement. In addition to the serum biomarker’s
levels and in order to document the associated secondary complications, the following
measurements were recorded:

- At the point of admission, the National Institutes of Health Stroke Scale (NIHSS) score

and the modified Rankin scale (mRS) score were documented (Appendix VIII, IX).
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- In parallel with the time points of drawing blood, non -invasive measurements of
spasticity (at the wrist), isometric strength (at the wrist and grip strength) were

recorded.

3.4 Study population:
The study aimed to recruit 100 adults aged 18 years and over admitted to the Acute Stroke
Unit at University Hospital of North Staffordshire (UHNS) and diagnosed with a stroke. Patients

recruitment started as early as 24 hours post-stroke.

3.5 Inclusion criteria:
1- Aged 18 years or over.
2- Patients admitted to hospital with a diagnosis of stroke due to a primary cerebral
haemorrhage or infarction.
3- Patient had ongoing symptoms of stroke at the time of enrolment into the study.
4- Capable of providing informed consent directly or, consent obtained from next of

kin or legal representative.

3.6 Exclusion criteria:
1- Patients with subarachnoid haemorrhage (SAH).
2- Patient’s stroke symptoms that had resolved completely prior to enrolment in

the study.
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3.7 Study setting:

The recruitment of patients, non-invasive measurement of the secondary sensory motor
complications, and collection of samples took place at the acute stroke unit at the University
Hospital of North Staffordshire (UHNS). Analysis of the blood samples was either conducted
at UHNS labs or Keele University. These centres have Human Tissue Authority (HTA)-approved
-80 °C freezers for storing the samples. Venous blood samples collected were stored at the
University Hospitals of North Midlands pathology laboratory for a maximum of 4 days for
analysis in batches. Thereafter serum samples from the blood were analysed at Guy Hilton
Research Centre (Keele University, UK). There was not any quantity of the serum left after the
analysis of all sample for all biomarkers was completed. Arrangements for long-term storage

for future research and analysis were not needed.

3.8 Identification of potential research participants:

All patients admitted to the UHNS with a diagnosis of stroke were eligible to participate.
Potentially eligible patients were identified by a member of their direct healthcare team upon
the patient’s admission to hospital. After the patients’ or consultees’ agreement, a stroke
research team member visited the patient as soon as possible after admission to assess their
eligibility to take part in the study. Patients that satisfied the eligibility criteria and who

subsequently consented were enrolled in the study.

3.9 Informed consent:
Informed consent was obtained in compliance with Good Clinical Practice (GCP) and the
ethical principles orginated in the Declaration of Helsinki. Wherever possible, valid informed

consent was sought directly from the stroke patients after the study (and the risks associated
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with the study) were fully explained to the patient and, if appropriate, their next of kin. If the
patient was competent but unable to sign because of their impairments, verbal consent,
witnessed and signed by an independent observer was documented. Where the patient was
competent but only able to make a mark on the paper rather than sign as required, the same

procedure was followed.

In patient’s lacked capacity to give fully informed consent, an appropriate person was
identified to act as a personal consultee. We approached a person with a close personal
relationship with the potential subject, for example, their next of kin, spouse or partner
(including same-sex partners), adult child or parent, who could give information about the
patient’s views and wishes. Other relatives or a close friend or past carer were considered
(Department of Health Guidance on nominating a consultee for research involving adults who
lack the capacity to consent 2008). Confirmation of consent was sought in patients who were
recruited with consent from a legal representative but regained competence prior to the end

of the trial.

Consent was taken by a member of the research team who knew the protocol and was trained
in the procedures of GCP. Due to the nature of this study, patients or their legal
representatives had to decide within a few hours of admission to hospital. They were given
the opportunity to discuss the study with a relative or friend. Participants or their legal
representatives were free to withdraw from the trial at any time without giving reasons and

without prejudicing further treatment.
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The original signed consent forms were filed in the Case Record Form (CRF). One copy was
given to the patient or legal representative, and one was filed in the notes. The participant
information sheets and content forms were not available in other languages. If needed, the
usual hospital interpreter and translator services were available to assist with a discussion of

the trial.

3.10 Subject/patient participation:
Venous blood was taken from all participating patients at 1, 3, 7 and 45 days after admission
to hospital. Blood samples were collected by trained clinical staff in accordance with NHS
procedures. All participants received routine care throughout the study; treatment was not
withheld at any point. Results of the CT head scan done as part of routine clinical practice on
the first day and results of further head scans during the study period were recorded.
The following serum biomarkers of acute stroke and muscle atrophy were measured, and their
link to spasticity was explored:

1- Glutamate

2- Gamma-aminobutyric acid (GABA)

3- Neurone-specific enolase (NSE)

4- Protein S100B

5- Glial fibrillary acidic protein (GFAP)

6- Creatine kinase

7- Lactate dehydrogenase

8- Albumin

9- Purines
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3.11 Spasticity and grip strength measurement protocol:

The study utilised two measurement techniques to quantify both spasticity and muscle
weakness and explore their links to the biomarkers panel measured. Spasticity was measured
using EMG to quantify muscle hyperactivity while a dynamometer was used to measure grip

strength and detect muscle weakness.

Spasticity was measured at the wrist flexors. Participants were seated on a chair or bed with
the forearm resting on their side. Participant’s forearm was positioned in a parallel direction
to the ground and fully supported. The forearm was in mid-pronation-supination, the
shoulder slightly abducted and the elbow flexed to approximately 90 degrees. Forearm
extensor and flexor muscles location were identified and cleaned with an alcohol wipe. For
forearm extensors, the electrode was placed one-third of the distance between the lateral
epicondyle of the humerus and the radial styloid with the arm in full pronation. For Forearm
flexor muscles, the electrode was attached one-third of the length of the forearm toward the
midpoint of a line between the medial epicondyle of the humerus and medial border of the

biceps tendon (Hermens et al., 1999).

Surface bipolar electromyography electrodes (5X230, Biometrics Ltd, UK) were placed over
the identified flexor and extensor muscles, and the ground reference electrode was placed
over the acromion. A flexible electrogoniometer (SG75, Biometrics Ltd, UK) was placed across
the medial aspect of the wrist joint for measuring the range of motion. The transducers were
all then connected to the DatalLOG (MWXS8, Biometrics Ltd, UK) for data collection purposes

and display of the readings. The patient was instructed to be completely relaxed and recording
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of the baseline muscle activity was taken. To measure spasticity, the wrist was first flexed as
far as comfortable for the patient. Applying a force transducer, Myometer (M550, Biometrics
Ltd, UK) to measure the force applied for passive stretching the forearm manually, on the
palmar surface of the hand, the wrist was passively and slowly extended using a slow stretch
from full flexion into full extension while manually counting for 3 seconds. The wrist was then
held in full extension for 3 seconds before returned again into flexion while manually counting
for 3 seconds. After holding the wrist in full flexion for 3 seconds, the movement was then
repeated using a fast stretch (duration of stretch being 1 second). The wrist was then held in
full extension for 3 seconds before returned in a fast stretch (duration of stretch being 1
second) into flexion. The procedure was repeated once. Muscle activity (measured in
millivolts), range of movement (measured in degrees) and Force (measured in Newtons) were
taken simultaneously during the externally imposed passive stretch. The data from all
transducers were sampled at 1000 Hz and stored in a laptop for analysis. Stiffness and velocity
were quantified based on the force, range of movement and duration of displacement
measurements. Surface electromyography recordings quantified the quantity of muscle
activity. Data were processed and analysed using customised software (Mathcad 15, PTC Inc,

USA).

For each patient and to classify muscle action, muscle activity and wrist angles data were
graphed as an XY scatter plot. Muscle activity quantified by calculating the area under the
muscle activity plot. To determine the resistance to passive stretch (stiffness) of muscle, the
angle versus force data was also presented as an XY scatter plot. A grip dynamometer was also
used to measure grip strength (measured in Newtons) to quantify any weakness that might

develop as a result of a stroke. These measures were taken at 1, 3, 7 and 45 days post-stroke.
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This measurement protocol has been used in previous trials (Malhotra et al., 2008). The total
measurement time was not greater than 30-minutes. Spasticity measurements mirror time
points of blood collection for the biochemistry part of the study. Biomarker’s specific protocols

will be presented in the next chapters.

3.12 Biomarker-specific protocols

3.12.1 Glutamate assay

3.12.1.1 Introduction
Glutamic acid is one of the twenty proteinogenic amino acids. Salts of glutamic acid and the
carboxylate anions are known as glutamates. Glutamate is a vital neurotransmitter which
plays a crucial role in long-term potentiation and is essential for memory and learning.
Glutamic acid is the precursor of gama aminobutyric acid (GABA) but has the opposite role;
it might play a role in the function of the prostate and heart. Glutamic acid is one of the few

nutrients that crosses the blood-brain barrier.

3.12.1.2 Intended use

Serum from blood samples was independently analysed in duplicates for glutamate using
Glutamate Assay Kit (Fluorometric, ab83389) from Abcam, UK. The glutamate assay kit
provides a quick and sensitive method for the measurement of glutamic acid in various
biological samples. In the assay, the coupled enzyme system catalyses the reaction between
L-Glutamic acid and NADP to produce NADPH, which is specifically recognised by NADPH
sensor and recycled back to NADP. During the reaction, a red fluorescence product is

produced . A fluorescence microplate reader can read the signals at Ex/Em = 530-570
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nm/590-600 nm. With this Glutamate Assay Kit (Fluorometric), as little as 1 uM glutamic
acid in a 100 pL reaction volume has been detected.
The kit’s package included:

e Component A: Enzyme mix

e Component B: Assay buffer

e Component C: NADP (Nicotinamide adenine dinucleotide phosphate)

e Component D: Glutamic acid

e Component E: Dilution buffer

Additional materials used:

e 96-well microplates: Solid black microplates

e Fluorescence microplate reader

3.12.1.3 Reagent preparation

1. 100 L of dilution buffer (Component E) was added to the vial of NADP (Component C) to
Prepare NADP stock solution (200X).

2. 200 pL of dilution buffer (Component E) was added to the vial of glutamic acid
(Component D) to Prepare glutamic acid stock solution (100mM)

3. 10 mL of assay buffer (Component B) was added to the bottle of enzyme mixture
(Component A).

4. 50 puL 200X NADP stock solution was added to the enzyme mixture bottle and mixed well.
5. 10 pL of the glutamic acid stock solution was added to 990 pL dilution buffer (Component

E) to generate 1 mM glutamic acid standard solution.

57



6. 200 pL of 1 mM glutamic acid standard solution was taken to perform 1:3 serial dilutions
to get 300, 100, 30, 10, 3, 1 and O uM serially diluted glutamic acid standards.
7. Serially diluted glutamic acid standards and glutamic acid containing test samples were

added into a solid black 96-well microplate.

3.12.1.4 Assay procedure

1. For each well, a quantity of 50 uL of glutamic acid assay mixture was added into glutamic
acid standard, test samples and blank control to make the total glutamic acid assay volume
of 100 uL/well.

2. Incubation at room temperature for two hours was performed with the plate protected
from light.

3. A fluorescence plate reader was used to monitor the fluorescence increase at Ex/Em =

550/590 nm.

3.12.1.5 Calculation of results

The fluorescence in blank wells (which contain the dilution buffer only) was used as a control

and was subtracted from the values for those wells with the glutamic acid reaction.

3.12.1.6 Expected values

The expected values for this method were 62.3 —180.7 uM.
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3.12.2 Glial fibrillary acidic protein (GFAP) assay

3.12.2.1 Introduction

Glial fibrillary acidic protein is the main component of astrocyte intermediate filaments in the
central nervous system. It has also been found in the glial cells of the enteric nervous system
and some Schwann cells in the peripheral nervous systems. GFAP antibodies are the most
popular marker for astrocytes in neurological studies, and along with its breakdown products
(BDPs), GFAP has been proposed as a useful candidate for biofluid-based markers for
numerous neurological conditions especially during traumatic brain/spinal cord injury and

stroke.

3.12.2.2 Intended use
Serum samples were independently analysed in duplicates for GFAP using Human GFAP
DuoSet ELISA from R&D Systems. For the development of sandwich enzyme-linked
immunosorbent assays to measure natural and recombinant human glial fibrillary acidic
protein. The reagent diluent recommended may be suitable for most cell culture supernate,
serum, and plasma samples. The reagent diluent selected for use can alter the performance
of an immunoassay. Reagent diluent optimisation for samples with complex matrices such as
serum and plasma may improve their performance in this assay.
The kit’s package included:

e Human GFAP capture antibody

e Human GFAP detection antibody

e Human GFAP standard

e Streptavidin-HRP
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Additional materials used:

e 96 well microplates

e Plate sealers

e PBS (Phosphate-buffered saline)
e Wash buffer

e Reagent diluent

e Substrate solution

e Stop solution

3.12.2.3 Reagent preparation
Before use, all reagents were brought to room temperature. All components were allowed to
sit for a minimum of 15 minutes with gentle agitation after initial reconstitution. Working

dilutions were prepared and used immediately.

Streptavidin-HRP: 2.0 mL of streptavidin combined with horseradish peroxidase. Dilution was
performed to the working concentration specified on the vial label via reagent diluent.
Mouse anti-human GFAP capture antibody: Reference was made to the lot-specific certificates
of analysis (C of A) for amount supplied. Reconstitution was done with 0.5 mL of PBS. Dilution
in PBS without carrier protein to the working concentration indicated on the C of A.
Biotinylated sheep anti-human GFAP detection antibody: Reference was made to the lot-
specific C of A for amount supplied. Reconstitution was done with 1.0 mL of reagent diluent.

Dilution in reagent diluent to the working concentration was done as indicated on the C of A.
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Recombinant human GFAP standard: Reference was done to the lot-specific C of A for amount
supplied. Reconstitution of each vial was done with 0.5 mL of reagent diluent. A seven-point
standard curve using 2-fold serial dilutions in reagent diluent was made. 1000 pL prepared of

high standard per plate were assayed at the concentration indicated on the C of A.

3.12.2.4 Assay procedure

1. The capture antibody was diluted to the working concentration in PBS without carrier
protein. Immediately a 96-well microplate was coated with 100 pL per well of the diluted
capture antibody. The plate was sealed and incubated overnight at room temperature.

2. Aspiration and washing of each well were done with wash buffer; the process was repeated
two times for a total of three washes. Using a do squirt bottle, washing was done by filling
each well with wash buffer (400 puL). A complete removal of liquid at each step was performed
for good performance. Any remaining wash buffer was removed by inverting the plate and
blotting it against clean paper towels after the last wash.

3. 300 pL of reagent diluent was added to each well to block the plates. Incubation at room
temperature was done for a minimum of 1 hour.

4. The aspiration and washing process in step 2 was repeated. The plates were ready for
sample addition.

5. A quantity of 100 uL of sample or standards were added in reagent diluent per well.
Incubation at room temperature for two hours was done after being covered with an adhesive
strip.

6. The aspiration and washing process in step 2 was repeated.
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7. A volume of 100 uL of the detection antibody was added to each well after dilution in
reagent diluent. Incubation at room temperature for 2 hours was done after being covered
with an adhesive strip.

8. The aspiration and washing process in step 2 was repeated.

9. For each well, a quantity of 100 pL of the working dilution of Streptavidin-HRP was added.
Incubation for 20 minutes at room temperature was done after being covered with an
adhesive strip and avoiding direct light.

10. The aspiration and washing process in step 2 was repeated.

11. For each well, a volume of 100 pL of substrate solution was added. Incubation for
20 minutes at room temperature was done after being covered with an adhesive strip and
avoiding direct light.

12. 50 pL of stop solution was added to each well. The plate was tabbed gently to ensure
thorough mixing.

13. For each well, the optical density was determined immediately, a microplate reader set to
450 nm was used. Readings were subtracted at 540 nm from the readings at 450 nm. This

subtraction was to correct for optical imperfections in the plate.

3.12.2.5 Calculation of results

The duplicate readings were averaged for each sample and standard, and the average zero
standard optical density (0.D) was subtracted. By plotting the average absorbance for each
standard on the y-axis against the concentration on the x-axis, a standard curve was created
and drawing of a best-fit curve through the points on the graph. The data was linearised by
plotting the log of the human GFAP concentrations versus the log of the O.D., and the best fit

line was determined (Appendix X).
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3.12.2.6 Expected values

The expected values for this method were 0 — 0 ng/mL.

3.12.3 Human enolase 2/Neuron-specific enolase assay

3.12.3.1 Introduction

Enolase 2 is also known as neuronal enolase or gamma enolase. Enolase (2-phospho-D-
glycerate hydrolase) is a cytoplasmic enzyme which converts 2-phosphoglycerate to
phosphoenolpyruvate. It has three members: enolase 1, enolase 2, and enolase 3, which are
also termed q, y, and B enolase, respectively. The ay and yy isoenzymes are abundant in
neurons and neuroendocrine cells, and therefore, they are also termed neuron-specific
enolase. Serum enolase 2 values are low in normal individuals. However, when neuronal
damage occurs, it is released from the injured cells into the cerebrospinal fluid and systemic
circulation. Elevated serum levels of enolase 2, as study shown, are commonly found between
a variety of conditions associated with central nervous system injuries such as stroke,

traumatic brain injury, multiple sclerosis, and alzheimer’s disease.

The quantikine human enolase 2 immunoassay is a 4.5-hour solid-phase enzyme-linked
immunosorbent assay designed to measure human enolase 2 in cell culture supernates,
serum, and plasma. It contains E. coli-expressed recombinant human enolase 2 and has been
shown to precisely quantitate the recombinant factor. Results obtained using natural human
enolase 2 displayed linear curves that were similar to the standard curves obtained using the
Quantikine kit standards. These results show that this kit can be used to determine relative

mass values for naturally occurring human enolase 2.
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3.12.3.2 Principle of the assay

Serum samples were independently analysed in duplicates for NSE using NSE Quantikine ELISA
kit from R&D Systems. The assay employs the quantifiable sandwich enzyme-linked
immunosorbent assay technique. A microplate has been pre-coated with a monoclonal
antibody specific for enolase 2. Standards and samples are pipetted into the wells, and any

enolase 2 exist is bound by the immobilised antibody.

An enzyme-linked polyclonal antibody specific for enolase 2 is added to the wells After
washing away any unbound substances. A substrate solution is added to the wells following a
wash to remove any unbound antibody-enzyme reagent and colour develops in proportion to
the amount of enolase 2 bound in the initial step. After the colour development is stopped,
The intensity of the colour is measured.

The kit’s package included:

® Enolase 2 microplate

® Enolase 2 standard

® Enolase 2 conjugate

® Assay diluent RD1-9

e C(Calibrator diluent RD5C concentrate
e Wash buffer concentrate

e Colorreagent A

e ColorreagentB

e Stop solution

e Plate sealers
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Additional materials used:

e Microplate reader

e Pipettes and pipette tips

e Distilled water

e Squirt bottle

e 100 mL and 500 mL graduated cylinders
e Horizontal orbital microplate shaker

e Test tubes for dilution of standards

3.12.3.3 Reagent preparation

1

All reagents were brought to room temperature before use.

Wash buffer - 20 mL of wash buffer concentrate was diluted into distilled water to
prepare 500 mL of wash buffer.

Substrate solution - Color reagents A and B were mixed in equal volumes within
15 minutes of use. 200 mL of the resultant mixture was required per well.

Calibrator diluent RD5C (1X) - 10 mL of calibrator diluent RD5C concentrate were
diluted into 40 mL of distilled water to prepare 50 mL of calibrator diluent RD5C (1X).
Enolase 2 standard - The enolase 2 standard was reconstituted with 1.0 mL of distilled
water. A stock solution of 200 ng/mL were produced. The standard was mixed to
ensure complete reconstitution and allowed to sit for a minimum of 15 minutes.

900 mL of calibrator diluent RD5C (1X) were pipetted into the 20 ng/mL tube. 500 mL
of calibrator diluent RD5C (1X) were pipetted into the remaining tubes. The stock

solution was used to produce a dilution series. Each tube was mixed thoroughly before
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the next transfer. The 20 ng/mL standard served as the high standard. Calibrator

diluent RD5C (1X) served as the zero standards (0 ng/mL).

3.12.3.4 Assay procedure

All reagents and samples were brought to room temperature before use. All samples, controls,
and standards were assayed in duplicate.

1. Excess microplate strips were removed from the plate frame, returned to the foil pouch
containing the desiccant pack, and resealed.

2. 100 mL of assay diluent RD1-9 were added to each well.

3. 50 mL of standard, control, or sample were added per well. Covered with the adhesive strip
provided. Incubated at room temperature for two hours on a horizontal orbital microplate
shaker set at 500 + 50 rpm.

4. Each well was aspirated and washed; the process was repeated three times for a total of
four washes. Each well was washed by filling with wash buffer (400 mL) using a squirt bottle.
It is crucial to ensure the complete removal of any liquid at each step. Any remaining wash
buffer was removed by aspiration after the last wash. The plate was inverted and blotted
against clean paper towels.

5. 200 mL of enolase 2 conjugate were added to each well and covered with a new adhesive
strip. Incubated at room temperature for two hours on the shaker.

6. The aspiration/wash process was repeated as in step 4.

7. 200 mL of substrate solution was added to each well. Protected from light. Incubation was
done for 30 minutes at room temperature on the benchtop.

8. 50 mL of stop solution was added to each well. The plate was tapped gently to ensure

thorough mixing. The colour in the wells was changed from blue to yellow
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9. The optical density of each well was determined within 30 minutes, using a microplate
reader set to 450 nm. Readings were subtracted at 550 nm or 570 nm from the readings at

450 nm. This subtraction was to correct for optical imperfections in the plate.

3.12.3.5 Calculation of results

The duplicate readings for each standard, control, and sample were averaged, and the average
zero standard optical density (O.D.) was subtracted. A standard curve was constructed by
plotting the mean absorbance for each standard on the y-axis against the concentration on
the x-axis and draw a best fit curve through the points on the graph. The data was linearised
by plotting the log of the Enolase 2 concentrations versus the log of the O.D., and the best fit

line was determined by regression analysis.

3.12.3.6 Expected values

The expected values for this method were 1.85 — 4.14 ng/mL.

3.12.4 5100 Calcium-binding protein B (S100B)

3.12.4.1 Introduction

S100B belongs to the S100 subcategory of the EF-hand family of calcium-binding proteins. It
is a homodimer that is expressed mainly in the brain by astrocytes, oligodendrocytes and
schwann cells. S100B has several intracellular functions, but can also be secreted by cells to
exert extracellular functions. Some of the extracellular roles of S100B may be mediated by
receptor for advanced glycation end products. Blood levels of S100B can be used to monitor

the extent of brain injury
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3.12.4.2 Intended use
Serum from blood samples was independently analysed in duplicates for S100B using Human
S100B DuoSet ELISA kit from R&D Systems, UK. For the development of sandwich enzyme-
linked immunosorbent assays to measure natural and recombinant human S100B calcium
binding protein B (5100B). The reagent diluent recommended may be suitable for most cell
culture supernate, serum, and plasma samples. The reagent diluent selected for use can alter
the performance of an immunoassay. Reagent diluent optimisation for samples with complex
matrices such as serum and plasma may improve their performance in this assay.
The kit’s package included:

e Human S100B capture antibody

e Human S100B detection antibody

e Human S100B standard

e Streptavidin-HRP

Additional materials used:
e 96 well microplates
e Plate sealers
e PBS (Phosphate-buffered saline)
e Wash buffer
e Block buffer
e Reagent diluent
e Substrate solution

e Stop solution
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3.12.4.3 Reagent preparation

1- All reagents were brought to room temperature before use. All components were

allowed to sit for a minimum of 15 minutes with gentle agitation after initial

reconstitution.

2- Streptavidin-HRP: 2.0 mL of streptavidin were conjugated to horseradish peroxidase.
Diluted to the working concentration using reagent diluent.

3- Mouse Anti-Human S100B Capture Antibody: Reconstituted with 0.5 mL of PBS.
Diluted in PBS without carrier protein to the working concentration.

4- Biotinylated Mouse Anti-Human S100B Detection Antibody: Reconstituted with 1.0 mL
of reagent diluent. Diluted in reagent diluent to the working concentration.

5- Human S100B Standard: Each vial was reconstituted with 0.5 mL of distilled water. A

seven-point standard curve using 2-fold serial dilutions in reagent diluent was

performed. 1000 pL of high standard was prepared per plate assayed.

3.12.4.4 Assay procedure

1. The capture antibody was diluted to the working concentration in PBS without carrier
protein. A 96-well microplate was immediately coated with 100 uL per well of the diluted
capture antibody. The plate was sealed and incubated overnight at room temperature.

2. Each well was aspirated and washed with wash buffer; the process was repeated two times
for a total of three washes. Each well was washed by filling with wash buffer (400 uL) using a
squirt bottle. Any remaining were removed after the last wash by wash buffer by inverting
the plate and blotting it against clean paper towels.

3. Plates were blocked by adding of 300 uL of block buffer to each well. Incubation was done

at room temperature for a minimum of 1 hour.
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4. The aspiration/wash process was repeated.

5. 100 uL of sample or standards were added in reagent diluent, per well. Covered with an
adhesive strip and incubated for two hours at room temperature.

6. The aspiration/wash process was repeated.

7. 100 pL of the detection antibody, diluted in reagent diluent, were added to each well.
Covered with a new adhesive strip and incubated for two hours at room temperature.

8. The aspiration/wash process was repeated.

9. 100 pL of the working dilution of streptavidin-HRP was added to each well. The plate was
then covered and incubated for 20 minutes at room temperature.

10. The aspiration/wash process was repeated.

11. 100 pL of substrate solution were added to each well. Incubated for 20 minutes at room
temperature.

12. 50 pL of stop solution were added to each well. The plate was gently tapped to ensure
thorough mixing.

13. The optical density of each well was calculated immediately, using a microplate reader set
to 450 nm. Readings at 550 nm or 570 nm were subtracted from the readings at 450 nm. This

was done to correct for optical imperfections in the plate.

3.12.4.5 Calculation of results

The duplicate readings were averaged for each standard, control, and sample and the average
zero standard optical density (O.D.) was subtracted. A standard curve was made by plotting
the average absorbance for each standard on the y-axis compared to the concentration on the

x-axis and draw a best fit curve over the points on the graph. The data was linearised by
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plotting the log of the human S100B concentrations versus the log of the 0.D., and the best fit

line was determined by regression analysis.

3.12.4.6 Expected values

The expected values for this method were 20 — 150 pg/mL.

3.12.5 Gama aminobutyric acid (GABA) assay

3.12.5.1 Intended use

Serum from blood samples was independently analysed in duplicates for GABA using the
GABA ELISA Kit from IBL international, Germany. The kit is for the quantitative detection of
GABA in human EDTA plasma, serum and urine. The test is based on the method of
competitive enzyme-linked immunoassays. The sample preparation includes the addition of
a derivatisation reagent for GABA derivatisation. Afterwards, the treated samples are
incubated in wells of a microtiter plate coated with a polyclonal antibody against GABA-
derivative, together with assay reagent containing GABA-derivative, In the sample, The
target GABA competes with the GABA-derivative during the incubation period for the
binding of the polyclonal antibodies on the wall of the microtiter wells. GABA in the sample
displaces the tracer out of the binding to the antibodies. Therefore, the concentration of the
antibody-bound tracer is inverse proportional to the GABA concentration in the sample. To
detect the tracer, a peroxidase conjugate is added to each microtiter well during the second
incubation step. The unbound components tetramethylbenzidine (TMB) is added as a

peroxidase substrate after washing away.
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The enzymatic reaction is ended by an acidic stop solution in the final step. The colour

changes to yellow and the absorbance is measured in a photometer at 450 nm. The intensity

of the yellow colour is contrary proportional to the GABA concentration in the sample, high

GABA concentration in the sample lowers the photometric signal and reduces the

concentration of antibody-bound tracer. A dose-response curve of absorbance unit (optical

density at 450 nm) vs concentration is generated using the values obtained from the

standards. GABA present in the patient samples is determined directly from this curve.

The kit’s package included:

One holder with precoated strips
Standards diluted in reaction buffer
Controls diluted in reaction buffer
Wash buffer concentrate

Assay reagent

Peroxidase conjungate
Conjungate stabilizing buffer
Reaction buffer

Derivatisation reagent
Dimethylsulfoxide

Dilution buffer
Tetramethylbenzidine substrate

Stop solution
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Additional materials used:
e Double distilled water
e Precision pipettors and disposable tips
e Foil to cover the microtiter plate
e Horizontal microtiter shaker
e A multi-channel dispenser
e Centrifuge
e Vortex-mixer

e Microtiter plate reader

3.12.5.2 Reagent preparation

The wash buffer concentrate (WASHBUF) was diluted with aqua bidest (100 mL WASHBUF +
900 mL aqua bidest.) and mixed well.

Standards (STD) and controls (CTRL1, CTRL2) were already diluted in reaction buffer
(REABUF). The content of a vial of derivatisation reagent (DER) was dissolved in 550 plL
DMSO. The vial was then placed on a horizontal shaker for 5 min. The content of a vial of
assay reagent (ASYREAG) was melted in 4 mL of diluted wash buffer. The POD conjugate

(CONJ) 1:200 was diluted with conjugate stabilising buffer (CONJBUF).

3.12.5.3 Assay procedure
Derivatization of standards, controls and diluted samples were carried out in a single
analysis. EDTA serum samples were diluted with reaction buffer by factor 1:4. These vials,

containing 400 pL diluted sample, were used for derivatisation.
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1. All reagents and all samples were brought to room temperature.

2. 400 pL of ready to use standards, 400 pL of ready to use controls and 400 pL of diluted
samples were added to the corresponding vial.

3. 25 ul of freshly prepared derivatisation reagent (DER) was added to each vial mixed well
and incubated for 60 minutes on a shaker at room temperature.

4. 500 puL of dilution buffer (CODIL) were added afterwards into each vial, mixed well and
incubated for 30 minutes on a shaker at room temperature. 2 x 100 pL of each treated
sample (STD, CTRL, SAMPLE) were used in the ELISA as duplicates.

5. Each well was washed five times by dispensing 250 pL of diluted wash buffer into each
well. The inverted microtiter plate was tapped on absorbent paper to remove excess
solution after the final wash.

6. 2 x 100 uL of standards, controls and samples were taken out of the vial and added into
the respective wells of the microtiter plate.

7. 100 pL of dissolved assay reagent (ASYREAG) were added to each well.

8. Incubated overnight at 2-8°C.

9. The contents of each well were aspirated. Each well was washed five times by dispensing
250 pL of diluted wash buffer into each well. After the final washing step, the inverted
microtiter plate was tapped on absorbent paper to remove excess solution.

10. 200 pL diluted POD conjugate were added to each well.

11. The plate was covered tightly and incubated for 1 hour at room temperature on a

horizontal shaker.

74



12. Each well contents were aspirated. Each well washed five times by dispensing 250 uL of
diluted wash buffer into each well. After the final washing step, the inverted microtiter plate
was tapped on absorbent paper to remove excess solution.

13. 200 uL of TMB substrate (SUB) were added to each well.

14. Incubated for 6-12 min at room temperature in the dark.

15. 100 uL of stop solution were added to each well, mixed thoroughly.

16. Absorption was immediately determined with an ELISA reader at 450 nm.

3.12.5.4 Evaluation of results
The test was performed in strict compliance with the instruction’s standards, controls, and
blood samples were equally diluted in the buffer reagents as per the kit protocol from the

supplier.

3.12.5.5 Expected values

The expected values for this method were 0.076 — 0.288 umol/L.

3.12.6 Purines

3.12.6.1 Intended use

Blood samples were independently analysed in duplicates for Purines using the Sarissa
Biomedical SMARTChip biosensor (Sarissa Biomedical Ltd, UK). The sarissa biomedical
SMARTChip purine biological sensor is an array of 4 biological sensors that can measure purine
levels in the freshly drawn whole blood, enabling the rapid measurement of blood purines at

the bedside. It is comprised of electrochemical biosensors fabricated in a planar array that
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covers a small circular footprint about 3 mm in diameter. The arrangement allows the
biosensor array to be covered by a small droplet of blood 10-15 pL in volume. Two biosensors

will be coated with the purine-sensing biological layer.

The other two biosensors in the array will be coated with the enzymes-free biological layer.
The latter will establish the zero-level reading in the blood sample and act as a control.
Measurements of purines are derived from the mean of the difference in current recorded at

the purine biological sensors and the enzyme-free sensors.

3.12.6.2 Measurement of blood purine levels

1- The Sarissa potentiostat was connected to the laptop, and the power turned on; the
measurement software loaded and ran correctly. The software guided the researcher
through the procedure, and the required data entry.

2- The SMARTChip sensor was removed from its packaging and placed into the docking
station. A drop of solution was placed to cover the electrodes on the SMARTChip using
the dropper bottle marked “Calibration”. The researcher pressed “OK” once this was
done. The calibration step took two minutes, and the machine beeped when this was
finished. After calibration was completed, the integral blotter was used to remove the
calibration solution and, the electrodes were covered with buffer solution using the
dropper marked “Buffer”. The researcher pressed “Continue” - the SMARTChip was
stable and ready for use.

3- Blood for purine measurements was sampled via the finger prick method using the lancet

provided. This was done to prevent red blood cell lysis that might be caused by blood
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6-

samples drawn through needles which in turn might compromise the accuracy of the
measurement.

Once the finger-tip was pricked, and a droplet of blood was present, it was drawn into
the provided capillary tube. The buffer was quickly blotted off the SMARTChip, and the
capillary tubes were used to transfer the patient’s blood sample onto the SMARTChip
and made sure it completely covers the electrodes.

Once the blood was placed on the SMARTChip electrode, the research nurse hit the “Go”
button. After two minutes (the measurement period) the SMARTChip device was
removed from the machine and disposed of via the standard clinical waste procedures.
The researcher got an indication of the measurement was complete, but no results were
displayed. The data from the measurement were stored in the laptop and analysed later

by the technical team.

3.12.6.3 Expected values

The expected values for this method were 2 — 3.2 uM.

3.12.7 Creatine kinase assay

3.12.7.1 Intended use

For in vitro diagnostic use in the quantifiable detection of creatine kinase activity in human

serum and plasma on the ADVIA Chemistry systems. Such measurements are used mainly in

the treatment and diagnosis of myocardial infarction and muscle diseases such as Duchenne

progressive muscular dystrophy. Serum from blood samples was independently analysed in

duplicates for creatine kinase using Creatine Kinase Assay Kit (CKNAC) from Siemens, USA.
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The kit’s package included:
e Reagent 1 (Sodium azide)
e Reagent 1 Mix
Additional materials used:
e Sample containers
e System solutions
e Control materials

Serum analysis was run on Siemens ADVIA 2400 analysers.

3.12.7.2 Principles of the procedure

Creatine kinase reacts with creatine phosphate and ADP to form ATP which is coupled to the
hexokinase-G6PD (Glucose-6-phosphate dehydrogenase) reaction, generating NADPH
(Nicotinamide adenine dinucleotide phosphate). The concentration of NADPH is measured by

the increase in absorbance at 340/410 nm.

3.12.7.3 Reagent preparation and use

The reagent was prepared:

1. The contents of the R1 mix vial includes ADP, AMP (adenosine monophosphate),
diadenosine pentaphosphate, NADP, HK (Histidine Kinase), G6PD, N-acetyl-L-cysteine and
Creatine phosphate) were reconstituted with a portion of R1(Sodium azide).

2. The R1 mix vial was rinsed several times with R1.

3. The entire contents of the R1 mix were transferred to the R1 wedge.
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3.12.7.4 Expected values
The following table lists the reference ranges for the method used:

Table 4 CK reference range

Sex Reference Range (iu/L)
Male 15/185 iu/L
Female 15/165 iu/L

3.12.8 Lactate dehydrogenase assay

3.12.8.1 Intended use

For in vitro diagnostic use in the quantifiable detection of lactate dehydrogenase activity in
human serum and plasma on ADVIA Chemistry systems. Such measurements are used mainly
in the treatment and diagnosis of myocardial and pulmonary infarction. They may also be used
to monitor cancer chemotherapy. Serum was independently analysed in duplicates for lactate

dehydrogenase using lactate dehydrogenase assay Kit L-P (LDLP) from Siemens, USA.

The kit’s package included:

e Reagent 1 (L-lactic acid, Sodium azide)

e Reagent 2 (Nicotinamide adenine dinucleotide)
Additional Materials used:

e Sample containers

e System solutions

e Control materials

Serum analysis was run on Siemens ADVIA 2400 analysers.
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3.12.8.2 Principles of the procedure

Lactate dehydrogenase catalyses the conversion of L-lactate to pyruvate in the presence of
nicotinamide adenine dinucleotide (NAD). The enzymatic activity of LD is proportional to the
rate of production of NADH (hydrogen reduced). The amount of NADH produced is determined

by measuring the increase in absorbance at 340/410 nm.

3.12.8.3 Reagent preparation and use
Reagents were ready to use. Before use, the reagent was gently swirled to dislodge bubbles

and assure homogeneity.

3.12.8.4 Expected values

The expected values for this method were 115 — 235 iu/L.

3.12.9 Albumin assay
3.12.9.1 Intended use
For in vitro diagnostic use in the quantifiable detection of albumin in human serum or plasma
on ADVIA® chemistry systems. Serum from blood samples was independently analysed in
duplicates for albumin using albumin assay kit (ALBP) from Siemens, USA. Albumin
measurements are used in the treatment and diagnosis of numerous diseases primarily
involving the liver or kidneys.
The kit’s package included:

e Albumin BCP reagent 1 (bromocresol purple, acetate buffer, surfactant and

microbial inhibitor)
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Additional Materials used:
e ADVIA chemistry albumin BCP calibrator
e Control materials

Serum analysis was run on Siemens ADVIA 2400 analysers.

3.12.9.2 Principles of the procedure
In the ADVIA chemistry ALBP assay, serum or plasma albumin quantitatively binds to BCP
(Bromocresol purple) to form an albumin-BCP complex that is measured as an endpoint

reaction at 596/694 nm.

3.12.9.3 Preparing reagents
Reagents were ready to use. Before use, the reagent was gently swirled to disrupt bubbles
and assure homogeneity. A clean transfer pipette is used to aspirate bubbles or foam if

present from the reagent container before use.

3.12.9.4 Calculation of results
The system automatically calculates, and reports results based on the absorbance
measurements of the test sample during the test and of the calibrator(s) from calibration.

The instrument calculates the concentration of albumin in g/L.

3.12.9.5 Expected values

The reference range for aloumin is 34-50 g/L for adults.
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3.13 Follow-up

Follow-up (see above for procedures) was done at 3, 7 and 45 days after admission to hospital.
Studies have shown that over 80 per cent of stroke patient would develop spasticity within 6
weeks of stroke based on a neurophysiological measure of muscle activity (Malhotra et al.,

2008).

3.14 Outcome measures:

This was an exploratory lab-based study. The principal outcome was serum analysis at 1, 3, 7
and 45 days after stroke onset. In addition, spasticity, strength, stroke severity (NIHSS score)
and independence (Modified Rankin Scale) were measured. Measurements mirrored time

points of blood collection.

3.15 Size of the study:

As there was no previous data in the published literature, we proposed to recruit a maximum
of 100 participants for this observational study. This would have allowed for 10 participants
for each independent variable. However, this study only managed to recruit a total of

13 patients.

3.16 Proposed methods of analysis:

Analysis of results was done by simple descriptive statistics (numbers, percentages, means,
medians, ranges and standard deviations) and time series graphs. For the time series graphs,
we plotted the either the mean absolute deviation (mean absolute deviation is the average
distance between each data value and the mean (Kader, 1999)) or the mean of the outcome

measure over the time period. In addition, the normalised value of the outcome measure
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(calculated using patient value divided by maximum normal value) over the time points of

measurement, was also plotted.

The independent sample t-test was used for single comparisons of each biomarker between
spastic and non-spastic groups. Statistical analyses were performed using the SPSS for
Windows program (version 24). A p- value < 0.05 is considered statistically significant and, as
the Bonferroni correction was not applied, 95% confidence intervals were also reported. For
sample data, the mean and standard error (SE) were used for reporting purposes. For between
group differences, the mean difference and the 95% confidence interval (95% CI) of the

differences were reported.

3.17 Data analysis location:
The analysis was performed at Keele University and/or UHNS by the applicants and other

members of Keele University research staff.

3.18 Data collection tools and source document identification

Recruitment logs of all patients enrolled in the study were held at UHNS. Patients that agree
to participate in the study were assigned a unique identifier, which was used to identify all
documents associated with that participant for the duration of the study. Participant consent
was recorded, in triplicate, on an informed consent form and stored securely at the same
location. Access to study data was restricted to members of the study team, and patient
identifiable data was limited to those members of staff that require it for the performance of

their role.
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3.19 Ethical approval

The study took place as a sub-study of two larger studies, SMARTCap and SMARTChip, which
were looking at Purines as a biomarker for stroke (REC reference, 14/WM/1034, 16/WM/0164
respectively). Ethical approvals for this study was sought from the West Midlands - Coventry
& Warwickshire Research Ethics Committee. No study activities were commenced until
favourable ethical opinion had been obtained. Local NHS R&D approvals were obtained before

commencement of the study at the UHNS site.

3.20 Data protection and patient confidentiality

The study complies with the Data Protection Act 1998 and Participants were assigned a unique
identifier upon enrolment into the study to allow link-anonymisation of patient-identifiable
data. Access to patient identifiable data was restricted to members of the study team who
required it for the performance of their role. Electronic data was stored on an encrypted and
password protected drives, and hard copies of study documents were stored in locked filing

cabinets in secure entry-card protected sites.
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CHAPTER 4: RESULTS

4.1 Spasticity

Thirteen participants (2 men and 11 women; 9 with right side affected and 4 with left side
affected) were recruited for the study. The median age was 77 years (range 45-96). The stroke
in 4 patients was classified as haemorrhagic, 3 as PACI, 2 as LACI, one as TACI, one as POCS

and 2 as an undetermined type of stroke.

The testing protocol was performed as planned. The velocity during the slow movement was
3 seconds from maximum flexion into maximum extension (manual count) while the velocity
during the fast movement was 1 second as per guidance for the modified Ashworth Scale.
Seven patients ended up showing no abnormal activity during an externally imposed stretch

at 45-days’ time point, but six did (Table 5).
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Depending on muscle activity detected, pattern responses were classified into four groups:

1) No/negligible muscle activity: Negligible muscle activity during both the slow and the fast

stretch was seen in 7 out of 13 patients (Figure 1)
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Figure 1 Muscle activity response (annotated as EMG on graphs) to an externally imposed
passive extension movement about the wrist joint. The wrist joint was fully flexed and
then extended and held. The hold was <5 seconds in duration. Two velocities were used
to stretch the joint. The angle is plotted on the x-axis and flexor muscle activity on the y-
axis. The muscle patterns demonstrated: (a) negligible activity as the muscle is stretched
at a slow speed; (b) negligible activity as the muscle is stretched at a fast speed.
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2) Velocity-dependent muscle activity: During the slow stretch, there is negligible muscle

activation, but there was a subsequent increase in muscle activity during the fast stretch.

This was seen in 1 out of 13 patients (Figure 2).
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(fast)

Figure 2 Muscle activity response (annotated as EMG on graphs) to an externally
imposed passive extension movement about the wrist joint. The wrist joint was fully
flexed and then extended and held. The hold was <5 seconds in duration. Two velocities
were used to stretch the joint. The angle is plotted on the x-axis and flexor muscle
activity on the y-axis. The muscle patterns demonstrated: (a) negligible activity as the
muscle is stretched at a slow speed; (b) increased activity as the muscle is stretched at

a fast speed.

3)

Position-dependent muscle activity: The muscle activity increased as the muscles are
stretched and the activity continued even when the movement was stopped (at end

range of a stretch), This was seen in 3 out of 13 patients (Figure 3).
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Figure 3 Muscle activity response (annotated as EMG on graphs) to an externally imposed
passive extension movement about the wrist joint. The wrist joint was fully flexed and then
extended and held. The hold was <5 seconds in duration. Two velocities were used to
stretch the joint. The angle is plotted on the x-axis and flexor muscle activity on the y-axis.
The muscle patterns demonstrated: (a) increased activity as the muscle is stretched at a
slow speed and the activity continued even when the movement was stopped (at end range
of a stretch); (b) increased activity as the muscle is stretched at a fast speed and the activity
continued even when the movement was stopped (at end range of a stretch).

4) Position and velocity dependent muscle activity: Increased abnormal muscle activity during
both slow and fast stretch. This increase is independent of velocity. In addition, during the
fast stretch, the muscle activity was trigged in the early part of the movement. This was
seen in 2 out of 13 patients. Movement-related increase in flexor muscle activity is evident

during the range of movement (Figure 4).
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Figure 4 Muscle activity response (annotated as EMG on graphs) to an externally imposed
passive extension movement about the wrist joint. The wrist joint was fully flexed and
then extended and held. The hold was <5 seconds in duration. Two velocities were used
to stretch the joint. The angle is plotted on the x-axis and flexor muscle activity on the y-
axis. The muscle patterns demonstrated: (a) increased activity as the muscle is stretched

at a slow speed; (b) increased activity as the muscle is stretched at a fast speed.

4.2 Grip strength
Four patients had zero scores on grip strength measured using a dynamometer while at the
same time being spastic (Spastic paralysis). Two out of the four were classified as having sever
stroke while the other two were classified as having moderate stroke based on the NIHSS. Two
out of the six spastic patients had a minor stroke, and that means they still have some function
intact. Improvements in grip strength were evident in four out of seven Non-spastic patients
during the follow-up period while spastic group grip strength ended up with a lower score
than the baseline measurement or maintained the zero Newton score. The non-spastic group
stroke severity ranged from minor to moderate stroke while the spastic group stroke severity

ranged from minor to sever stroke based on NIHSS score (Table 6).
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Table 6 Grip strength (in Newton) in Spastic (Y) and non-spastic (N) patients

Pt./no | Spasticity | Grip Str 1d | Grip Str3d | Grip Str 7d | Grip Str 45d | NIHSS NIHSS

Admission | Discharge

4.3 Passive range of motion.

Patients with spasticity showed a decline in the passive range of motion started at the 3-days’
time point. The decrease in PROM continued reaching the lowest at the 45-days’ time point.
Patients with no spasticity did not show any decline in PROM apart from the limited decrease
at the 3-days’ time point. The PROM returned to about the baseline value at the 7-days’ time

point and continued about the same level toward 45-days’ time point (Figure 5).
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Figure 5 Mean of passive range of motion with mean absolute deviation in both spastic (blue)
and non-spastic (red) groups over time (Mean absolute deviation is the average distance
between each data value and the mean). The time after stroke onset is plotted on the x-axis
and range of motion on the y-axis. Number of patients in each group is also plotted.

4.4 stiffness and contracture

Patients with spasticity showed an increase in stiffness (calculated using applied force (N) vs
passive range of movement (Degree)) at the 7-days’ time point. The increase continued to the
45-days’ time point. Patients with no spasticity had a peak increase in stiffness at the 3-days’
time point and decrease at the subsequent 7-days’ time point where it started to increase
again toward the 45-days’ time point (Figure 6). Both spastic and non-spastic groups increase
in stiffness were considered negligible as they were less than the 0.07N/degree cut-off point

reported in the literature (Pandyan et al., 2001).
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Figure 6 Mean of resistance to passive movement (N/Degree), spastic (blue) and non-spastic
(red), with mean absolute deviation over time, (Mean absolute deviation is the average
distance between each data value and the mean). The time after stroke onset is plotted on
the x-axis and stiffness on the y-axis. Number of patients in each group is also plotted.

There were variable degrees of contracture development within the spastic patients at the

45-days’ time point, with subjects no 8 and no 12 losing 44 and 36% of PROM respectively

(Figure 7).
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Figure 7 Passive range of motion in two spastic patients, subject no 8 (blue) and subject no 12
(red). The time after stroke onset is plotted on the x-axis and range of motion on the y-axis.
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4.5 Spasticity biomarkers

4.5.1 Glutamate assay

Both spastic and non-spastic patients showed within the normal level serum glutamate
concentration at all time points. Spastic group glutamate concentration was higher than the
non-spastic group at all time points but, within the normal level of serum glutamate. The
largest serum glutamate level difference between the two groups was seen at 1-day time
point with a mean difference of 24.1 (95% Cl: -2.3 to 50.3; p= 0.07) again, within the normal

level of serum glutamate.

Mean serum glutamate for each time-point for spastic patients was compared with non-
spastic patients and normal level glutamate concentrations. Mean absolute deviation was
used to show the average distance between each data point and the mean (Figure 8). Both

groups showed within the normal level serum glutamate levels.
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Figure 8 Mean of glutamate with mean absolute deviation in both groups, spastic (blue) and
non-spastic (red), at different time points (Mean absolute deviation is the average distance
between each data value and the mean). The time after stroke onset is plotted on the x-axis
and concentration of glutamate on the y-axis. Number of patients in each group is also plotted.
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4.5.1.1 Statistical analysis
45.1.1.1Day1

Independent t-test

Even though both spastic and non-spastic patients showed within the normal level serum
glutamate concentration on day 1, spastic patients had a higher glutamate serum level (mean
(M) = 96.7, standard error (SE) = 9.3) than non-spastic patients (M= 72.6, SE= 7). This
difference, 24.1, 95% CI (-2.3, 50.3) was not significant t (8) =2.1, p = 0.07. The mean difference

between the two groups was highest at this time point.

4.5.1.1.2 Day 3

Independent t-test

Again, both spastic and non-spastic patients showed within the normal level serum glutamate
concentration on day 3, spastic patients had a higher glutamate serum level (M=96.2, SE= 3.8)
than non-spastic patients (M= 92.4, SE= 11.3). This difference, 3.8, 95% Cl (-95.1, 102.6) was

not significant t (3) =0.39, p = 0.8.

4.5.1.1.3 Day 7

Independent t-test

Spastic patients had a higher glutamate serum concentration (M= 103.7, SE= 18.2) than non-
spastic patients (M= 81.1, SE= 5.7) Even though both spastic and non-spastic patients showed
within the normal level serum glutamate concentration. This difference, 22.7, 95% Cl (-53.2,

98.6) was not significant t (3) =0.95, p = 0.41.
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4.5.1.1.4 Day 45

Independent t-test

Even though both spastic and non-spastic patients showed within the normal level serum
glutamate concentration at this time point, spastic patients had a higher glutamate serum
level (M= 90.5, SE= 21.2) than non-spastic patients (M= 81.1, SE= 6.1). This difference, 9.4,

95% Cl (-39.9, 58.7) was not significant t (5) =0.49, p = 0.6.

4.5.2 Glial fibrillary acidic protein (GFAP)

Both spastic and non-spastic patients showed above the normal level serum GFAP
concentration at all time points. Non-spastic group GFAP concentration was higher than
spastic group at 1 and 3-days’ time points (Mean difference 0.03; 95% Cl: -0.22 to 0.15; p =
0.63 and -0.07; 95% CI: -0.19 to 0.06; p = 0.21 respectively). Spastic group serum
concentrations then sharply peaked from this point reaching its highest levels at 7-days’ and

then subsequently declining towards normal level concentrations at 45-days.

At 7-days, the difference in measured mean serum GFAP in spastic subjects was at its highest
compared to non-spastic patients. (mean difference 0.26; 95% Cl: -0.66 to 1.20; p = 0.43).
Mean GFAP for each time point for spastic patients was compared with non-spastic patients
and normal level GFAP concentrations. Mean absolute deviation was used to show the

average distance between each data point and the mean (Figure 9).
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Figure 9 Mean of GFAP with mean absolute deviation in both groups, spastic (blue) and non-
spastic (red), at different time points (Mean absolute deviation is the average distance
between each data value and the mean). The time after stroke onset is plotted on the x-axis
and concentration of GFAP on the y-axis. Number of patients in each group is also plotted.

4.5.2.1 Statistical analysis

4.5.2.1.1 Day 1

Independent t-test

On average, non-spastic patients had a higher GFAP serum level (M= 0.32, SE= 0.02) than
spastic patients (M= 0.29, SE= 0.06). This difference, -0.03. 95% Cl (-0.22, 0.15) was not

significant t (8) = -0.60, p = 0.63. Both groups were above the normal serum GFAP

concentration.
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4.5.2.1.2 Day 3

Independent t-test

Again, on average, non-spastic patients had a higher GFAP serum level (M= 0.33, SE= 0.05)
than spastic patients (M= 0.26, SE= 0.02). This difference, -0.07, 95% Cl (-0.19, 0.06) was not
significant t (3) = -1.6, p = 0.21. Both groups were above the normal serum GFAP

concentration.

4.5.2.1.3 Day 7

Independent t-test

On average, spastic patients had a higher GFAP serum level (M= 0.66, SE= 0.22) than non-
spastic patients (M= 0.41, SE= 0.03). This difference, 0.26, 95% Cl (-0.66, 1.17) was not
significant t (3) =0.9, p = 0.43. Both groups were above the normal serum GFAP concentration.

The mean difference between the two groups was highest at this time point.

4.5.2.1.4 Day 45

Independent t-test

On average, non-spastic patients had a bit higher GFAP serum level (M= 0.28, SE= 0.03) than
spastic patients (M= 0.27, SE= 0.06). This difference, -0.007, 95% Cl (-0.17, 0.15) was not
significant t (5) = -0.11, p = 0.92. Both groups were above the normal serum GFAP

concentration.

4.5.3 Human enolase 2/Neuron-specific enolase immunoassay
The inter- and intra-assay coefficients of variation using the R&D Systems NSE Quantikine®

ELISA kit for the measurement of NSE were 4.97 and 4.3 % respectively. All mean NSE
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measurements in spastic patients were higher than non-spastic concentrations. Both spastic
and non-spastic patients showed above the normal level NSE concentration. Mean NSE
concentrations for both groups showed an increasing trend from 24-hours post-stroke
peaking at 3-days’ and subsequently declining towards normal level concentrations at 45-
days’ (Figure 10). At 45-days, the difference in measured mean NSE in spastic subjects was at
its highest compared to non-spastic patients. (mean difference 4.5; 95% Cl: -9.05, 17.95;

p =0.33).

Mean NSE for each time point for spastic patients was compared with non-spastic patients
and normal level NSE concentrations. Mean absolute deviation was used to show the average

distance between each data point and the mean (Figure 10).
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Figure 10 Mean of NSE with mean absolute deviation in both Spastic (blue) and non-spastic
(red) patients at different time points (Mean absolute deviation is the average distance
between each data value and the mean). The time after stroke onset is plotted on the x-axis
and concentration of NSE on the y-axis. Number of patients in each group is also plotted.
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4.5.3.1 Statistical analysis

4.5.3.1.1Day1

Independent t-test

On average, spastic patients had a bit higher NSE serum level (M= 10.91, SE= 2.51) than non-
spastic patients (M= 10.64, SE= 3.47). This difference, 0.28, 95% Cl (-10.73, 11.28) was not
significant t (8) =0.058, p = 0.96. Both spastic and non-spastic patients showed above the

normal level NSE concentration.

4.5.3.1.2 Day 3

Independent t-test

On average, spastic patients had a higher NSE serum level (M= 14.94, SE= 4.73) than non-
spastic patients (M= 12.67, SE= 6.10). This difference, 2.27, 95% Cl (-21.97, 26.5) was not
significant t (3) = 0.30, p = 0.79. Both spastic and non-spastic patients showed above the

normal NSE serum levels.

4.5.3.1.3 Day 7

Independent t-test

On average, spastic patients had a higher NSE serum level (M= 10.87, SE= 2.96) than non-
spastic patients (M= 6.39, SE= 2.35). This difference, 4.48, 95% Cl (-8.88, 17.8) was not
significant t (3) = 1.07, p = 0.36. Both spastic and non-spastic patients showed above the

normal level NSE concentration.
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4.5.3.1.4 Day 45

Independent t-test

On average, spastic patients had a higher NSE serum level (M= 10.23, SE= 3.51) than non-
spastic patients (M= 5.8, SE= 1.13). This difference, 4.5, 95% Cl (-9.05, 17.95) was not
significant t (2) = 1.2, p = 0.33. Both spastic and non-spastic patients showed above the normal
level NSE concentration. The mean difference between the two groups was highest at this

time point.

4.5.4 5100 calcium-binding protein B (5100B)

All mean S100B measurements in spastic patients were higher than non-spastic
concentrations apart from the third-day time point measurements when the non-spastic
S100B level was higher than the spastic group (mean difference -203.50; 95% Cl: -4741 to
4334; p = 0.90). Both spastic and non-spastic patients showed above the normal level S100B
serum concentration at all time points. Mean S100B concentrations for spastic group showed
an increasing trend from the third-day post stroke peaking at 7-days’ and subsequently
declining towards normal level concentrations at 45-days’ (Figure 11). Mean S100B
concentrations for non-spastic group showed an increasing trend from the first-day post
stroke peaking at 3-days’ and subsequently declining towards normal level concentrations at
45-days. At 7-days, the difference in measured mean S100B in spastic subjects was at its
highest compared to non-spastic patients. (mean difference 879.8; 95% Cl: -10581 to 12341;

p =0.6).

Blood samples were collected from acute stroke patients (n = 13) at four-time points (1, 3, 7

and 45-days). Mean S100B for each time-point for spastic patients was compared with non-
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spastic patients and normal level S100B concentrations. Mean absolute deviation was used to

show the average distance between each data point and the mean.
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Figure 11 Mean of S100B with mean absolute deviation in both spastic (blue) and non-spastic
(red) patients at different time points (Mean absolute deviation is the average distance
between each data value and the mean). The time after stroke onset is plotted on the x-axis
and concentration of S100B on the y-axis. Number of patients in each group is also plotted.
4.5.4.1 Statistical analysis

4.5.4.1.1 Day 1

Independent t-test

On average, spastic patients had a higher S100B serum level (M= 2064.5, SE= 652.1) than non-
spastic patients (M= 1565.3, SE= 345.02). This difference, 499.2, 95% Cl (-1050.78, 2049.11)
was not significant t (8) =0.743, p = 0.48. Both spastic and non-spastic patients showed above

the normal level S100B serum concentration.
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4.5.4.1.2 Day 3

Independent t-test

On average, spastic patients had a lower S100B serum level (M= 1460, SE= 790.1) than non-
spastic patients (M= 1663.5, SE= 1336.5). This difference, -203.5, 95% Cl (-4741, 4334) was not
significant t (3) = -0.143, p = 0.90. Both spastic and non-spastic patients showed above the

normal serum S1008B level.

4.5.4.1.3 Day7

Independent t-test

On average, spastic patients had a higher S100B serum level (M= 2484, SE= 515.7) than non-
spastic patients (M= 1604.5, SE= 1395.5). This difference, 879.8, 95% Cl (-10581, 12340.7) was
not significant t (1) =0.59, p = 0.64. Both spastic and non-spastic patients showed above the
normal level S100B serum concentration. The mean difference between the two groups was

highest at this time point.

4.5.4.1.4 Day 45

Independent t-test

On average, spastic patients had a higher S100B serum level (M= 1571, SE= 547.3) than non-
spastic patients (M= 1413.8, SE= 605.67). This difference, 157.3, 95% Cl (-2028.8, 2343.3) was
not significant t (5) =0.185, p = 0.86. Both spastic and non-spastic patients showed above the

normal serum S100B level.
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4.5.5 Purines

Both spastic and non-spastic patients showed above the normal level blood Purine
concentration at baseline and 24-hours’ time points. The spastic group showed a higher purine
level at both time points than the non-spastic group. The spastic group also showed the
highest purine level at 24-hours compared to the baseline value. On the other hand, the non-
spastic group showed near normal level Purine concentration at 24-hours. The largest blood
purine level difference between the two groups was seen at 24-hours’ time point with a mean

difference of 5.5 (95% ClI: -3.7, 14.7; p = 0.2).
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Figure 12 Mean of Purines with mean absolute deviation in both spastic (blue) and non-spastic
(red) patients at baseline and 24-hours’ time points (Mean absolute deviation is the average
distance between each data value and the mean). The time after stroke onset is plotted on
the x-axis and concentration of Purines on the y-axis. Number of patients in each group is also
plotted.
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Mean blood Purines for each time-point for spastic patients was compared with non-spastic
patients and normal blood level purine concentration. Mean absolute deviation was used to
show the average distance between each data point and the mean (Figure 12). The graph
showed that spastic patients have a higher score than the non-spastic on both time points.
The spastic group mean absolute deviation showed wide spread and overlapping with the

non-spastic group because of one spastic patient with very high reading at each time point.

4.5.5.1 Statistical analysis

4.5.5.1.1 Baseline

Independent t-test

On average, spastic patients had a higher purine blood level (M= 8.7, SE= 1.9) than non-spastic
patients (M= 6.9, SE= 1.3). This difference, 1.8, 95% Cl (-3.9, 7.5) was not significant t (7) =0.8,
p = 0.5. Both spastic and non-spastic patients showed above the normal level blood purines

concentration at this time point.

4.5.5.1.2 24 Hours
Independent t-test
On average, spastic patients had a higher purines blood level (M= 8.9, SE= 3.4) than non-
spastic patients (M= 3.4, SE= 1.7). This difference, 5.5, 95% Cl (-3.7, 14.7) was not significant t
(6) =1.5, p = 0.2. Both spastic and non-spastic patients showed above the normal level blood
purine concentration at this time point with the non-spastic group being barely above the

normal level. The mean difference between the two groups was highest at this time point.
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4.5.6 Creatine kinase assay

Both spastic and non-spastic patients showed within the normal level serum creatine kinase
concentration at all time points apart from the first-day measurement. On first day
measurement, spastic group CK concentration was way over the normal CK level (mean 636.5,
95% Cl: -319.6 to 1592.6; p = 0.94) normal CK level is between (15-185 iu/L). The largest serum
CK level difference between the spastic and non-spastic groups was seen at 1-day time point
with a mean difference of 563.64 (95% Cl: -392.09 to 1519.37; p = 0.92). The rest of the time

points measurements were all within the normal serum CK concentration.
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Figure 13 Mean of Creatine Kinase with mean absolute deviation in both Spastic (blue) and
non-spastic (red) patients at 1, 7 and 45-days’ time points (Mean absolute deviation is the
average distance between each data value and the mean). The time after stroke onset is
plotted on the x-axis and concentration of CK on the y-axis. Number of patients in each group
is also plotted.

Mean serum CK for each time-point for spastic patients was compared with non-spastic

patients and normal level CK concentrations. Mean absolute deviation was used to show the
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average distance between each data point and the mean (Figure 13). The graph showed that
spastic patients have a higher score than the non-spastic on 1-day time points. The spastic
group mean absolute deviation showed wide spread on 1-day time point because of one
spastic patient with very high reading at that time point. It was not possible to include 3-days’
time point values because of a limited number of participants (Only one patient in the non-

spastic group).

4.5.6 1 Statistical analysis

4.5.6.1.1Day 1

Independent t-test

Spastic patients had a higher creatine kinase serum level (M= 636.5, SE= 300.4) than non-
spastic patients (M= 72.9, SE= 7.2). Only non-spastic group showed within the normal level
serum creatine kinase concentration. This difference, 563.6, 95% CI (-392.1, 1519.4) was not
significant t (3) = 1.9, p = 0.2. The mean difference between the two groups was highest at this

time point.

4.5.6.1.2 Day 3

It was not possible to run any statistical tests at the 3-days’ time point because of the very low
sample size (only four patients in total with the non-spastic group limited to only one patient).
Both spastic and non-spastic patients showed within the normal level serum creatine kinase

concentration. The spastic group had higher creatine kinase serum level though.
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4.5.6.1.3 Day 7

Independent t-test

Non-spastic patients had a tad higher creatine kinase serum level (M= 54, SE= 10) than spastic
patients (M= 49, SE= 5.3) even though both spastic and non-spastic patients showed within
the normal level serum creatine kinase concentration. This difference, -5, 95% Cl (-37.2, 27.2)

was not significant t (3) =-0.5, p = 0.66.

4.5.6.1.4 Day 45

Independent t-test

Even though both spastic and non-spastic patients showed within the normal level serum
creatine kinase concentration at this time point, non-spastic patients had a higher creatine
kinase serum level (M= 103, SE= 20.2) than spastic patients (M= 54.2, SE= 20.3). This

difference, -48.7, 95% Cl (-124.2, 26.9) was not significant t (5) =-1.7, p = 0.16.

4.5.7 Lactate dehydrogenase assay

Both spastic and non-spastic patients showed above the normal level serum lactate
dehydrogenase concentration at 3-days’ time points. The spastic group lactate dehydrogenase
concentration was higher than the non-spastic group at 3-days’ time point. Spastic group
serum concentrations were also above the normal level at 24-hours post-stroke while the non-
spastic group LD level was within the normal level at this time point. Both groups serum LD
level was within the normal range at 7 and 45-days’ time points. The largest serum lactate
dehydrogenase level difference between the two groups was seen at 1-day time point with a
mean difference of 76.5 (95% Cl: 32.95 to 119.95; p = 0.004) non-spastic LD level was within

the normal range though.
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Mean serum LD for each time-point for spastic patients was compared with non-spastic
patients and normal level LD concentrations. Mean absolute deviation was used to show the
average distance between each data point and the mean (Figure 14). It was not possible to
include 3 and 7-days’ time points values because of a limited number of participants (four
patients total with only one non-spastic and three patients total with only one spastic patient

respectively).
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Figure 14 Mean of Lactate dehydrogenase with mean absolute deviation in both Spastic (blue)
and non-spastic (red) patients at 1 and 45-days’ time points (Mean absolute deviation is the
average distance between each data value and the mean). The time after stroke onset is
plotted on the x-axis and concentration of LD on the y-axis. Number of patients in each group

is also plotted.

4.5.7.1 Statistical analysis

4.5.7.1.1 Day 1

Independent t-test

On average, spastic patients had a higher lactate dehydrogenase serum level (M= 253.3, SE=

17.7) than non-spastic patients (M= 176.8, SE= 8.7). This difference, 76.5, 95% Cl (32.95,
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119.95) was significant t (7) = 4.2, p = 0.004. Spastic group serum LD was above the normal
range. Non-spastic group serum LD level was within the normal range though. The mean

difference between the two groups was highest at this time point.

4.5.7.1.2 Day 3
It was not possible to run Independent t-test for the 3-days’ time point because of a limited
number of participants (four patients total with only one non-spastic patient). Both groups

serum LD level was over the normal range with the spastic group LD level being higher.

4.5.7.1.3 Day 7

It was not possible to run Independent t-test for the 7-days’ time point because of a limited
number of participants (three patients total with only one spastic patient). Both groups serum
LD level was within the normal range with the non-spastic group being a bit higher than the

spastic patient serum LD level.

4.5.7.1.4 Day 45

Independent t-test

On average, non-spastic patients had a higher lactate dehydrogenase serum level (M= 204.2,
SE= 22.3) than spastic patients (M= 190.3, SE= 26.8). This difference, -13.9, 95% CI (-102.9,
75.1) was not significant t (5) =-0.4, p = 0.7. Both groups serum LD level was within the normal

range.
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4.5.8 Albumin assay

Both spastic and non-spastic patients showed within the normal level serum albumin
concentration at all time points apart from the 3-days’ measurement when non-spastic group
albumin concentration was below the normal albumin level at 30g/L (normal serum albumin
level: 35-50 g/L). The largest serum albumin level mean difference between the spastic and
non-spastic groups was seen at 45-days’ time point with the non-spastic group showing a
higher serum level than the spastic group with a mean difference of -6.25 (95% Cl: -14.6 to
2.1; p=0.1). The spastic group mean serum albumin concentration stayed barely at the same

level at all time points of measurements.

Mean serum albumin for each time-point for spastic patients was compared with non-spastic
patients and normal level albumin concentrations. Mean absolute deviation was used to show
the average distance between each data point and the mean (Figure 15). It was not possible
to include 3-days’ time point values because of a limited number of participants (Only one

patient in the non-spastic group).
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Figure 15 Mean of Albumin with mean absolute deviation in both spastic (blue) and non-
spastic (red) patients at 1, 7 and 45-days’ time points (Mean absolute deviation is the average
distance between each data value and the mean). The time after stroke onset is plotted on
the x-axis and concentration of Albumin on the y-axis. Number of patients in each group is
also plotted.

4.5.8.1 Statistical analysis

4.5.8.1.1Day1

Independent t-test

On average, spastic patients had a lower serum albumin level (M= 34, SE= 0.9) than non-
spastic patients (M= 37.7, SE= 1.5). This difference, -3.7, 95% ClI (-8.5, 1.05) was not significant
t (9) =-1.8, p = 0.1. Only spastic patient’s serum albumin level was a bit below the normal
range. Non-spastic patient’s serum albumin concentration, on the other hand, was within the

normal range.
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4.5.8.1.2 Day 3

It was not possible to run any statistical tests at the 3-days’ time point because of the very low
sample size (only four patients in total with the non-spastic group limited to only one patient).
The spastic group had within normal mean serum albumin level while the non-spastic patient

had below the normal range serum albumin level.

4.5.8.1.3 Day 7

Independent t-test

Even though it was within the normal serum albumin level, non-spastic patients had a higher
mean serum albumin level (M= 38, SE= 5) than spastic patients (M= 34, SE= 1.2). This
difference, -3.7, 95% CI (-54.9, 47.5) was not significant t (3) =-0.91, p = 0.6. The spastic group,

on the other hand, had a bit below the normal range serum albumin concentration.

4.5.8.1.4 Day 45

Independent t-test

Non-spastic patients had a higher mean serum albumin level (M= 42.3, SE= 2.1) than spastic
patients (M= 36, SE= 2.5) Even though it was within the normal serum albumin level for both
groups. This difference, -6.3, 95% Cl (-14.6, 2.1) was not significant t (5) =-1.9, p = 0.1. The

mean difference between the two groups was highest at this time point.

4.5.9 Gama aminobutyric acid (GABA)
The experiment was conducted to quantify GABA from the thirteen samples collected and
compare the results between the spastic and non-spastic groups. Unfortunately, due to assay

complication and limited volumes of samples, no reproducible results were obtained. Based
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on previous work done by kanthan et al., (1995), below the normal range serum levels of
Gamma-aminobutyric acid was expected in stroke patients. For future studies, more robust
methodologies should be investigated as this particular assay, GABA ELISA kit from IBL

International, Germany, was not stable.

4.6 Biomarkers kinetics
The characteristics of biomarkers in both the spastic and non-spastic stroke patients varied.
In the spastic group, the mean NSE, albumin and lactate dehydrogenase showed an increase

with both NSE and LD reaching peak concentration at the 3-days’ time point (Figure 16).

The non-spastic group NSE, glutamate, S100B and lactate dehydrogenase serum
concentration peaked at the same time point. Both albumin and glutamate were within the
normal level. On the 7-days’ time point, GFAP, S100B and glutamate reached peak
concentration in the spastic group though the glutamate was within the normal serum level.
Serum GFAP reached peak concentration in the non- spastic group at the 7-days’ time point

while both CK and albumin showed an increase but within the normal range (Figure 17).
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Figure 16 Normalised biomarkers curves in spastic patients calculated using mean patient
value divided by maximum normal value. The time after stroke onset is plotted on the x-axis
and concentration of biomarkers on the y-axis. SI00B is on the second y-axis.

On the 45-days’ time point, albumin showed peak concentration in both groups while the CK
peak concentration was evident in the non-spastic group. Based on the biomarkers behaviour
in the current study, the increase in biomarkers level is more likely to be seen at both, 3 and

7-days’ time points than the 1 and 45-days’ time point.
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Figure 17 Normalised biomarkers curves in non-spastic patients calculated using mean patient
value divided by maximum normal value. The time after stroke onset is plotted on the x-axis
and concentration of biomarkers on the y-axis. S100B is on the second y-axis.
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4.7 Association between muscle atrophy biomarkers and post-stroke muscle weakness

The evaluation of any muscle weakness that might develop post-stroke was part of the current
study. Three muscle weakness related biomarkers were explored; creatine kinase, lactate
dehydrogenase and albumin. To quantify and detect any muscle weakness, a grip
dynamometer was used to measure grip strength (measured in Newtons). Grip strength
measures were taken at 1, 3, 7 and 45-days’ post-stroke in parallel with the time points of

drawing blood and spasticity measurements.

The characteristics of biomarkers in both the spastic and non-spastic stroke patients varied.
In the spastic group, the mean CK was at its highest level at 24-hours post-stroke time point
while LD and albumin peaked at 3 and 45-days’ time point respectively. Grip strength was at
its highest at 24-hours’ time point. Grip strength continued to decline with both CK and LD
biomarkers while albumin continues to elevate (Figure 18). The increase in serum level of CK
or LD and the decrease in serum albumin are all believed to be linked to muscle damage. The
decline in grip strength in the spastic group cannot be attributed to muscle damage as the
biomarkers behaved completely the opposite. It is important to point out that most of the
changes in serum concentration for all the three biomarkers are proportional and take place
within the normal ranges. In the non-spastic group, the mean LD was at its highest level at
3-days post-stroke time point while CK and albumin peaked at 45-days’ time point. Grip
strength was at its highest at 45-days’ time point. Grip strength continued to improve in
parallel with the increase of both CK and albumin biomarkers and peaked at 45-days’ time

point (Figure 19).
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Figure 18 Normalised atrophy biomarkers curves in spastic patients calculated using mean
patient value divided by maximum normal value. The time after stroke onset is plotted on the
x-axis and concentration of biomarkers on the y-axis. Grip strength is on the second y-axis.
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Figure 19 Normalised atrophy biomarkers curves in non-spastic patients calculated using
mean patient value divided by maximum normal value. The time after stroke onset is plotted
on the x-axis and concentration of biomarkers on the y-axis. Grip strength is on the second
y-axis.

4.8 Atrophy biomarkers kinetics based on grip/no grip strength
The characteristics of biomarkers in patients with no grip strength and patients with grip
strength varied. In the no grip strength group, the mean CK was at its highest level at 24-hours

post-stroke while LD and albumin peaked at 3 and 45-days’ time points respectively (Figure
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20). It is important to point out that most of the changes in serum concentration for all the

three biomarkers took place within the normal ranges.

In patient with grip strength, the mean LD was at its highest level at 3-days post-stroke time
point while CK and albumin peaked at 45-days’ time point (Figure 21). Both groups had similar

biomarker pattern, mostly within normal ranges.

No grip strength (n = 4)

[ [ L
o pa o Ln s

=

Biomarkers level (Normalised)

=
Ln
L]

=

Time after stroke onest (days)
—a— CK —a—LD Alb

Figure 20 Normalised atrophy biomarkers curves in patients with no grip strength calculated
using mean patient value divided by maximum normal value. The time after stroke onset is
plotted on the x-axis and concentration of biomarkers on the y-axis.
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Figure 21 Normalised atrophy biomarkers curves in patients with grip strength calculated
using mean patient value divided by maximum normal value. The time after stroke onset is
plotted on the x-axis and concentration of biomarkers on the y-axis.

4.9 Association between biomarkers and spasticity or grip strength levels

4.9.1 Spasticity levels

Out of the 6 spastic patients, kinetic of biomarkers with spasticity levels were only available in
4 patients because of the missing data. Patient No 3 showed a decrease in NSE, S100B and CK
levels in parallel with decreased spasticity at 3-days’ time point. On 7-days’ time point and in
parallel with increased spasticity, both NSE and S100B were increased. With increased

spasticity on 45- days’ time point and apart from the increase of NSE, all the remaining

biomarkers were decreased (Figure 22).
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Figure 22 Patient No.3, normalised spasticity and biomarkers levels calculated using patient
value divided by maximum normal value. The time after stroke onset is plotted on the x-axis
and concentration of biomarkers on the y-axis. EMG activity is on the second y-axis.

Patient No 4 (Spastic) showed a decrease in spasticity on 3-days’ time point and at the same

time, increased the level of NSE, GFAP, S100B and LD (Figure 23).
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Figure 23 Patient No. 4, normalised spasticity and biomarkers levels calculated using patient
value divided by maximum normal value. The time after stroke onset is plotted on the x-axis
and concentration of biomarkers on the y-axis. EMG activity is on the second y-axis.
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Spastic Patient No 7 and while showing a decrease in spasticity at the 45-days’ time point, a

parallel decrease in all biomarkers was evident (Figure 24).
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Figure 24 Patient No. 7, normalised spasticity and biomarkers levels calculated using patient
value divided by maximum normal value. The time after stroke onset is plotted on the x-axis
and concentration of biomarkers on the y-axis. EMG activity is on the second y-axis.

Patient No 12 and in parallel with the increased spasticity at 7-days’ time point, an increase of
NSE, GFAP and S100B levels were detected. On 45-days’ time point, an apparent decrease in

all biomarkers was evident even though the spasticity level was increased (Figure 25).

While the increase in some biomarkers was varied, an associated increase in CNS biomarkers

with increased spasticity were more likely to be detected at the 7-days’ time point.
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Figure 25 Patient No. 12, normalised spasticity and biomarkers level calculated using patient
value divided by maximum normal value. The time after stroke onset is plotted on the x-axis
and concentration of biomarkers on the y-axis. EMG activity is on the second y-axis.

4.9.2 Grip strength levels
Only non-spastic patients had changes in grip strength while spastic patients had either zero
Newton grip strength or missing data. Out of the 7 non-spastic patients, kinetic of biomarkers

with grip strength were only available in 5 patients because of the missing data.

Patient No 1 had an increased NSE, GFAP, S100B and LD levels in parallel with increased grip
strength at the 7-days’ time point. Only CK and LD were increased at 45-days’ time point with
increased grip strength (Figure 26). The higher level of S100B in this patient compared with
the rest of the group could be attributed to the infarction size as this patient had a left middle

cerebral artery occlusion.
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Figure 26 Patient No. 1, normalised grip strength and biomarkers levels calculated using
patient value divided by maximum normal value. The time after stroke onset is plotted on the
x-axis and concentration of biomarkers on the y-axis. Grip strength is on the second y-axis.

NSE, GFAP and s100B were all decreased in patient No 2 at 45-days’ time point while grip

strength, CK and LD were increased (Figure 27).
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Figure 27 Patient No. 2, normalised grip strength and biomarkers levels calculated using
patient value divided by maximum normal value. The time after stroke onset is plotted on the
x-axis and concentration of biomarkers on the y-axis. Grip strength is on the second y-axis.
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Grip strength was only decreased at 3-days’ time point when patient No 9 showed a decrease
in NSE, GFAP and CK. While NSE continues to decrease at 7-days’ time point, GFAP and CK

were both increased in parallel with increased grip strength (Figure 28).
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Figure 28 Patient No. 9, normalised grip strength and biomarkers levels calculated using
patient value divided by maximum normal value. The time after stroke onset is plotted on the
x-axis and concentration of biomarkers on the y-axis. Grip strength is on the second y-axis.

While both GFAP and CK were both increased in patient No 10 at the 45-days’ time point,

NSE and LD were decreased in contrast with the increased grip strength (Figure 29).
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Figure 29 Patient No. 10, normalised grip strength and biomarkers levels calculated using
patient value divided by maximum normal value. The time after stroke onset is plotted on the
x-axis and concentration of biomarkers on the y-axis. Grip strength is on the second y-axis.
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Grip strength increased in patient No 11 at 45-days’ time point in parallel with the increase
in S100, CK and LD levels. Both NSE and GFAP showed a decrease at the same time point

(Figure 30).
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Figure 30 Patient No. 11, normalised grip strength and biomarkers levels calculated using
patient value divided by maximum normal value. The time after stroke onset is plotted on the
x-axis and concentration of biomarkers on the y-axis. Grip strength is on the second y-axis.

The current data showed that grip strength was improving from 7-days’ time point and after.
While biomarkers level varied at the 7-days’ time point, an evident decrease in most of the
CNS biomarkers with contrasting increase of most of the muscle atrophy biomarkers was

observed at the 45-days’ time point.
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CHAPTER 5: DISCUSSION AND CONCLUSIONS

5.1 Discussion

The main objective of the current research is to explore the possible usefulness of GFAP,
S100B, NSE, glutamate, GABA, purines, CK, LD and albumin as biomarkers of post-stroke
spasticity. Furthermore, it was intended to identify possible correlations of muscle
biomarkers with post-stroke muscle weakness and contractures. Within literature and to date,
there is no publication that examines the variation of serum biomarkers concentration in post-
stroke spasticity, and this is the novelty of the research, contributing to knowledge. A

discussion of the results from this study will be outlined here.

With respect to spasticity, some fluctuations in abnormal muscle activity was seen towards
the 45-days’ time point. Some patients showed abnormal muscle activity as early as 24-hours
post-stroke mainly during the fast movement, and this went on to show normal muscle activity
at a later stage. This fluctuation in muscle activity could be attributed to the period of shock
and recovery that immediately follow lesions of the CNS. During this period, the system will
start to present with varying responses and time delays (Pandyan et al., 2018). With respect
to grip strength, we saw no pattern between changes in grip strength and biomarkers
concentrations. Further studies are needed to explore these relationships as our sample size

was small and heterogenous.

This current research showed that, following acute stroke, there was increase in the serum

concentration of NSE, GFAP, s100B and purines, and this is consistent with the observation in

previous studies (Pasini et al., 2000, Oh et al., 2003, Foerch et al., 2012, Schulte et al., 2014).
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NSE, GFAP, purines and S100B protein concentrations demonstrated a differentiation
potential between spastic and non-spastic patients. The serum concentration in all four
biomarkers was lower in the non-spastic group compared with the spastic group. Serum
concentration in all four biomarkers was above the normal range at all time points. These

results were statistically not significant due to the limited sample size.

In this study, an elevation of serum NSE concentration was noted as early as 24-hours after
stroke onset, again consistent with the earlier reported studies (Missler et al., 1997; Hill et al.,
2000; Oh et al., 2003). Peak concentrations occurred in both groups at 3-days’ time point,
again, similar to the results reported in previous studies (Missler et al. 1997, Cunningham et
al. 1996). NSE is suggestive of neuronal damage. Large neuronal damage represents diffused

injury which is more likely to lead to spasticity (lvanhoe and Reistetter, 2004).

The mean peak S100B concentration occurred at 72-hours post-stroke in the non-spastic
group which is consistent with reports by Missler et al. (1997) and Wunderlich et al. (1999).
On the other hand, mean peak S100B concentration occurred at 7-days’ time point in the
spastic group and subsequently declined to reach admission levels at 45-days as reported by
Missler et al. (1997). The delayed release of the S100B might be due to the penumbra not
being salvaged, which in turn affect surrounding cells, leading to disruption of blood-brain

barrier and leaks to the peripheral circulation.

In this study, the peak of serum GFAP concentration was noted at 7-days after stroke onset

which is different to earlier studies that reported peak serum GFAP concentrations to occur
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around 2-days after the onset of stroke (Missler, et al. 1997, Wunderlich, Wallesch and

Goertleret, 2006).

The mean peak purine concentration occurred at 24-hours post-stroke in the spastic group,
consistent with the report by Suzuki et al. (2000). On the other hand, mean peak purines
concentration in the non-spastic group occurred at the baseline time point and subsequently
declined to reach a normal level at 24-hours post-stroke. Stroke patients with above the
normal level blood purines concentration at 24-hours, after stroke onset, ended up developing
spasticity while patients with normal range purines at 24-hours did not. Because of the limited
sample size, this result should be taken with caution as it is not statistically significant. It is
worth mentioning that purines are not CNS specific biomarker and as such, other factors or
comorbidity might affect the results; factors such as time since the last meal and history of

gout disease.

The characteristics of the glutamate in both spastic and non-spastic patients varied from those
of NSE, GFAP and S100B protein. The mean NSE, GFAP and S100B serum concentrations in
both groups were above the normal range at all time points compared to glutamate which
stayed within the normal range at all time points in both spastic and non-spastic groups. Our
results contrast previous studies reported an increase in serum glutamate concentrations

post-stroke (Puig et al., 2000; Aliprandi et al., 2005).

An elevation of serum CK concentration in the spastic group was noted as early as 24-hours

after stroke onset and subsequently declined to reach a normal range at 3-days post-stroke.

Serum CK level in the non-spastic group stayed within the normal range at all time points. The
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results suggest that CK is unlikely to have any links with the development of spasticity as both
groups serum concentration remained within the normal range at all time point, apart from
the initial increase at a 24-hours’ time point in the spastic group. Serum CK concentration also
cannot explain the deterioration or improvement in grip strength seen in spastic and non-

spastic groups respectively.

Spastic group serum LD concentration elevation was noted as early as 24-hours after stroke
onset. The elevation continued at 3-days’ time point in both groups and subsequently declined
to reach normal range at 7-days post-stroke. Serum LD level in both groups stayed within the
normal range at 7 and 45-days’ time points. The results suggest that LD is unlikely to have a
link with the development of spasticity or muscle weakness since it was within the normal
range at most of the time point. Although the non-spastic group showed improvement in grip
strength compared to the spastic group, normal serum LD concentration was seen in both
groups. Again, due to the limited sample size, this result should be looked at carefully as it is
not statistically significant. In addition to that, LD is not a CNS specific biomarker, and as such,

other physiological or pathological factors might affect the results.

A decline of serum albumin concentration in the non-spastic group was noted only at 3- days’
time point post-stroke and subsequently elevated to reach normal range at 7-days’ time point
post-stroke. Serum albumin level in both spastic and non-spastic groups stayed within the
normal range at all other time points. The absence of meaningful changes in the albumin
serum kinetics, making it unlikely to be considered as a potential biomarker in terms of

spasticity or muscle weakness development. Normal serum albumin concentration was seen
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in both groups even though the non-spastic group showed improvement in grip strength

compared to the spastic one.

The current study showed an increase in most CNS tissue injury biomarkers; NSE, GFAP and
S100B. It is believed that the loss of cerebral blood flow in the ischemic core during stroke
leads to a complete reduction of oxygen and glucose supply to cerebral neurons and other
supporting cells. This causes a series of biochemical and metabolic changes that finally lead to
massive cell death. The CNS damage will lead to a release of neurons or glia-specific
biomarkers such as neuron-specific enolase (NSE), glial fibrillary acidic protein (GFAP), acidic
calcium-binding protein (S100B). NSE expression and activity are markedly upregulated in glial
and neuronal cells after stroke indicating the enzyme’s role in inflammation following these
events. GFAP is a structural protein that is released when astrocytes are disintegrated, and
the cytoskeletons are degraded (Pelinka et al., 2004). Structural damage to the neuronal cells
also leads to the release of S100B into the blood. During a stroke, the blood-brain barrier (BBB)
is compromised by endothelial cell death. CNS tissue injury biomarkers have the potential to

cross the BBB and thus, their blood level increase.

5.2 Implications for stroke rehabilitation

The findings of this study suggest that there is a link between certain biological markers
namely, S100B, GFAP, NSE and purines and the development of post-stroke spasticity. Further
research is required before definitive conclusions can be made. However, this research may
want to start with a focus on S100B as this particular marker seems the most promising in

terms of mechanism of spasticity. Although the EMG showed fluctuations, the biomarker
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changes in S100B may have lower levels of variability. It is possible therefore that biomarkers

are likely to be more specific.

The biomarker activity in patients with spasticity corresponded to the neurophysiological
recordings and occurred before the changes in the passive range of motion and stiffness.
Therefore, one could use the biomarker profiles to inform treatment plans for patients who
are likely to get musculoskeletal complications after a stroke. There was evidence that the
changes in the passive range of movement occurred before stiffness and this is consistent with
the literature (Malhotra et al., 2011). The stiffness increases in this study were within normal
values (Pandyan et al., 2001) and may reflect the fact that most measurements were taken
within 6-weeks of the stroke. Future research with larger samples is needed to confirm these

observations.

This study included ischemic and hemorrhagic patients combined, and while studying each
type of stroke separately might provide more insight into the related changes and the
underlying mechanisms, the small sample size made it impractical. The same implications are
forischemic patients who received thrombolysis treatment. A larger sample study would likely
have a more promising chance of answering these questions. The current clinical measures
cannot detect early spasticity (e.g., The Modified Ashworth Scale; The Tardieu Scale) used
routinely in practice and clinicians face the reality of having to deal with spasticity
complications after it already has developed. In situations like this, it is crucial to develop
different approaches that could help with the early detection of spasticity and lead to timely

interventions and prevention of complications.
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The study of biomarkers could provide insight into the physiological and pathological process
that accompanies the development of neurological disorder such as spasticity. Not only it is
important for identifying the mechanisms behind the development of spasticity at a cellular
level and in aiding practitioners to examine its natural progression, it also might be of great

importance at identifying and developing targeted drug treatments.

5.3 Limitations of the study

Several potential limitations of the present study must be considered. The results of this study
are limited by the small sample size and therefore generalising the results beyond this study
population is problematic. One reason for the limited number of recruits is the fact that people
are reluctant to consent to invasive studies that involve repeated drawing of blood. This
explains why the second sub-study, the Pharmacokinetic sub-study, planned to collect blood
samples every hour for six hours ended up recruiting none. This issue can be dealt with by
keeping blood collection time points to the minimum and integrating blood collection within

the routine blood investigation.

A major problem with the small sample size was that the external validity was limited. There
was a significant risk that our findings were affected by readings that were not typical. Further,
the small sample size and the presence of 31% of zero values in grip strength has restricted
the study of the association between biomarkers and physiological responses of motor
recovery. The Bonferroni correction was not applied for the multiple comparisons; however,

the 95% Confidence Intervals were reported to reduce the risk of type | error reporting.
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The recruitment depended on research nurses who did not have ownership of the study and
so poses barriers in recruiting for this project. The ability to use CSF fluid would have
significantly improved our ability to identify relevant biomarkers. However, given the

challenges we had with recruiting patients for the study of blood this could be more difficult.

This study was limited to a panel of biomarkers studied in the context of stroke and as such,

it should not be considered as spasticity specific biomarkers.

5.4 Indications for future research

The main challenge in our study was patient recruitment and in future studies, there may be
a need to engage with patient groups to help solve this problem. Further studies are needed
to assess and confirm the relationship between certain serum biomarkers and the
development of post-stroke spasticity. It is worth mentioning that the biomarkers included in
this study, are not specific to spasticity and as such, a different approach might worth
adopting. An approach that could widen the scope of the investigation by analysing the blood
samples from scratch without preconception of any biochemical markers. Mass spectrometry
techniques and its application in the field of clinical proteomics might provide the means to

identify a specific biomarker that could be linked to the development of post-stroke spasticity.

5.5 Conclusions

The main objectives of this study were to explore the possible usefulness of a panel of
specifically chosen biomarkers as an indicator of post-stroke spasticity and related
complications. Serum concentrations in both spastic and non-spastic groups were compared,
and the possible correlations of the biomarkers with the development of post-stroke spasticity

were identified.
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Out of the five-central nerve system specific biomarkers, three showed promising results;
GFAP, NSE and S100B. The difference in serum concentration between the spastic and the
non-spastic group in all three was at its highest on day seven-time point with the spastic group
been higher. Glutamate did not show any promising result with the serum concentration
showed within the normal range at all time points. It was not possible to get a meaningful

result out of the GABA test as it failed even at calibration.

Purines showed a promising result, and the serum concentration was always higher in the
spastic group than the non-spastic group. The largest difference was at 24-hours’ time point
post-stroke. Creatine kinase was higher in the spastic group at the 1-day time point and was
way above the normal range and went to be within the normal range on the subsequent time-
points. Non-spastic group CK serum concentration, on the other hand, stayed within the
normal range at all time points. Lactate dehydrogenase serum concentration, in the spastic
group, was a bit higher than the normal range at one-day time point but went to be within the
normal range on the subsequent time points. Non-spastic group LD serum concentration, on
the other hand, stayed within normal range at all time points. Albumin serum concentration
was higher in the non-spastic group than the spastic at all time points. Both groups were

within the normal range though.

In conclusion, although not statistically significant, my research enabled the identification of
four promising biomarkers, three central nerve system specific biomarkers (GFAP, NSE, S100B)
and purines, that have links to the development of spasticity. Further studies are needed to
assess and confirm the relationship between these biomarkers and the development of post-

stroke spasticity.

135



References

Abraha, H.D., Butterworth, R.J., Bath, P.M., Wassif, W.S., Garthwaite, J. and Sherwood, R.A.,
1997. Serum S-100 protein, relationship to clinical outcome in acute stroke. Annals of clinical
biochemistry, 34(5), pp.546-550.

Alexander, L.D., Black, S.E., Gao, F., Szilagyi, G., Danells, C.J. and Mcllroy, W.E., 2010.
Correlating lesion size and location to deficits after ischemic stroke: the influence of
accounting for altered peri-necrotic tissue and incidental silent infarcts. Behavioral and
brain functions, 6(1), p.6.

Aliprandi, A., Longoni, M., Stanzani, L., Tremolizzo, L., Vaccaro, M., Begni, B., Galimberti, G.,
Garofolo, R. and Ferrarese, C., 2005. Increased plasma glutamate in stroke patients might
be linked to altered platelet release and uptake. Journal of Cerebral Blood Flow &
Metabolism, 25(4), pp.513-519.

Allard, L., Burkhard, P.R., Lescuyer, P., Burgess, J.A., Walter, N., Hochstrasser, D.F. and
Sanchez, J.C., 2005. PARK7 and nucleoside diphosphate kinase A as plasma markers for the
early diagnosis of stroke. Clinical chemistry, 51(11), pp.2043-2051.

Allard, L., Lescuyer, P., Burgess, J., Leung, K.Y., Ward, M., Walter, N., Burkhard, P.R., Corthals,
G., Hochstrasser, D.F. and Sanchez, J.C., 2004. ApoC-l and ApoC-lll as potential plasmatic
markers to distinguish between ischemic and hemorrhagic stroke. Proteomics, 4(8),
pp.2242-2251.

Anand, N. and Stead, L.G., 2005. Neuron-specific enolase as a marker for acute ischemic
stroke: a systematic review. Cerebrovascular diseases, 20(4), pp.213-219.

Anderson, L. and Hunter, C.L., 2006. Quantitative mass spectrometric multiple reaction
monitoring assays for major plasma proteins. Molecular & Cellular Proteomics, 5(4), pp.573-
588.

Arenillas, J.F., Alvarez-Sabin, J., Molina, C.A., Chacon, P., Montaner, J., Rovira, A., |barra, B.
and Quintana, M., 2003. C-reactive protein predicts further ischemic events in first-ever
transient ischemic attack or stroke patients with intracranial large-artery occlusive
disease. Stroke, 34(10), pp.2463-2468.

Ashworth, B., 1964. Preliminary trial of carisoprodol in multiple sclerosis. Practitioner, 192,
pp.540-542.

136



Atkinson Jr, A.J., Colburn, W.A., DeGruttola, V.G., DeMets, D.L., Downing, G.J., Hoth, D.F.,
Oates, J.A., Peck, C.C., Schooley, R.T. and Spilker, B.A., 2001. Biomarkers and surrogate
endpoints: preferred definitions and conceptual framework. Clinical Pharmacology &
Therapeutics, 69(3), pp.89-95.

Ay, H., Arsava, E.M. and Saribas, O., 2002. Creatine kinase-MB elevation after stroke is not
cardiac in origin: comparison with troponin T levels. Stroke, 33(1), pp.286-289.

Ballantyne, C.M., Hoogeveen, R.C., Bang, H., Coresh, J., Folsom, A.R., Chambless, L.E.,
Myerson, M., Wu, K.K., Sharrett, A.R. and Boerwinkle, E., 2005. Lipoprotein-associated
phospholipase A2, high-sensitivity C-reactive protein, and risk for incident ischemic stroke
in middle-aged men and women in the Atherosclerosis Risk in Communities (ARIC)
study. Archives of internal medicine, 165(21), pp.2479-2484.

Barber, M., Morton, J.J., Macfarlane, P.W., Barlow, N., Roditi, G. and Stott, D.J., 2007.
Elevated troponin levels are associated with sympathoadrenal activation in acute ischaemic
stroke. Cerebrovascular diseases, 23(4), pp.260-266.

Bareyre, F.M., Kerschensteiner, M., Raineteau, O., Mettenleiter, T.C., Weinmann, O. and
Schwab, M.E., 2004. The injured spinal cord spontaneously forms a new intraspinal circuit in
adult rats. Nature neuroscience, 7(3), p.269.

Berg, H.E. and Tesch, P.A., 1996. Changes in muscle function in response to 10 days of lower
limb unloading in humans. Acta physiologica Scandinavica, 157(1), pp.63-70.

Berger, R.P., Adelson, P.D., Pierce, M.C., Dulani, T., Cassidy, L.D. and Kochanek, P.M., 2005.
Serum neuron-specific enolase, S100B, and myelin basic protein concentrations after
inflicted and noninflicted traumatic brain injury in children. Journal of Neurosurgery:
Pediatrics, 103(1), pp.61-68.

Berger, R.P., Adelson, P.D., Richichi, R. and Kochanek, P.M., 2006. Serum biomarkers after
traumatic and hypoxemic brain injuries: insight into the biochemical response of the
pediatric brain to inflicted brain injury. Developmental neuroscience, 28(4-5), pp.327-335.

Berne, R.M., Rubio, R. and Curnish, R.R., 1974. Release of adenosine from ischemic brain:
effect on cerebral vascular resistance and incorporation into cerebral adenine

nucleotides. Circulation Research, 35(2), pp.262-271.

Bernstein, H.G. and Braunewell, K.H., 2009. Some notes on visinin-like protein 1 and
Alzheimer disease. Clinical chemistry, 55(5), pp.1041-1043.

137



Bharadwaj, S., Ginoya, S., Tandon, P., Gohel, T.D., Guirguis, J., Vallabh, H., Jevenn, A. and
Hanouneh, l., 2016. Malnutrition: laboratory markers S nutritional
assessment. Gastroenterology report, 4(4), pp.272-280.

Biering-Sorensen, F., Nielsen, J.B. and Klinge, K., 2006. Spasticity-assessment: a
review. Spinal cord, 44(12), p.708.

Bitsch, A., Horn, C., Kemmling, Y., Seipelt, M., Hellenbrand, U., Stiefel, M., Ciesielczyk, B.,
Cepek, L., Bahn, E., Ratzka, P. and Prange, H., 2002. Serum tau protein level as a marker of
axonal damage in acute ischemic stroke. European neurology, 47(1), pp.45-51.

Blanco, M., Castellanos, M., Rodriguez-Yanez, M., Sobrino, T., Leira, R., Vivancos, J.,
Lizasoain, ., Serena, J., Davalos, A. and Castillo, J., 2006. High blood pressure and
inflammation are associated with poor prognosis in lacunar infarctions. Cerebrovascular
Diseases, 22(2-3), pp.123-129.

Blicher, J.U., Near, J., Naess-Schmidt, E., Stagg, C.)., Johansen-Berg, H., Nielsen, J.F.,
Ostergaard, L. and Ho, Y.C.L.,, 2015. GABA levels are decreased after stroke and GABA
changes during rehabilitation correlate with motor improvement. Neurorehabilitation and
neural repair, 29(3), pp.278-286.

Bloomfield, S.A., 1997. Changes in musculoskeletal structure and function with prolonged
bed rest. Medicine and science in sports and exercise, 29(2), pp.197-206.

Bohannon, R.W. and Smith, M.B., 1987. Interrater reliability of a modified Ashworth scale of
muscle spasticity. Physical therapy, 67(2), pp.206-207.

Bohlmeyer, T.J., Wu, A.H. and Perryman, M.B., 1994. Evaluation of laboratory tests as a
guide to diagnosis and therapy of myositis. Rheumatic diseases clinics of North

America, 20(4), pp.845-856.

Bowery, N.G. and Smart, T.G., 2006. GABA and glycine as neurotransmitters: a brief
history. British journal of pharmacology, 147(S1), pp. $109-S119.

Breton, R.R. and Rodriguez, J.C.G., 2012. Excitotoxicity and oxidative stress in acute ischemic
stroke. In Acute ischemic stroke. InTech.

Busl, K.M. and Greer, D.M., 2010. Hypoxic-ischemic brain injury: pathophysiology,
neuropathology and mechanisms. NeuroRehabilitation, 26(1), pp.5-13.

138



Butterworth, R.J., Wassif, W.S., Sherwood, R.A., Gerges, A., Poyser, K.H., Garthwaite, J.,
Peters, T.J. and Bath, P.M.W., 1996. Serum neuron-specific enolase, carnosinase, and their
ratio in acute stroke: An enzymatic test for predicting outcome? Stroke, 27(11), pp.2064-
2068.

Buttner, T., Weyers, S., Postert, T., Sprengelmeyer, R. and Kuhn, W., 1997. S-100 protein:
serum marker of focal brain damage after ischemic territorial MCA infarction. Stroke, 28(10),
pp.1961-1965.

Calabresi, P., De Murtas, M., Mercuri, N.B. and Bernardi, G., 1992. Chronic neuroleptic
treatment: D2 dopamine receptor supersensitivity and striatal glutamatergic
transmission. Annals of Neurology: Official Journal of the American Neurological Association
and the Child Neurology Society, 31(4), pp.366-373.

Carmichael, S.T., 2005. Rodent models of focal stroke: size, mechanism, and
purpose. NeuroRx, 2(3), pp.396-409.

Castellanos, M., Castillo, J., Garcia, M.M., Leira, R., Serena, J., Chamorro, A. and Davalos, A.,
2002. Inflammation-mediated damage in progressing lacunar infarctions: a potential
therapeutic target. Stroke, 33(4), pp.982-987.

Castillo, J., Davalos, A. and Noya, M., 1997. Progression of ischaemic stroke and excitotoxic
aminoacids. The Lancet, 349(9045), pp.79-82.

Castro, M.J., Apple Jr, D.F., Staron, R.S., Campos, G.E. and Dudley, G.A., 1999. Influence of
complete spinal cord injury on skeletal muscle within 6 months of injury. Journal of Applied
Physiology, 86(1), pp.350-358.

Cha, J.K., Jeong, M.H., Kim, E.K., Lim, Y.J., Ha, B.R., Kim, S.H. and Kim, J.W., 2002. Surface
expression of P-selectin on platelets is related with clinical worsening in acute ischemic
stroke. Journal of Korean medical science, 17(6), p.811.

Chamorro, A., Amaro, S., Vargas, M., Obach, V., Cervera, A., Gdmez-Choco, M., Torres, F.
and Planas, A.M., 2007. Catecholamines, infection, and death in acute ischemic
stroke. Journal of the neurological sciences, 252(1), pp.29-35.

Chamorro, A., Obach, V., Cervera, A., Revilla, M., Deulofeu, R. and Aponte, J.H., 2002.

Prognostic significance of uric acid serum concentration in patients with acute ischemic
stroke. Stroke, 33(4), pp.1048-1052.

139



Cheung, D.K., Climans, S.A., Black, S.E., Gao, F., Szilagyi, G.M. and Mochizuki, G., 2016. Lesion
characteristics of individuals with upper limb spasticity after stroke. Neurorehabilitation and
neural repair, 30(1), pp.63-70.

Christensen, H., Johannesen, H.H., Christensen, A.F., Bendtzen, K. and Boysen, G., 2004.
Serum cardiac troponin | in acute stroke is related to serum cortisol and TNF-
a. Cerebrovascular Diseases, 18(3), pp.194-199.

Creutzfeldt, C.J. and Hough, C.L., 2015. Get out of bed: Immobility in the Neuro ICU. Critical
care medicine, 43(4), p.926.

Cunningham, R.T., Watt, M., Winder, J., McKinstry, S., Lawson, J.T., Johnston, C.F., Hawkins,
S.A. and Buchanan, K.D., 1996. Serum neurone-specific enolase as an indicator of stroke
volume. European journal of clinical investigation, 26(4), pp.298-303.

Cunningham, R.T., Young, I.S., Winder, J., O'kane, M.J., McKinstry, S., Johnston, C.F., Dolan,
0.M., Hawkins, S.A. and Buchanan, K.D., 1991. Serum neurone specific enolase (NSE) levels
as an indicator of neuronal damage in patients with cerebral infarction. European journal of
clinical investigation, 21(5), pp.497-500.

Curb, J.D., Abbott, R.D., Rodriguez, B.L., Sakkinen, P., Popper, J.S., Yano, K. and Tracy, R.P.,
2003. C-reactive protein and the future risk of thromboembolic stroke in healthy
men. Circulation, 107(15), pp.2016-2020.

Davalos, A., Castillo, J., Marrugat, J., Fernandez-Real, J.M., Armengou, A., Cacabelos, P. and
Rama, R., 2000. Body iron stores and early neurologic deterioration in acute cerebral
infarction. Neurology, 54(8), pp.1568-1574.

Davalos, A., Fernandez-Real, J.M., Ricart, W., Soler, S., Molins, A., Planas, E. and Genis, D.,
1994. Iron-related damage in acute ischemic stroke. Stroke, 25(8), pp.1543-1546.

Denti, L., Annoni, V., Cattadori, E., Salvagnini, M.A., Visioli, S., Merli, M.F., Corradi, F.,
Ceresini, G., Valenti, G., Hoffman, A.R. and Ceda, G.P., 2004. Insulin-like growth factor 1 as
a predictor of ischemic stroke outcome in the elderly. The American journal of
medicine, 117(5), pp.312-317.

Di Napoli, M., Papa, F. and Bocola, V., 2001. Prognostic influence of increased C-reactive
protein and fibrinogen levels in ischemic stroke. Stroke, 32(1), pp.133-138.

Di Napoli, M., Schwaninger, M., Cappelli, R., Ceccarelli, E., Di Gianfilippo, G., Donati, C,,
Emsley, H.C., Forconi, S., Hopkins, S.J., Masotti, L. and Muir, K.W., 2005. Evaluation of C-

140



reactive protein measurement for assessing the risk and prognosis in ischemic stroke: a
statement for health care professionals from the CRP Pooling Project
members. Stroke, 36(6), pp.1316-1329.

Ditor, D.S., Hamilton, S., Tarnopolsky, M.A., Green, H.J., Craven, B.C., Parise, G. and Hicks,
A.L., 2004. Na+, K+-ATPase concentration and fiber type distribution after spinal cord
injury. Muscle & Nerve: Official Journal of the American Association of Electrodiagnostic
Medicine, 29(1), pp.38-45.

Donato, R., 2001. S100: a multigenic family of calcium-modulated proteins of the EF-hand
type with intracellular and extracellular functional roles. The international journal of
biochemistry & cell biology, 33(7), pp.637-668.

Donnan, G.A., Fisher, M. and Macleod, M., 2008. andS. M. Davis,". Stroke," The
Lancet, 371(9624), pp.1612-1623.

Duan, B., Wang, Y.Z., Yang, T., Chu, X.P,, Yu, Y., Huang, Y., Cao, H., Hansen, J., Simon, R.P.,
Zhu, M.X. and Xiong, Z.G., 2011. Extracellular spermine exacerbates ischemic neuronal injury
through sensitization of ASICla channels to extracellular acidosis. Journal of
Neuroscience, 31(6), pp.2101-2112.

Dunne, J.W., Heye, N. and Dunne, S.L., 1995. Treatment of chronic limb spasticity with
botulinum toxin A. Journal of Neurology, Neurosurgery & Psychiatry, 58(2), pp.232-235.

Dvorak, F., Haberer, 1., Sitzer, M. and Foerch, C., 2009. Characterisation of the diagnostic
window of serum glial fibrillary acidic protein for the differentiation of intracerebral
haemorrhage and ischaemic stroke. Cerebrovascular Diseases, 27(1), pp.37-41.

Efstathiou, S.P., Tsiakou, A.G., Tsioulos, D.l., Panagiotou, T.N., Pefanis, A.V., Achimastos, A.D.
and Mountokalakis, T.D., 2007. Prognostic significance of plasma resistin levels in patients
with atherothrombotic ischemic stroke. Clinica chimica acta, 378(1-2), pp.78-85.

Efstathiou, S.P., Tsioulos, D.I., Tsiakou, A.G., Gratsias, Y.E., Pefanis, A.V. and Mountokalakis,
T.D., 2005. Plasma adiponectin levels and five-year survival after first-ever ischemic
stroke. Stroke, 36(9), pp.1915-1919.

Elkind, M.S., Tai, W., Coates, K., Paik, M.C. and Sacco, R.L., 2009. Lipoprotein-associated

phospholipase A2 activity and risk of recurrent stroke. Cerebrovascular diseases, 27(1),
pp.42-50.

141



Elting, J.W., de Jager, A.E., Teelken, A.W., Schaaf, M.J., Maurits, N.M., van der Naalt, J,,
Sibinga, C.T.S., Sulter, G.A. and De Keyser, J., 2000. Comparison of serum S-100 protein levels
following stroke and traumatic brain injury. Journal of the neurological sciences, 181(1-2),
pp.104-110.

Enns, D.L., Raastad, T., Ugelstad, I. and Belcastro, A.N., 2007. Calpain/calpastatin activities
and substrate depletion patterns during hindlimb unweighting and reweighting in skeletal
muscle. European journal of applied physiology, 100(4), pp.445-455.

Erdemoglu, A.K. and Ozbakir, S., 2002. Serum ferritin levels and early prognosis of
stroke. European journal of neurology, 9(6), pp.633-637.

Ernst, E. and Resch, K.L., 1993. Fibrinogen as a cardiovascular risk factor: a meta-analysis and
review of the literature. Annals of internal medicine, 118(12), pp.956-963.

Eskelinen, E.L. and Saftig, P., 2009. Autophagy: a lysosomal degradation pathway with a
central role in health and disease. Biochimica et Biophysica Acta (BBA)-Molecular Cell
Research, 1793(4), pp.664-673.

Fassbender, K., Schmidt, R., Schreiner, A., Fatar, M., Mihlhauser, F., Daffertshofer, M. and
Hennerici, M., 1997. Leakage of brain-originated proteins in peripheral blood: temporal
profile and diagnostic value in early ischemic stroke.Journal of the neurological
sciences, 148(1), pp.101-105.

Feinberg, W.M., Erickson, L.P., Bruck, D. and Kittelson, J., 1996. Hemostatic markers in acute
ischemic stroke: association with stroke type, severity, and outcome. Stroke, 27(8), pp.1296-
1300.

Fitts, R.H., Riley, D.R. and Widrick, J.J., 2000. Physiology of a microgravity environment
invited review: microgravity and skeletal muscle. Journal of applied physiology, 89(2),
pp.823-839.

Fleuren, J.F., Bourke, J.H. and Geurts, A.C., 2018. Clinical Management of Spasticity and
Contractures in Stroke. In Neurological Rehabilitation. pp. 111-144.

Foerch, C., Curdt, I, Yan, B., Dvorak, F., Hermans, M., Berkefeld, J., Raabe, A., Neumann-
Haefelin, T., Steinmetz, H. and Sitzer, M., 2006. Serum glial fibrillary acidic protein as a
biomarker for intracerebral haemorrhage in patients with acute stroke.Journal of
Neurology, Neurosurgery & Psychiatry, 77(2), pp.181-184.

142



Foerch, C., De Rochemont, R.D.M., Singer, O., Neumann-Haefelin, T., Buchkremer, M.,
Zanella, F.E., Steinmetz, H. and Sitzer, M., 2003. S100B as a surrogate marker for successful
clot lysis in hyperacute middle cerebral artery occlusion. Journal of Neurology, Neurosurgery
& Psychiatry, 74(3), pp.322-325.

Foerch, C., Niessner, M., Back, T., Bauerle, M., De Marchis, G.M., Ferbert, A., Grehl, H,,
Hamann, G.F., Jacobs, A., Kastrup, A. and Klimpe, S., 2012. Diagnostic accuracy of plasma
glial fibrillary acidic protein for differentiating intracerebral hemorrhage and cerebral
ischemia in patients with symptoms of acute stroke. Clinical chemistry, 58(1), pp.237-245.

Foerch, C., Singer, O.C., Neumann-Haefelin, T., de Rochemont, R.D.M., Steinmetz, H. and
Sitzer, M., 2005. Evaluation of serum S100B as a surrogate marker for long-term outcome
and infarct volume in acute middle cerebral artery infarction. Archives of neurology, 62(7),
pp.1130-1134.

Fon, E.A., Mackey, A., Cote, R., Wolfson, C., Mcllraith, D.M., Leclerc, J. and Bourque, F., 1994.
Hemostatic markers in acute transient ischemic attacks. Stroke, 25(2), pp.282-286.

Foster, J.D., 2017. Subcellular Localization of the “Classic” S100 Subunits in Vestibular End
Organs of the Rat. MOJ Anat & Physiol, 4(5), p.00148.

Franch, H.A. and Price, S.R., 2005. Molecular signaling pathways regulating muscle
proteolysis during atrophy. Current Opinion in Clinical Nutrition & Metabolic Care, 8(3),
pp.271-275.

Franz, G., Beer, R., Kampfl, A., Engelhardt, K., Schmutzhard, E., Ulmer, H. and
Deisenhammer, F., 2003. Amyloid beta 1-42 and tau in cerebrospinal fluid after severe

traumatic brain injury. Neurology, 60(9), pp.1457-1461.

Fure, B., Bruun Wyller, T. and Thommessen, B., 2006. Electrocardiographic and troponin T
changes in acute ischaemic stroke. Journal of internal medicine, 259(6), pp.592-597.

Ghai, A., Garg, N., Hooda, S. and Gupta, T., 2013. Spasticity—Pathogenesis, prevention and
treatment strategies. Saudi journal of anaesthesia, 7(4), p.453.

Giovannoni G, 2010. Cerebrospinal fluid neurofilament: the biomarker that will resuscitate
the ‘spinal tap’. Multiple Sclerosis, pp. 285-6.

Goll, D.E., Thompson, V.F., Li, H., Wei, W.E.I. and Cong, J.,, 2003. The calpain
system. Physiological reviews, 83(3), pp.731-801.

143



Gorelick, P.B., 2008. Lipoprotein-associated phospholipase A2 and risk of stroke. The
American journal of cardiology, 101(12), pp. S34-S40.

Greene, D.N., Schmidt, R.L.,, Wilson, A.R., Freedman, M.S. and Grenache, D.G., 2012.
Cerebrospinal fluid myelin basic protein is frequently ordered but has little value: a test
utilization study. American journal of clinical pathology, 138(2), pp.262-272.

Haugh, A.B., Pandyan, A.D. and Johnson, G.R., 2006. A systematic review of the Tardieu Scale
for the measurement of spasticity. Disability and rehabilitation, 28(15), pp.899-907.

Herbison, A.E. and Moenter, S.M., 2011. Depolarising and Hyperpolarising Actions of GABAA
Receptor Activation on Gonadotrophin-Releasing Hormone Neurones: Towards an Emerging
Consensus. Journal of neuroendocrinology, 23(7), pp.557-569.

Hermens, H.J., Freriks, B., Merletti, R., Stegeman, D., Blok, J., Rau, G., Disselhorst-Klug, C.
and Hagg, G., 1999. European recommendations for surface electromyography. Roessingh
research and development, 8(2), pp.13-54.

Herrmann, M., Vos, P., Wunderlich, M.T., de Bruijn, C.H. and Lamers, K.J., 2000. Release of
glial tissue—specific proteins after acute stroke: a comparative analysis of serum
concentrations of protein S-100B and glial fibrillary acidic protein. Stroke, 31(11), pp.2670-
2677.

Hesse, C., Rosengren, L., Vanmechelen, E., Vanderstichele, H., Jensen, C., Davidsson, P. and
Blennow, K., 2000. Cerebrospinal fluid markers for Alzheimer's disease evaluated after acute
ischemic stroke. Journal of Alzheimer's Disease, 2(3-4), pp.199-206.

Hill, M.D., Jackowski, G., Bayer, N., Lawrence, M. and Jaeschke, R., 2000. Biochemical
markers in acute ischemic stroke. Canadian Medical Association Journal, 162(8), pp.1139-

1140.

Hirotsu, K., Goto, M., Okamoto, A. and Miyahara, |., 2005. Dual substrate recognition of
aminotransferases. The Chemical Record, 5(3), pp.160-172.

Holm, L. and Kjaer, M., 2010. Measuring protein breakdown in individual proteins in
vivo. Current opinion in clinical nutrition and metabolic care, 13(5), p.526.

Hougaard, D.M., 1992. Polyamine cytochemistry: localization and possible functions of
polyamines. In International review of cytology (Vol. 138, pp. 51-88). Academic Press.

144



Hol, E.M. and Pekny, M., 2015. Glial fibrillary acidic protein (GFAP) and the astrocyte
intermediate filament system in diseases of the central nervous system. Current opinion in
cell biology, 32, pp.121-130.

Hudson, N.J. and Franklin, C.E., 2002. Maintaining muscle mass during extended disuse:
aestivating frogs as a model species. Journal of Experimental Biology, 205(15), pp.2297-
2303.

Hughes, C. and Howard, I.M., 2013. Spasticity management in multiple sclerosis. Physical
Medicine and Rehabilitation Clinics, 24(4), pp.593-604.

Hunter, G.R., McCarthy, J.P. and Bamman, M.M., 2004. Effects of resistance training on older
adults. Sports medicine, 34(5), pp.329-348.

Husted, C., 2006. Structural insight into the role of myelin basic protein in multiple
sclerosis. Proceedings of the National Academy of Sciences, 103(12), pp.4339-4340.

Igarashi, K. and Kashiwagi, K., 2011. Use of polyamine metabolites as markers for stroke and
renal failure. In Polyamines (pp. 395-408). Humana Press.

lkemoto, M., Nikawa, T., TAKEDA, S.l., Watanabe, C., Kitano, T., Baldwin, K.M., Izumi, R.,
Nonaka, I., Towatari, T., Teshima, S. and Rokutan, K., 2001. Space shuttle flight (STS-90)
enhances degradation of rat myosin heavy chain in association with activation of ubiquitin—
proteasome pathway. The FASEB Journal, 15(7), pp.1279-1281.

Ilyin, S.E., Belkowski, S.M. and Plata-Salaman, C.R., 2004. Biomarker discovery and
validation: technologies and integrative approaches. Trends in biotechnology, 22(8), pp.411-
416.

Ingebrigtsen, T. and Romner, B., 2002. Biochemical serum markers of traumatic brain
injury. Journal of Trauma and Acute Care Surgery, 52(4), pp.798-808.

Isgro, M.A., Bottoni, P. and Scatena, R., 2015. Neuron-specific enolase as a biomarker:
biochemical and clinical aspects. In Advances in Cancer Biomarkers (pp. 125-143). Springer,
Dordrecht.

Ivanhoe, C.B. and Reistetter, T.A., 2004. Spasticity: the misunderstood part of the upper

motor neuron syndrome. American journal of physical medicine & rehabilitation, 83(10), pp.
S3-S9.

145



Jackman, R.W. and Kandarian, S.C., 2004. The molecular basis of skeletal muscle
atrophy. American Journal of Physiology-Cell Physiology, 287(4), pp.C834-C843.

Jager, D., 1999. Neurone-specific enolase and N-acetyl-aspartate as potential peripheral
markers of ischaemic stroke. European journal of clinical investigation, 29(1), pp.6-11.

James, P., Ellis, C.J., Whitlock, R.M.L., McNeil, A.R., Henley, J. and Anderson, N.E., 2000.
Relation between troponin T concentration and mortality in patients presenting with an
acute stroke: observational study. Bmj, 320(7248), pp.1502-1504.

Jauch, E.C., Lindsell, C., Broderick, J., Fagan, S.C., Tilley, B.C. and Levine, S.R., 2006.
Association of serial biochemical markers with acute ischemic stroke: The National Institute
of Neurological Disorders and Stroke recombinant tissue plasminogen activator Stroke
Study. Stroke, 37(10), pp.2508-2513.

Jensen, J.K., Kristensen, S.R., Bak, S., Atar, D., Hoilund-Carlsen, P.F. and Mickley, H., 2007.
Frequency and significance of troponin T elevation in acute ischemic stroke. The American
journal of cardiology, 99(1), pp.108-112.

Jinging, J., Haitang, Z., Kun, Z., Huaguo, H. and Ziliang, W., 2011. Comparison between Direct
Competitive ELISA and LC-MS/MS Method for Detecting Sarafloxacin Residue in Poultry.
Energy Procedia, 11, pp.2717-2722.

Johnson GR, 2005. Editorial. Disability Rehabilitation, 27(1/2):1.

Johnson, W., Onuma, O., Owolabi, M. and Sachdev, S., 2016. Stroke: a global response is
needed. Bulletin of the World Health Organization, 94(9), p.634.

Jonsson, H., Johnsson, P., Birch-lensen, M., Alling, C., Westaby, S. and Blomquist, S., 2001.
S100B as a predictor of size and outcome of stroke after cardiac surgery. The Annals of

thoracic surgery, 71(5), pp.1433-1437.

Joyner, M.J. 2004. Skeletal muscle hypertrophy. Exercise and Sport Sciences Reviews, 32, 127
128.

Kachaeva, E.V. and Shenkman, B.S., 2012. Various jobs of proteolytic enzymes in skeletal
muscle during unloading: facts and speculations. BioMed Research International, 2012.

Kader, G.D., 1999. Means and MADS. Mathematics Teaching in the Middle School, 4 (6), 398-
403

146



Kanner, A.A., Marchi, N., Fazio, V., Mayberg, M.R., Koltz, M.T., Siomin, V., Stevens, G.H.,
Masaryk, T., Ayumar, B., Vogelbaum, M.A. and Barnett, G.H., 2003. Serum S1008: A
noninvasive marker of blood-brain barrier function and brain lesions. Cancer:
Interdisciplinary International Journal of the American Cancer Society, 97(11), pp.2806-2813.

Kanthan, R., Shuaib, A., Griebel, R. and Miyashita, H., 1995. Intracerebral human
microdialysis: in vivo study of an acute focal ischemic model of the human
brain. Stroke, 26(5), pp.870-873.

Kapural, M., Krizanac-Bengez, L.J., Barnett, G., Perl, J., Masaryk, T., Apollo, D., Rasmussen,
P., Mayberg, M.R. and Janigro, D., 2002. Serum S-100 as a possible marker of blood—brain
barrier disruption. Brain research, 940(1-2), pp.102-104.

Kasper, C.E., Talbot, L.A. and Gaines, J.M., 2002. Skeletal muscle damage and
recovery. AACN Advanced Critical Care, 13(2), pp.237-247.

Kimball, S.R., Farrell, P.A. and Jefferson, L.S., 2002. Exercise effects on muscle insulin
signaling and action invited review: Role of insulin in translational control of protein
synthesis in skeletal muscle by amino acids or exercise. Journal of Applied Physiology, 93(3),
pp.1168-1180.

Kindy, M.S., Hu, Y. and Dempsey, R.J., 1994. Blockade of ornithine decarboxylase enzyme
protects against ischemic brain damage.Journal of Cerebral Blood Flow &
Metabolism, 14(6), pp.1040-1045.

Kramerova, |., Kudryashova, E., Venkatraman, G. and Spencer, M.J.,, 2005. Calpain 3
participates in sarcomere remodeling by acting upstream of the ubiquitin—proteasome
pathway. Human molecular genetics, 14(15), pp.2125-2134.

Kwon, J., Suzuki, T., Yoshida, H., Kim, H., Yoshida, Y. and Iwasa, H., 2007. Concomitant lower
serum albumin and vitamin D levels are associated with decreased objective physical
performance among Japanese community-dwelling elderly. Gerontology, 53(5), pp.322-328.

Laborde, C.M., Mourino-Alvarez, L., Akerstrom, F., Padial, L.R., Vivanco, F., Gil-Dones, F. and
Barderas, M.G., 2012. Potential blood biomarkers for stroke. Expert review of

proteomics, 9(4), pp.437-449.

Lai, T.W., Zhang, S. and Wang, Y.T., 2014. Excitotoxicity and stroke: identifying novel targets
for neuroprotection. Progress in neurobiology, 115, pp.157-188.

147



Landi, G., D'angelo, A., Boccardi, E., Candelise, L., Mannucci, P.M., Orazio, E.N. and Morabito,
A., 1987. Hypercoagulability in acute stroke prognostic significance. Neurology, 37(10),
pp.1667-1667.

Langhorne, P., Stott, D.J., Robertson, L., MacDonald, J., Jones, L., McAlpine, C., Dick, F.,
Taylor, G.S. and Murray, G., 2000. Medical complications after stroke: a multicenter
study. Stroke, 31(6), pp.1223-1229.

Laskowitz, D.T., Blessing, R., Floyd, J., White, W.D. and Lynch, J.R., 2005. Panel of biomarkers
predicts stroke. Annals of the New York Academy of Sciences, 1053(1), pp.30-30.

Laterza, O.F., Modur, V.R., Crimmins, D.L., Olander, J.V., Landt, Y., Lee, J.M. and Ladenson,
J.H., 2006. Identification of novel brain biomarkers. Clinical chemistry, 52(9), pp.1713-1721.

Lecker, S.H., Goldberg, A.L. and Mitch, W.E., 2006. Protein degradation by the ubiquitin—
proteasome pathway in normal and disease states. Journal of the American Society of
Nephrology, 17(7), pp.1807-1819.

Lee, J.S., 2012. Albumin for end-stage liver disease. The Korean journal of internal
medicine, 27(1), p.13.

Lee, S.J. and McPherron, A.C.,, 2001. Regulation of myostatin activity and muscle
growth. Proceedings of the National Academy of Sciences, 98(16), pp.9306-9311.

Leibowitz, A., Boyko, M., Shapira, Y. and Zlotnik, A., 2012. Blood glutamate scavenging:
insight into neuroprotection. International journal of molecular sciences, 13(8), pp.10041-
10066.

Lemos, J.A., McGuire, D.K. and Drazner, M.H., 2003. B-type natriuretic peptide in
cardiovascular disease. The Lancet, 362(9380), pp.316-322.

Lip, G.Y.H., Blann, A.D., Farooqi, I.S., Zarifis, J., Sagar, G. and Beevers, D.G., 2002. Sequential
alterations in haemorheology, endothelial dysfunction, platelet activation and
thrombogenesis in relation to prognosis following acute stroke: The West Birmingham
Stroke Project. Blood Coagulation & Fibrinolysis, 13(4), pp.339-347.

Lundstrom, E., Terent, A. and Borg, J., 2008. Prevalence of disabling spasticity 1 year after
first-ever stroke. European journal of neurology, 15(6), pp.533-539.

148



Lycke, J.N., Karlsson, J.E., Andersen, O. and Rosengren, L.E., 1998. Neurofilament protein in
cerebrospinal fluid: a potential marker of activity in multiple sclerosis. Journal of Neurology,
Neurosurgery & Psychiatry, 64(3), pp.402-404.

Lyden, P.D., 1997. GABA and neuroprotection. In International review of neurobiology (Vol.
40, pp. 233-258). Academic Press.

Lynch, J.R., Blessing, R., White, W.D., Grocott, H.P., Newman, M.F. and Laskowitz, D.T., 2004.
Novel diagnostic test for acute stroke. Stroke, 35(1), pp.57-63.

Makikallio, A.M., Makikallio, T.H., Korpelainen, J.T., Vuolteenaho, O., Tapanainen, J.M.,
Ylitalo, K., Sotaniemi, K.A., Huikuri, H.V. and Myllyla, V.V., 2005. Natriuretic peptides and
mortality after stroke. Stroke, 36(5), pp.1016-1020.

Malhotra, S., Cousins, E., Ward, A., Day, C., Jones, P., Roffe, C. and Pandyan, A., 2008. An
investigation into the agreement between clinical, biomechanical and neurophysiological
measures of spasticity. Clinical rehabilitation, 22(12), pp.1105-1115.

Malhotra, S., Pandyan, A.D., Rosewilliam, S., Roffe, C. and Hermens, H., 2011. Spasticity and
contractures at the wrist after stroke: time course of development and their association with
functional recovery of the upper limb. Clinical rehabilitation, 25(2), pp.184-191.

Malhotra, S., Rosewilliam, S., Hermens, H., Roffe, C., Jones, P. and Pandyan, A.D., 2013. A
randomized controlled trial of surface neuromuscular electrical stimulation applied early
after acute stroke: effects on wrist pain, spasticity and contractures. Clinical
rehabilitation, 27(7), pp.579-590.

Mauriello, A., Sangiorgi, G., Palmieri, G., Virmani, R., Holmes Jr, D.R., Schwartz, R.S,,
Pistolese, R., lppoliti, A. and Spagnoli, L.G., 2000. Hyperfibrinogenemia is associated with
specific histocytological composition and complications of atherosclerotic carotid plaques in
patients affected by transient ischemic attacks. circulation, 101(7), pp.744-750.

Melani, A., Pantoni, L., Corsi, C., Bianchi, L., Monopoli, A., Bertorelli, R., Pepeu, G. and
Pedata, F., 1999. Striatal outflow of adenosine, excitatory amino acids, y-aminobutyric acid,
and taurine in awake freely moving rats after middle cerebral artery occlusion: correlations
with neurological deficit and histopathological damage. Stroke, 30(11), pp.2448-2455.

Miller-Fleming, L., Olin-Sandoval, V., Campbell, K. and Ralser, M., 2015. Remaining mysteries

of molecular biology: the role of polyamines in the cell. Journal of molecular
biology, 427(21), pp.3389-3406.

149



Minois, N., Carmona-Gutierrez, D. and Madeo, F., 2011. Polyamines in aging and
disease. Aging (Albany NY), 3(8), p.716.

Missler, U., Wiesmann, M., Friedrich, C. and Kaps, M., 1997. S-100 protein and neuron-
specific enolase concentrations in blood as indicators of infarction volume and prognosis in
acute ischemic stroke. Stroke, 28(10), pp.1956-1960.

Missler, U., Wiesmann, M., Wittmann, G., Magerkurth, O. and Hagenstrom, H., 1999.
Measurement of glial fibrillary acidic protein in human blood: analytical method and
preliminary clinical results. Clinical chemistry, 45(1), pp.138-141.

Mitch, W.E. and Goldberg, A.L.,, 1996. Mechanisms of muscle wasting—the role of the
ubiquitin—proteasome pathway. New England Journal of Medicine, 335(25), pp.1897-1905.

Montaner, J., Perea-Gainza, M., Delgado, P., Ribo, M., Chacon, P., Rosell, A., Quintana, M.,
Palacios, M.E., Molina, C.A. and Alvarez-Sabin, J., 2008. Etiologic diagnosis of ischemic stroke
subtypes with plasma biomarkers. Stroke, 39(8), pp.2280-2287.

Montaner, J., Rovira, A., Molina, C.A., Arenillas, J.F., Ribo, M., Chacon, P., Monasterio, J. and
Alvarez-Sabin, J., 2003. Plasmatic level of neuroinflammatory markers predict the extent of
diffusion-weighted image lesions in hyperacute stroke. Journal of Cerebral Blood Flow &
Metabolism, 23(12), pp.1403-1407.

Mukherjee, A. and Chakravarty, A., 2010. Spasticity mechanisms—for the clinician. Frontiers
in neurology, 1.

Newton, J.N., Briggs, A.D., Murray, C.J., Dicker, D., Foreman, K.J., Wang, H., Naghavi, M.,
Forouzanfar, M.H., Ohno, S.L., Barber, R.M. and Vos, T., 2015. Changes in health in England,
with analysis by English regions and areas of deprivation, 1990-2013: a systematic analysis
for the Global Burden of Disease Study 2013. The Lancet, 386(10010), pp.2257-2274.

Niebroj-Dobosz, I., Rafatowska, J., Lukasiuk, M., Pfeffer, A. and Mossakowski, M.J., 1994.
Immunochemical analysis of some proteins in cerebrospinal fluid and serum of patients with

ischemic strokes. Folia neuropathologica, 32(3), pp.129-137.

Nielsen, J.B., Crone, C. and Hultborn, H., 2007. The spinal pathophysiology of spasticity—from
a basic science point of view. Acta physiologica, 189(2), pp.171-180.

Nuss, P., 2015. Anxiety disorders and GABA neurotransmission: a disturbance of
modulation. Neuropsychiatric disease and treatment, 11, p.165.

150



Oei, H.H.S., van der Meer, I.M., Hofman, A., Koudstaal, P.J., Stijnen, T., Breteler, M.M. and
Witteman, J.C., 2005. Lipoprotein-associated phospholipase A2 activity is associated with
risk of coronary heart disease and ischemic stroke: the Rotterdam Study. Circulation, 111(5),
pp.570-575.

Oh, S.H,, Lee, J.G., Na, S.J., Park, J.H., Choi, Y.C. and Kim, W.J., 2003. Prediction of early
clinical severity and extent of neuronal damage in anterior-circulation infarction using the
initial serum neuron-specific enolase level. Archives of neurology, 60(1), pp.37-41.

Olivot, J.M., Labreuche, J., Aiach, M. and Amarenco, P., 2004. Soluble thrombomodulin and
brain infarction: case-control and prospective study. Stroke, 35(8), pp.1946-1951.

Ottens AK; Golden EC; Bustamante L; Hayes RL; Denslow ND; Wang KK, 2008. Journal of
Neurochemistry, pp. 1404-14.

Otto, M. and Wiltfang, J., 2003. Differential diagnosis of neurodegenerative diseases with
special emphasis on Creutzfeldt-lakob  disease. Restorative  neurology  and
neuroscience, 21(3, 4), pp.191-209.

Pandyan, A.D., Conway, B.A.,, Hermens, H.J. and Johnson, G.R., 2018. Definition and
Measurement of Spasticity and Contracture. In Neurological Rehabilitation (pp. 11-34). CRC
Press.

Pandyan, A., Gregoric, M., Barnes, M.P., Wood, D., Wijck, F.V., Burridge, J., Hermens, H. and
Johnson, G.R., 2005. Spasticity: clinical perceptions, neurological realities and meaningful
measurement. Disability and rehabilitation, 27(1-2), pp.2-6.

Pandyan, A.D., Price, C.l, Barnes, M.P. and Johnson, G.R., 2003. A biomechanical
investigation into the validity of the modified Ashworth Scale as a measure of elbow
spasticity. Clinical rehabilitation, 17(3), pp.290-294.

Parakh, N., Gupta, H.L. and Jain, A., 2002. Evaluation of enzymes in serum and cerebrospinal
fluid in cases of stroke. Neurology India, 50(4), p.518.

Park, M.H. and Igarashi, K., 2013. Polyamines and their metabolites as diagnostic markers of
human diseases. Biomolecules & therapeutics, 21(1), p.1.

Parry, S.M. and Puthucheary, Z.A., 2015. The impact of extended bed rest on the

musculoskeletal system in the critical care environment. Extreme physiology &
medicine, 4(1), p.16.

151



Paschen, W., Csiba, L., Rohn, G. and Bereczki, D., 1991. Polyamine metabolism in transient
focal ischemia of rat brain. Brain research, 566(1-2), pp.354-357.

Pasini, F.L., Guideri, F., Picano, E., Parenti, G., Petersen, C., Varga, A. and Di Perri, T., 2000.
Increase in plasma adenosine during brain ischemia in man: a study during transient
ischemic attacks, and stroke. Brain research bulletin, 51(4), pp.327-330.

Pelinka, L.E., Kroepfl, A., Leixnering, M., Buchinger, W., Raabe, A. and Redl, H., 2004. GFAP
versus S100B in serum after traumatic brain injury: relationship to brain damage and
outcome. Journal of neurotrauma, 21(11), pp.1553-1561.

Pelsers, M.M., Hanhoff, T., Van der Voort, D., Arts, B., Peters, M., Ponds, R., Honig, A,,
Rudzinski, W., Spener, F., de Kruijk, J.R. and Twijnstra, A., 2004. Brain-and heart-type fatty
acid-binding proteins in the brain: tissue distribution and clinical utility. Clinical
Chemistry, 50(9), pp.1568-1575.

Persson, L., Hardemark, H.G., Gustafsson, J., Rundstrom, G., Mendel-Hartvig, |.B., Esscher, T.
and Pahlman, S., 1987. S-100 protein and neuron-specific enolase in cerebrospinal fluid and
serum: markers of cell damage in human central nervous system. Stroke, 18(5), pp.911-918.

Petzold, A., 2005. Neurofilament phosphoforms: surrogate markers for axonal injury,
degeneration and loss. Journal of the neurological sciences, 233(1-2), pp.183-198.

Phillips, S.J., Dai, D., Mitnitski, A., Gubitz, G.J., Johnston, K.C., Koroshetz, W.J., Furie, K.L.,
Black, S. and Heiselman, D.E., 2007. Clinical diagnosis of lacunar stroke in the first 6 hours
after symptom onset: analysis of data from the glycine antagonist in neuroprotection (GAIN)
Americas trial. Stroke, 38(10), pp.2706-2711.

Phypers, B. and Pierce, J.T., 2006. Lactate physiology in health and disease. Continuing
education in Anaesthesia, critical care & pain, 6(3), pp.128-132.

Pniewski, J., Chodakowska-Zebrowska, M., Wozniak, R., Stepien, K. and Stafiej, A., 2002.
Plasma homocysteine level and the course of ischemic stroke. Acta neurobiologiae
experimentalis, 63(2), pp.127-130.

Powers, R.W., Majors, A.K., Cerula, S.L., Huber, H.A., Schmidt, B.P. and Roberts, J.M., 2003.

Changes in  markers of wvascular injury in response to transient
hyperhomocysteinemia. Metabolism, 52(4), pp.501-507.

152



Puig, N., Davalos, A., Adan, J., Piulats, J., Martinez, J.M. and Castillo, J., 2000. Serum amino
acid levels after permanent middle cerebral artery occlusion in the rat. Cerebrovascular
Diseases, 10(6), pp.449-454.

Qian, W.J., Kaleta, D.T., Petritis, B.O., Jiang, H., Liu, T., Zhang, X., Mottaz, H.M., Varnum, S.M.,,
Camp, D.G., Huang, L. and Fang, X., 2008. Enhanced detection of low abundance human
plasma proteins using a tandem IgY12-SuperMix immunoaffinity separation strategy.
Molecular & Cellular Proteomics, 7(10), pp.1963-1973.

Raabe, A., Grolms, C., Keller, M., Dohnert, J., Sorge, O. and Seifert, V., 1998. Correlation of
computed tomography findings and serum brain damage markers following severe head
injury. Acta neurochirurgica, 140(8), pp.787-792.

Rallidis, L.S., Vikelis, M., Panagiotakos, D.B., Rizos, I., Zolindaki, M.G., Kaliva, K. and
Kremastinos, D.T., 2006. Inflammatory markers and in-hospital mortality in acute ischaemic
stroke. Atherosclerosis, 189(1), pp.193-197.

Reardon, K., Galea, M., Dennett, X., Choong, P. and Byrne, E., 2001. Quadriceps muscle
wasting persists 5 months after total hip arthroplasty for osteoarthritis of the hip: a pilot
study. Internal medicine journal, 31(1), pp.7-14.

Reynolds, M.A., Kirchick, H.J., Dahlen, J.R., Anderberg, J.M., McPherson, P.H., Nakamura,
K.K., Laskowitz, D.T., Valkirs, G.E. and Buechler, K.F., 2003. Early biomarkers of
stroke. Clinical Chemistry, 49(10), pp.1733-1739.

Rifai, N. and Gerszten, R.E., 2006. Biomarker discovery and validation. Clinical chemistry,
52(9), 1635-1637.

Rost, N.S., Wolf, P.A,, Kase, C.S., Kelly-Hayes, M., Silbershatz, H., Massaro, J.M., D’agostino,
R.B., Franzblau, C. and Wilson, P.W., 2001. Plasma concentration of C-reactive protein and
risk of ischemic stroke and transient ischemic attack: the Framingham study. Stroke, 32(11),
pp.2575-2579.

Rostami, E., Davidsson, J., Ng, K.C., Lu, J., Gyorgy, A., Wingo, D., Walker, J., Plantman, S.,
Bellander, B.M., Agoston, D.V. and Risling, M., 2012. A model for mild traumatic brain injury
that induces limited transient memory impairment and increased levels of axon related
serum biomarkers. Frontiers in neurology, 3, p.115.

Saenger, A.K. and Christenson, R.H., 2010. Stroke biomarkers: progress and challenges for
diagnosis, prognosis, differentiation, and treatment. Clinical chemistry, 56(1), pp.21-33.

153



Salman, R.A.S., Labovitz, D.L. and Stapf, C., 2009. Spontaneous intracerebral
haemorrhage. BMj, 339, p. b2586.

Sampaio, C., Ferreira, J.J., Pinto, A.A., Crespo, M., Ferro, J.M. and Castro-Caldas, A., 1997.
Botulinum toxin type A for the treatment of arm and hand spasticity in stroke
patients. Clinical rehabilitation, 11(1), pp.3-7.

Sanaka, M., Takano, K., Yamamoto, T. and Mineshita, S., 1997. Accuracy of a recently
proposed method for estimating creatinine clearance in elderly debilitated
patients. Archives of gerontology and geriatrics, 25(3), pp.227-236.

Sandri, M., Sandri, C., Gilbert, A., Skurk, C., Calabria, E., Picard, A., Walsh, K., Schiaffino, S.,
Lecker, S.H. and Goldberg, A.L., 2004. Foxo transcription factors induce the atrophy-related
ubiquitin ligase atrogin-1 and cause skeletal muscle atrophy. Cell, 117(3), pp.399-412.

Schulte, S., Podlog, L.W., Hamson-Utley, J.J., Strathmann, F.G. and Struder, H.K., 2014. A
systematic review of the biomarker S100B: implications for sport-related concussion
management. Journal of athletic training, 49(6), pp.830-850.

Serena, J., Leira, R., Castillo, J., Pumar, J.M., Castellanos, M. and Davalos, A., 2001.
Neurological deterioration in acute lacunar infarctions: the role of excitatory and inhibitory
neurotransmitters. Stroke, 32(5), pp.1154-1161.

Sharma, J.C., Ananda, K., Ross, I., Hill, R. and Vassallo, M., 2006. N-terminal proBrain
natriuretic peptide levels predict short-term poststroke survival. Journal of Stroke and
Cerebrovascular Diseases, 15(3), pp.121-127.

Sheean, G., 2002. The pathophysiology of spasticity. European journal of neurology, 9, pp.3-
9.

Shiiya, N., Kunihara, T., Miyatake, T., Matsuzaki, K. and Yasuda, K., 2004. Tau protein in the
cerebrospinal fluid is a marker of brain injury after aortic surgery. The Annals of thoracic
surgery, 77(6), pp.2034-2038.

Simmons, B.B., Cirignano, B. and Gadegbeku, A.B., 2014. Transient ischemic attack: Part I.
Diagnosis and evaluation. Indian Journal of Clinical Practice, 25(5).

Smith, C.J., Emsley, H.C., Gavin, C.M., Georgiou, R.F., Vail, A., Barberan, E.M., Del Zoppo, G.J.,

Hallenbeck, J.M., Rothwell, N.J., Hopkins, S.J. and Tyrrell, P.J., 2004. Peak plasma interleukin-
6 and other peripheral markers of inflammation in the first week of ischaemic stroke

154



correlate with brain infarct volume, stroke severity and long-term outcome. BMC
neurology, 4(1), p.2.

Sotgiu, S., Zanda, B., Marchetti, B., Fois, M.L., Arru, G., Pes, G.M., Salaris, F.S., Arru, A., Pirisi,
A. and Rosati, G., 2006. Inflammatory biomarkers in blood of patients with acute brain
ischemia. European Journal of Neurology, 13(5), pp.505-513.

Springer, J., Schust, S., Peske, K., Tschirner, A., Rex, A., Engel, O., Scherbakov, N., Meisel, A.,
Von Haehling, S., Boschmann, M. and Anker, S.D., 2014. Catabolic signaling and muscle
wasting after acute ischemic stroke in mice: indication for a stroke-specific
sarcopenia. Stroke, 45(12), pp.3675-3683.

Stein, T.P., 1999. Nutrition and muscle loss in humans during spaceflight. In Advances in
space biology and medicine (Vol. 7, pp. 49-97). Elsevier.

Sullivan, D.H., 2001. Guest Editorial: What Do the Serum Proteins Tell Us About Our Elderly
Patients? The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences, 56(2), pp.M71-M74.

Suzuki, S., Yoneyama, Y., Sawa, R., Murata, T., Araki, T. and Power, G.G., 2000. Changes in
fetal plasma adenosine and xanthine concentrations during fetal asphyxia with maternal
oxygen administration in ewes. The Tohoku journal of experimental medicine, 192(4),
pp.275-281.

Taillandier, D., Aurousseau, E., Meynial-Denis, D., Bechet, D., Ferrara, M., Cottin, P.,
Ducastaing, A., Bigard, X., Guezennec, C.Y., Schimid, H.P. and Attaix, D., 1996. Coordinate
activation of lysosomal, Ca2+-activated and ATP-ubiquitin-dependent proteinases in the
unweighted rat soleus muscle. Biochemical Journal, 316(1), pp.65-72.

Takagi, Y., Yasuhara, T. and Gomi, K., 2001. Creatine kinase and its isozymes. Rinsho byori.
The Japanese journal of clinical pathology, pp.52-61.

Tanne, D., D’Olhaberriague, L., Trivedi, A.M., Salowich-Palm, L., Schultz, L.R. and Levine, S.R.,
2002. Anticardiolipin antibodies and mortality in patients with ischemic stroke: a
prospective follow-up study. Neuroepidemiology, 21(2), pp.93-99.

Tanne, D., Macko, R.F., Lin, Y., Tilley, B.C. and Levine, S.R., 2006. Hemostatic activation and

outcome after recombinant tissue plasminogen activator therapy for acute ischemic
stroke. Stroke, 37(7), pp.1798-1804.

155



Tardieu, G., Shentoub, S. and Delarue, R., 1954. Research on a technic for measurement of
spasticity. Revue neurologique, 91(2), p.143.

Taveggia, C., Feltri, M.L. and Wrabetz, L., 2010. Signals to promote myelin formation and
repair. Nature Reviews Neurology, 6(5), p.276.

Teixeira, A.M. and Borges, G.F., 2012. Creatine kinase: structure and function. Brazilian
Journal of Biomotricity, 6(2).

Thelin, E.P., Nelson, D.W. and Bellander, B.M., 2017. A review of the clinical utility of serum
S100B protein levels in the assessment of traumatic brain injury. Acta
neurochirurgica, 159(2), pp.209-225.

Thompson A, Gao P, Orfei L, Watson S, Di Angelantonio E, Kaptoge S, 2010. Lipoprotein-
associated phospholipase A2 and risk of coronary disease, stroke, and mortality:
collaborative analysis of 32 prospective studies. Lancet, 375(9725), pp.1536-44.

UK Department of Health. National Stroke Strategy. 2007; 183.

Vandenborne, K., Elliott, M.A., Walter, G.A., Abdus, S., Okereke, E., Shaffer, M., Tahernia, D.
and Esterhai, J.L.,, 1998. Longitudinal study of skeletal muscle adaptations during
immobilization and rehabilitation. Muscle & Nerve: Official Journal of the American
Association of Electrodiagnostic Medicine, 21(8), pp.1006-1012.

Varona, J.F., 2011. Long-term prognosis of ischemic stroke in young adults. Stroke research
and treatment, 2011.

Vattanasilp, W., Ada, L. and Crosbie, J., 2000. Contribution of thixotropy, spasticity, and
contracture to ankle stiffness after stroke.Journal of Neurology, Neurosurgery &
Psychiatry, 69(1), pp.34-39.

Vila, N., Castillo, J., Davalos, A. and Chamorro, A., 2000. Proinflammatory cytokines and early
neurological worsening in ischemic stroke. Stroke, 31(10), pp.2325-2329.

Vila, N., Castillo, J., Davalos, A., Esteve, A., Planas, A.M. and Chamorro, A., 2003. Levels of
anti-inflammatory cytokines and neurological worsening in acute ischemic
stroke. Stroke, 34(3), pp.671-675.

Visser, M., Goodpaster, B.H., Kritchevsky, S.B., Newman, A.B., Nevitt, M., Rubin, S.M,,

Simonsick, E.M. and Harris, T.B., 2005. Muscle mass, muscle strength, and muscle fat
infiltration as predictors of incident mobility limitations in well-functioning older

156



persons. The Journals of Gerontology Series A: Biological Sciences and Medical
Sciences, 60(3), pp.324-333.

Vodovnik, L., Bowman, B.R. and Bajd, T., 1984. Dynamics of spastic knee joint. Medical and
Biological Engineering and Computing, 22(1), pp.63-69.

Vohra, E.A., Ahmed, W.U. and Ali, M., 2000. Aetiology and prognostic factors of patients
admitted for stroke. JPMA. The Journal of the Pakistan Medical Association, 50(7), pp.234-
236.

Wardlaw, J.M., Murray, V., Berge, E. and Del Zoppo, G.J., 2009. Thrombolysis for acute
ischaemic stroke. Cochrane database of systematic reviews, (4).

Wassertheil-Smoller, S., Kooperberg, C., McGinn, A.P., Kaplan, R.C., Hsia, J., Hendrix, S.L.,
Manson, J.E., Berger, J.S., Kuller, L.H., Allison, M.A. and Baird, A.E., 2008. Lipoprotein-
associated phospholipase A2, hormone use, and the risk of ischemic stroke in
postmenopausal women. Hypertension, 51(4), pp.1115-1122.

Weigand, M.A., Michel, A., Eckstein, H.H., Martin, E. and Bardenheuer, H.J., 1999. Adenosine
A Sensitive Indicator of Cerebral Ischemia during Carotid Endarterectomy. Anesthesiology:
The Journal of the American Society of Anesthesiologists, 91(2), pp.414-421.

Weir, C.J., Muir, S.W., Walters, M.R. and Lees, K.R., 2003. Serum urate as an independent
predictor of poor outcome and future vascular events after acute stroke. Stroke, 34(8),
pp.1951-1956.

WHO MONICA Project Principal Investigators, 1988. The World Health Organization MONICA
Project (monitoring trends and determinants in cardiovascular disease): a major
international collaboration. Journal of clinical epidemiology, 41(2), pp.105-114.

Widrick, J.J., Romatowski, J.G., Bain, J.L., Trappe, S.W., Trappe, T.A., Thompson, J.L., Costill,
D.L., Riley, D.A. and Fitts, R.H., 1997. Effect of 17 days of bed rest on peak isometric force
and unloaded shortening velocity of human soleus fibers. American Journal of Physiology-
Cell Physiology, 273(5), pp.C1690-C1699.

Wilson, D., Adams, M.E., Robertson, F., Murphy, M. and Werring, D.J., 2015. Investigating
intracerebral haemorrhage. bmyj, 350, p.h2484.

Wolff, V., Aleil, B., Giroud, M., Lorenzini, J.L., Meyer, N., Wiesel, M.L., Cazenave, J.P. and

Lanza, F., 2005. Soluble platelet glycoprotein V is a marker of thrombosis in patients with
ischemic stroke. Stroke, 36(3), pp. E17-E19.

157



Wunderlich, M.T., Ebert, A.D., Kratz, T., Goertler, M., Jost, S. and Herrmann, M., 1999. Early
neurobehavioral outcome after stroke is related to release of neurobiochemical markers of
brain damage. Stroke, 30(6), pp.1190-1195.

Wunderlich, M.T., Hanhoff, T., Goertler, M., Spener, F., Glatz, J.F., Wallesch, C.W. and
Pelsers, M.M., 2005. Release of brain—type and heart—type fatty acid—binding proteins in
serum after acute ischaemic stroke. Journal of neurology, 252(6), pp.718-724.

Wunderlich, M.T., Wallesch, C.W. and Goertler, M., 2004. Release of neurobiochemical
markers of brain damage is related to the neurovascular status on admission and the site of
arterial occlusion in acute ischemic stroke. Journal of the neurological sciences, 227(1),
pp.49-53.

Wunderlich, M.T., Wallesch, C.W. and Goertler, M., 2006. Release of glial fibrillary acidic
protein is related to the neurovascular status in acute ischemic stroke. European journal of
neurology, 13(10), pp.1118-1123.

Xing, C., Arai, K., Lo, E.H. and Hommel, M., 2012. Pathophysiologic cascades in ischemic
stroke. International Journal of Stroke, 7(5), pp.378-385.

Xu, X.M., Vestesson, E., Paley, L., Desikan, A., Wonderling, D., Hoffman, A., Wolfe, C.D., Rudd,
A.G. and Bray, B.D., 2018. The economic burden of stroke care in England, Wales and
Northern Ireland: Using a national stroke register to estimate and report patient-level health
economic outcomes in stroke. European stroke journal, 3(1), pp.82-91.

Yang, Y., Chen, S., Zhang, Y., Lin, X., Song, Y., Xue, Z., Qian, H., Wang, S., Wan, G., Zheng, X.
and Zhang, L., 2017. Induction of autophagy by spermidine is neuroprotective via inhibition
of caspase 3-mediated Beclin 1 cleavage. Cell death & disease, 8(4), p. e2738.

Yang, Z. and Wang, K.K., 2015. Glial fibrillary acidic protein: from intermediate filament
assembly and gliosis to neurobiomarker. Trends in neurosciences, 38(6), pp.364-374.

Yasuda, Y., Tateishi, N., Shimoda, T., Satoh, S., Ogitani, E. and Fujita, S., 2004. Relationship
between S100B and GFAP expression in astrocytes during infarction and glial scar formation
after mild transient ischemia. Brain research, 1021(1), pp.20-31.

Zimmers, T.A., Davies, M.V., Koniaris, L.G., Haynes, P., Esquela, A.F., Tomkinson, K.N.,

McPherron, A.C., Wolfman, N.M. and Lee, S.J.,, 2002. Induction of cachexia in mice by
systemically administered myostatin. Science, 296(5572), pp.1486-1488.

158



APPENDICES CONTENT LIST

APPENDIX | - Modified Ashworth Scale

APPENDIX Il - Tardieu Scale

APPENDIX IIl - MEDLINE and CINAHL databases search strategy (Search 1)

APPENDIX IV - MEDLINE and CINAHL databases search strategy (Search 2)

APPENDIX V - Type of stroke with the number of articles retrieved

APPENDIX VI - Letter of ethical approval national research ethics service (SMARTCap study)
APPENDIX VII - Letter of ethical approval national research ethics service (SMARTChip study)
APPENDIX VIII - NIH Stroke Scale

APPENDIX IX - Modified Rankin Scale

APPENDIX X - Biomarkers standard curves

APPENDIX XI - Biomarker assays instruction manuals

159



APPENDIX | -Moaodified Ashworth Scale

Modified Ashworth Scale Instructions

General Information {derived Bohannon and Smith, 1987}

Place the patient in a supine position

If testing a muscie that primarily flexes a joint, place the joint in a maximally
flexed position and move to a position of maximal extension over one second
{count "one thousand one")

If testing a muscle that primarily extends a joint, place the jointin a maximally
extended position and move to a position of maximal flexion over one second
{count "one thousand one")

Score based on the classification below

Scoring (taken from Bohannon and Smith, 1987):

0
1

1+

No increase in muscle tone

Slight increase in muscle tone, manifested by a catch and release or by minimal
resistance at the end of the range of motion when the affected part(s) is moved in
flexion or extension

Slight increase in muscle tone, manifested by a catch, followed by minimal
resistance throughout the remainder {less than half) of the ROM

More marked increase in muscie tone through most of the ROM, but
affected part{s) easily moved

Considerable increase in muscle tone, passive movement difficult

Affected part{s) rigid in flexion or extension

n

The patient should be instructed to relax.

Downloaded from www.rehabmeasures.orq
Test instructions provided courtesy of Richard Bohannon PT, PhD and Melissa Smith, PT

Page 1
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Modified Ashworth Scale Testing Form

Name: Date:

(¥4}
g
i

Muscle Tested

Downloaded from waww.rehabmeasures.org
Test instructions provided courtesy of Richard Bohannon PT, PhD and Melizga Smith, PT
Page 2
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Refersnce for test instructions:
Bohannon, R. and Smith, M. {1987). "Interrater reliability of a modified Ashworth scale
of muscle spasticity." Physical Therapy 67{2); 206.

Downloaded from www.rehabmeasures.orq
Test instructions provided courtesy of Richard Bohannon PT, PhD and Meligga Smith, PT
Page 3
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APPENDIX |l -Tardieu Scale

TARDIEU SCALE
This scaly quamtifivs roscle spasticily by assessing the responss of the musele o sireweh applicd a
specilivd welecilics,

Crrmdinge is oloeays perfommaed ol the some lome of day, in o constant position of the boedy fora given
Livaly, Forcoel musele ghoup, veactaon toe sircteh s mied a0 a speeifiod arseh veloeily with 2
panamators & ad v,

Velucity o streteh (V) Quality ol muscle reaction (X)
¥ An ke g poeeibis L] Iein reeinkance theoems ot passive manamant
¥i Spocd ot the lieeb sopmant talling 1 Slight residanes thronghont.
L] At ar passiblz £ natoral draph with ra char zatcha a peacise
W i peadd 0 reaumes the paceine rangs of 2 d3zarzaschata prazicz angle.
Blation {PROKML Only VEand V3 are oed tallorzd by rzlzans
& AR rpactiiny 3 katigakls ckynoe sk
accorring ata peeiv angle
4 Unfatigablz alonoe 47 [{eaze)
axorring 2t a peeie angle
5 Kt | e roa ks

Angle of musele reaction (Y}

Blzpunrs Falative e the possition of mindreal
Arzich ot the pranzle {oorne sponcing at 2nelei

Spasticity Angle

Kl Angle of'zateh wenat Vakaelty Vior V3 K1 kil rangz ot mation achizyad
when mareks it red and
itz at Vi ety
Marl dirahamm 1599
= Allarpz dnzeecs bonwszn B A B2 valoes inthe oimar s mkkile rangs o roaral e leegth incicaszta largs oy nanas
aTponcnt
= Awvall derzrznes bnthe BRI & BT mzascramant bnthe makdds o inncrrangs deasse pradomdnantly thed contractors

Dhue Joinn Musele LR |V X R R2 Active Powar | Ashweonh
RO Rainie
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Rat: Boyd R, Grabam K. Okjeetive Meazoramaent ot'elinical tindine= in th: paz ot Botox typs A thrth: manarenant ot children
with Carabral Palzy. lnopzan loornal of Neorolowy & Sopp 41 53
lardicndi. Rondont (). Manaeh 1 Dalloz 1. Montrais £ 'labary 1. Razponze: cleetromyorrahpiquez a etiremant
muzenlaire ¢hez IThomms normal. Revo: Neorolowic — 97 11, #4351
Gracios | Marosazzeky | Ranton R. Sandaman | (GGandzvia 5. Borks 13, Short tarm ottoets ot dynamie plints on th: oppar

limb in hamiplagic patizntz. Archiv “Phyzical Madicing and Rohabilitation. %1 | S&47-] 885,

Testing Positions

Upper Limb

To be tested 10 a siting position, elbow (Jexed by 90° al the recommended joint
positions and velocities.

Shoulder Honzontal Adductors V3
Vertical Adductors V3
Intemal Rotators V3

Elbow Flexors V2 Shoulder adducied
Extensors V3 Shoulder abducted
Pronators V3 Shoulder adducted
Supinalors V3 Shoulder adducied

Wrist Flexors V3
Exiensors V3
Fingers Angle PIT of digat TIT- MCT
Palmar Interosse V3 Wrist resting position
+FDS

Lower Limb
To be tested 10 supine position, al recommended joint posibions and velocities

Hip Extensors V3 Knee extended
Adductors V3 Knee extended
External Rotalors V3 Knee [lexed by 90
Intemnal Rotators V3 Knee (lexed by 90

Knce Extensors V2 Hip (lexed by 30
Flexors V3 Hip [lexed
Ankle Plantar(lexors V3 Knee [lexed by 30
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6M18/2018 Print Search History: EBSCOhost

e ’ APPENDIX |l - MEDLINE and CINAHL databases search strategy {Search 1}
EBSCOhost S
Spasticity biomarkers Sunday, June 17, 2018 9:18:26 PM
# Query Limiters/Expanders  Last Run Via Results
S17  S7 AND S12 AND Search modes - Interface - EBSCOhost Research Databases 20
516 Boolean/Phrase Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full

Text;PsycARTICLES
S16 S130R S14 OR Search modes - Interface - EBSCOhost Research Databases 303,727
515 Boolean/Phrase Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

S15 Tl Molecular Search modes - Interface - EBSCOhost Research Databases 5,782
signature OR AB Boolean/Phrase Search Screen - Advanced Search
Molecular signature Database - AMED - The Allied and

Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full

Text;PsycARTICLES
S14 Tl (biomarker* OR  Search modes - Interface - EBSCOhost Research Databases 252,105
biological marker*)  Boolean/Phrase Search Screen - Advanced Search
OR AB (biomarker” Database - AMED - The Allied and
OR biological Complementary Medicine
marker®) Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES
S$13  (MH "Biological Search maodes - Interface - EBSCOhost Research Databases 60,623
Markers+") Boolean/Phrase Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

S§12 SB8O0ORS90R S10  Search modes - Interface - EBSCOhost Research Databases 86,103

http:/hweb,.b.ebscohost.comiehostisearchhistory/PrintSearch History Pvid=87 &sid=587d0cfS-af40-408c-bela-6dc 118b80chb T %4 0sessionmgri01 &theSearchHistorylds=
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6/18/2018

OR 811

Boolean/Phrase

S11 Tl ( muscle* N5 Search modes -
(spasm OR spasms Boolean/Phrase
OR rigid* OR tone
OR tonus OR
hyperton* OR
hypermyoton* OR
dyston®)) OR AB
(muscle* N5 (spasm
OR spasms OR
rigid* OR tone OR
tonus OR hyperton™
OR hypermyoton*

OR dyston*))

S10 Tl (spastic* or high  Search modes -
tone) OR AB Boolean/Phrase
(spastic™ or high
tone)

S9 (MH "Spasm+") OR  Search modes -
(MH "Dystonia+") Boolean/Phrase
OR (MH
"Paraparesis+")

S8 (MH "Muscle Search modes -
Spasticity") OR (MH Boolean/Phrase
"Muscle
Hypertonia+") OR
(MH "Muscle
Rigidity") OR (MH
"Muscle Tonus")

S7 S10OR S2 OR S3

OR 84 OR S5 OR
S6

Search modes -
Boolean/Phrase

http:/veb.b.ebscohost.com/eh

Print Search History: EBSCOhost

Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases 17,257
Search Screen - Advanced Search

Database - AMED - The Allied and

Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus

with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases 40,170
Search Screen - Advanced Search

Database - AMED - The Allied and

Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus

with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases 22,559
Search Screen - Advanced Search

Database - AMED - The Allied and

Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus

with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases 21,792
Search Screen - Advanced Search

Database - AMED - The Allied and

Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus

with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - AMED - The Allied and

717,152

hhistory/PrintSearchHistory?vid=87&sid=587d0cf3-af40-408c-bc0a-6dc118b80ch7 %40sessionmgr101&theSearchHistorylds=
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S6

S5

S4

S3

http://web.b.ebscohost.com/ehost/searchhistory/PrintSearchHistory?vid=87 &sid=587d0c9-af40-408c-bcOa-6dc118b80ch7 %4 0sessionmgr101&theSearchHistorylds=

Tl (hemipleg* OR
hemipar* OR
paresis OR paretic)
OR AB (hemipleg*
OR hemipar* OR
Paresis OR paretic)

(MH "Hemiplegia")
OR (MH "Paresis+")

Tl ((brain* OR
cerebr* OR
cerebell* OR
intracerebral OR
intracranial OR
subarachnoid) N5
(haemorrhage® OR
hemorrhage® OR
haematoma* OR
hematoma* OR
bleed*)) OR AB
((brain* OR cerebr*
OR cerebell* OR
intracerebral OR
intracranial OR
subarachnoid) N5
(haemorrhage* OR
hemorrhage* OR
haematoma* OR
hematoma* OR
bleed"))

Tl ((brain* OR
cerebr* OR
cerebell* OR
intracran* OR
intracerebral) N5

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Print Search History: EBSCOhost

Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus

167

50,893

23,654

76,306

83,586



6/18/2018

S2

S1

Print Search History: EBSCOhost

(isch?emi* OR with Full Text;AgeLine;CINAHL Plus with Full
infarct* OR Text;PsycARTICLES
thrombo* OR

emboli* OR occlus*)

) OR AB ( (brain*

OR cerebr* OR

cerebell* OR

intracran* OR

intracerebral) N5

(isch?emi* OR

infarct* OR

thrombo* OR

emboli* OR occlus*)

)

Tl(stroke OR Search modes - Interface - EBSCOhost Research Databases
poststroke OR post- Boolean/Phrase Search Screen - Advanced Search

stroke OR Database - AMED - The Allied and
cerebrovasc* OR Complementary Medicine

brain vasc* OR Database;MEDLINE;PsycINFO;SPORTDiscus
cerebral vasc* OR with Full Text;AgeLine;CINAHL Plus with Full
cva* OR apoplex* Text;PsycARTICLES

OR SAH) OR AB

(stroke OR

poststroke OR post-

stroke OR

cerebrovasc* OR

brain vasc* OR

cerebral vasc* OR

cva* OR apoplex*

OR SAH)

(MH Search modes - Interface - EBSCOhost Research Databases
"Cerebrovascular Boolean/Phrase Search Screen - Advanced Search
Disorders+") OR Database - AMED - The Allied and

(MH "Basal Ganglia Complementary Medicine

Cerebrovascular Database;MEDLINE;PsycINFO;SPORTDiscus
Disease+") OR (MH with Full Text;AgeLine;CINAHL Plus with Full
"Brain Ischemia+") Text;PsycARTICLES

OR (MH "Carotid

Artery Diseases+")

OR (MH

“Intracranial Arterial

Diseases+") OR

(MH “Intracranial

Embolism and

Thrombosis+") OR

420,994

418,197

http:/Aveb.b.ebscohost.com/ehost/ hhistory/PrintSearchHistory?vid=87&sid=587d0cf3-af40-408c-bc0a-6dc118b80ch7 %40sessionmgr101&theSearchHistorylds=
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(MH “Intracranial
Hemorrhages+")
OR (MH "Stroke+")
OR (MH "Brain
Infarction+") OR
(MH "Vertebral
Artery Dissection")

http://web.b.ebscohost. /ehost/! chhistery/PrintSearchHistory?vid=87 &sid=587d0cf3-af40-408c-bc0a-6dc118b80ch7 %40sessionmgr101&theSearchHistorylds=
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MY

‘o

EBSCOhost

APPENDIX IV - MEDLINE and CINAHL databases search strategy {Search 2}

Stroke biomarkers Sunday, June 17, 2018 8:50:32 PM
# Query Limiters/Expanders  Last Run Via Results

512 S7 AND 811 Search modes - Interface - EBSCOhost Research Databases 8,195
Boolean/Phrase Search Screen - Advanced Search
Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

S1 S8 0OR S90R 810  Search modes - Interface - EBSCOhost Research Databases 303,727
Boolean/Phrase Search Screen - Advanced Search
Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

510 Tl Molecular Search modes - Interface - EBSCOhost Research Databases 5,782
signature OR AB Boolean/Phrase Search Screen - Advanced Search
Molecular signature Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

S9 Tl (biomarker* OR  Search modes - Interface - EBSCOhost Research Databases 252,105
biological marker*)  Boolean/Phrase Search Screen - Advanced Search
OR AB (biomarker” Database - AMED - The Allied and
OR biological Complementary Medicine
marker®) Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

S8 (MH "Biological Search modes - Interface - EBSCOhost Research Databases 60,623
Markers+") Boolean/Phrase Search Screen - Advanced Search
Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

s7 S10R S20R 83 Search modes - Interface - EBSCOhost Research Databases 717,152

hitp:/fweb.b.ebscohost.comiehostisearchhistory/PrintSearchHistory Pvid=69&sid=587d0cf9-af40-408c-bela-6dc 1 18b80ch T 40sessionmgr101 &theSearchHistorylds=
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S6
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S3

http://web.b.ebscohost.com/ehost/searchhistory/PrintSearchHistory?vid=69&sid=587d0ci9-af40-408c-bcOa-6dc118b80ch 7 %40sessionmgr101&theSearchHistorylds=

OR S84 OR S5 OR
S6

TI (hemipleg* OR
hemipar* OR
paresis OR paretic)
OR AB (hemipleg*
OR hemipar® OR
Paresis OR paretic)

(MH "Hemiplegia")
OR (MH "Paresis+")

Tl ((brain* OR
cerebr* OR
cerebell* OR
intracerebral OR
intracranial OR
subarachnoid) N5
(haemorrhage* OR
hemorrhage® OR
haematoma* OR
hematoma* OR
bleed*)) OR AB
((brain* OR cerebr*
OR cerebell* OR
intracerebral OR
intracranial OR
subarachnoid) N5
(haemorrhage* OR
hemorrhage* OR
haematoma* OR
hematoma* OR
bleed"))

Tl ((brain* OR
cerebr* OR
cerebell* OR

Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Print Search History: EBSCOhost

Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text;PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search

Database - AMED - The Allied and
Complementary Medicine
Database;MEDLINE;PsycINFO;SPORTDiscus
with Full Text;AgeLine;CINAHL Plus with Full
Text,PsycARTICLES

Interface - EBSCOhost Research Databases
Search Screen - Advanced Search
Database - AMED - The Allied and
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6/18/2018 Print Search History: EBSCOhost
intracran* OR Complementary Medicine
intracerebral) N5 Database;MEDLINE;PsycINFO;SPORTDiscus
(isch?emi* OR with Full Text;AgeLine;CINAHL Plus with Full
infarct* OR Text;PsycARTICLES
thrombo* OR
emboli* OR occlus*)
) OR AB ( (brain*
OR cerebr* OR
cerebell* OR
intracran* OR
intracerebral) N5
(isch?emi* OR
infarct* OR
thrombo* OR
emboli* OR occlus*)
)

S2 Tl(stroke OR Search modes - Interface - EBSCOhost Research Databases 420,994
poststroke OR post- Boolean/Phrase Search Screen - Advanced Search
stroke OR Database - AMED - The Allied and
cerebrovasc* OR Complementary Medicine
brain vasc* OR Database;MEDLINE;PsycINFO;SPORTDiscus
cerebral vasc* OR with Full Text;AgeLine;CINAHL Plus with Full
cva* OR apoplex* Text;PsycARTICLES
OR SAH) OR AB
(stroke OR
poststroke OR post-
stroke OR
cerebrovasc* OR
brain vasc* OR
cerebral vasc* OR
cva* OR apoplex*

OR SAH)

S1 (MH Search modes - Interface - EBSCOhost Research Databases 418,197
"Cerebrovascular Boolean/Phrase Search Screen - Advanced Search
Disorders+") OR Database - AMED - The Allied and
(MH "Basal Ganglia Complementary Medicine
Cerebrovascular Database;MEDLINE;PsycINFO;SPORTDiscus
Disease+") OR (MH with Full Text;AgeLine;CINAHL Plus with Full
“Brain Ischemia+") Text;PsycARTICLES
OR (MH "Carotid
Artery Diseases+")

OR (MH
“Intracranial Arterial
Diseases+") OR
(MH "Intracranial
http://web.b.ebscohost.com/ehostsearchhistory/PrintSearchHistory ?vid=698&sid=587d0cf3-af40-408c-bc0a-6dc118b80ch7%40sessionmgr101&theSearchHistorylds=
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6/18/2018 Print Search History: EBSCOhost

Embolism and
Thrombosis+") OR
(MH "Intracranial
Hemorrhages+")
OR (MH "Stroke+")
OR (MH "Brain
Infarction+") OR
(MH "Vertebral
Artery Dissection")

http://web.b.ebscohost.com/ehost/searchhistory/PrintSearchHistory?vid=69&sid=587d0ci9-af40-408c-bcOa-6dc118b80ch7%40sessionmgr101&theSearchHistorylds=
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APPENDIX V- Type of stroke with the number of articles retrieved (Unclassified means it is
not clear which type of stroke)

Type of stroke Number of articles retrieved

Human

Hemorrhagic (146)

Ischemic (482)

Unclassified (133)
Animal

Hemorrhagic (94)

Ischemic (165)

Unclassified (62)
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APPENDIX VI - Letter of ethical approval National Research Ethics Service (SMARTCap study)

NHS

Health Research Authority

NRES Committee West Midlands - Coventry & Warwickshire

The Old Chapel
Foyal Standard Place
Nottingham

NG1 6FS

Tel: 0115 8838521
02 March 2015

Professor Christopher Imray

Consultant Vascular and Endovascular Surgeon
UHCW NHS Trust

UHCW NHS Trust

Clifford Bridge Road

Coventry

CV4 7AL

Dear Professor Imray

dy title: ARTCap: A field-deployable blood test for stroke,
pable of detecting brain ischaemia from the earliest
ges of pathology
C reference: 14/'WM/1 087
dment number: Amendment 2
dment date: |20 February 2015
project ID: NS8750

The above amendment was reviewed by the Sub-Committee in correspondence.

Ethical opinion

The members of the Committee taking part in the review gave a favourable ethical opinion
of the amendment on the basis described in the notice of amendment form and supporting
documentation.

Approved documents

The documents reviewed and approved at the meeting were:

Document Version Date

Covering letter on headed paper 20 February 2015
Notice of Substantial Amendment (non-CTIMP) [Amendment 2] 20 February 2015
Other [Advertisement poster - Contrcl] 1 17 February 2015
Participant consent foem [Participant (clean and tracked)] 3 17 February 2015
[Participant consent form [Representative (clean and tracked)) 3 17 February 2015
Participant consent foem [Control (clean and tracked)) 2 17 February 2015
Participant consent form [Healthy volunteer (clean and tracked)] 3 17 February 2015
[Participant consent form [Participant (UHNM only)] 1 17 February 2015
Participant consent form [Representative (UHNM only)] 1 17 F'-:ebmary 201s
Participant consent form [Control (UHNM only)) 1 17 February 2015
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Paricipant information sheet (FIS) [Participant or representative 3 17 February 2015
{clean and tracked)]

Paricipant information sheet (FIS) [Contral (clean and tracked)) 2 17 February 2015
Participant information sheet (P13} [Healthy volunteer (clean and 3 17 February 2015
tracked}]

Paricipant information sheet (FIS) [Participant or representative 1 17 February 2015
[UHMR only) ]

Paricipant information sheet (FIS) [Contral (UHMM only)] 1 17 February 2015
Research protocol or project proposal [clean and tracked] 4 17 February 2015

Membership of the Committee

The members of the Commitiee who took part in the review are listed on the attached

sheet.

R&D approval

All investigators and research collaborators in the NHS should notify the R&D office for the
relevant NHS care organisation of this amendment and check whether it affects R&D

approval of the research.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committess and complies fully with the Standard Operating Procedures for

Research Ethics Committees in the UK.

We are pleased to welcome researchers and R & D staff at our NRES committee members'

training days — see delails at hitpwww hra nhs ukdhra-trainings

14WM/1067: Please guote this number on all correspondence

Yours sincerely

\]} V-5 ot

Dr Helen Brittain

Chair
E-mail: NRESCommittee.WestMidlands-CoventryandWarwick@nhs.net
Enclosures: List of ramcs and professions of mombeors who fook part in tho
review
Copy to: Ms Isabclla Potric
Ceri Joncs

Sortia Kandofa
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NRES Committee West Midlands - Coventry & Warwickshire

Attendance at Sub-Committee of the REC meeting on 20 February 2015

Committee Members:

Mattie Profession Prezent MNotes
Dr Helen Brittain - Chair Clinical Psychologist Retired Yes
Dr Christopher Jones Academic FY2 Doctor Yes

Alsa in attendance:

Mattie

Position for reason for attending)

Miss Wictoria Strutt

REC Assistant
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APPENDIX VII - Letter of ethical approval National Research Ethics Service (SMARTChip study)

NHS

Health Research Authority

West Midlands - Coventry & Warwickshire Research Ethics Committee
The Oid Chapel

Royal Standard Place

Mottingham

MG1 BFS

Please note: This is the
favourable opinion of the

REC only and does not allow
you to start your study at NHS
sites in England until you
receive HRA Approval

06 Jure 2016

Professor Christopher Imray

Consultant Vascular and Endovascular Surgeon

University Hospitals Coventry and Warwickshire NHS Trust
Clifford Bridge Road, Walsgrave

Coventry

CV2 2DX

Dear Professor Imray,

Study title: SMARTChip: A field deployable blood test for stroke, capable
of detecting brain ischaemia from the earliest stages of
pathalogy

REC reference: 16AWM/0164

IRAS project ID: 198854

Thank you for your letter of 2 June 2016, responding to the Committee's request for further
information on the above research and submitling revised documentation.

The further information has been considerad on behall of the Committee by the Chair,

We plan to publish your research summary wording for the above study on the HRA website,
together with your conlact details. Publication will be no earlier than three months from the
date of this opinion letter.  Should you wish to provide a substitute contact point, require
further information, or wish to make a requesl to postpone publication, please contact the
REC Manager, Ms Rachel Nelson,

NRESCommittee WestMidiands-CoventryandWarwick@nhs.net.
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Confirmation of ethical apinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation
as revised, subject to the conditions specified helow.

Mental Capacity Act 2005

| confirm that the committee has approved this research project for the purposes of the Mental
Capacity Act 2005. The committee is satisfied that the requirements of section 31 of the Act will
be met in relation 1o research carried out  as part of this project on, or in relation to, a person
who lacks capacity to consent to taking part in the project.

Conditions of the favourable apinion

The REC favourable opinion is subject to the following conditions being met prior to the start of
the study.

Management permission must be obtained from each host organisation prior to the start of the
study at the site concerned.

Managomeoitt pormission should be sought from aif NHS organisations iinvolved i the study in
accordance with NHS rcscarch govornance arrangomeonts. Each NHS orgaitisation mist
comlirm through the signing of agrecmeonts anasor othor documornis that it has given poermission
for the rescarch to procood {oxcopt whore explicitly spocificd othoerwise).

Guidance on applving for NHS permission for rescarch is avaifablc in the Integrated Rescarch
Appiication Systom, www hra nhs uk or at itpsAvww rdforum nfls wlk

Whcre & NHS organization’s rofc in the study is imifed to idontifving and reforring potontial
participants to roscarch sifes (“participant idomtification conre’), guidance should b sought
from the R&D office on the iformation it requircs to give permission for this activity.

For non-NHS sifes, sitc managomoit pormission showld be obtaincd it accordance with the
procodurcs of the refovant host organisation.

Sponsors arc not required to notify the Committce of managomont permissions from host
orgarisations

Reqistration of Clinical Trials

All clinical trials (defined as the first four categories on the IRAS filter page) must be registered
on a publically accessible database within 6 weeks of recruitment of the first participant (for
medical device studies, within the timeline determined by the current registration and publication
trees).
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There is no requirement to separately notify the REC but you should do so at the earliest
opportunity e.g. when submitting an amendment. We will audit the reqgistration details as part of
the annual progress reporting process.

To ensure transparency in research, we strongly recommend that all research is registered but
for non-clinical trials this is not currently mandatory.

If 2 sponsor wishes to contest the need for registration they should contact Catherine Blewstt
{catherineblewettfinhs net), the HRA does not, howewver, expect exceptions to be made.
Guidance on where to register is provided within IRAS.

It is the respaonsibility of the sponsor to ensure that all the conditions are complied with
befare the start of the study or its initiation at a particular site (as applicable).

Ethical review of research sites

NHS sites

The favourable opinion applies to all NHS sites taking part in the study, subject to management
permission being obtained from the NH3/HSC R&D office prior to the start of the study (see
"Conditions of the favourable opinion” below).

MNon-NHS sites

The Committee has not yet completed any site-specific assessment (33A) for the non-NHS
research site{s) taking part in this study. The favourable opinion does not therefore apply to
any non-NHS site at present. We will write to you again as soon as an S3A application{s) has
been reviewed. In the meantime no study procedures should be initiated at non-NHS sites.

Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Docextietit Version Date

Copies of advertizement materals for research paricipants

Covering letter on headed paper [Covering letter] 29 February 2016
Covering letter on headed paper [Covering letter ] 01 June 2016
RAS Application Form [IRAS _Fom_17032016] 17 March 2018
RAS Checklist XML [Checklist_D2068201E] B2 June 2016
Man-validated questionnaire [Evaluation questionnaire - Patients]  |[v1.0 29 February 2006
Men-validated questicnnaire [Evaluation questionnairs - w1 29 February 2018
representatives]

Other [Letter confirming SMARTChip = SMARTCap] 21 January 2016
Other [Sarizza Biomedical IWDOODT3E] 27 June 2074
Other [Response to question A13] wih 4 March 2018
Other [Protocal - clean] w12 ¥ June 2016
Participant consent form [Aszent form - consultees - cean] w13 ¥ June 2016
Participant consent form [Assent form - consultees UHMM only - w13 3 Junse 2016
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clean)

Participant consent form [Consent farm - controls - clean] w13 02 June 2016
Participant consent form [Consent form - UHNM spasticity sub-study|v1.3 2 June 2016
controls - clean]

Participant information sheet (PIS) [Feeding Contrals sub study] 12 M Aprl 2016
Participant information sheet (PISY[PIS - consultees - clean) 14 ¥ June 2016
F;articipant information sheet (PI3) [PIS - consultees UHMNM only - {v1.4 01 June 2016
clean

F'artic]ipant information sheet (PIS)[PIS - contrels - clean] w13 2 June 2016
Summary CV for Chief Investigater (Cl) [Chief Investigator's CV] ¥ September 2015
Summary CV for student [Student CV - All Wasif] 29 February 206
Surmary CV for supervisor (student research) [Academic 29 February 2018
supervisor's OV - Or Anand Pandyan]

Statement of compliance

The Committes is constituted in accordance with the Governance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Frocedures for Research
Ethics Committees in the UK.

After ethical review

Eeporting reguirements

The attached document "After otfeal revicw — guidance for rescarchors™ gives detailed
guidance on reporting reguirements for studies with a favourable opinion, including:

» Notifying substantial amendments

» Adding new sites and investigators

» Notification of serious breaches of the protocol
» Progress and safety reports

»  Notifying the end of the study

The HRA website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements or procedures.

User Feedback

The Health Research Authority is continually striving to provide a high guality service to all
applicants and sponsors. You are invited to give your view of the service you have received and
the application procedure. If you wish to make your views known please use the feedback form
available on the HRA website:

hitip:/fwww hra.nhs.uk/about-the-hra/governance/guality-assurance/

HRA Training

We are pleased to welcome researchers and R&D staff at our training days — see details at
hitpifwwiw hra.nhs ukfhra-training/
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[ 16/WWM/0184 Please quote this number on all correspondence

With the Committee's best wishes for the success of this project.

Yours sincerely,

pf

Dr Helen Brittain
Chair

Email:NRESCommittee. W estMidlands-CoventryandWarwick@nhs.net

Enclosures: *After ethical review — guidance for
researchers’

Copy to: Mrs Katic Bruce
Ms Isabcifa Petric
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APPENDIX VIII -NIH Stroke Scale

losptal | SR S, |

SCALE v otam i _

Interval: [] Baseline []2 hours post treatment  [] 24 hours post onsstd symptoms +20 minutes  [] 7-10 days
[13months [] Other o -3

Time: : (lam [Jpm

Person Administering Scale

Administer stroke scale tems in the order listed. Recced performance in each category after each subscale exam. Do not go
back and change scores, Follow directions provided for each exam technique. Scores should refiect what the patient does, not
what the clinician thinks the patient can do. The dinician should record answers while administeding the exam and work quickly,
Except where indicatad, the patient shculd not be coached (... repeated requests to patient to make a spacial affort).

Instructions Scale Definition Score

12. Lewel of Consclousness: The investigator must choose a | 0= Alert keenlyicsponsine,
P # 2 ful cval s proventod by such cbstacies 85 an | 1= Netalert Butarcusatie by mings stinwlation 1o obey.
dotracheal wic. b g¢ bamier, arottacheal traumatandages. A NSWCL OF RSP
3 b soned enlyd the palmt mahcsno mewsnent [thar than wficaive | 2= Nt alart ioquises iepeatsd stimulaion © aneid, of is
P L Sttunded and 10quiRes stiong of panful stimulition 1 ————
nake me nts net ypodi
3= Rosponds anly wilh seflax mator of ausananic etfects or
Waly uesponsie, flaccid, and asfiexic

1b. LOC Questions: The paticnt ks asked the month and hisherage. | 9= A toth L 2k,
The anseer must be comodt - thencnnopamwoalmbcquose
Aphosic and Supoious paticnts who do not pechend the qu 1= A QANC queKtIaN conectly.

wil wome 2 Patients unable ®© ook bouse o endotacheal
rtubation, orottacheal Mauma, sovee dpMhia flom any uwe, | 2=  Answars ncfher quastion comectly,
knguage barrier, of any oher pradlem nat daty 1o aphasia ae
ghen a 1. & & mponant that only the nmlmmboqmmd and that
he caminar net “halp® the patient with varbal of nonvartal cuas.

fc. LOC Commands: The patiert is asked 1o opan and dose B | 0 = Parforms both tasks conectly,
Syes and Nen 10 grip and rekease he non-partc hand.  Substituke
anathat ong step command £ tie hands Gannot be used, Crodk is | 1 = Parforms onc task corsoctly,
ghven #f an unequivocal amempt s mada but not compieted due ©
woaknoss.  If he pationt docs not Kespond 1o command, tha task | 2 = Parforms noRher task comoctly.

should by demonsteatad 1 him of her {pantemimel and the syl
sored (Lo, Blows rone, onc of tvo commands).  Paticnts with
trauma, amputation, of other physical ivpodiments should e given

bk oncskp ds. Onlythe fest atiompt is scored.
2. Best Gaze: Only b | eye me s will B¢ 1esied, | 0= Normal.
Volumary ot raficxdve joculocephalicd eye mo, will B¢ soored,
but cakwke testing b mot dome.  If the patient has a conjugate | 1 = Partial gaze palsy; gaae & abnomaal i one of both cyos,
daviation of the ayes that Gan be ovarcome by voluntary of refiexdvae bae fored daviation of 110l (A2 PAKsts & Nt presant.

activity, the score will e 1. I a paticnt hos an solotod paripharal
narve parcsks  (CN 1L IV o1 V1), score @ 1. Gax is kstable in all | 2 « Forced deviation, of totalgazs parcsts rot owarkame by the
aphasic paticnts.  Paticnts with ocular trauma, tandages, pre-cristing owloccphalc Mancuwer.

bind of othar disordar of visual acuity ot fickls should be tosted
with reficxive movements, and 3 choke made By the Investigator,
Establishing cye contact and then moving sbout the patent from sidke
10 side Wil cccasionaly Caedy the presence of o partisl gaze paky.

Row 1172003
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N I H Patient Identification. ____ - -
STR KE Pt.DatcefBith ___ _ + ¢+

| lespital [ - 1

S C A L E Date of Exam ! i

Interval: [] Baseline []2 hours posttreatment [] 24 hours post onset of symptoms +20 minutes  [] 7-10 days
[]13 months [] Other s )

3. Visual: Visual fickls [upper and lewer quadrants) are tested by | 9 = No visual loss.
aenfrentatien, using finger ceunting er visual threat, as apprepriate.
Paticnts may ke cnccuraged, but if they keek at the skle of the | 1 = Partlal hamlanopla.
meving fingers apprepriately, this can ke scored as nermal. If there is
unilateral Blindness er enuckeatien, visual fickls in the remaining eye | 2 = Complate hamlanopla.
are scaered. Score 1 enly i a clkar-cut asymmetry, including
quadrantancpia, is feund. If patient is Elind frem any cause, scere 3. | 3 = Bllataral hamlanopla [Elid including certical Elindness).
Deukk simultanccus stimulatien is perfermed at this peint. If there is
cxtineticn, patient recgives a 1, and the results are used te respend te
tem 11.

4. Faclal Palsy: Ask —or usc pantemime to enceurage — the patient | 9 = Normal symmetrical mevements.
te shew teeth o raise eyebrews and clese eyes. Scere symmetry of | 1 = Minor paralysls [flatiened nasclatialfekl, asymmetry en

grimace in respense to nexicus stimuli in the peoerly respensie of smiling).

nen-cemprehending patient. I facial traumarbandages, eretracheal | 2 = Partlal paralysls jtotal erncartetal paralyss of kwer
tuke, tape or other physical Barriers cbscure the face, these shoukl face).

be remeved te the extent pessitle. 3 = Complate paralysls of enc of beth skles [absence of

facial mevement in the upper and kewer face).

5. Metor Arm: The limk is placed in the apprepriate pesitien: extend 9 = No drift; limk hekls 90 [er 48)degrecs forfull 19 seeends.
the arms [palms dewn) 80 degrees (if sitting) or 45 degrees (if 1 = Drift; limk hekls €0 jer 45) degroes, but diifts dewn befere

supine). Drift is scered if the arm falls befere 10 seconds. The full 19 seeends; decs net hitbed er ether suppert.
aphasic patient is cncouraged using urgeney in the weke and 2 = Soma effort agalnst gravity; limk cannctgette or
pantemime, but net nexicus stimulatien.  Each limk is tested in turn, maintain {if cued)99 jer 451 degrees, drifts dewnte bed,
keginning with the nen-paretic arm. Dnly in the case of amputation or but has scime cffert against gravity.

jeint fusicn at the sheukler, the examiner sheukd recerd the scere as 3 = No effort agalnst gravity: limk falls.

untestakke (UN), and clearly write the explanation fer this cheke. 4 = No movemant.

UN = Amputatloncr jeint fusien, explain:
Ba. Left Arm

Bb. Right Arm

& Metor Leg: The limk is placed in the apprepriate pesitien:  hekl 9 = No drift; keg hekls 30«egree pesition fer full 5 sceonds.
the kg at 30 degrees [always tested supine). Drift is scered if the kg 1 = Drift; keg falls bythe end of the S-socend peried Butdecs

falls befere § sccends. The aphase patient is enceuraged using net hit bed.
urgeney in the weice and pantemime, But net nexicus stimulatien. 2 = Soma affort agalnst gravity: kg falls te bed by §
Each limk is tested in turn, Beginning with the nen-paretic kg, Only weeends, Buthas seme effert against gravity.

in the case of amputation er jeint fusien at the hip, the examiner 3 = No affort agalnst gravity: ¢g falls ko bed immediately.
sheukl recerd the scere as untestabke [UN), and ckearly write the 4 = No movemant.

cxplanatien fer this cheice. UN = Amputationer jeint fusicn, cxplain:
Ba. Left Leg D
fib. Right Leg
Rewv 10/1/2004
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N I H
STROKE
SCALE

Fatient Identificatien. -

| lespital [

Date of Exam /.

Interval: [] Baseline []2 hours posttreatment [] 24 hours post onset of symptoms £20 minutes  [] 7-10 days
[]13 months [] Other ( )
7. Limb Ataxla: This item is aimed at finding eviklence of a unilateral | 9 = Absant.

werebellar kesion.  Test with eyes open.  In case of visual defect,
chsure testing is dene in intact visual field. The finger-nese-finger
and heekshin tests are perfermed en both skles, and ataxia is scered
enly if present aut of prepertien to weakness, Ataxia is absent in the
patient whe cannet understand er is paralyzed. Only in the case of
amputatien o jeint fusien, the examiner shoukl recerd the scere as
untestablke [UN), and ckearly write the explanatien fer this cheke. In
case of EBlindness, test By having the patient teuch nese frem
cxteikded arm pesiticn.

1 = Prasant In ona limb.
2 = Prasant Intwolimbs.

UN = Amputatlon cr jeint fusicn, cxplain:

8. Sensory: Scnsatien of grimace to pinprick when tested, of
withdrawal frem nexicus stimulus in the ektunded er aphasis patient.
Dnly sensery kess attributed to sticke is scered as aknermal and the
cxaminer shoeukl test as many bedy arcas [arms [net handg], legs,
trunk, face) as needed te accurately check fer hemisensery kess, A
soare of 2, "severe o tetal sensery kess” sheukl enly be given when
a severe of tetal less of sensatien can ke clkearly demenstrated.
Stpercus and aphasic patients will, therefere, prebakly scere 1 ¢r 4.
The patient with Erainstem streke whe has bilateral kss of sensatien
is sooered 2. If the patient decs net respend and is quadripkegic, score
2. Patients in a cema [item 1a=3) are autematically given a 2 on this
item.

49 = Normal; ne scnsery kss.

1 = Mildto-modarate sensory loss: paticnt fecls pinprick is
ess sharp eris dull en the afiected side: erthere isa
ows of superficial pain with pinprick, But paticnt is aware
<f being teuched.

2 = Bavara to total sansory loss: patient is noet aware of
being teuched inthe face, am, and kqg.

9. Bast Languaga: Agreat deal of infermation akeut comprehensicn
will ke ebtained during the preceding sectiens of the examinatien.
Fer this scake item, the patient is asked te desaribe what is happening
in the attached pkture, & name the items en the attached naming
sheet and te read frem the attached list of sentences.
Comprehension is judged frem respenses here, as well as te all of
the cemmands in the preceding general neurckegical exam.  If visual
less interferes with the tests, ask the patient te klentify ctjects placed
in the hand, repeat, and preduce speech.  The intukated patient
sheukl Be asked to wrie. The patient in a coma [item 1a=3) will
autematically scere 3 en this tem. The examiner must checse a
seere fer the patient with stuper or limited ceeperatien, but a scere of
3 sheukl Be vsed enly if the patient is mute and fellews ne ene-step
cemmands.

4 = No aphasla; nermal.

1 = Mild-to-modarata aphasla; seme cbvicus kss of fluency
o facility of comprehension, witheut significant
limitatien on kleas expressed of foerm of expression.
Reductien of speech andier cemprehensien, hewever,
makes cenversatien akout prevded materials difficult
of impessitlke. Fer example, in cenversation akeut
previled materials, examiner can kentify picture er
naming card centent frem patient’s respense.

2 = Savata aphasla; all communicaticn is threugh fragmentary
axpression; great need fer inference, questicning, and guessing
bythe listener. Range of infermatien that can ke exchanged is
Imited: listener carmies Burden of communicatieon. Examiner
cannct klentify materials prev ded frem paticit respense.

3 = Mute, global aphasla; ne usatbke specch or auditery
cemprehensicn.

10. Dysarthrla: If patient is theught te Be nermal, an adequate
sampke of speech must Be cbtained by asking patient to read or
repeat werds frem the attached list. I the patient has scvere
aphasia, the clarity of articulation of spentanccus specch can ke
rated. Only if the patient is intukated er has other physical Barriers to
preducing  speech, the cxaminer dicukl recerd the scere as
untestakke (UN), and ckearly wrte an explanatien for this cheke. De
net tell the patient wivy he er she is Being tested.

4 = Normal.

1 = Mildto-modarate dysarthrla: paticnt slurs at kast seme
waekls and, atweist, can ke understeed wih seme
difficulty.

2 = Savare dysarthrla; paticnt’s speech is se sluned as te ke
unintelligieke in the absence efer cutef preperticon te
any dysphasia, er is mutefanarthric.

UN = Intubatad cr ether physcal barrier,
cxplain:

Rew 10/1/2003
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N I H Fatient Identificatien. ___ - -
STROKE T
S C A L E Date of Exam ___ _,___:__

Interval: [] Baseline []2 hours posttreatment [] 24 hours post onset of symptoms +20 minutes  [] 7-10 days
[13 months [] Other e )

11.  Extinctlon and Inattantion (formarly Naglect): Sufficient | 9 = No abnormality.

infermatien te kentify neglkect may ke cbtained during the prier
testing.  If the patient has a severe visual kss preventing wisual | 1 = Visual, tactlle, auditory, spatlal, or parsonal Inattantlon

deutke simultanccus stimulatien, and the cutanccus stimuli are af extinetion te Bilateral simultanecus stimulaticn in ene

nermal, the scere is nermal. I the patient has aphasia but decs cfthe sensery medalitics.
appear te attend te both siles, the score is nermal. The presence of
visual spatial negkect er ancsagnesia may alse be taken as evidence
of abnermality. Since the abnermality is scered enly if present, the
item is never untestatle.

2 = Profound haml-Inattantion or axtinction to more than
ohe modallty; dees net recegnize ewn hand er erients
to only ene skle of space.

Rew 10/1:2003
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You know how.

Down to earth.

| got home from work.

Near the table in the dining
room.

They heard him speak on the
radio last night.
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MAMA
TIP - TOP
FIFTY - FIFTY
THANKS
HUCKLEBERRY
BASEBALL PLAYER
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APPENDIX IX - Modified Rankin Scale

MODIFIED Paticnt Name:
RANKIN Rater Name:
SCALE (MRS) Date:
Scure Description

0 No symproms ar all

I

No sigmificant disability despits symptroms: able to cany out all usual dutics wxd activitics

Slight disability: unable to canry vut all previous scrivitics, bur able to look after own affairs
withuut assistance

3 Moderate disability; requiring some help, bur able to walk withuut assistance
4 Moderuely severe disability; wsable to walk withour assistance and wnable ro aerend to own bodily
neads without assistance
S Scvare disability: badriddon, incontinont and requiting constimt nwrsing care ad attention
6 Dead
TOTAL (0-6):
References

Rankin J. "Cercbral vascular accidars in patients over the age of 60
Scott Med J1957;2:200.15

Bonita R, Braglchole R, "Modificarion of Rankin Scale: Recovery of motor fimetion after stroke ™
Stroke 1988 Dec:19(12):1497-1500

Van Swicren JC, Koudstad PJ, Visser MC, Schouten HJ, van Gijn J. "Inecrobserver agreement for the assessment of
handicap in stoke paticnts.”
Stroke 1988:19(5):604-7

Frovided Dy the Internet Stroke Center — www .strokecenter.org
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APPENDIX X - Biomarkers standard curves
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APPENDIX XI: Biomarker Assays Instruction Manuals

abcam’

discover more

ab138883

Glutamate Assay Kit

(Fluorometric)

Instructions for Use

For guantifying Glutamic acid in various
biological samples

This product is for research use only and is not
intended for diagnostic use.
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1. Introduction

Glutamic acid i= one of the 20 proteinogenic amino acids. The
carboxylate anions and =salts of Glutamic acid are known as
glutamates. Glutamate is an important neurotransmitter which plays
a key role in longterm potentiation and is important for learning and
memory. Glutamic acid i= the precursor of GABA but has somewhat
the cpposite function; it might play a rols in the normal function of the
heart and the prostate. As one of the few nutrients that crosses the
blood-brain bamier. Glutamic acid iz used in the treatment of
dizeases such as depression, ADD and ADHD, fatigue, alcoholism,

epilepsy, muscular dystrophy. mental retardation, and schizophrenia.

ab138883 provides a quick and sensitive method for the
measurement of Glutamic acid in varous biological samples. In the
as=ay. the coupled enzyme system catalyzes the reaction between
L-Glutamic acid and MADF to produce MAGPH, which is =pedifically
recognized by MADPH =ensor and recycled back to MADP. A red
fluorescence product is produced during the reaction. The signal can
be read by either a flucrescence microplate reader at Bx/Em = 530
570 nm/580-E00 nm (optimal ExEm = 540 nm/550 nm) or an
absorbance microplate readar at 578+£5 nm. With cur Glutamate
Asszay Kit (Fluorometrc), we have detected as little a5 1pM Glutamic
acid in a 100 pl reaction volume. The assay is robust, and can be
readily adapted for a wide wariety of applications that require the

measurement of Glutamic acid.
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Kit Key Features

Sensitive: Detect as low a= 1 pM of Glutamic acid in

solution.

Continuous: Easily adapted to automation without a

separation step.

Convenient: Formulated to have minimal hands-cn time. Mo

wash step needed.

Non-Radioactive: Mo special requirements for waste

treatment.
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2. Protocol Summary

Surmmary for One 88-well Plate

Frepare as=ay reaction mixture

{

£dd Glutamic acid standards or test

samples

'

Incubate at room temperature for 30 minutes - 2 hours

'

Maonitor the fluocrescence increase at
Ex«/Em = 3405590 nm

fote: Thaw alf the kit contponents to room temperature before

starting the experfment,
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3. Kit Contents

Components

Amount

Component A Enzyme Mix

1 bottle (hvophilized

powder)

Component B: Azsay Buffer 1%10 ml
Component C: NAGF 1 vial
Component O: Glutamic Acid 1 wial
Component E: Gilution buffer 1 baottle 10 ml
4, Storage and Handling
Keep at-20°C. Avoid exposure to light.
2. Additional Materials Required

» BB or 38d-well microplates: Sclid black microplates

» Fluorescence microplate readar

&
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6. Assay Protocol

Note: This protocol is for one 86 - well plate.

A. Preparation of Stock Solutions:

1. Prepare MADF stock solution (200X) by adding 100 plL
of Dilution Buffer (Component E) into the vial of NADP
(Component ).

Mote: The wvhused MNADF stock sofution sfoofd bBe

divided into single use sliguots snd stored st -20°C.

2. Prepars Glutamic acid stock sclution (100mRY by adding
200 pL of Gilution Buffer (Component B) into the vial of
Glutamic Acid (Component B

Mote: The unused giutamic ecid stock sofutfon showfd be

divided into single use sliguots and stored &t - 20 2C
B. Preparation of Assay Reaction Mixtura:

1. Add 10 mL of Aszsay Buffer (Component B) into the

baottle of Enzyme Mixture (Component A).

2. Add 50 pL 200X MADF stock solution into the Enzyme

Mixture bottle and mix them well.
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Mote: This glutamic acid sesay milxture fs enough for
two S6-well plates. The wnused gliutamic acid assay
tixture should be ofvided into singfe wse aliguots and
stored at - 20C.

C. Prepare serially diluted glutamic acid standards
{0 to 1 mM):

1. Add 10 pL of glutamic acid stock =solution into 980 pl
Gilution Buffer (Component E) to gensrate 1 mb

glutamic acid standard saolution.

Meote: Difuted glutanic scid stendard sofution is unstable.

Use withi 4 fours.

2. Taks 200 pL of 1 mM glutamic acid standard =olution to
perfarm 1:3 serial dilutions to get 300, 100, 30, 10, 3.1
ard O pM =erially diluted glutamic acid standards.

3. Add serally diluted glutamic acid standards and glutamic
acid containing test samples into a sclid black S8well

microplate as described in Takbles 1 and 2.
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Table 1. Layout of glutamic acid standards and test samples in a

solid black S6-well microplate

BL

BL

T=

T=

GLLM

GLM

GLUZ

GLUZ2

GLUS

GLU3

GLU4

GLLM

GLUs

GLUS

GLUE

GLUE

GLUY

GLUT

Mote: GLU= Glutamic Acid Stendards, B =Blank Controf,

T5=Test Samples.

Tabla 2. Reagent composition for each wall

Glutamis Acid

Standards

Blank Control Test Sample

Zeral Dilutions*:

50 uL

Gilution Buffer :

50
50 L H

“Wote: Add the serfally ocifuted glutermic ecid standards fron 1 phd
to 1 into wells fron GLUT to GLUT in duplicate.
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D. Run Glutamic Acid assay:

Add 50 pL of glutamic acid assay mixture into each
well of glutamic acid standard. bBlank control, and
test samples to make the total glutamic acid a==zay

volume of 100 pliwell.

Mote: For e 334-well plate, add 25 ¢l of sample and

28 pl of glutermic acid assay mixture ito each well

Incubate the reaction at room temperature for 30

minutes to 2 hours, protected from light.

Waonitor the fluorescence increase by using a
fluorescence plate reader at Bx/Em = 530-57 /500
B00 nm (optimal Ex/Em = 540550 nm).

Mote: The contentz of the plete cen aflzo be
transferred to & white cfear bottom plate and read by
gbzorbance micropfate reader at the wavelength of
576 £+ &8 mm. The absorption detection has fower

sensitivity compared fo the luorescence reading.

10
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7. Data Analysis

The fluorescence in blank wells (with the dilution buffer anly} is used
as a control, and iz subtracted from the values for those wells with

the glutamic acid reaction.

Wote: The Wuorescence background fncreases with time, thus it i=s
fmportant to subtract the Huorescence ftensity velue of the Dlank

wells for each data point,

ﬂﬂmﬂﬂi
£ oo, P
= i
g i
- .
% 1000 { //
§ e
b~ i
% 1004 -
e d-f"!"
= -

1 10 100 1000

Glutamic Acid Dose (uM)

Figure 1. Glutamic acid dose response was measured with
ab138883 in a black %8-well plate using a microplate reader. As low

g5 1 phd glutamic acid was detected with 1 hour incubation.

11

204



8. Troubleshooting

FProblem Reason Solution
J"-"tSSE}f ot Azsay buffer at Azsay buffer must not be chilled
working wrong temperature -neads tobe at RT

Protocol step missed Re-read and follow the protocol
exactly

Plate read at Ensure ¥ou ars using

. t wavslength appropriate reader and filter

INCOrTEG settings (refer to datasheat)
Fluorescence: Black plates
(clear bottoms);

Unsuitable micratiter Lumine=cencea: White plates;

late far assa Colorimetry: Clear plates.

F Y If critical. datasheet will indicate
whetherto use flat- or U-shaped
wells

U“ETF'EGtE‘j Weasured at wrong Use appropriate reader and filter
results

wavelength

settings described in datashest

Samples contain
impeding substances

Troubleshoot and also consider
deproteinizing samples

Unsuitable sample
type

Use recommendsed samples
types as listed on the datashest

Sample readings ars
outside linear range

Concentrate’ dilute samples to
be in linear range

12
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Problam Reason Solution
Samples Unsuitable sample Fefer to datasheet for details
with type abaut incompatible samples
|n|:Dr:-5|5tent @ | ad | Us=e the assay buffer provided
readings thaemuf rgrigpéi?faerr n !:ﬂr referto datashest for
instructions)
Samples not Use the T0kDa spin column
deproteinized (if (abi3348) or Deproteinizing
indicated an sample preparation kit
dataszhest) (abi32a4)
Cell/tiszue samples | Increase sonication timaf
not sufficiently number of strokes with the
homogenized Dounce homogenizar
Too many freeze- Aliquot samples to reduce the
thaw cycles numkber of freeze-thaw cycles
Samples contain Troubleshaot and alsc consider
impeding substances | deproteinizing samples
Us=e freshly made samples and
Samples are toa old store at recommended
or incomectly stared .
temperature until use
o Moty e | Mot copenee o
. . COMponents
readings in use
samples Out-of-date kit or Always check expiry date and
and incorrectly stored store kit components as
standards reagents recommendead on the datashest

Reagents sitting for
extended period=s on
ice

Try to prepare a fresh reaction
mix pricr to each use

Incorrect incubation
timef temperature

Refer to datasheet for
recommendad incubation time
and/ ar temperature

Incorrect amounts
used

Check pipstts is calibrated
comectly (always use smallest
volume pipette that can pipstte
entire volume'

13
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=tandard
CLMve i5 not
linear

Mot fully thawed kit
COMponents

Wait for components to thaw
complately and gently mix pricr
USE

Pipetting emors when
setting up the
standard curve

Try ot to pipette too small
volumes

Incorract pipsatting
when preparng the
redction mix

Ahways prepare & master mix

&ir bubbles inwells

Air bubbles will intarfere with
readings; try to avcid producing
air bubbles and always remove
bubbles prior to reading plates

Concentration of
standard stock
incorraect

Recheck datashest for
recommendad concentrations of
standard stocks

Emrors in stand ard
curve calculations

Refer to datasheet and re-check
the calculations

U=e of cther
reagents than those
provided with the kit

Use fresh components from the
same kit

For further

tachnical questions please do not hesitate to
contact us by email {technicali@abesam.com) or phone (select

“contact us” on www.abcam.com for the phone number for

your region).

14
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discover more

UK, EU and ROW

Email: technical@abcam.com
Tel: +44 {0)1223 686000
www.abcam.com
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Allinfarmaticn £ detail is carract at time of daaing to print.
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CALCULATION OF RESULTS

Awveragetheduplicatareadings fareach standard, cantral, and
sample and subtract the average zerm standard aptical density |2.0).

Createa standard curve by reducing the data using camputer
saftwaraczpablaaf ganarating 2 faur parametarlagistic (4 AL

curva fit Acan altarnativa, canstiuct a standard curve by platting the
maan absarbance far aach standard antha y axiz against tha
cancentratiananthe # azis and draw a bast fit curvathraughthe
paintsanthe graph.The data may balinearized by platting the lag af
the human GFAP cancentratians varsusthe lag aftheQ.D.and the
bract fit lineca n be determinad by regressian analysis. This pracedure
will praducean adequate but less precise fit of the data. Ifsamples
have been diluted, the cancentratian read fram thestandard curve
must be multiplied by the dilutian factar.

TYPICAL DATA

This standard cunve s anly fardemanstration purpases. A standard
curve shauld be generated far each set af samples assayed.

£
2 <
o b —— —
Husnrsan GFAP Concentration [rvg/ml]
SPECIFICITY

The fallawing factars prapared at 200 ng/ml were assayad and
axhibited na crase raactivity arintarfaranca.

Recam himamt human:

Laintn B1

Menin

Freseniline] H-Te rminal Fragme it
S10041

S1008

TECHHICAL HINTS & LIMITATIONS

~Warecammend the use of RED Systams’ Reagent Diluant
Canzentrata 2|Catalag # DY995) ta prapara Reagant Diluant far

usa inthis assay.

«Tha useaf high quality Bavine Serum Albumin 1B5A) farthe
Reagent Diluent iscrucial far theaptimum perfarmance afthe
DuaSet ELISA Davelapment kit. Impurities such as prateasas,
binding prateins, saluble receptars arather interfering substances
<an befound to varying degrees in virtually all B34 prepaatians
and can inhibit ar interferewith the detection af certain analytes.
Wthe standard curve appea s suppressed, cansider svaluating a

different preparatian af BSA.

It is suggested ta start Reagent Diluant aptimizatian farserum and
plazma samplas by using PAS supplameantad with |0 509 animal
sarum. Da nat usa buffars with animal serum ta rcanstitutaar
dilutathe Datertian Antibady arStreptavidin HRR

«It is impartant that the Reagent Diluent selected far recanstitutian
and dilutian af the standa i reflects the enviranment af the

samples being measured.

- fvaid micrabial cantaminatian af rmagents and buffers.

<A tharaugh and zansistant wash technique is assantial far
propar a seay perfarmance Wash Buffarshauld bedispansad
farcefully and remaved camplately fram thawells by a spiratian
ardecanting. Ramawe any ramaining Wash Auffer by invarting tha
plate and blatting it against clean papertawels.

+Individual msults mayvary dueta differences in technique,

Flasticware and water saurces.

+Itis racommendead that all standa rds and samples be aseayed in

duplicata.

«Tha usaaf PES fram tablets may interfarain thiz ascay.

TROUELESHOOTING

Mote: Formare detailed troubleshooting, please visit
i Rn DS ystems.camy ELISA Davelapmant

Poor Standard Curve

-Impure 854 used far Reagent
Diluent preparatian.

Poor Pracision

~Unequsl valumes added ta
-wells/ pipatting arrar.

- wa. andtar

andtarstarage af standard.

~Impraperdilutian af highest
standard and standard curva.

+Incamplete washing and/ar
aspiratian afwalls.

~Unequal valumes added to
walls! pipetting arrar.

+Incarrect incubatian timesar
temperaturas.

EEANLT)
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aspiratian afwalls.
-Unequal mising af resgents.
Low or No Color Davelopment

- Inadequatevalumeaf
substrate added ta wells.

Incarmact inzubatian timasar
tempaiaturas.

- Impure BSA used far Reagent
Diluant praparatian.

915

DuoSet” ELISA

DEVELOPMENT SYSTEM
|

Human GFAP

(atalog Number: DY2594-05 (5 plates)

INTEHDED USE

Fartha davalapmant af tandwich ELISA: ta maasumanatural and
rarambinant human Glial Fibrillary Acidic Protain [GFAP). Tha
Reagent Diluent recammended may be suitable far mast call culture
suparnate, serum, and plasma samplas. The Reagent Diluent selected
far usecan alterthe parfarmance of an immunaoassay. Reagent
Diluent aptimizatian far samples with camplas matricas such as
serum and plasma, may imprave their perfarmance in this assay.

Thie kit cantaine sufficiant matarials ta run ELISA: an at laast five
D& well plates, pravided thafallawing canditians are mat
«Tha reagents are prepared as dascribad inthis package insert.
«The assay i run as describad in the General ELISA Pratacal.

«Tha recammended micraplates, butfars, diluants, substratas, and
salutiansare usad

This package insert must be read in its entirety befa e using this pradust.
Refer ta th ifi f dnatysis far ks s they mayvan.
Far ieseaich useanty. bt far use in diag nast pa<eduies

MANY EMCPURED AN B HSTRIBUTED BT
USA B Canada | REDSystems, ne,

14 McKinky Plaoe NE, Minneapeli, MN 55413, USA

TEL: [900) 343-7475 1612)379-2956  FAX 4612 656-9400
E-MAIL: Info@ RN DSYS T Ms.coin

STRIBUTERBT:

UK & Europe | REDSystems Enrope, Ltd,

19 Bartor Lare, Abirgdan 3o noe Fark, Abingdan 0514 M8, UK
TEL:+34 11235 529999 FAX =44 011235 533420

E-MA IL: o RnDSystems.cou b

China | REDSystems China Co, Ltd,

2441 Hua Wlin Empire Flaza 726 West Yan An Road Shang ha PRC 200050
TEL:+36 |21) 52390372 FAK:HIS |21) 2371001

E-WUA IL: e Dy e ins Chinacam.on

RIDsvstems

wiww. RnDSystems.com a bietechne brand



OTHER MATERIALS & SOLUTIONS REQUIRED

DuoSetAncillary Reagent Kit 2 [5 plateshk

|R& D Systams, Catalag # OY005 cantaining 3 well micraplates, plate
sealers, substratesalutian, stapsalutian, plate coating buffer|FBS),
wash buffer,and Reagent Diluent Cancentrate 2.

The components listed above may be purchased separately:
86 well microplates: IRED Systeme. Catalag # DY 9900
Plate Sealers: |R&D Systems, Catalag # DY59z)

PBS: 137 mM MaCl, 2.7 mM KCLE.D mM NazHPO,, 1.5 mM KHaPO,,
PH 72 74,02 um filtered IREC Systems, Catalag # DYO0E.

WashBuffer: 0 05% Tween 20in PBS, pH 7 2 7.4
|RED Systams, Catalag # WA | 26).

Reagent Dilusent: | %0 B5A in PES. pH 72 7.4, 02 pm filtered
|RED Systams, Catalag & DY995)
Quality of BSA is critical [see Technical Hints),

Substrate Solution: |1 misture of Calar Reagent A [HoQ5) and Calar
Reagent B [Tetramethylbenzidinel IR&D Systems, Catalag & DY 999,

Stop 5olution: 2 N Hi504 IRED Systems, Catalag & DS54

PRECAUTIONS

Sameacampanants in this kit cantain a praservative which may causa
an allergic skin reactian. Avaid braathing mist.

The Stap Salutian suggestad far usewith this kit & an acid salutian.

The Calar Reagant B suggested far usewith this kit may cause skin,
aya.and s piratary initatian. Avaid breathing fumes.

Wear pratectivaglaves, clathing, eve, and face pratactian. Wash
handstharaughly sfter handling. Flaass referta tha M55 an aur
wiabs ita priar ta usa,

CALIBRATION

This DuaSet iscalibrated against a highly purified £ calf exprassed
recambinant human GFAP |aa 292 432) praduced at RED Systems,

MATERIALS PROVIDED &STORAGE CONDITIONS
Staretheunapenad kit at 2 57C. Da nat use past kit expiratian date.

STORMGEOFOPEUED

SCHFTRY FARTA | AVALS | RECONSTTUTEDAAATERUAL
iman GTAF
Lphrednibady | MU0 | 1ed
iman GTAF
Deecian dnibady | T | gt helonsymf G smaidnager |4
v s,
man
Hmen W | s
Srainidin-AF | @5 | wd
REAGENT PREPARATION

Bringall reagents to room te mperature before use, Allow all
of 15 minutes with gentle
Workingdilutions should be

tositfora
afterinitial
prepared and used immadiataly.

Straptavidin-HRP: 2 0 mLaf straptavidin canjugated ta harsaradich
paraxidase. Dilute ta thewarking cancentratian specified anthevial
|zbal using Reagent Ciluant

Mouse Anti-Human GFAP Capture Antibody: Refarta thelat
specific Caf A faramount supplied. Recanstitute with 0.5 mLaf PBS.
Dilute in PBSwithaut carrier pratein ta thewarking cancentratian
indicated anthe Caf A,

Biotiny|atad Sheep Anti- Human GFAP Detection Antibody: Refar
ta thalat specific £ af & faramaunt supplied. Recanstitute with
|.0mL af Reagent Diluent. Diluta in Reagant Diluant ta thewarking
cancantration indicatad an tha Caf A

; " F Refar tathe lat specific Caf A
faramaunt supplied. Recanstituteeach vial with 0.5 mL af Reagent
Diluant. & seven paint standard curve using 2 fald serial dilutians in
Feagent Ciluent is recammended. Prepare 1000 ul af high standard
per plate assayed at the cancentratian indicated anthe CafA.

ML amu AW ame e

«-300010
:

0 10 z 1z 132 was o
M ngm ngm i ngmL g

§

A pradanaarks dnd reqiseredivadamdri g th

praprerty o theie respecti
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GENERAL ELISA PROTOCOL
Plate Praparation

I. Cilute the Capture Antibady ta the warking cancentratian
in PAS withaut carrier pratein. Immediately caat a %6 well
micraplate with 100 uL perwell af the diluted Capture
Antibady. Szal the plate and incubate avernight at raam
temparatura.

2 Acpirataaachwell and wach with Waszh Buffer, repaating tha
pracacs twa timas far a tatal af threa washas. Wash by filling
cach wall with Wszh Buffar [400 L) using 3 squirt bottla,
manifald dispenser. arautawasher. Completa remaval of liquid
at each stap is assantial fargaad perfarmance. Aftartha last
wa sh, remave any remaining Wash Buffar by as pirating ar by
imwerting the plate and blatting it against clean paper tawels.

3, Black plates by adding 300 ul af Resgent Diluent ta sach well.
Inzubate at raam temperature far a minimumaf | haur.

4. Repast the aspiration/wash az in step 2. Tha platas are naw
v dy far tampla additian

Pesay Procedure

I. &dd 100 pL af sample arstandards in Reagent Ciluent, aran
apprapriate diluent, perwell. Cover with an adhesive stripand
incubate 2 haurs at raam temperature.

2. Repast the aspirationwash 3z in step 2 af Plate Praparatian.

3 Add 100 plL aftha Datactian Antibady, diluted in Reagant
Ciluant, ta each well Cavarwith 3 new adhaciva stripand
incubate 2 haurs at raam temparature.

4. Repeat the aspirtion/wash ax in step Z of Plate Preparatian.

5. Add 100 pL afthewarking dilutian af Streptavidin HAP to 2ach
well. Caver the plate and incubate far 20 minutas at roam
tam parature. Avaid placing the plate in direct light.

4. Rapast the aspiration/wash asin stap 2

7. Add 100 pLaf substrate Salutian taeach well. Incubate far
20 minutas at raam temparature. Avaid plazing the plate in
direct light.

E. Add S0pL af Stap Salutian to sach well. Gently tapthe plateta
ensuratharaugh mixing.

9. Datermina thaaptical density af each well immadiataly, using
a micraplataraadar sat ta 450 nm. fwawvalangth carrectian i
availabla et ta 540 nmar 570 nm_ Ifwavalangth carractian
& nat available, subtract readings at 540 nmar 570 nm fram
the readings at 450 nm.This subtractian will carrect faraptical
imparfactians in the plate. Readings madadirect by at 450 nm
withaut carrectian may be higher and less aczurata.



Quantikine’ ELISA

Human Enolase 2/Neuron-specific Enolase
Immunoassay

(atalog Number DENL20

For the quantitative determination of human Enolase 2 concentrations in cell culture
supernates, cell lysates, serum, and plasma.

This package insert mustbe read in its entirety before using this product.
For research use only. Not foruse in diagnostic procedures.
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INTRODUCTION

Enolase 2 is also known as gamma enolase or neuronal enolase. Enolase (2-phospho-D-
glycerate hydrolase) is a cytoplasmic enzyme that is involved in the glycolytic pathway, in
which it converts 2-phasphoglycerate to phosphoenolpyruvate. It has three members:
Enolase 1, Enolase 2, and Enolase 3, which are also termed o, v, and fj enolase, respectively.
They exist as several dimeric isoenzymes including ao, aff, B, ay, and yy. The ay and yy
isoenzymes are abundant in neurons and neuroendocrine cells, and therefore, they are also
termed neuron specific enolase (NSE) {1-2). Hurman Enolase 2 is 434 amino acids {aa) in length.
kt shares 83% aa identity with human enolases 1 and 3 and 99% with its mouse orthologue.

Serum Enolase 2 levels are low in normal subjects. However, when neuronal injury occurs, it

is released from the injured cells into the cerebrospinal fluid and systemic circulation. Studies
have shown that elevated serum levels of Enolase 2 are commonly found among a variety of
conditions associated with central nervous system damage such as stroke, traumatic brain
injury, multiple sclerosis, and Alzheimer's disease (3-6). In malignant tumors of neuroendocrine
origin, Enolase 2 production is increased, which usually also results in elevated serum levels of
Enolase 2 {7). Such examples include small cell lung cancer, APUDoma, and neuroblastoma
{8-11)

The Quantikine Human Enolase 2 Immunoassay is a 4.5 hour solid-phase ELISA designed to
measure human Enolase 2 in cell culture supernates, cell lysates, serum, and plasma. it contains
£ coli-expressed recombinant human Enolase 2 and has been shown to accurately quantitate
the recombinant factor. Results obtained using natural hurman Enolase 2 showed linear

curves that were parallel to the standard curves obtained using the Quantikine kit standards.
These results indicate that this kit can be used to determine relative mass values for naturally
occurring hurman Enolase 2.

1 For research use only. Not for usa in diagnostic procedures.
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PRINCIPLE OF THE ASSAY

This assay employs the quantitative sandwich enzyme immunoassay technique. A monoclonal
antibody specific for Enolase 2 has been pre-coated onto a microplate. Standards and samples
are pipetted into the wells and any Enolase 2 present is bound by the immobilized antibody.
After washing away any unbound substances, an enzyme-linked polyclonal antibody specific
for Enolase 2 is added to the wells. Following a wash to remove any unbound antibody-
enzyme reagent, a substrate solution is added to the wells and color develops in proportion to
the amount of Enolase 2 bound in the initial step. The color development is stopped and the
intensity of the color is measured.

LIMITATIONS OF THE PROCEDURE

« FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES.
«The kit should not be used beyond the expiration date on the kit label.
Do not mix or substitute reagents with those fram other lats or sources.

- If samples generate values higher than the highest standard, dilute the samples with
Calibrator Diluent and repeat the assay.

- Any variation in standard diluent, operator, pipetting technique, washing technique,
incubation time or temperature, and kit age can cause variation in binding.

= This assayis designed to eliminate interference by soluble receptors, binding proteins,
and other factors present in biological samples. Until all factors have been tested in the
Quantikine Immunoassay, the possibility of interference cannot be excluded.

TECHNICAL HINTS

-When mixing or reconstituting protein solutions, always avoid foaming.

«To avoid cross-contamination, change pipette tips between additions of each standard level,
between sample additions, and between reagent additions. Also, use separate reservoirs for
each reagent.

= To ensure accurate results, proper adhesion of plate sealers during incubation steps is
Necessary.

-When using an automated plate washer, adding a 30 second soak period following the
addition of Wash Buffer, and/or rotating the plate 180 degrees between wash steps may
improve assay precision.

«Substrate Solution should remain colorless until added to the plate. Keep Substrate Solution
protected from light. Substrate Solution should change from colorless to gradations of blue.

= Stop Solution should be added to the plate in the same order as the Substrate Solution. The
color developed in the wells will turn from blue to yellow upon addition of the Stop Solution.
Wells that are green in color indicate that the Stop Solution has not mixed thoroughly with
the Substrate Solution.

2 For research use only. Not for use in diagnostic procedures.
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MATERIALS PROVIDED & STORAGE CONDITIONS

Storethe unopened kit at 2-8 °C. Do not use past kit expiration date.

*Provided this is within the expirationdate of the kit

STORAGE OF OFENEDS
PART PART # DESCRIPTION RECONSTITUTED MATER AL
Enalase 2 803813 | Sewrell polystyrene microplate Return unused wells to the foll pouch containing
Microplate {12 strips of 8 vrells] coated witha mouse the desiccant pack. Reseal along entire edge of zip-
monoclonal antibody against Enolase 2. %al. May be stored for up to 1 month at 2-8°C*
Enalase 2 893815 | 200 ngof recombinant humanEnolase 2 ina Aliquot andscore for up t 1 manch.at < -20°C*
Standard buffer with preservatives; lyophilized. - '
Enalase 2 893874 | 21 mL of polyclonal antibody against Enolase 2
{onjugate conjugated to horseradish peroxidase with
preservatives.
Assay Dilwent 805167 | 11 ml of 3 buffered protein solution with
RD1-9 preservatives, Assay Diflrent RD7-9 may contain
aprecipitate. Warmta raom temperatire, and
mix gertly to dissafve. If the precipitate daes nat
wompletely dissafve, iy well during Use.
Calibrator 805046 | 21 ml ofa concentrated buffered protein base | way be stored for upto 1 monthat 2-8 °C*
Diluent RD5< writh preservatives,
{oncentrate
Wash Buffer 895003 | 21 ml of 3 25-fold concentrated solution of
{oncentrate buffered surfactant with preservatives.
{olor Reagent A | 895000 | 12 ml of stabilized hydrogen peroxide.
{olor Reagent B | 895001 | 12 ml of stahilized chromogen
{tetramethylbenziding),
Stop Solution 805032 | &mlof 2 N sulfuric acid.
Plata Saalers /A 4 adhesive strips.

For research use only. Not for usa in diagnostic procedures.
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OTHER SUPPLIES REQUIRED

- Microplate reader capable of measuring absorbance at 450 nm, with the correction
wavelength set at 540 nm or 570 nm.

-Pipettes and pipette tips.

-Deionized or distilled water.

-Squirt bottle, manifold dispenser, or automated microplate washer.
=100 mL and 500 mL graduated cylinders.

= Horizontal orbital micraplate shaker {0.12" orbit} capable of maintaining a speed of
500 +50 rpm.

«Test tubes for dilution of standards.
» Hurnan Enolase 2 Controls {optional; available from R&D Systems).

If using cell lysate samples, the following is also required:
- Cell Lysis Buffer 1 {R&D Systems, Catalog # 890713).

PRECAUTIONS

Calibrator Diluent RD5C contains sodium azide, which may react with lead and copper
plumbing to form explosive metallic azides. Flush with large volurmes of water during disposal.

The Stop Solution pravided with this kit is an acid solution. Wear protective gloves, clothing,
eye, and face protection. Wash hands thoroughly after handling.

SAMPLE COLLECTION & STORAGE

Cell Culture Supernates - Rermove particulates by centrifugation and assay immediately or
aliquot and store samples at < -20 °C. Avoid repeated freeze-thaw cycles.

Cell Lysates - Cells must be lysed prior to assay. See Sample Values section.

Serum - Use aserum separator tube (55T) and allow samples to clot for 30 minutes before
centrifugation for 15 minutes at 1000 x g. Rermove serum and assay immediately or aliquot and
store samples at = -20°C. Avoid repeated freeze-thaw cycles.

Flasma - Collect plasma on ice using heparin as an anticoagulant. Centrifuge for 15 minutes
at 2-8° C at 1000 x g within 30 minutes of collection. An additional centrifugation step of the
plasma at 10,000 x g for 10 minutes at 2-8° Cis recommended for complete platelet remaoval.
Assay immediately or aliquot and store samples at = -20° C, Avoid repeated freeze-thaw cycles.

Enclase 2 is present in platelet granules and is released upon platelet activation.
Therefore, to measure circulating levels of Enolase 2, platelet-free plasma should

be collected for measurement. It should be noted that many protocols for plasma
preparation, including procedures recommended by the National Committee for Clinical
Laboratory Standards (NCCLS), result in incomplete removal of platelets from blood.

Mote: Citrate plasmio has not been validated for use in this assay. EDTA plasma is not suitable for
use in this assay.

4 For research use only. Not for use in diagnostic procedures.
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REAGENT PREPARATION

Bring all reagents to room temperature before use.

Wash Buffer - If crystals have formed in the concentrate, warm to room temperature and mix
gently until the crystals have completely dissolved. Dilute 20 mL of Wash Buffer Concentrate
into deionized or distilled water to prepare 500 mbL of Wash Buffer.

Substrate Solution - Color Reagents A and B should be mixed together in equal volumes
within 15 minutes of use. Protect from light. 200 pL of the resultant mixture is required per well.

Calibrator Diluent RD5C (1X) - Dilute 10 mL of Calibrator Diluent RD5C Concentrate into
40 mL of deionized or distilled water to prepare 50 mL of Calibrator Diluent RD5C {(1X).

Enolase 2 Standard - Reconstitute the Enolase 2 Standard with 1.0 mL of deionized or distilled
water. This reconstitution produces a stock solution of 200 ng/mL. Mix the standard to ensure
complete reconstitution and allow the standard to sit for a minirmum of 15 minutes. Mix well
prior to making dilutions.

Fipette 900 pl of Calibrator Diluent RD5C {1X) into the 20 ng/mL tube. Pipette 500 plL of
Calibrator Diluent RD5C {1X) into the remaining tubes. Use the stock solution to produce a
dilution series (below}. Mix each tube thoroughly before the next transfer. The 20 ng/mlL
standard serves as the high standard. Calibrator Diluent RD5C (1X) serves as the zero standard
{0 ng/mL).

500 uL 500 WL 500 L 500 uL 500 uL 500 L
100 L Std. ! 4 1 1 1 4 i
i
‘ i
= ' ' ' ' '
200 il ngiml  Ingdiml Snodml 25ngiml 125 ngfmL 0625 ngdml ©313 gl
5 For research use only. Not for usa in diagnostic procedures.
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ASSAY PROCEDURE

Bring all reagents and samples to room temperature before use. It is recommended that
all samples, controls, and standards be assayed in duplicate,

1

2

10.

. Prepare all reagents, working standards, and samples as directed in the previous sections.

Remove excess microplate strips fromthe plate frame, return them to the foil pouch
containing the desiccant pack, and reseal.

. Add 100 plL of Assay Diluent RD1-9 to each well. May contain a precipitate. Warm to room

ternperature, and mix gently to dissolve. if the precipitate does not completely dissolve, mix well
cluring use.

Add 50 pl of Standard, control, or sample per well. Cover with the adhesive strip provided.
Incubate for 2 hours at room temperature on a horizontal orbital microplate shaker

{0.12" orbit) set at 500 =50 rpm. A plate layout is provided to record standards and samples
assayed.

. Aspirate each well and wash, repeating the process three times for a total of four washes.

Wash by filling each well with Wash Buffer (400 pl) using a squirt bottle, manifold
dispenser, or autowasher. Complete removal of liquid at each step is essential to good
performance. After the last wash, remove any remaining Wash Buffer by aspirating or
decanting. Invert the plate and blot it against clean paper towels.

. Add 200 ul of Enolase 2 Conjugate to each well. Cover with a new adhesive strip. Incubate

for 2 hours at room temperature on the shaker.

. Repeat the aspiration/wash asin step 5.

. Add 200 pl of Substrate Solution to each well. Protect from light. Incubate for 30 minutes

at room temperature on the benchtop.

. Add 50 pl of Stop Solution to each well. The color in the wells should change from blue

to yellow. If the color in the wells is green or the color change does not appear uniform,
gently tap the plate to ensure thorough mixing.

Determine the optical density of each well within 30 minutes, using a microplate reader
set 1o 450 nm. If wavelength correction is available, set to 540 nm or 570 nm. If wavelength
correction is not available, subtract readings at 540 nmor 570 nm from the readings at
450 nr. This subtraction will correct for optical imperfections in the plate. Readings made
directly at 450 nm without correction may be higher and less accurate.

For research use only. Not for use in diagnostic procedures.
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CALCULATION OF RESULTS

Average the duplicate readings for each standard, control, and sample and subtract the
average zero standard optical density (O.D.).

Create a standard curve by reducing the data using computer software capable of generating a
four parameter logistic {4-PL} curve-fit. As an alternative, construct a standard curve by plotting
the mean absorbance for each standard on the y-axis against the concentration on the x-axis
and draw a best fit curve through the points on the graph. The data may be linearized by
plotting the log of the Enolase 2 concentrations versus the log of the OD. and the best fitline
can be determined by regression analysis. This procedure will produce an adequate but less
precise fit of the data.

If samples have been diluted, the concentration read fromthe standard curve must be
multiplied by the dilution factor.

TYPICAL DATA

This standard curve is provided for demonstration only. A standard curve should be generated
for each set of samples assayed.

[ngyml ) Q.0. Average {orrected
i 014 1.014 —
10 0.018
{ 0313 0.057 0051 0.035
{.051
o 0,635 {.088 0.090 0.074
2 14 e 0092
g : . 125 0.165 0.166 0.150
8 - 0.156
g 25 0322 0324 1.308
g ol et 0375
o %1 o 5 0.650 0651 1.635
« 0.652
10 1.259 1261 1.245
1262
001 H ji 2280 2310 2254
0.1 1 10 100 23349
human Enclase 2 Concentration (ng/mL)
7 For research use only. Not for usa in diagnostic procedures.
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PRECISION

Intra-assay Precision (Precision within an assay)

Three samples of known concentration were tested twenty times on one plate to assess intra-
assay precision.

Inter-assay Precision (Precision between assays)

Three samples of known concentration were tested in twenty separate assays to assess inter-
assay precision.

Intia-fissay Pracision Inter-fssay Precision
Sample 1 2 3 1 2 3
n L L 0 0 0 2
IWean (ng/mL) 215 8.41 13.0 1.5 B.50 126
Standard deviation 0.03 0.7 0.36 0.3 033 0.55
€ () 1.4 20 28 &7 30 4.3

RECOVERY

The recovery of Enolase 2 spiked to levels throughout the range of the assay in various
matrices was evaluated.

Sample Type Average % Recovery Range
Cell culture media (n=4) o 85-1144%
Cell lysates (n=8) LRI 85-115%
Serum fn=4] 05 85-110%
Platelet-poor heparin plasma (n=4) 05 85-111%
L For research use only. Not for use in diagnostic procedures.
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LINEARITY

To assess the linearity of the assay, samples containing and/or spiked with high concentrations
of Enolase 2 were serially diluted with Calibrator Diluent RD5C (1%} to produce samples with
values within the dynamic range of the assay.

Platelet-poar
Cell culture media | Cell lysates™ Serum Heparin plasma
(h=8) h=4) n=4) (n=4)
. fverage % of Expected m 100 100 o8
12 Range %) 96107 03-103 05-102 92-11
” fverage % of Expected 106 m o 1M
Range (%) 105-110 -5 04-101 05106
18 fverage % of Expected 10 03 M 8
Range (%) M5-115 001046 06106 093-107
_ fverage % of Expected 1M1 il ¥ o8
e Range (%) 9o-115 03-102 05-107 -106

*Sampleswere diluted prior to assay.

SENSITIVITY

Twenty assays were evaluated and the minimum detectable dose (MDD} ranged from
0.013-0.038 ng/mL. The mean MDD was 0.020 ng/mL.

The MDD was determined by adding two standard deviations to the mean optical density
value of twenty zero standard replicates and calculating the corresponding concentration.

CALIBRATION

This immunoassay is calibrated against a highly purified £ cofiexpressed recombinant hurman
Enolase 2 produced at R&D Systems.

E For research use only. Not for usa in diagnostic procedures.
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SAMPLE VALUES

Serum/Flasma - Samples from apparently healthy volunteers were evaluated for the presence
of Enclase 2 in this assay. No medical histories were available for the donors used in this study.

Sample Type Wean (ng/ml) Range {ng/ml) Standard Deviation (ng/ml)
Serum (n=15] EX LY 1.85-4.14 0613
Heparin plasma (n=13] 674 33237 EXH
Platelet-poor heparin plasma (n=20] 282 1.97-4,94 D686

Cell Culture Supernates/Cell Lysates -

U-87 MG human glioblastoma/astrocytoma cells were cultured in MEM supplemented with
1084 fetal bovine serum, 2 mi Lglutamine, 100 units/mL penicillin, 1 mM sodium pyruvate,
and 100 pg/mL streptomycin sulfate until confluent.

S5K-Mel-28 human malignant melanoma cells were cultured in MEM supplemented with
102 fetal bovine serum, 2 mi L-glutamine, 100 units/mL penicillin, 1 mM sodium pyruvate,
and 100 pg/mL streptomycin sulfate until confluent.

MDA-MD-453 human breast cancer cells were cultured in RPMI supplemented with 10% fetal
bovine serurm, arnd 2 mM L-glutamine until confluent.

IMR-32 human neuroblastorma cells were cultured in DMEM supplemented with 10% fetal
bovine serurm, 2 mM L-glutamine, 100 units/mL penicillin, and 100 pg/mL streptomycin sulfate
until confluent.

After the supernates were harvested, cells were gently washed with cold PBS. Any excess

PBS was poured off and discarded. For a T75 flask, 10 mL of Cell Lysis Buffer 1 was added and
incubated at room temperature for one bour with gentle agitation. The lysates were then
collected and centrifuged at 12,000 x g for 10 minutes to remove insaluble cell debris. The
total protein concentration of the lysate supermnates was determined by the Bradford method
[Bradford, M.M. {1976} Anal. Biochem. 72:248]. Lysates were aliquoted and stored at -70 °C.

Cell Culture Supemates {ell lysates
Call Line {ng/mlL) {ng/mg)
U-87 MG 1.44 221
SK-Mel-25 1.13 245
M4-b4B-453 116 121
IMR-32 1.15 4.4
10 For research use only. Not for use in diagnostic procedures.
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SPECIFICITY

This assay recognizes recombinant and natural hurman Enolase 2. The factors listed below
were prepared at 200 ng/mL in Calibrator Diluent RD5C (1X) and assayed for cross-reactivity.
Freparations of the following factors at 200 ng/mL in a mid-range recombinant human
Enolase 2 control were assayed for interference. No significant cross-reactivity orinterference
was observed.

Recombinant human:
Enalase 1
Enolase 3

REFERENCES

1. Schmechel, D. et af. {1978} Science 199313,
Z2.Marangos, PJ. el al. (1987} Annu. Rev. Neurosdi. 10:269.
3. Francis, A. et al. {1983} Brain Res. 263:89.
4, 5teinberg, R. et al. (1984} ). Neurochem. 43:19.
5. Hans, P et ol (1993} ). Neurosurg. Anesthesiol. 5:171.
6. Cunningham, R.T.et ol (1991} Eur. ). Clin. Inyest. 21:497.
7. 5chmechel, D. ef af. {1978} Nature 276:8334.
8. Zeltzer, PAA. el af. (1986} Cancer 57:1230.
9. Ladenstein, R. et al. (1995} Eur. J. Cancer 31a:637.
10.Burghuber, Q.C. e af. {1990} Cancer 65:1386.
11.Fizazi, K. et af {1998} Cancer 82:1049,

11 For research use only. Not for usa in diagnostic procedures.
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CALCULATION OF RESULTS

Awveragetheduplicate readings fareach standard, cantral, and
sample and subtract the average zerm standard aptical density |2.00.

Createa standard curve by reducing the data using camputer
saftwaraczpablaaf ganarating 2 faur parzmetarlagistic (4 AL

curva fit_Acan alternativa, canstiuct a standard curve by platting tha
maan absarbancea far @ach standard an tha y axiz against tha
cancentratiananthe x azisand draw a bast fit curvathraughthe
paintsanthe graph.The data may balinearized by platting the lag af
the human 51008 cancentratians versus the lag afthe 2.0.and the
bract fit lineca n bedeterminad by regressian analysis. This pracedure
will praducean adequate but less precise fit of the data. Ifsamples
have been diluted, the cancentratian read fram thestandard curve
must be multiplied by thedilutian factar.

TYPICAL DATA

This standard cune i anly fardemanstration purpases. A standard
curve shauld be generated far each set af samples assayed.

&
2
E o
T e
SPECIFICITY

The fallawing factars prapared at 50 ng/mL were assayad and
axhibited na crase raactivity arintarfaranza,

Frecgm himamt fiumam
HOR

ps3

RAGEF Chiine fa
510048

510044

Thiz Human 51008 DuaSet alsa recagnizes baving 51008, which may
be present in Bovine Sera.

TECHHICAL HINTS & LIMITATIONS

~Warecammend the use of RED Systams’ Reagent Diluant
Canzentrata 2 |Catalag # DY995) ta praparatha Black Buffar far

usa inthis assay.

«Ifazsaying sample typas atharthan call culture suparnatas. each
|zbaratary shauld develap and validate its awn diluent. The
diluent must nat be used ta dilutethe Cetectian Antibady arthe

Streptavidin HRP

-1t isimpartant that tha Reagent Diluent selectad far recanstitutian
and dilutian af the standa id reflects the enviranment af the

samplas being messurad,

«#vaid micrabial cantaminatian af reagents and buffars.

«pAtharaugh and cansistent wash technique is essential far
prapar assay perfarmance Wash Buffershauld bedispensed
farcefully and remaved camplately fram thawel s by a spiratian
ardecanting. Remave any remaining Wash Buffer by inverting the
plate and blatting it against clean papertowels.

< Individual results mayvary dueta diferances in technique,

Flasticware and water saurceas.

«Itis recommended thst all standa rds and samples ba assayad in

duplicate.

«The useaf PES fram tablets may interfara in this assay.

TROUBLESHOOTING

Mote: For more detailed vowbleshooting, pleass visit
“www RnDSystems.cam? ELISA Develapmant

Poor Standard Curva

~Impure 854 used far Black
Buffer praparatian

Poor Pracision

-Unequal valumes added ta
-wells/ pipatting arrar.

andtarstarage af standard.

«Imprapeidilutian af highest
standard and standard curve.

+Incamplete washing andrar
aspiratian afwalls.

-Unequal valumes added to
walls! pipatting armr.

+Incarrect incubatian timesar
tamparatures.

EEAER)
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. washing and/ar
sspiratian afwalls,

+Unequal mizing af reagents.
Low or Mo color Developmeant
«Inadequatevalumeaf
substrate added ta wells.
sIncarmact inzubatian timasar
tampaiaturas,

- Impure B5A used far Black
Buffer praparatian.
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DuoSet” ELISA

DEVELOPMENT SYSTEM
|

Human $100B

(atalog Number: DY1820-05 (5 plates)

INTENDED USE

Farthe develapment af sandwich ELISAs ta measura natural and
recambinant human 5100 Calcium Binding Pratein B |51008). The
Reagent Ciluent recammended may be suitable far mastcall culture
supernate, serum, and plasma samples. The Reagent Diluent selected
far usecan alter the parfarmance of an immunaassay. Reagent
Diluent aptimizatian far samples with comples matrices such as
serum and plasma, may imprave their parfarmance inthis azssay.

Thiz kit cantains sufficient materials ta run ELISASan at least five
96 wall plates, pravidad the fallowing conditians am mat

«The reagent: are prepared as described in this package insert.

«The assay is run as described in the General ELISA Pratacal.

-The dad micrapl buffers, diluents, substrateas, and
salutians ara usad

This package insert must be read in its entirety befa e using this pradust.
Refer ta th ifi f dnatyst far kns athey mayvan.
For iesearch uzeanty. et far use in diag nastk pocedures.
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OTHER MATERIALS & SOLUTIONS REQUIRED
96 well microplates: |RED Systems, Catalag & CY990).
Plate Sealars: [RED Systems, Catalag #0Y9921.

PBS: |37 MM NaCl, 2.7 mM KCLE.1 mM NazHPO., 1.5 mi KHaPOL,
PH 72 74,02 um filtered [RED Systems, Catalag # D¥006]

Wash Buffer: 0.05% Twean™ 20in PES, pH 7 2 74
|RED Systems, Catalag & WA 26].

Block Buffer: 1% B5A in PRS, pH 7.2 7.4,0.2 pm filtered
|RE D Systams, Catalag # DY935).
Quality of BSA iscritical [see Technical Hinks),

Reagent Diluent: 50 mM Tris, |0 mM CaCk, 01 EM NaCl
0.05% Brif® 35, pH 745 7 55,0 2 um filtered

Substrate Solution: |11 misture af Calar Reagent A [H2el and Calar
Reagant B [Tetramethylbenzidinal IRGD Systams, Catalag # Or 9931,

Stop 5olution: 2 N Hi504 IRED Systems, Catalag & DY554).

PRECAUTIONS

Eamacampanants in this kit cantain a praservativawhich may causa
an allergic skin reactian. Avaid braathing mist

The Stap Salutian suggestad far usewith this kit & an acid salutian.

Tha<Zalar Reagent B suggested far usewith this kit may causaskin,
eye.and s piratary iritatian. Avaid breathing fumes.

Wear pratectiveglaves, clathing, eve, and face pratectian. Wash
handstharaughly after handling. Flease refer to the M5D5 an aur
wabe ite priar ta usa.

CALIERATION
This DuaSat® is calibrated against 51008 purified fram bavina brain.

MATERIALS PROVIDED &STORAGE CONDITIONS
Staretheunapenad kit at 2 57C. Ca nat use past kit expiratian date.

STORMEQFOFEUELe
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REAGEHT PREPARATION

Bringall reagents to roomte mperature before use, Allow all
of 15 minutes with |

tositfora e
should be

after initial i Workingdil
preparad and used immediataly.

Straptavidin-HRP: 2 0 mLaf streptavidin canjugated ta harsaradich
paraxidase. Dilute to thewarking cancentratian specified an thevial
|zbal using Reagent Ciluant

Mousa Anti-Human 51008 Caprure Antibody: Refer tathe

kot specific CafA faramaount supplied. Recanstitute with 0.5 mLaf
PAS. Cilutzin PASwithaut carriar pratein ta thewarking cancentration
indicated anthe Caf A,

Biotiny lated Mouse Anti-Human 51008 Detection Antibody: Refar
ta thalat specific £ af & faramaunt supplied. Recanstitute with
|.0mL af Reagent Diluent. Dilute in Reagant Diluant tathewarking
cancantratian indicatad an tha Cof A

Human 51008 Standard: Refer ta the lat specific Caf A faramaunt
supplied. Recanstitute each wial with 0.5 mLafdeionized ar distilled
watar.A savan paint standard curve using 2 fald serial dilutians in
Feagent Ciluent is recammended. Prepare 1000 pLaf high standard
per plate assayed at the cancentiation indicated anthe Caf A,
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GENERAL ELISA PROTOCOL
Plate Praparation

I Dilute the Capture Antibady ta the warking cancentratian
in PESwithaut carrier pratein. Immediately caat 3 %5 well
micraplate with 100 uL perwell af the diluted Capture
Antibady. Szal the plate and incubate avernight at raam
temparatura.

2. Acpirataeach well and wash with Wash Buffar, rapaating the
pracacs twa timas fara tatal af threa washas. Wash by filling
cach wall with Wazh Buffer [400 L) using a squirt bottla,
manifald dispenser, arautawasher. Complete remaval of liquid
at each stap is assantial fargaad perfarmance. Aftartha last
i sh, remave any remaining Wash Buffar by as pirating ar by
imwerting the plate and blatting it against clean paper tawels.

5. Black plates by adding 300 L af Black Buffer ta each well
Inzubate at raam temperature far 3 minimumaf | haur.

4.Papast tha aspiration/wazh azin step 2. The plates aranaw
v dy far am pla additian

Pesay Procedure

I. &dd 100 pL af sample arstandards in Reagent Ciluent, aran
apprapriate diluent, perwell. Cover with an adhesive stripand
incubate 2 haurs at raam temperature.

2.Papast tha aspiratianfwazh azin stap 2 af Plata Preparatian.

3. Add 100 pL af the Datartian Antibady. dilutad in Raagant
Ciluant, ta each wall Cavarwith 3 new adhaciva stripand
incubate 2 haurs at raam temparature.

4.Repest the aspiration/wash asin step Zaf Plate Frepamtian.

5. Add 100 pL afthewarking dilutian af Streptavidin HAP to 2ach
well. Caver the plate and incubate far 20 minutas at roam
tamparature. Avaid placing the plate in direct light.

&.Rapaat tha acpiratian/wazh asin step 2

7. Add 100 pL af Substrate Salutian taeach well. Incubatefar
20 minutas at raam temparature. Avaid placing the plate in
direct light.

& Add 50pL of Stap Salutian ta each well Gently tapthe plateta
ensuratharaugh mixing.

2. Determina thaaptical dansity af each wall immediately, using
a micraplataraader sat ta 450 nm. fwawelangth carrectian i
availabla et ta 540 nm ar 570 nm_ Ifwavalength carractian
& nat available, subtract readings at 540 nmar 570 nm fram
the readings at 450 nm. This subtractian will carrect faraptical
imparfactians in the plate. Readings madedirect by at 450 nm
withaut carrectian may be higher and lass aczurata.
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I B L Instructions for Use

NTERMATIOMNAL

GABA ELISA

Enzyme immunoassay for the quantitative determination of GABA in
human EDTA plasma, serum and urine

REF| 1D59301

\/ 96

For illustrative purposes only.
To perform the assay the instructions for use provided with the kit have to be used.

Distributed by:

I BL INTERNATIONAL GMBH

Flughafenstrasse 52a Phone: +4% [()40-53 28 91-0 IBL{@IBL-International.com
D-22335 Hamburg, Germany Fax: +49{0)40-53 28 91-11 www.|BL-International.com
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EiISA GABA

1. INTENDED USE

The GABA ELISA Kit is intended for the gquantitative determination of GABA in
hurman EDTA plasma, serum and urine. It is for research use only.

2. PRINCIPLE OF THE TEST

This assay is based on the methed of competitive enzyme linked
immunoassays. The sample preparation includes the addition of a
derivatization reagent for GABA derivatization. Afterwards, the treated
samples are incubated in wells of a micretiter plate coated with a polyclonal
antibody against GABA-derivative, together with assayreagent containing
GABA-derivative {tracer). During the incubation pericd the target GABA in the
sample competes with the tracer for the binding of the pelyclonal antibodies
on the wall of the microtiter wells. GABA in the sample displaces the tracer
out of the binding tc the antibodies. Therefore, the concentration of
antibody-bound tracer is inverse proportional to the GABA concentration in
the sample.

During the secend incubation step, a peroxidase conjugate is added to each
microtiter well to detect the tracer. After washing away the unbound
components tetramethylbenzidine (TMB) is added as a peroxidase substrate.
Finally, the enzymatic reaction is terminated by an acidic stop sclution. The
color changes from blue to yellow, and the absorbance is measured in a
photometer at 450 nm. The intensity of the yellow color is inverse
proportional to the GABA concentration in the sample; this means, high GABA
concentration in the sample reduces the concentration of antibody-bound
tracer and lowers the photometric signal. A dose response curve of
absorbance unit (optical density, OD at 450nm} ws. concentration is
generated using the values cbtained from the standards. GABA present in the
patient samples {serum or EDTA plasma)} is determined directly from this
curve. For urine samples the ELISA results are normalized to the creatinine
concentration in the samples. Therefore, a parallel determinaticn of the
creatinine concentration is required.
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£t f5A GABA
3. MATERIAL SUPPLIED
Catalog No | Content Kit Components Quantity
K7012MTP PLATE Ore holder with precoated strips 12 % B wells
K70125T STD Standards diluted in reaction buffer fready | 6x 1 vial
to use)
K7012KO1 CTRL 1 Controls diluted in reaction buffer (ready to | 2 x 1 vial
K7012K02 CTRL 2 use)
K7012WF WASHBUF Wash buffer concentrate (10-fold) 2x100ml
K7012AR ASYREAG Assay reagent (lyophilized) 3 %1 vial
K7012K COMJ POD conjungate {concentrate) 120 pl
K7012Ky COMNJBUF Conjugate stabilizing buffer 24 ml
K7012RP DERBUF Reaction buffer 2x25ml
K7012DR DER Derivatization reagent 3 %1 vial
K7012LM DRSO Dimethylsulfoxide (DMS3) 2ml
K70125L CODIL Dilution buffer after derivatization 28l
K7012THMB SUB THMB substrate 25 ml
K7012AC STOP Stop solution 15ml

4. MATERIAL REQUIRED BUT NOT SUPPLIED

s [Double distilled water {aqua bidest.)

» Precisicn pipettors and disposabile tips to deliver 10-1000 pl

» Foil to cover the microtiter plate

» Horizontal microtiter plate shaker

s A multi-channel dispenser or repeating dispenser

» Uentrifuge capable of 10000 x g

s Vortex-Mixer

» Standard laboratory glass or plastic vials, cups, etc.

« Microtiter platereader at 450 nm
{reference wave length 620 or 630 nm)

4
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EiISA GABA

5. PREPARATION AND STORAGE OF REAGENTS

» To run assay more than once ensure that reagents are stored at conditions
stated on the label. Prepare only the appropriate amount necessary for
each assay. The kit can be used up to 3 times within the expiry date stated
on the label.

» Reagents with a velume less than 100 pl should be centrifuged befere use
1o avoid loss of velume.

s Dilute the wash buffer concentrate (WASHBUF) with aqua bidest. 1:10
before use {100 ml WASHBUF + 900 ml agqua bidest.), mix well. Crystals
may occur due 1o high salt concentration in the stock selution. The crystals
must be redissclved at room temperature or at 37°C using a water bath
before dilution. The WASHBUF is stable at 2-8°C until the expiry date stated
on the label. Diluted buffer selution can be stored in a closed flask at 2-8°C
for one month.

» Standards (STD} and controls (CTRL1, CTRL2} are already diluted in
reaction buffer (REABUF). Stcre standards and controls frozen at -20°C,
thaw before use in the test, and re-freeze immediately after use. Standards
and controls can be re-frozen up to 3 times.

o DMSO could crystallize at 4°C. Dissolve the crystals at 20-25°C in a water
bath.

» Dissclve the content of one vial of derivatization reagent (DER} in
550 pl DMSO0. Put the vial on a horizontal shaker for 5 min. Discard any rest
of the reagent after use. DER must be prepared immediately before use.
The ELISA kit can be separated into three performances by providing three
DER vials. Please note: DMSO attacks all plastics but not polypropylene
products and laboratory glass.

s Dissclve the content of one vial of assay reagent (ASYREAG) in 4 ml of
diluted wash buffer. The ELISA kit can be separated inte three
performances by providing three ASYREAG vials. Dissolved assay reagent
can be stored at -20°C for 4 weeks.

» Dilute the POD conjugate (CONJ} 1:200 with conjugate stabilizing buffer
{CONJBUF} {e.g. 110 pul CONJ + 22 ml CONJBUF, prepare only the
required amount). The undiluted POD conjugate is stable at 2-8°C until the
expiry date stated on the label. Diluted POD conjugate is not stable over a
lenger period. It can be stored at 2-8°C for only 5 days.

5
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EiISA GABA

» All other test reagents are ready for use. Test reagents are stable until the
expiry date {see label of test package) when stered at 2-8°C.

6. PRECAUTIONS

s For research use only.

* Human materials used in kit compenents were tested and found to be
negative for HIV and Hepatitis B. However, for safety reasons all kit
components should be treated as if potentially infectious.

» Stop solution is composed of sulfuric acid, which is a strong acid. Even
diluted, it still must be handled with care. It can cause acid burns and
should be handled with gloves, eye protecticn, and appropriate protective
clothing. Any spills should be wiped out immediately with copious
quantities of water.

» Reagents should not be used beyond the expiration date shown on kit
label.

7. SPECIMEN COLLECTION AND PREPARATION

EDTA plasma, serum and urine

s Venous fasting bloed and urine are suited for this test system. Blood
samples are stable for one week at 2-8°C. In urine samples GABA is stable
for 72 hat room temperature. Therefore urine samples can be sent without
cooling. For longer storage, blood and urine samples should be frozen at
-20°C. We recommend acidifying the urine samples.

s Lipemic or hemolytic samples may give erroneous results and should not
be used for analysis.

s The EDTA plasma, serum and urine samples are diluted for derivatization.

Samples with visible amounts of precipitates should be centrifuged at
least for 5 min at 10000 x g. The resulting supernatant is used in the assay.

* For sample preparation, a derivatization reagent {DER) for derivatization of
GABA is added (details are given in the sample preparation procedure).

8. ASSAY PROCEDURE

Procedural notes

s Quality control guidelines should be chserved.

5
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EiISA GABA

» Incubaticn time, incubation temperature, and pipetting volumes of the
different components are defined by the producer. Any variations of the
test procedure that are not coordinated with the producer may influence
the test results.

» The assay should always be performed according to the enclosed manual.

Sample preparation procedure

Derivatization of standards (STD}, controls {CTRL) and diluted samples
{SAMPLE} is carried out in single analysis.

Dilute EDTA plasma and serum samples with reaction buffer by factor 1:4,
i.e. 100 pl sample + 300 pl reaction buffer (DERBUF). These vials, containing
440 pl diluted sample, are used for derivatization (see step 2.}

Dilute urine samples with reaction buffer by factor 1:50, i.e. 20 pl urine
sample + 980 pl reaction buffer (DERBUF). Take out 400 pl for derivatization
{see step 2.}

1. Bring allreagents and samples to room temperature {18-26°C).

2. Add 400 ul of ready to use standards (STD), 400 pl of ready to use
controls (CTRL} and 400 pl of diluted samples (SAMPLE} in the
correspending vial.

3. Add 25 pl of freshly prepared derivatization reagent (DER} into each vial
{standards, contrels and samples}, mix well and incubate for 60 min on a
shaker (180-240 rpm) at room temperature (18-26°C).

4. Afterwards add 500 pl of dilution buffer (CODIL} into each vial, mix well
and incubate for 30 min on a shaker (180-240 rpm) at room temperature
(18-26°C).

2x 100 pl of each treated sample (STD, CTRL, SAMPLE} are used in the
ELISA as duplicates.
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Test procedure

Mark the positions of standards (STDY controls (CTRLY samples (SAMPLE)
in duplicate on a protocol sheet.

Take as many microtiter strips (PLATE} as needed from kit. Store unused
strips covered at 2-8°C. 5trips are stable until the expiry date stated on the
label.

Wash each well 5 times by dispensing 250 pl of diluted wash buffer into
each well. After the final washing step, the inverted microtiter plate
{PLATE} should be firmly tapped on absorbent paperto remove excess
solution.

For the analysis in duplicate, take 2 x 100 pl of standards (STD} / controls
{CTRL)} / samples (SAMPLE}out of the vial and add into the respective
wells of the microtiter plate (PLATE}.

Add 100 pl of dissclved assay reagent {ASYREAG]) into each well. Cover
the plate tightly.

10.

Incubate overnight (15-20 hours} at 2-8°C.

11.

Aspirate the contents of each well. Wash each well 5 times by dispensing
250 pl of diluted wash buffer intc each well. After the final washing step,
the inverted microtiter plate should be firmly tapped on absorbent paper
to remove excess selution.

12.

Add 200 pl diluted POD conjugate (CONJ} into each well.

13.

Cover plate tightly and incubate for 1 hour at room temperature
{18-26°C} on a horizontal shaker (183-24G rpm}.

14.

Aspirate the contents of each well. Wash each well 5 times by dispensing
250 pl of diluted wash buffer intc each well. After the final washing step,
the inverted microtiter plate should be firmly tapped on absorbent paper
to remove excess selution.

15.

Add 200 pl of TMB substrate (SUB} into each well.
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EiISA GABA

16. Incubate for 612 min at room temperature {(18-26°C} in the dark®.

17. Add 100 pl of stop solution {STOP} into each well, mix thoroughly.

18. Determine absorption immediately with an ELISA reader at 450 nim. If the
highest extinction of the standards (STD} is above the range of the
photometer, absorption must be measured immediately at 405 nm and
the obtained results used for evaluation. If possible, the extinctions from
each measurement should be compared with extinctions obtained at a
reference wavelength, e. g. 595 nm, 620 nm, 630 nm, 650 nm and 690 nm
can be used.

# The intensity of the celer change is ternperature sensitive, We recommend to observe the color change
and to stop the reackion upon good differentiation.

9. EVALUATION OF RESULTS

If the test is performed in strict compliance with the manufacturer's
instructions {i.e. with the exact volumes for standards, controls, samples, and
with correct sample treatment), standards, controls, and blood samples are
equally diluted. Therefore, no dilution factor is required for the calculation
of results from plasma and serum samples.

For urine samples with 1:50 dilution, the wvalues calculated from the
calibration curve have to be multiplicated by a factor of 12.5 to obtain the
true results. The results must be related to the creatinine content of the urine
samples.

umol g
Coaaa |:Ti| W&q‘ﬁﬂ |:—Ei|
GABA {i} = dilutior factor X - 0
gmk’af’aw Cma'm'ﬂf MTO j| MWM&-:.".-:“ |:igi|

Or, simplified: the resulting factor of 11395 is multiplicated with the
concentration of GABA [pmol/ll and divided by the concentration of
creatinine [mmol/1]:

mol
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Calculation of results

The following algorithms can be used alternatively to calculate the results. We
recommend using the "4-parameter-algorithm".

1. 4-parameter-algorithm

It is recommended to use a linear crdinate for optical density and a
logarithmic abscissa for concentration. When using a logarithmic
abscissa, the zero calibrator must be specified with a value less than 1
{e.g. 0.001}.

2. Point-to-point-catcutation
We recommend a linear ordinate for optical density and a linear
abscissa for concentration.

3 Spline-algorithm
We recommend a linear crdinate for optical density and a legarithmic
abscissa for concentration. When using a logarithmic abscissa, the zero
calibrator must be specified with a value less than 1 {e.g. 0.001}.

Plausibility of the measured pairs of values should be examined before

automatically evaluating the results. If this option is not available within the
used program, the pairs of values should be controlled manually.

Controls

Control samples or plasma pools should be analyzed with each run. Results
generated from the analysis of control samples should be evaluated for
acceptability using appropriate statistical methods. The results for the patient
samples may not be valid if within the same assay one or mere values of the
quality centrel samples are outside the acceptable limits.

The concentration of controls and patient samples can be determined directly
from the calibration curve. In the following, an example of a calibration curve
is given, do not use it for the calculation of your results.

10
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Example of calibration curve

3

3]

oD

05 -
",

00001 0.001 0.01 01 1 10
c (GABA) [umol/l

Expected results

Based on internal studies with plasma samples of evidently healthy persons
(n=20) a mean value of 0.182 pmol/l was calculated. The standard deviation
was (.053 pmol/1.

Plasma mean value + 2 x standard deviation: 0.182 £ 0.106 pmol/l
Normal range: 0.076 -0.288 pmol/l

We recommend each laboratory to develop its own normal range. The values
mentioned above are only for crientation and can deviate from other
published data.

11
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10. PERFORMANCE CHARACTERISTICS

Cross reactivity
p-alanine < 0.4 %
a-amincbutyric acid < (.01 %

Precision and reproducibility

EDTA plasma:
Intra-assay (n=12}
sample GABA coefficient of
[umelA] variation (CV) [%4]
1 0.122 7.1
2 0.197 9.2

Inter-assay (n=6}

cample GABA coefficient of
P [umol/1] variation (V) [04]
1 0.089 13.5
2 0.420 8.0

Sensitivity
The sensitivity was set as By + 25D. The zero-standard was measured 48 times.
sample meg:ﬁjlue 2 x standard detection limit
[OD] deviation {50} [pmolA]
zero-standard 2.28 0.18 0.024

12
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Recovery

One sample was spiked with different GABA concentraticns and measured in
this assay. The analytical recovery rate was determined by the expected and
measured GABA levels. The expected levels were calculated as the sum of the
measured GABA concentration in the original sample and the spiked GABA
amount. The mean recovery rate for all concentrations was 99.5 % (n=10}.

spike GABA GABA recovery
[ S\OI.‘{I] measured expected [2a]
H [umol/1] [pumol/1]
0 x=0104 X 100.0
Q.15 0.252 0.1044+0.15=0.254 99.2
0.3 0.401 0.1044-0.3 = 0.404 9.3
Linearity

The linearity of the ELISA was determined by the dilution of a spiked patient

sample. The mean linearity was 107 % {(h=10}.

diation measwred | expected | recovery

original 0.478 0.478 100.0
1+1 0.252 0.239 105.4
143 0.138 0.120 115.5
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Correlation with HPLC-MS

14 samples were measured with this ELISA and HPLC-MS. The correlation was
r=0.984.

HPLC-M5 vs.ELISA
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11. LIMITATIONS

Hemelytic and lipemic samples may give erronecus results. Do not measure
hemeolytic and lipemic samples.

12. REFERENCES

s Arrie A, Davila R, Zumarraga M, Basterreche N, Gonzélez-Torres MA,
Goienetxea B, Zamalloa MI, Anguianc JB, Guimén J: GABA and homovanillic
acid in the plasma of Schizophrenic and bipolar | patients. Neurochem Res.
2010 Feb;35(2):247-53.

s CaiHL, Zhu RH, LiHD, Zhang XH, Hu L, Yang W, Ye HS: Elevated plasma y-
amincbutyrate/glutamate ratio and respenses to risperidene antipsychotic
treatment in schizophrenia. Prog Neurcpsychopharmacel Biol Psychiatry.
2010 Oct 1;34(7):1273-8. Epub 2010 Jul 15.

» KiigtkibrahimogluE, Saygin M7, Caliskan M, Kaplan OK, Unsal C, Géren MZ:
The change in plasma GABA, glutamine and glutamate levels in fluoxetine-
or S-citalopram-treated female patients with major depression. Eur J Clin
Pharmacol. 2009 Jun;65(6):571-7.
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» Vaiva G, Boss V, Ducrocq F, Fontaine M, Deves P, Brunet A, Laffargue P,
Goudemand M, Thomas P: Relationship between posttrauma GABA plasma
levels and PTSD at 1-year follow-up. Am J Psychiatry. 2006 Aug;163(8):1446-
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13. GENERAL NOTES ON THE TEST AND TEST PROCEDURE

o Test components contain organic sclvents. Contact with skin or mucous
membranes must be avoided.

» Allreagents in the test package are for research use only.
s Reagents should not be used after the date of expiry stated on the label.

s Single components with different lot numbers should not be mixed or
exchanged.

s Guidelines for medical laberatories sheuld be observed.

s Incubaticn time, incubation temperature, and pipetting volumes of the
components are defined by the producer. Any variation of the test
procedure, which is not coerdinated with the producer, may influence the
results of the test.

Used symbols:

Temperature limitation Catalogue Number

v T
For research use anly \.; Contains sufficient for <n= tests

Manufacturer g Use by

LOT Lot number

o
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Symbols / Symbole / Symbébles / Simbolos / Simbolos / XdppoAa

Cat.-No.: / Kat.-Mr.. / No.- Gat.: / Cat.-No.: f M. Cat.: / N-Cat.: / Apidudg-Kar.:

Lot-Mo.: / Chargen-Bez.: / No. Lot: / Lot-MNo.: f Lote N.2: / Lotto n.: / ApiBudg -Nupoytyr:

Use by: / Werwendbar bis: / Utiliser &: / Usado por: / Usar até: / Da utilizzare entro; /
XpnOIUoTToETa) aTd:

v Mo. of Tests: / KitgrdBe: / Mb. de Tests: / No. de Determ.: / N.2 de Testes: / Quantita dei tests, /
ApIBUSC rEETATE Y,

Concentrate f Konzentrat / Concentré / Concentrar f Concentrade / Concentrato / Zupmikspua

In Vitro Diagnostic Medical Device. ! In-vitro-Diagnostikum. 7 Appareil Madical pour Diagnostics In
Vitro. / Dispositivo Médico para Diagndstico In Witro. / Equipamento Médico de Diagnédstico In
Vitro. / Dispositive Medico Diagnostico In vitro. / larpikf] Sugkeur] yia In-Vitro Al dywtuan.

Evaluation kit. / Mur fir Leistungsbewertungszwacke. / Kit pour dvaluation. / Juego de Reactivos
para Evaluacid. / Kit de avaliaggo. / Kit di evaluazione. / KIT ALioAdynonc.

Read instructions before use. / Arbeitsanleitung lesen. f Lire |a fiche tachnigue avant emploi. f
Lea las instrucciones antes de usar. / Ler as instrugbes antes de usar. / Leggere le istruzioni

Lyophilized f Lyophilisat f Lyophilisé f Liofilizado / Liofilizado / Liofilizzato f Auopidaauévo
3
prima dell'uso. / Aigfdore 11 oBnyieg TTpiv TRV ¥pion.

Keep away from heat or direct sun light. / Yor Hitze und direkter Sonneneinstrahlung schitzen. /
Garder & 'abri de la chaleur et de toute exposition lumineuse. / Manténgase alejado del calor o la
luz solar directa. / Manter longe do calor ou luz solar directa. f Non esporre ai raggi solari. / No
QUAGTOETO Pokp g oTrd BeppdTnTa Kol GUECH ETTAE HE 10 GG TOU RAToU.

Store at: / Lagern bei: / Stocker &/ Almacene a: f Armazenar a: / Conservare a; / ATroBrikeuon
aIoug:

Caution| f Worsichtl / Attentionl / |Precauciénl / Cuidadol f Attenzionel / Mpogoyh |

“ Manufacturer: f Hersteller: / Fabricant: / Productor: / Fabricante: f Fabbricante: / Nopoyteyde:

Symbols of the kit components see MATERIALS SUPFLIED.
Die Symbole der Komponenten sind im Kapitel KOMPONENTEN DES KITS beschrieben.
Yoir MATERIEL FCURNI pour les symbdéles des composants du kit.
Simbolos de los componentes del juego de reactivos, vea MATERIALES SUMINISTRADOS.
Para simbolos dos componentes do kit ver MATERIAIS FORNECIDOS.
Per i simboli dei componenti del kit si veda COMPOMNENTI DEL KIT.
Mo 1o FUPBOAL Ty TUTTATIKY TOU KIT FUMPoUAeUTeiTe To MAPEXOMENA YAIKA.

IBL AFFILIATES WORLDWIDE

IBL International GmbH Tel.: + 48 (0] 40 532891 -0 Fax: -11
“ E-MAIL:  IBLEBL-nternational.com
Flughafenstr. 524, 22335 Hambug, Germany WEB: httprfwway IBL -International .com
IBL International Corp. EEI'L-“I;&IL 51 I(MCS]IBBf? -1703 FE”T 1704
. . . - ) ales: -International com
124 Wildcat Read, Torente, Ontaric M3J 2M5, Canada WER:- http-twww IBLAnternational.com

LIABILITY: Camplaints will k¢ accepted in ach made  written ar wvacal Preferred is that the camplaint is accampanied with the test pefarmance
and results. Any madifizatian of the test pracedure ar ewchange ar mixing of campanants of diffarent lats cauld negathvely affect the resutts. Thase
cagses invalidate any claim far replacemant. Regardkess, in the event of any claim, the rmanufacturer's lakility is nat ta ewceed the value of the test kit
Any damage caused ta the kit during transpartatian is nat subject ta the liability of the manufacturer

Symbals Version 3.5/ 2012-01-20
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Instructions for Use

2011-02
Creatine Kinase (CKNAC)
System New Information
ADVIAR 1200 Updates: New document number; Symbaols page added
ADVIA 16501800 Updates: New document number; Symbaols page added
ADVIA 2400 Updates: New document number; Symbaols page added
Method Summary
em Description
Wethod Frinciple rAC Activated, IFCC
Specimen Type Human serum ard plasma (lithium heparin}
On-board Stability ADVIA 1200 10 days
ADWIA 16501800 10 days
ADVIA 2400 10 days
Reagent Storage Temperature 25'C
Calibration Frequency hLA
Reagent Blank [REL] Fregquency Caily
RFeaction Type Fate [RRA}
Weasurement Wavelength 40410 nm
Standardization FCC reference method
Analytical Range Serum/Plasma: 0 —1300 L/L
Expected Yalues hales: s o204 UL
Females: B2 UL
Reagent Cade 045
Calibrator Fixed System Factor Value
2008 Skemans | leakhcare Diagnestics Inc, All rkyhts rescraad.
Siemens |eatthears Diagnestics Inc., Tamytewn, MY 10521-5287 USA
10423270_EM Rev. D, 2011-402 1- Engligh
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Creatine Kinase [CKNALC)Y

intended Use
Forin witro diagnostic use in the quantitative determination of creatine kinase activity in
human serum and plasma cn the ADVIA Chemistry systems. Such measurements are
used mainly in the diagnosis and treatment of myocardial infarction and muscle
diseases such as Buchenne progressive muscular dystrophy.

Summary and Explanation 1
The Creatine Kinase (CK) method is an ad aptation of the IFCC Reference Method. The
reaction is based on the modified procedure of Szasz.

Principles of the Procedure
Creatine Kinase reacts with creatine phosphate and ADP to form ATP which iz coupled

tothe hexckinase-GEPD reaction, generating MAGPH. The concentration of MAGPH is
measured by the increase in absorbance at 340/410 nm.

Reaction Equation

24
Creatine Phosphate + ADP ——— > Cregtine + ATP

HK, Mg?*
D-Glucose + ATP ————* ADP + G&P
G6FPD
GEF + NADP ——» §-Phnsphogfuconn-a4 actone + WADPH
Reagenis
The reagents are packaged as listed below. Components of the package are available
as a kit only.
EE;LTQF Size Symbaol Cantents Amount Nao. of Tests
B74 08541 Creatine Kinase 7x 140
Reagents
20-mL Reagent 1 Fx1emlL
Reagent 1 Mix 7 x 350 mg
D2BBEETT [omac | Creatine Kinase 4x 270
(BO1-4137-01% Reagents
Fl-mL Reagent 1 4x 30 mL
Reagent 1 Mix  4x 730 mg
Safety data sheets (MSDS/30S) available on www_siemens._com/diagnostics.
2- English H0agdeTI_EN Rev. D, 2011-02
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Creatine Kinase [CKNAC)

Componenis and Concentrations

Reagent Component Concentration

Reagent 1 Sodium azide 0.02%

Reagent 1 Mix ADF 2.0 mmolfL
AMP 5.0 mmal/L
Giadenosine pentaphosphate 10 pmaol/L
MAGP 2.0 mmalfL
HK =25 UWimL
GEPD =15 WmL
M-Acetyl-L-cysteine 20 mmaolfL
Creatine phosphate 30 rmmalfL

NOTE: Sodium azide can react with copper and lead plumbing to farm explosive metal
azides. If disposal into a drain is in compliance with federal. state, and local
requirements, flush reagents with a large amount of water to prevent the buildup of
azides.

Far fn Vitro Diagnestic Use.

Reagent Preparation and Use

Prepare the reagent:

1. Reconstitute the contents of the R1 mix vial with a perticn of R1.
2 Rinzethe R1 mix vial several times with R1.

3. Transfer the entire contents of the R1 mix to the R1 weadge.

On-board Reagent Stability (OBS)

System Stability
ADVIA 1200 10 days
ADVIA 1650/ 8O0 10 days
ADVIA 2400 10 days

For all systems, unopened reagents are stable until the expiration date printed on the
product label when stored at 2° - 8°C. Do not freeze reagents.

For additional details, refer to the Aethod s fntroduction section of the system-specific
Operator's Guide.

104838 70_EN Rew D, 2011-02 1 - English
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Creatine Kinase [CKNALC)Y

Sample Handling

Siemens Healthoare Giagnostics recommends using serum or plasma (lithium heparin}
for this methad. The use of hemalyzed samples may cause a significant interference
with this method.

For additional details, refer to Sample Collection and Preparation in the Wfsthods
frtrodiuction section of the system-specific Operator's Guide.

Forinstructions on how to load reagents and run samples, refer tothe Daify Operations
secticn of the system-specific Operator's Guide.

Materials Required but not Provided
The following list contains the materials required, but not provided, to perform this
method:
* =zample containers
= system solutions
= control materials
= reagent container adapters:

= 20-mlL adapter (REF 02404085; PN 094-0158-01) for 40-mL =lot

(ADYIA 1200/1800)
= 20-mlL adapter (REF 0824 9323: PN 07 3-0836-01) for 70-mL slot (ADWIA 1800}
= 20-mb adapter (REF BO771868; PN 07 3-0345-02) for 70-mL slot

IAOWIA 1B850/2400)

For storage and stability information, refer to the package insert.

Calibration
Calibration uses afixed systern Factor Value (FY), which is based on the establizhed
maolar extinction cosfficient of NADPH at 30 nm, adjusted by the patient sample
sorrelation to the IFCC reference method. One unit is defined as that amount of
enzyme required to produce 1 pmal of MADPH per minute under the conditicns of the
assay.

For setup and use instructions, refer to the Calibration Overview section of the
system-specific Operator's Guide.

Calibration Frequency

Mo calibration required.

Reagent Blank (RBL} Frequency

Siemens recommends measurement of the RBL daily.

4 - English H0agdeTI_EN Rev. D, 2011-02
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Creatine Kinase [CKNAC)

Quality Control

Follow govemment regulations or accreditation requirements for quality contral
frequency.

Siemens recommends the use of commercially available quality control materals with
at least 2 levels (low and high). A satisfactory level of performance is achieved when
the analyte values obtained are within the Acceptable Control Range for the system or

within your range, as determined by an approprate intemal labkoratory quality control
scheme.

The actual frequency of contral in a laboratory is based on many factors, such as
workflow, system experience, and govemment regulation. Each laboratory should
evaluate the controls based on the frequency establizhed by their laboratory
guidelines. When the method is performed. analyze at least 2 levels of controls daiby.

Also, assay controls under the following conditions:
= whenever you use a new reagent lot

= following the performance of any system maintenance, cleaning, ortroukleshocting
procedure

= after performing a new calibration

For more information, refer to the Quality Controf Overview section of the
systermn-specific Operator's Guide.

Limitations of the Procedure s

A number of substances cause physiclogical changes in serum or plasma analyte
concentrations. & comprehensive discussion of possible interfering substances, their
serum or plasma concentrations, and their possible physiclegical invclvements iz
beyond the scope of this document. Consult listed reference for specific details on
known potential interfering substances 2

Az with any chemical reacticn, you must be alert to the possible &ffect on results of

unknown interferences from medications or endogenous substances. The laboratory

and physician must evaluate all patient results in light of the total clinical status of the
patient.

interferences

Siemens tested the following potential inteferents and found the results shown below:

ADVIA 1200
CKNAC Sample

Interferent Interferent Level Concentration Interference™®
Bilirubin 25 mgidL 190 LML NS
(conjugated/unconjugated) (428 pmoalfl)
Hemolysis 126 magidL 164 WML +0 8%
{hemacglobin} (1.28 g/L)

280 mgidL 164 LML +21%

(2.50 g/L}

104838 70_EN Rew D, 2011-02 5 - English
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Creatine Kinase [CKNALC)Y

G- English

ADVIA 1200
CKNAC Sample
Inite e rent Interferent Level Concentration Interference™
Lipemia 500 magfdL 193 LML NS
{from Intralipid} (5.7 mmal/Ly**

*MS1 = Mo Significant Interference. A perentage effect =10% is considered a significant
interference.

*3s triolein

ADVIA 16501800

CKNAC Sample

Interferent Interferent Level Concentration Interference*
Bilirukin 30 mgfdl 107 WAL Ml
(conjugated/unconjugated) (513 pmel/L)
Hernaohysis 125 magidL 187 /L +12.6%
(hemaoglobin) (1.25 gLy
260 mgfdL 167 LML +20.8%

(250 g/L)

Lipemia B850 mg/dL 107 LML NSl

{from Intralipid} (7.4 mmalLy**

*MEI = Mo Significant Interference. A percentage effect 210% is considered a significant
interference.

*as triolein
ADVIA 2400
CKNAC Sample
Interferent Interferent Level Concentration Interference*
Bilirukin 25 mgdl 200 WL MNSI
{conjugatedfunconjugated) (428 pmolfL)
Hemolysis 125 mgidL 166 LML +11.8%
{hemaoglobin) (1.25 g/L)
250 rmgdL 1686 WML +21.7%

(250 g/L)
Lipemia 500 mgfdL 210 WML NSl
{from Intralipid} (B.7 mmalLy*

*MSl = Mo Significant Interference. A perentage effect =10% is considered a significant
interference.

*3s triolein

H0agdeTI_EN Rev. D, 2011-02
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Creatine Kinase [CKNAC)

Precision -

Performance Characteristics

Each sample was assayed 2 times perrun, 2 runs per day, for at least 20 days.
Precisicn estimates were computed according to CLEI document EPBE-AZ . Evafuation
of Precision Perdormance of Quantitative Measurenient iethods: Approved Guideline =

Gata contained in this section represents typical perfformance for
ADWIA Chemistry systems. Your laboratory data may differ from these values.

ADVIA 1200
Within-Run Total
Specimen Type Level (U} 5D CW [%4) s CW (%)
Serum 101 18 18 47 48
Serum 1BE iz 1.9 18 23
Serum 417 4.7 1.1 4.3 22
ADVIA 1650/1800
Within-Run Total
Specimen Type Level (L/L) ED CV (%) ED CW (%)
Serum 130 1.5 1.1 aT 27
Serum 440 27 (.5 136 a0
ADVIA 2400
Within-Run Tatal
Specimen Type Level (UL} 3D GV (%) sD GV (%)
Serum 104 0.8 0.8 1.6 1.8
Serum 441 23 0.5 4.1 [ERY)
Analytical Range

This method iz linear from B — 1300 WL for serum and plasma.

Siemens has validated an automatic rerun condition for this methed that extends the
reportable range up to 3900 UL on the ADVIA 1200, and up to 7800 W/L on the
ADVIA 1BE0MBO/2400 systems for serum and plasma.

Expected Values 3

The following table lists the reference ranges for this method:

Sex Reference Range
Male az-_2ud UL
Female -2 UL

Siemens provides this information for reference. Each laboratory should establish its
own nomal range. You can enter normal range values and abnormal range values at
the Analytical Parameters (Chemistry) window.

104838 70_EN Rew D, 2011-02 7 - English
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Creatine Kinase [CKNALC)Y

System Correiation

The performance of the applicable method (y)was compared with the performance of
the same method on the companson system (x)

ADViA 1200

Specimen Type Comparison S$ystem (x] N Regression Eguation Syx r Sample Range
Serum ADWIA 165D 288 y=D081x -0 32 1000 14 - M3 UL
Plasma* ADWIA 1200 (serum) 45 y = 1.000x + 0.0 4.8 D.o8s 44 840 U/l
Serum Reference method B3 v = 1.000x - 3.3 141 D999 34 — 1083 LIL

lithium haparin

ADVIA 1650/1800

Specimen Type Comparison System (x] N Regression Eguation Sy.x r Samplke Range
Serum Technicon DAXs 181 y= 007z + 1.2 33 0O8s £ 700 UL
Serum Backman CX7 145 y=1.01x + 08 E5 1000 13- 1187 LWL
Flasma* ADWIA 1650 (serum) BE y=1.06x-9.0 7.9 b.997 41 - 507 /L
Serum Reference method 47 y=1.06x + 0.4 9.3 1.0600 53 — 1170 /L

Tlithium heparin

ADVIA 2400
Specimen Type Comparison System [x] H Regression Equation Syx r Eample Range
Serum ADVIA 1650 3B y=1Mx+ 15 22 1000 B8-122 UL
Serum Reference method 47 y=1.086x - 0.6 129 D999 B3 - 1170 LML
Standardization

The ACWIA CKNAT method is traceable to the IFCC reference methed, which uses
IFCC-455 reference materal via patient sample comelation. See the comelation data in
System Correlation for the relationship.

Bibliography

1. Recommendations of the German Socisty for Clinical Chemistry Standard Method
for the Determmination of Creatine Kinase Activity Revized Draft of 1976,
J Clin Chem Tl Biochem. 1977:15:265-260.

2 SBzasz 5. Gruber W, Bemt E. Creatine kinase in serum: Determination of optimum
reaction conditions. Ciin Cherr, 1978;22:650-656.

3 Young, DS Effects of Drugs on Clinical Laboratory Tests. 3rd ed. Washington,
AACT Press; 1900

4. Clinical and Laboratory Standards Institute (formerty NCCLS). Evaluation of
Precizion Performance of Quantitative Measurement Methods; Approved Guideline

- Second Edition. Wayne, FA: Clinical and Labeoratory Standards Institute; 2004.
MCCLS Document EPDE-AZ.

5 Data on file.
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Creatine Kinase [CKNAC)

Technical Assistance

For customer support, please contact your local technical support provider or
distributor.

www_siemens.com/diagnostics

Trademarks

Technicon DAX and AGVIA are trademarks of Siemens Healthcare Diagnostics.
Beckman iz a trademark of Beckman Coulter, Inc.
Intralipid i= a trademark of KakiVitdum, Inc.

Origin: US
Siemens Healthcare Diagnostics Inc. - Siemens Healthcare Diagnostics Lid.
Tarrytown, NY 105915097 USA Em S William Siemens Sq.
Frimley, Camberley, UK GU16 80D

Siemens Healthcars
Diagnostics Pty Lid

BAS Mauntain Highway
Bayswater Victoria 3153
Australia
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Creatine Kinase [CKNALC)Y

Understanding the Symbols

The following symbeols may appear on the product labeling:

Symbol  Definition Symbol  Definition

In vitro disgnostic medical device REF Catalog number

Authorized Representative in the European
u Manufacturer Community
CE Mark C € CE Mark with identification number of notified
body
oogs
E]:]'__.] Consult instructions for use @ Caution! Potential Biohazard
@ Do not freeze (> 0°C} J’B‘E Temperature limitation (2-8°C}
0
Ji’ Lower limit of temperature (= 2°C) J»-Iﬂ’c Upper limit of temperature 2 -10°C)
T
'h-.‘;‘f
-'"—ZL\',',‘\"‘ Keep away from sunlight E Use by
[ ]
11 Store upright V(x Contains sufficient for (n} tests
—
113
LOT Eatch code é RO NI Printed with soy ink
2010-M  Date format [yearmonth} @ Recycle

°u’.l"\‘
F@ Green dot

10 - English H0agdeTI_EN Rev. D, 2011-02
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Lactate Dehydrogenase L-P (LDLF)

Systemn

Hew Information

ADWIAS 1200

Updates: Method Summary; Materials Required but Mot Provided;

Calibration; Calibration Frequency; Reagent Blank (REL} Frequency

ADW1A 1650/1800

Updates: Method Summary; Materials Required but Mot Provided;

Calibration; Calibration Frequency; Reagent Blank (REL} Frequency

ADNWA 2400

Updates: Method Summary; Materials Required but Mot Provided;

Calibration; Calibration Frequency; Reagent Blank (REL} Frequency

Method Summary

hem Description

Wethod Frinciple Lactate/NAD

Specimen Type Human serum ard plasma (lithium heparin}
On-board Stability o0 days

Reagent Storage Temperature 28C

Calibration Frequency a0 days

Reagent Blank (RBL) Freguency Caily

Reaction Type Rate [RRA}

Weasurement Wavelength 40/410 nm

Standardization FCC reference method
Analytical Range SerumiPlasma: 20—700 UL
Expected Yalues Serum/Plasma: 120 — 246 LI

Reagent Cade

045

Calibratar

ADVIA Chemistry Enzyme 1 Calibrator
[REF 10216057}

2008 Skemans | leakhcare Diagnestics Inc, All rkyhts rescraad.
Siemens |eatthears Diagnestics Inc., Tamytewn, MY 10521-5287 USA
10424007 _EN Rev. E, 2016-08
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Lactate Dehydrogenase L-P (LDLP}

intended Use

For i witro diagnostic use in the quantitative determination of lactate dehydrogenase
activity in human serum and plasma on ADWIA Chemistry systems. Such
measurernents are used mainly in the diagnosis and treatment of myocardial and
pulmonary infarction. They may also be used to monitor cancer chemotherapy.

Summary and Explanation -

The procedurs for the determination of Lactate Gehydrogenase L-F (LOLP) iz based
on the method of Amador, Gorfman, and Wacker. The method was automated by
Morgemstemn, Flor, Kessler, and Klein and medified by Morgemstem, Rush, and
Lehman. The LD method is based on the recommendation of Richards, Lukbinski, and
‘anderlinde to uze the TRIS buffer in place of AMP buffer.

Principles of the Procedure

2 - English

LB catalyzes the conversion of L-lactate to pyruvate in the presence of nicotinamide
adenine dinuclectide (MAD). The enzymatic activity of LD i= proporticnal to the rate of
production of MAGH (reduced MAD). The amount of MAGH produced is determined by
measuring the increase in abscrbance at 340/410 nm.

Reaction Equation

{-Lactate + NAD + H P | Punivate + NADH

10434007_EN Rewv. E, 2016-08
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Lactate Dehydrogenase -1 (LDLP}

Reagenis
The reagents are packaged as listed below. Components of the package are available
as a kit only.
REF (PN}
Cantainer Size Symbaol Cantents Amount Na. of Tests
DIB2BE2R (] Lactate Bx 670
BGehydrogenase
(L-P) Reagents
F-mL Reagent 1 B x BB mL
40B-mL Reagent 2 Ex 33E8mL
B¥e02115 Lactate ¥Fx 274
[er Behydrogenase
[L-P) Reagents
40B-mL Reagent 1 ¥ x30mL
20-mL Reagent 2 Fx138mL
B7312807 ™ Lactate 4 x 480
PN BO1-4142-01) Behydrogenase
{L-P) Reagents
F-mL Reagent 1 4 x49mL
F-mL Reagent 2 2x48mL
Safety data sheets (MSDE/S0S) available on siemens.com/healthcare.
Componenis and Concentrations
Reagent Component Cancentration
Reagent 1 L-lactic acid g2 mmaliL
Sodium azide 0.059%
Reagent 2 MAD 27 mmalfl
Note  Sodium azide can react with copper and lead plumbing to form explosive metal
azides. If disposal inte a drain is in compliance with federal, state, and local
requiremnents, flush reagents with a large amount of water to prevent the buildup of
azides.
For i witro diggnostic use.
Feagent Preparation and Use
Reagents are ready to use. Before use, gently swid the reagent to dislodge bubbles
and assure homogeneity.
10494007 _EN Rew. E, 2016-05 1 - English
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Lactate Dehydrogenase L-P (LDLP}

On-board Reagent Stability (OBS)

System Stability
ADMIA 1200 30 days
ADMIA 1BE0M BOD 30 days
ADMIA 2400 30 days

For all systems, unopened reagents are stable until the expiration date printed on the
product label when stored at 2° to 8°C. Do not freeze reagents.

Sample Handling -

Siemens Healthcare Diagnostics recommends using serum or plazma (lithium heparin}
for this method. To avaid significant interferences with this methed, do not use
hemclyzed samples.

IMPORTANT: Carefully evaluate plasma data because of the possible effects of
sample handling on LD levels. Elevations in plasma LD levels can occur as a result of
the release of LD from red blood cells or platelets. For this reason. serum is the
preferred sample.

To avoid falsely elevated results due to high red blood cell LD levels, separate
specimens from the clot as =con as possible. Thers iz considerable dizagreement over
the optimal storage conditions for the LOH isoenzymes so each laboratory should
detemmine its cwn suitable storage conditions.

Materials Required but not Provided

Calibration

4 - English

The following list contains the materials required, but not provided, to perform this
method:

= sample containers

= systemn solutions

= calibratar (refer to the WMethod Sunwnary section for the REFE)

= control materials

* reagent container adapters:

= 20-mL adapter (REF (2404085; PN 094-0159-01) for 40-mlL slot
[ADWIA 12001 800

= 20-mL adapter (REF 05248323; PN 07 3-0936-01) for 70-mL slot (ADVIA 1800}

» 20-mL adapter (REF BO771668; PN 07 3-0345-02) for 70-mL =lot
IADVIA 1650/2400)

= 40-ml adapter (REF B81635%4; PN 07 3-0788-01) far 70-mbzslot
AOVIA 188024000

For storage and stakility information, refer to the package inserts.

To calibrate the ADVIA Chemistry LDLF azzay, use the ADVIA Chemistry Enzyme 1
Calibrator (REF 10918057

Enter the lot-specific calibrator values that are provided with each lot of calibrator.
Perform the calibration as described in the calibrator instructions for use.

For setup and use instructions, refer to the Calibration Ovendew section of the
system-specific Operater's Guide.

10434007_EN Rewv. E, 2016-08
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Lactate Dehydrogenase -1 (LDLP}

Calibration Frequency
Calibrate the azzay every 30 days.

Calibrate the assay after the following events:

= When the reagent ot number changes

= When a reagent pack is replaced by a new reagent pack with the same lot number,
and the previous reagent pack was recalibrated dunng uze

= When a reagent pack is replaced by a new reagent pack with the same lot number,
and an additional reagent blank was run on the previous reagent pack during uzse

= After replacing critical cptical or hydraulic components

When indicated by quality control procedures

Individu al laboratory quality control programs and procedures may require more
frequent calibration.

Reagent Blank (RBL} Frequency
Siemens recommends measurement of the RBL daily.

Run an additional RBL when a reagent pack is replaced by a new reagent pack with the
same lot number and an additional reagent blank was run during use.

Note  Use deicnized water as the sample for the RBL in the ADVIA Chemistry LOLP
assay.

Quality Control

Follow govemment regulations or accreditation requirements for quality contral
frequency.

Siemens recommends the use of commercially available quality control materials with
at least 2 levels (low and high). A satisfactory level of performance is achieved when
the analyte values obtained are within the Acceptable Control Range for the system or
within your range, as determined by an approprate intemal laboratory quality centrol
scheme.

The actual frequency of control in a laboratory is based on many factors, such as
workflow, system experience. and govemment regulation. Each laboratery sheould
evaluate the controls based on the frequency establizhed by their laboratory
guidelines. When the method is performed. analyze at least 2 levels of controls daiby.

Also, assay controls under the following conditions:

= whenever you use a new reagent lot

= following the performance of any system maintenance, cleaning, ortroukleshocting
procedure

= after performing a new calibration

For more information, refer to the Quality Controf Overview section of the
systermn-specific Operator's Guide.

10494007 _EN Rew. E, 2016-05 5 - English

256



Lactate Dehydrogenase L-P (LDLP}

Limitations of the Procedure s

interferences

G- English

A number of substances cause physiclogical changes in serum or plasma analyte
concentraticns. A comprehensive discussion of possible interfering substances, their
serum or plasma concentrations, and their possible physiological involvements is

beyond the scope of this document. Consult listed reference for specific details on
known potential interfering substances s

Az with any chemical reaction, you must be alert to the possible effect on results of
unknown interferences from medications or endogenous substances. The laboratory

and physician must evaluate all patient results in light of the total clinical status of the
patient.

At the Analytical Parameters (Serum) window, you can =et up the

ADWIA Chemistry system to flag different levels of lipemia (turbidity). hemolysis, and
icterus for samples run on the system.

Avoid hemolyzed samples.

10434007_EN Rewv. E, 2016-08

257



Lactate Dehydrogenase -1 (LDLP}

Siemens tested the following potential interferents up to the indicated levels and found
the results shown below:

ADVIA 1200
LDLF Sample
Intedferent Interferent Level Concentration Interference*
Bilirukin 25 mgidl 151 /L NSl
(427 pumaol/L)
Lipemia (from Intralipid} 500 mg/dL 146 L ME1

(5.7 mmol/Ly*

*MS| = Mo Significant Interference. A percentage effect =10% is considered significant
interference.

*as triolein

ADVIA 1650/1800

LDLF Zample
Interferent Interferent Level Concentration Interference”
Bilirubin 30 mgidL 126 WML |
(B13 pmoliL)
Lipemia (from Intralipid) 850 ma'dL 128 WL M3l
(74 mmaolfLy**

* Sl = ko Significant Interference. A percentage effect = 10% is considered significant
interference.

*as triolein

10494007 _EN Rew. E, 2016-05 7 - English
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Lactate Dehydrogenase L-P (LDLP}

ADVIA 2400
LDLF Sample
Inite e rent Interferent Lewel Concentration Interference”
Bilirubin 30 mgidL 135 LML MNSI
(513 pmaliL)
Lipemia (from Intralipid} 825 magfdL 134 WL MSI1

(7.1 mmoliL)**

* WS = Mo Significant Interference. A percentage effect 2 10% is considered significant
interference.

*as triolein

Performance Characteristics

Precision’

Each sample was assayed 2 times perrun, 1 or 2 runs per day, for at least 20 days.
Precision estimates were computed according to CL31 document EPBE-A2. Evalustion
of Precizion Perforiiance of Quantitetive Measurement Method's; Approved Guideline”
Data contained in this section represents typical perfformance for

ADVIA Chemistry systems. Your laboratory data may differ from these values.

ADVIA 1200
Within-Run Total
Specimen Type Level (WL} SD GV (%) sD CW (%)
Serum 167 1.4 [ERY 21 13
Serum 386 s [ERY 5.2 13
Serum 428 B.5 44 [ER)
:
ADVIA 16501800
Within-Run Total
Specimen Type Level (LWL) SD CW (%) sD CW (%)
Serum 145 1.2 0.8 24 1.7
Serum 435 20 0.7 5.2 1.2
ADVIA 2400
Within-Run Total
Specimen Type Level (LML) 3D CY (%) sD CY (%)
Serum 133 1.0 0.7 1.3 1.0
Serum BB5 27 0.5 ar b.7
8- English 10434007_EN Rewv. E, 2016-08
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Lactate Dehydrogenase -1 (LDLP}

Analytical Range
This methad iz linear from 20 — 700 UYL for zerum and plasma.
3iemens has validated an automatic rerun condition for this method that extends the

reporable range up to 2100 /L on the ADVIA 1200, and up to 4200 U/L an the
ADVIA ABBRDMBDN2400 systems for serum and plasma.

Expected Values 2

The expected values for this method are 120 — 248 U/L.
Siemens provides this information for reference. Each laboratory should establish its

own nomal range. You can enter normal range values and abnormal range values at
the Analytical Parameters (Chemistry’ window.

System Correiation

The performance of the applicable method (yiwas compared with the performance of
the =ame methed on the companson system (x).

ADVIA 1200

Bpecimen Type Comparison 8ystem (x)] N Regression Eguation Syx r Bample Range
Serum ADVIA 185D 240 w=1Mx-4D 13 0999 93 —B45 /L
Flasma* ADVIA 1200 (serum) ap y=D008x + 54 g0 DBE4  F7 120U/
Serum Reference Method 98 y=1.0x-0.01 152 DOOY BI-G7A UL

*ithium heparin

ADVIA 1650

Specimen Type Comparison System [x] N Regression Equation Sy.x r Sample Range
Serum Technicon DAXS 150 y=106x-65 38 DO  Fh-BABLNL
Flasma* ADVIA 1BBD (serum) 49 y=092x + 78 8.7 D917 09 -214 UL
Serum Reference Method O y= 098 + 101 132 DRBOE 78— B30 LML

*lithium heparin

ADVIA 2400
Specimen Type Comparison System (x)] N Regression Eguation Syx r Samplke Range
Serum ADVIA 1650 382y =1.0x - 01 32 0.o0n B g2 UL
Serum Reference Method 9h y=D07x+ 35 122 DOOY FE- 68D UL
Standardization
The ADWVIA LGLF method is traceable to the IFCC reference method, which uses
IFCC-453 reference material via patient sample comelation.
10424007 _EM Raw. E, 2016-05 - English
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Lactate Dehydrogenase -1 (LDLP}

Definition of Symbols

The following symbols may appear onthe product labeling:

Symkbol Definition Symbo| Definition
i witro diagnostic redical device REF Catalog nurrber

Leqal rranufacturer

Ck Mark

Consult instructions for use

Keep away frorr sunlight and heat

Loweer lirr it of terrperature

Do not freeze (= 0°C)

Use by

Recycle

[Revision

Batch code

[ee[rer]

C€

ODBB

&
A

{

it

Vi

YYYY-MM-DD

Avthorized Representative in the
turopean Corrrrunity

Ck Mark with identification nurrber
of notified body

Biological risk

| errperature lirritation

Upper lirrit of terrperature

Up

Contains sufficient far (n) tests

IPrinted with soy ink

Date forrrat (year-rronth-day)

10494007 _EN Rew. E, 2016-05
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SIEMENS Ce€

ADVIA* Chemistry

Systems

Albumin BCP (ALBP)

Currentrevision and date™ 10699220 Rev. C, 2015-06

Produrt Mame ADVIAY Cherristry Alburrin BO™ Reagent
(ALBP) REF10/11840 REF10/11841
Systermns ADILA 1200 4 BOD tests 4% 1525 tests
ANIA 165051800 4w BO0 tests 45 1525 tests
ADVIA 2400 4w f00 tests 4% 1325 tests

Materials Required but ANIA Cherristry Alburrin BOP Calibrator - REF10/411842
Mot Frovided Reagent container adapters
Corrrrercially available controls

Specimen Types Hurran serurr and plasrra {lithiure heparin, potassium ED1A]
Assay Principle Brorrocresal Purple (BCP) dye binding

Analytical Measuring 0.6—8.0 gidL

Range (680 giL)

Reagent Storage 28T

Reagent On-System 60 days

Stability

Reagent Code /4849

S R, Cor laler, avarlical Larin Lhz rargin indicalesa Ledinical updale s Ui grasisus varsicn.

Intended Use

For i vitro diagniostic use in the quantitative measurement of aleumin in human serum or
plasma on ADVIAY Chemistry systems.

Albumin measurements are used in the diagnesis and treatment efnumercus diseases primarily
involving the lver or kidneys.

Summary and Explanation

The ADWIA Chemistry Albumin BCP ssay (ALBP) is an adaptation of the bromocresol purple
(BCP) dye-kinding method reported by Carter! and Louderback, et ol 4

Principles of the Procedure

Inthe ADVIA Chemistry ALBR assay, serum or plasma albumin quantitatively binds to BCP to
form an albumin-BCF complexthat is measured as an endpeint reaction at S96/694 nm.

pH 4.9
Alburrin 1 BOP dye  ———® Alburrin-BCI corrplex

TOEIALLD BN Ry, O 2005 Ol 1/14

263



ALEP ADWVIA Chemistry Systams
Reagents
Reagent Description Storage  Reagent Stability

REF 10711840

Alburrin BCP Reagent 1

ETIE

ADVIA Chemistry Albumin BCF
18.0 rrLin 20-rrL container

Brorrocresol Purple 1.7 rerrolil 2-BC
Aretate Buffer

Surfactant

Microbial Inhibitar

Unopened: Stable until the
expiration date on carton.
On-system: 60 days

REF 10711841

Alburrin BCP Reagent 1

[ AP [R1]

ADVIA Chemistry Albumin BCF
5.0 rrLin 40-rrL container

Brorrocresal Purple 1.1 rerralil 2-BC
Aretate Buffer

surfactant

Microbial Inhibitar

Unopened: Stable until the
Expiration date on cartan.
On-system: 60 days

Warnings and Precautions
Safety data sheets (MSDS505) are availakle onwwwn.siemensz.comidiagnostics.

Preparing Reagents

H317
P280, P272,
PI0Z2+P352,

P333+P313, P01

warning!
May cause an allergic skin reaction.

Wear protective glovesiprotective clothingfeye protectiontface protection.

Contaminated work clething should net ke allewed out of the workplace.

IF 0N SKIM: Wash with plenty of seap and water. [f skin irritation or rash
ocours: Get medical advicetattention. Dispose of contents and container in
accordance with all local, regional, and national regulations.

Contains: 2-Chloracetamide; Reagent 1

Dispose of hazardous or biologically contaminated materials according to the practices of your
institution. Ciscard all materials in a safe and acceptakle manner and in compliance with
prevailing regulatory requirements.

For i vitro diagnostic use.

Feagents are ready 1o use. Before use, gently swirl the reagentto disrupt bubbkles and assure
homogeneity. 1f bubbles still exist or foam is present, use a clean transfer pipette to aspirate
them from the reagent container pricr 1o use.

Storing and Stability

For all systermns, unopened reagents are stakle until the expiration date printed on the product
lakel when stored at 2-8°C. Do not freeze reagents.

2514

For additional infoermation, refer to the Methods introduction section of the system operating

imstructions.
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AQVIA Chemistry Systems ALEP

Specimen Collection and Handling
Siemens Healthcare Diagnostics validated serum and plasma (lithium heparin, potassium
EDTA} for the ADWIA Chemistry ALBP assay.
Follow these guidelines for specimens used for this assay:

+  Specmens should ke free of particulate matter.

«  Specimens should be as fresh as possible. Specimens may be stored for upto 72 hours at
2-8°C or stored frozen forupto 6 months at -200°C 4

The purpese of handling and storage information is to provide guidance to users; however, you
may validate your cwn procedures for handling and storing patient specimens.

Procedure

Materials Provided

Item Contents MNumber of Tests
REF 10711840 Alburrin BCP Reagent (ALER) ALWIA T 200: 4w BOO tests (3200 tests per kit
Reagent 1:4 ¥ Z20-rrL container  ALWIA TESDF1BO0: 4 « BOD tests (3200 tests per kit)
ALWIA 24002 4w /00 tests (28O0 tests per kit)
REF 10/11841 Alburrin BCP Reagent (ALER) ALWIA T 200: 4 4 1525 tests (100 tests per kit)
Reagent 1:4 « 40-rrL container  ADWIA TESDAB00: 4 « 1525 tests (100 tests per kit)
ALWIA 24002 4w 1325 tests (9300 tests per kit)

Materials Required but Mot Provided

The follewing materials are required to perform this assay, butare not provided:

Item Description

REF 10711842 ALDWIA Cherristry Alburrin BCP Calibrator
Control rraterials (refer to the Perfonming Quofity Controf section)
REF 02404085 (PN 094-0159-011  20-rrL reagent container adapter for 40-rel slot CADWIA 1200, ADWIA 1800)
REF 05249523 (PN 0/3-0836-01)  20-rrL reagent container adapter for /0-reL slot (ADWIA 1200)
REF OO/ #1668 (PN 0/3-0345-021  20-rrL reagent container adapter for /0-reL slot (ADWIA 1650, ADWIA 2400)

REF OB163594 (PN O/3-0/88-011  40-rrL reagent container adapter for /0-rrL slot CAOWIA 1650, ADWIA 2400)

Assay Procedure

For detailed instructions on performing the procedure, refer tothe system operating
instructions or 1o the cnline help system.

Preparing the System
For detailed instructions on preparing the system, refer 1o the system operating instructions.

Preparing the Samples
Before placing samples on the system, ensure that samples have the following characteristics:

+  Samples are free of fikrin or other particulate matter.
+«  Samples are free of bubbles.

TOEIALLD BN Ry, O 2015 O 4114
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On-System Stability

The fellowing table lists reagent cn-system stakility for each applicakle ADVIA Chemistry
Systam:

System Reagent On-5ystem Stakil ity
ALVIATZ00 &l days
AIA 1ES0M BOD &l days
ADWIA 2400 al days

Performing Calibration

Refer to the package insert supplied with the ADWIA Chemistry Albumin BCP Calibrator
{REF 10711842 for handling instructions and values. Enter the lotspecific calibrator values
provided with each ot of calibrater on the system calibration set-up screen.

Calibration Frequency

Calibrate the assay every 60 days.
Calibrate the assay after the fellowing events:

« ‘When the reagent ot number changes

« When areagent packis replaced by a new reagent pack with the same lot numkber, and the
previous reagent pack was recalibrated during use

«  After replacing critical eptical or hydraulic components

« Whenindicated by quality control procedures

Individual laboratory quality control programs and procedures may require more frequent
calibration.

Reagent Blank (REL) Frequency

The ADWIA Chemistry systems measure the REL during assay calibration. Run an additional RBL
ohithe same reagent pack every 35 days thereafter.

Fur an additicnal REL when a reagent packis replaced by a new reagent pack with the same lot
number and an additicnal reagent blank was run during use.

Use deicnized water as the sample for the RBL inthe ADVIA Chemistry ALBP assay. Place a
sample container with deionized water at the cup position assigned to the Blank for
calibration.

Performing Quality Control

4i14

Follow government regulations or accreditation requirements for quality control frequency.

Siemens recommends the use of commercially available quality contrel material with at least
2 levels {low and high). A satisfactory level of performance is achieved when the analyte values
chitained are within the expected control range for the system or within your range, as
determined by an appropriate internal laboratery quality contrel scheme.

The actual frequency of control in a laboratory s based on many facters, such as workflow,
system experience, and government regulation. Each laboratory should evaluate the controls
kaszed cn the frequency estaklished by their lakoratory guidelines.

When the assay is performed, analyze at least 2 levels of controls daily.

MO BN Ry, O, 2075 i
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Also, assay controls under the following conditions:

+  Whenever you use a new reagent [ot

«  Following the performance of any system maintenance, cleaning, or troubleshooting
procedure

+«  After performing a new calibration or an additional reagent blank

For mere infoermaticn, refer 1o the Quality Contro! Ovenview section of the system cperating
instructions.

Taking Corrective Action

[fthe quality control results donot fall within the expected values or within the laboratery's
established values, do net reportresults. Take the fellowing actions:
1. Determine and correct the cause of the unacceptakle control results:

a. Verify that the materials are not expired.

k. Werify that required mairtenance was performed.

. Verify that the assay was performed according to the instructions for use.

d

Rerun the assay with fresh quality contrel samples, and coentinm that guality control
results are within acceptable limits before running patient samples.

e. It the quality control results are not within acceptable limits, recalibrate the assay, and
repeat the pricr step.

1. Hnecessary, contact vour local technical support provider or distribotor for assistance.

2. after corrective action is complete, repeat required testing of patient samples before
reporting results.

Perform corrective actions in accordance with your established laboratory protocel.

Results

Calculation of Resulis

The system autematically calculates and reports results kased cnthe absorkance
measurements of the test sample during the test, and of the calibrator(s) from calibration.

The instrument calculates the concentration of albumin in gfdL (commoen units) and giL
(Sl units).

Conversion factor:gidLx 10 =giL

Interpretation of Resulis
Results of this test should always ke interpreted in conjunction with the patient's medical
history, clinical presentation, and other diagnostic findings.

Limitations

United States federal law restricts this device to sale by or onthe order of a physician.

Anumber of substances cause physiclogical changes inserum or plasma analyte
oncentrations. A comprehensive discussion of possible interfering substances, their serum or
plasma cencentrations, and their possikle physiclogical imvolvements is beyend the scope of
this document. Consult the listed reference for specific details on known potential intarfering
substances.d

Az with any chemical reaction, you must be alert 1o the possibleeffect on results of unknown
interferences from medications or endogencus substances. The laboratery and physician must
evaluate all patient results in light of the tetal cinical stats of the patient.
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Siemens has determined that there is a possikility for certain ADVIA Chemistry reagents to
interact with the ALBP assaywhen run on the same system. To mitigate these carryover events,
the ADVIA Chemistry Systems sottware provides a Contamination Aveidance process. For
further information and instructions to establishthis process on your systems, refer to the
Customer Bulletin entitled: Consolidoted Diractory of Contamination Avoidonce Settings for
ARVA Cheimtistry Systarms (PN 10813375, latest revision).

Expected Values

The reference range=for albumin is 2.4-5.0 gidL (34-50 giL) for aduhts.

Siemens provides this information for reference. As with all i vitre diagnostic assays, each
laberatory should determine its own reference ranges Tor the diagnestic evaluation of patient
results. Consider this range as a guideline only. You can enter normal range values and
abnormal range values at the Analytical Parameters (Chemistry) window:.

Performance Characteristics

Analytical Measuring Range

The ADVIA Chemistry ALBF assay is linear from D.6-8.0 gidL (6—80 giL).

Results that are below the low end of the assay range are flagged L. You should report
the test result as = 0.6 grdL (= & gil).

Results that are above the high end of the assay range are flagged H. Yeu should report
the test result as = 8.0 gidL (= 80 gil).

Sensitivity (LoB, LoD, LoQ)

The ADYIA Chemistry ALBP assay performance at low levels was evaluated accerding o CLSI
guideline EF17-A2.¢ Limit of Blank (LoB} is the highest measurement result that is likely to be
chserved on a blank sample. The LoB for the ADVIA Chemistry ALBP assay is 0.7 gfdL (1 giL).

Limit of detection (LoD} is the smallest ameount that this assay can reliakly detect to determine
presence of absence of an analyte. The LoD for the ADVIA Chemisty ALBP assayis 0.6 gidL
{6 giL).

LB and LoD values are determined with proportions of false positives (o) less than 5%

and false negatives (B less than 5%, based on 720 determinations with 240 blank and

A30 low-level sample replicates for each ADVIA Chemistry system (ADVIA 1200, 1650, 1800,
and 2400 Chemistry systems).

Limit of Quantitation (LoG) is 0.6 gidL (6 giLy based on 430 determinations, with an inter-assay
precision of = 10%.

Precision

B4

Each sample was assayed 2 times per run, 2 runs per day, Tor at least 20 days. Precision
estimates were computed according to CLS| decument EPS-A2, Everiuation of Precision
Farformeice of Quaontitoiive Meosurement Methods; Approved Guideline. !

Data contained in this section represents typical performance for ADVIA Chemistry systems.
Your laboratory data may differ from these values.
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Conversion factor: g/dL x 10 = giL
ADVIA 1200
Repeatabil ity Within-Lak
(Within-Run} Between-Run Between-Day (Total)
Specimen Type M Mean 50 W 50 HCW 50 WOV 50 WOV
Common Units (gidL)
Serurr Control B0 2.6 0.03 1.1 0.01 0.4 0.04 1.4 0.05 1.8
Serurr Control B0 4.0 0.04 0.s 0.01 0.3 0.04 0.9 0.05 1.3
Serunr ool B0 35 .04 1.1 o.oo 0.o .03 0. 0.05 1.4
Zerum FPool B0 5.2 0.04 0./ 0.0z 0.4 0.04 0./ 0.0& 1.1
51 Units (gL}
Serurr Control 80 . ] 0.3 1.1 0.1 0.4 0.4 1.4 0.5 1.8
Serurr Control 80 40 0.4 [UR=} i 0.3 0.4 (=] 0.5 1.3
serurr Fool B0 35 0.4 1.1 0.o 0.0 0.3 n.m 0.5 1.4
Serurr ool B0 52 0.4 0./ 0.2 0.4 0.4 0./ 0.6 1.1
ADVIA 16501800
Repeatabil ity Within-Lak
(Within-Run} Between-Run Between-Day (Total)
Specimen Type M Mean 50 W 50 HCW 50 WOV 50 WOV
Common Units (gédL}
Zerum Control B0 2.7 0.03 1.1 0oz 0.6 0.oo 0.2 0.035 1.5
Zerum Control B0 4.0 0.0s 0.8 o.oo 0.0 n.o2 0.6 0.04 1.0
Zerum Fool B0 ER-] n.on 0.0 n.oo 0.0 0.oo o.o 0.oo 0.o
Zerum Fool B0 5.2 n.n2 (U= 0.o0s o.s 0.05 0.9 0.0g 1.2
51 Units (giL)
serurr Control i} 2 0.3 1.1 0.2 0.& 0.0 0.2 0.3 1.3
serure Control B0 40 0.3 0.8 0.0 0.n 0.2 0o 0.4 1.0
Zerum Fool B0 55 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Serurr ool 8O o I O S O X 1.
ADVIA 2400
Repeatabil ity Within-Lak
[Within-Run} Between-Run Between-Day (Total)
Specimen Type N Mean 50 FHCW 50 WOV 50 WOV 50 WOV
Common Units (g/dL)
Zerum Control B0 2.7 0.03 1.2 0oz 0.6 0.06 21 0o/ 245
Serurr Control B0 4.0 0.0s 1.2 0.no 0.0 0.0& 1.5 0.0s 1.8
serurr Fool 80 35 n.n2 0.6 n.no 0.o 0.0 0.4 0.o3 0.8
serurr Fool B0 5.2 0.03 0.5 0.0z 0.4 0.0% 1.0 0.0& 1.2
51 Units (gL}
Serurr Control B0 27 0.3 1.2 0.2 0.6 0.6 2.1 o/ 25
Serurr Control B0 40 0.5 1.2 n.n 0.o 0.6 1.5 0.g 1.8
serurr Fool B0 35 0.2 0.6 0.o 0.0 0.1 0.4 0.3 0.8
Serurr ool B0 52 0.3 0.5 0.2 0.4 0.5 1.0 0.6 1.2
TUEIHYLS BN R, £, 2015 OB LERF
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The perfoermance of the ADVIA Chemistry ALBP assay (v} was compared with the performance
cfthe comparisen assay onthe indicated system (x). Linear regressicn was used 1o analyze the
methcd comparisen data in the fellowing takles.

ADVIA 1200

Specimen  Comparison Assay

Type x) N Regression Equation Sy.x i Sample Range

Serunr Sierr ens Dirrension ™ 69 ¥—1.07u - 0.02 gidL A0 gidl  0.999  0.8—/.6 gidl
Cherristry Analyzer y¥—1.01%-0.2 giL 1.0 giL B—/6 gl

Masrra” ADVIA 1200 [Serurr] a4 w—T1.02% 1 0.05 gidL 009 gidl 0994 0.B—/8 gl

[Lithiurr w—T1.02% 1 0.5 giL 0.9 gik B-/B il

Heparin]

FMasmra” ADVIA 1200 [Serurr] a4 w—"1.0Tu- 013 gidL 009 gidl 0994 0.B—// gidl

(EDIA) Y—1.01%-1.3giL 0.9 giL B—// giL

Saralrix Loir parissn

ADVIA 165011800

Specimen  Comparison Assay

Type x} N Regression Equation Sy r Sample Range

Serur Sierr ens Dirrension 6y y—0.99% 1 0.01 gidL 0o/ gidl 0,999 0.9—/9 gidl
Cherristry Analyzer =099 0.1 gl 0/ il 9—/0giL

Masrra” ADWIA TEL0MTEOD a7 ¥ ="1.01%1 0.04 gidL 008 gidl D998 1.0-/8 gidl

(Lithiurr [Serurr) ¥ ="1.01%1 0.4 gL 0.8 giL 10—/8 giL

Heparin)

Fasmra® ANIA 1 BS0M BOD 47 ¥ —0.59 - 0.06 gidL 04 gidl 0.993%  1.0—/./ gidl

(EDIA) (Serurr) ¥ —0.99%- 0.6 giL 1.4 giL 10—4/ gil

Saralrix Loir parissn

ADVIA 2400

Specimen  Comparison Assay

Type %} N Regression Equation Sy i Sample Range

SErunr Sierr ens Dirrension 6B y—1.03% - 0.04 gidL 006 gidl  0.999  0.9—/9 gidL
Cherristry Analyzer y—1.03%- 0.4 giL D& gL 9—/9 giL

Masrra” ALWIA 2400 (Serurmr) 46 ¥ —1.07% 1 0.05 gidL 00/ gidl D998 1.0-/.6 gidl

(Lithiurr ¥ ="1.071%1 0.5 gl 0s gl 10—/BgiL

Heparin)

[Masrra” ALWLA 2400 (Serumr) a7 y—1.00%- 0,11 gidL D0 gidl 0994 1.0-/8 gidl

(EDIA) w—1.00%-1.1 giL 1.0 giL 1048 il

Saralrix Loie parissn

uilg
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Interferences

At the Analytical Parameters (Serum) window, you can set upthe ADVIA Chemistry system 1o
flag differert levels of lipemia (turkidity), hemolysis, and icterus for samples run onthe system.

Siemens tested the following potential inteferents and found the results shown below:

ADVIA 1200
Interferent Interferent Level Albumin sample Concentration Imterference”
Bilirubin 60 rrg/dL 3.2 gidL TSl
(conjugated) (1026 preoliL) (32 giL)
A rrgidL 4./ gidl Nl
(1026 prraliL] (44 giL
Bilirubin 60 rrgidL 3.3 gidl MEl
[unconjugated] Mode prrolil] 33 giL)
60 rrg/dL 4.8 gidL MEl
Mode prrolil] 48 giL]
Herraolysis 500 regidL 5.1 gidl MEl
(heroglobin) (5.0 gL (31 giL
0 regidL 3.1 gidl 12.9%
(450 (31 giL)
1000 rrgidL 4.6 gidl Ml
(0.0 giL) (46 giL)
Liperria 5245 regidL 3.5 gidl Sl
[fror Intralipid) 5.9 rereolil)t 35 giL)
48 rrgidL 3.3 gidl 21%
(7.2 rrealin)t (33 giL)
B35 rgidl 4.8 gidL MEI
(4.2 rereolil)t (48 giL)
Bo0 rrgidL 4.8 g/dL 110.4%
(9.6 rreolil)f (48 giL)

SRS — R Significanl nlederence. A parcenlaye alfecl of =198 s consideed a significant inlerfarz2nca.
Il unils caleulaled astrislein.
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ADVIA 1650800
Interferent Interferent Level Albumin Sample Concentration Interference”
Bilirubin 60 rrgidl 3.2 gidL S|
([conjugated) (1026 prraliL) (32 giL)
a0 rrgidl 4./ gidL NSl
(1026 prraliL) 4/ giL)
Bilirubin 60 rrgidl 3.3 gidL MEI
unconjugated) (1026 prraliL) (33 giL)
60 rrgidL 4./ gL M5
(1026 prroliL) 4/ giL)
Herralysis 500 rrgfdL 3.1 gidL S|
(herraglobin) (5.0 giL) (31 giL)
/500 rrgidL 4.1 gidL 112.5%
(/.5 gil) (31 il
1000 regidl 4.5 gidL M|
(10.0 gil) (4% il
Liperria L25 mrgldL 3.4 gidL M5
(frar Intralipid) (5.9 rerralill (34 giL)
638 mrgidL 33 gidL M21%
(4.2 rrralil) b (33 giLl
B3 il 4./ gidL M
(4.2 rerralili @/ giLl
Ba0 rrgidL 4./ gidL 110.6%
(9.6 rrreolil) b @/ giLl

»

sl unily caleulated astrislain.

1ia
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mSI— Rz Siynilicanl inlarlfargnce, m parsanlage alfecl o = 1095 0s considarad o siguilicanl inlarfarana.
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ALBP

ADVIA 2400
Interferent Interferent Lewvel Albumin Sample Concentration Interference”
Bilirubin 60 rrgldL 3.3 gidL TSI
(conjugated) (1026 prraliL) (33 giL)
a0 rrgidL 4 B gidl NSl
(1026 prraliL) (48 giL)
Bilirubin 60 rrgldL 3.4 gidL Ml
(Luncanjugated) (1026 prraliL) (34 gil)
B0 rrgidL 4.8 gidL N5l
(1026 prraliL) 48 giL)
Herralysis /20 rrgidL 3.2 gidL TSI
(herraglabin) (45 gL (32 giLl
1000 rrgidL 3.2 gidL 112 5%
(10.0 gil) (32 gil)
1000 rrgidl 4.6 gidl NSl
(10.0 gil) (46 giL)
Liperria 638 rrgidL 3.4 gidL TSI
(fror Intralipid) (#.2 rerralil)t (34 giL)
B0 rrgidL 3.4 gidL 114./%
(9.6 rrrrolil)t (34 giL)
B38 rgidl 4.8 gidL N5l
(/.2 rrrralil)t 48 giL)
Bul rrgidL 4.8 gidL 110.4%
(9.6 rrrrolil)t (48 giL)

* A= R Siguificanl nlaarance, A parcenlaye alfecl of =108 s considared asignificant inlarfaranca.
sl unils caliulated astrislzin.

CWPF (3-carboxy-4-methyl-S-propyl-2-furanpropancic acid) presentin sera of patients with
renal failure has been reported to give falsely low albumin values &2

Standardization

The ADVIA Chemistry ALBP assay is traceable to ERM-DA47 0k Reference Material 12 Assigned
values of the ADVIA Chemistry Albumin BCP Calibrator are traceable to this standardization.

Technical Assistance

For customer support, please contact your local technical support provider or distribotor.

wnansiemens.comidiagnostics
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Definition of Symbols

The following symbols may appea on the product labeling:

]
C€

Lenal rranufacturer

Ck Mark

Consult instructions for use

Keep away frorr sunlight and heat

Lowyer lirrit of terrperature

Do not freeze (= 0MC)

C€

OOBB

"?-ﬁ-f@

it

<l

symbol Definition symbol Definition
i vitro diagnostic rredical device REF Catalog nurrber

Authorized Representative in the
turopean Corrrrunity

Ck Mark with identification nurrber
of notified body

Biological risk

lerrperature lirritation

Upper lirrit of terrperature

Up

ALBP

Use by m Contains sufficient for (n) tests
Recycle |@m Printed with soy ink
SOV INK|_
Rew. Revision Y YY-TM-DD Date forrrat (year-rronth-day)
LoT Batch cade
Trademarks

ADVIA and Dirrension are trademarks of Siemens Healthcare Diagnostics.
Intralipid is a trademark of Fresenius Kabi AB.
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