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Compositions comprising amino acids for use in the treatment of
stroke in patients with dysphagia

e e ke

The present description relates to compositions for use in the treatment of
stroke 1n patients, particularly patients with dysphagia

Backeround

Strokes are the world’s leading cause of disability. About one-third of
stroke survivors are permanently disabled one year after the acute event. About
two-thirds of patients do not completely recover after strokes, while one-third
cannot walk without assistance. Furthermore, in hemi-paretic subjects, who can
stilf walk, gait efficiency 1s reduced and the energy cost of the gait 1s increased
compared with ethicient symmetric gait. In addition to the loss of central trophic
etfects and transynaptic degeneration of lower moior neurons, post-stroke skeletal
muscie changes can aiso potentially contribute to disability. These changes
include fibre-type shift in the paretic (= coniro-lateral) side, increased intra-
muscular fat {(myosteatosis) substituting muscle tissue, spasticity, disuse,
malnutrition and muscle unloading. Previous study showed that skeletal muscles
of sub-acute stroke patients are subject to a persistent systemic inflammatory
state, which could lead to hypercatabolism (1.e. protein degradation 1s higher than
protein synthesis). This inflammatory state of the unaffected side could contribute
to patient disability by inducing a loss of both muscle mass and strength, which
leads to patient disability. This problem is particularly relevant in dysphagic
patients. Therefore, the need exasts to wdentity new compositions able {o reduce

the above mentioned problem.

Summary of the invention

The present description has the aim of providing compositions, for use in
the treatment of stroke in patients, particularly patients with dysphagia, which are
able {0 attenuate the above mentioned persistent systemic nflammatory state, and
hence attenuate or even convert muscie hypercatabolism (MH) o balanced protein
turnover or anabolic activity muscle anabolism.

Before consumption, the compositions herein described are dispersed in a
hguid, preferably water, which acquires the 1deal viscosity and consistency for the
ingestion by a patient with dysphagia.

According to the present description, the above object 1s achieved thanks
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to the subject matter recalled specifically in the ensuing claims, which are
undersiood as forming an imtegral part of this disclosure.

An embodiment of the present description provides a composition for use
in the treatment of systemic inflammatory state associated to stroke in patients,
particularly patients with dysphaga, the composiiion comprising an active agent,
the active agent comprising the amino acids leucine, isoleucine, valine, lysing,
threonine and at least one of the amino acids histidine, phenylalanine, methionine,
tryptophan, tvrosine, cystine, the composition further comprising one Or more
thickener agents in an amount between 10% and 50% by weight, more preferably
between 20% and 30% by weight, with respect to the active agent weight.

The thickener agents may be selected among xanthan gum,
methyvihyvdroxypropyiceliulose, komjak gum, konjak glucomannan, gum Arabic
(Acacta gum), moditied starches.

The presence of such agents in the composition allows to thicken the
hquid, preferably water, wherein the composition 1s dispersed before
consumption.

In some embodiments, the composition herein disclosed further comprises
vitamins, preferably selected wn the group of vitamins B, such as vitamin B
and/or vitamin Bg.

In a further embodiment, the composition also includes carbohydrates,
additives and/or flavouring substances.

The Inventor tound that the compositions herein disclosed are able to
convert muscle hypercatabolism to anabolism of the ipsilateral (unattected) arm
of disphagic stroke subjects. In this way a betier recovery of physical autonomy
may occur.

A further embodiment of the present description provides a compaosition
for use in the treatment of a systemic inflammatory state, the composition
comprising an active agent, the active agent comprising the amino acids leucine,
isoleucine, valine, lysing, threonine and at least one of the amino acids histidine,
phenviaianine, methionine, tryptophan, tyrosine, cystine.

An advantage linked to the use of the compositions described herein lies in
the high tolerability of the compositions, which can be administered chronically.
in a prelerred embodument, the administration may occur over a pernod
sufficiently long to allow at least partial recovery of stroke.

Another advantage hinked to the use of the composition described herein

PCT/IB2015/057662
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lies in the fact that the use of amino acids in free form comprised in the active
agent allows producing such compositions at a comparatively extremely low cost
with respect to proteins and growth factors synthests, through per se known
production processes and widely used in the field of preparing compositions based
on free amino acids. The field of application of the invention may however also
be extended to amino acids obtained through genetic engineering or any other
artificial method.

Brief description of the drawings

The mvention will now be described, by way of example only, with
reference to the enclosed figures, wherein:

- Figure 1 1s a flow diagram of a trial supplementation with the
composition herein described versus placebo duning the treatment of dysphagic
stroke patients. The diagram includes the number of patients analyzed for the
main cutcome {unaffected arm muscle hypercatabolism); and

- Figure 2 represents the time courses of phenyl-, total essential amino
acid, total amino acid (A — V) difterences, and total arterial amino acid levels of
stroke population. The point O indicates no uptake/no release.

- Figure 3 represents the relationship between overtime changes of
peripheral blood lymphocytes as % total white cells and deglutition ability
(DOSS) 1n all stroke population {(panel a), 10 subjects on placebo {(panel b} and on
essential amino acid treatment (panel ¢} The number of dots appearing in the
plots 1s lower than the real number of study patients because of the overlapping of
values 1n some cases.

Detatled description of preferred embodiments

in the tollowing description, numerous specific details are given {0 provide
a thorough understanding of embodiments. The embodiments can be practiced
without one or more of the specific details, or with other methods, components,
maternials, etc. In other instances, well-known structures, materials, or operations
are not shown or described in detatl to avoid obscuring aspects of the
embodiments.

Reference throughout thus specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described
in counection with the embodiment 1s 1ncluded 1n at least one embodument. Thus,
the appearances of the phrases “in one embodiment” or “in an embodiment” in

vartous places throughout this specification are not necessarily all referring to the
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same embodiment. Furthermore, the particular {features, structures, or
characteristics may be combined in any swfable manner 18 one of more
embodiments. The headings provided herein are for convenience only and do not
interpret the scope or meaning of the embodiments.

The composition for use m the treatment of stroke in patients with
dysphagia, namely systemic intlammation state associated to stroke, herein
discigsed comprises an active agent, the active agent comprising the amino acids
leucine, isoleucine, valine, lysine, threonine and at least one of the following
amino acids histidine, phenylalanine, methionine, tryptophan, tyrosine, cysteine.
The composition further comprises one or more thickener agents in an amount
between 10% and 50% by weight, more preferably between 20% and 30% by
wetght, with respect to the active agent weight.

The thickener agents may be selected among xanthan gum,
methyibydroxypropylceliulose, konjak gum, konjak glucomannan, gum Arabic
(Acacia gum}, modified starches. The presence of such agents, preterably xanthan
cum ormethylhydroxypropylcellulose, allows to thicken the liquid, preferably
water, wherein the composition 1s dispersed before consumption.

it 1s known that people with dysphagia generally lack proper muscle
control and coordination to properly seal the windpipe or they lack the ability to
properly propel the entire bolus of food and/or beverage to the stomach. It 1s
therelfore extremely tmportant that the foodsiutls dysphagic patients consume
have the proper viscosity and consistency.

Once the composition herein disclosed 1s dispersed in a iquid, preferably
water, the consistency of the resuiting product has the ideal viscosity for the
ingestion by a patient with dysphagia

in some embodiments, the one or more thickener agents are present in an
amount between 2% to 30%, preterably between 4% to 15% by weight of the dry
weight of the composition.

After preparation, the dispersion 1s allowed to rest for 5 mmnutes at room
temperature in order t¢ obtain the desired consistency and viscosity.

The amount of liguid to add to the composition herein disclosed will
depend, for example, on the counsisiency that i1s necessary to obtain. This
parameter will be evaluated and determined by a person skilled in the field also
taking into account the degree of dysphagia of the patient.

In one or more embodiments, the composition may be added to the hiquid,

PCT/IB2015/057662
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preferably water. The chosen concentration depends on the consistency of the gel
to be obtained.

In some embodiments, the composition herein disclosed further comprises
vitamins, preferably selected in the group of vitamins B, such as vitamin B
and/or vitamin Be. In a further embodument of the present disclosure, the
composttion also includes carbohydrates, addiiives and/or Hlavouring substances.

Preterred carbohydrates may be selected among maltodextrins. The
additive may be selected among sodium citrate tribasic dehydrate, aspartame
powder, acesulfame potassium, sucralose. A preferred {lavouring subsiance 1s
banana tlavour,

According to some embodiments of the present disclosure, the preferred
isoleucine:leucine weight ratio 1s comprised in the range 0.2-0.7, preferably
between 0,4-0,6 and/or the preferred vahne:leucine weight ratio 1s comprised n
the range 0.2-0.8, preterably 1a the range 6.4-0.7.

in a further embodiment, the threonine:leucine weight ratic i1s comprised
in the range of 0.15-0.50, preferably between 0.20-0.45 and/or the lysine:leucine
wetght ratio 1s comprised in the range of 0.15-0.60, preferably between 0.30-0.55,

In another embodiment, the leucineisoleucine valine weight ratio s
equivalentto 2:1:1.

in a further embodiment, considering the sum of leucine, isoleucine,
valine, threonine and lysine equal to 1, then the overall amount of the further
essential amino acids may vary between 0.02 to 0.25 (1.e. 1:0.02-0.25)}, preferably
trom 0.05t0 0.15 (1.e. 1:0.05-0.15), still intended as the weight ratio.

In a turther embodiment, cysteine 15 present i an weight amount
comprised between 130% and 350% of methionine.

in some embodiments, the active agent comprises the non-essential amino
acid tyrosine in an amount comprised between 15 and 50%, preferably between
20 and 35%, of the weight amount of phenylalanine.

in a further embodiment, the aciive agent consists of the amino acids
leucine, iscieucine, valine, lysine, threonine in combination with histidine,
phenylalanine, methionine, tryptophan, tyrosine, cystine and the composition
turther comprises one or more thickener agents in an amount between 10% and
50% by weight, more preferably between 20% and 30% by weight, with respect {0
the active agent weight.

In some embodiments, the composition may also be administered to stroke

PCT/IB2015/057662
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patient without dysphagia for the treatment of the systemic mflammation staie
associated to stroke. In such cases, the composition may comprise the active agent
{leucine, isoleucine, valine, lysine, threomine and at least one of histidine,
phenylalanine, methionine, tryptophan, tyrosine, cystine} without thickening
agents.

In further embodiments, the composition may be admunistered tor use in
the treatment of a systemic inflammatory state, the composition comprising an
active agent, the active agent comprising the amino acids leucine, isoleucine,
valine, lysine, threonine and at least one of the amino acids histidine,
phenylalanine, methionine, tryptophan, tyrosine, cystine.

Furthermore, in particular, when preparing the compositions according to
the instant disclosure, and specifically the active agent, the amino acids serine,
proline, glycine, alanime, glutamic acid and, above all, arginine are preferably
avoided, given that they can be counterproductive or even harmful in some
concentrations or stotchiometric ratios with the sard formulation.

The amino acids indicated above can be replaced by respective
pharmaceutically acceptable dertvatives, namely salts.

Preterably, the composttion 1s wn the form of a dry powder and, 1n order {0
be administered to the patient it 1s dispersed in a liquid, preferably water.

Further specifications, in terms of amounts and ratios among the various
aming acids provided for by the compositicns for use 1n the treatment of stroke in
patients with dysphagia are contained in the attached claims, which form an
integral part of the technical teaching provided herein in relation to the invention.

The results heremn provided show that muscle protein metabolism of the

unaffected arm of dysphagic sub-acute stroke mndividuals could be characterized

by MH which can be corrected by the administration of the composition herein

described.

EXAMPLE }

MATERIAL AND METHODS

Popuiation. Sixty-seven dysphagic sub-acute stroke patients (< 3 months
after acute cerebrovascular event) (Guidelines of the Ministry of Health for
rehabilitation activities. National Health Plan 1998-2000) admutted to our
rehabilitation centre were eligible for the study. 11 subjects were excluded due to
associated chronic heart fatlure, | for acute coronary syndrome, 4 for acute or

chronic renal fallure (creatimine clearance<30 mg/100 ml), 1 for cancer surgery, 2

PCT/IB2015/057662
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for pressure ulcer, 7 for diabetes {(on oral hypoglycemic or insulin treatment), 2
for dysthyroidism and finally 1 for being on sterowd therapy. The reason for
excluding these diseases was strictly related to their strong impact on muscle

protein metabolism.

The remainung tharty-cight patients (29 males + 9 females; 69.7+11.4 yrs)
were enrolled wn this randomized, double blind, placebo-controiled study. The
reason for patient admission was due to rehabuitation for dysphagia and
hemiplegia. All patienis were bedridden and had been admitted from neurosurgery
(34.2%), neurclogical or stroke units (52.6%) or other rehabilitation settings
(13.2%). Cerebrovascular accident documented by computerized tomography was
ischemic in 57.9% or haemorrhagic mjury (42.1%). {schemic and haemorrhagic
individuals were pooled because, in the rehabilitative phase of stroke, these two
groups have stmilar metabolic, nutntional, functional profiles (Aquilant et al.,
20143,

{Jn the basis of computerized tomography or magnetic resonance imaging,
the damaged stroke areas were classified in relation to the location of the
ischaermic distruction as PACIT {(partial anterior circulation infarction; 23.7%),
TACT (total antertor cuculation 1afarction, 50%) or POCI (posterior anterior
circulation infarction; 26.3%). These data are contained in Table 1, which aiso
shows  stroke severity and  assessed mechanisms  underlving  swallowing
abunormalities.

Eabie i
Stroke location

| Patients (%)
Cortical stroke: ,
Dominant (Icft) ' n°9  (23.7%)
Nondominant (right) 8 (21%)
subcortical stroke: :
Dominant (left) 07 (18.4%)
Nondominant (right) 05 (13.2%)
Brainstem stroke | 0°6  (15.8%)
Cerchellar stroke ' 0°3  (7.9%)
Stroke severdy
FiM impairments (score): . Motor 21+15%
' Cogmive 846 5%
Byvsphagia i

(chmcal/videotiuoroscopic evaluation}
Dielaved oral transit 6°i8  (47.4%) =

...

Incomplete oral Clearance | %10 {(26.3%)

PCT/IB2015/057662
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Absentcough 0 o7 (184

At admission, all patients were fed wvia percutaneocus endoscopy
gastrostomy (PEG; n=30)} or by oral modified diet {(n==8).

Procedures. Within two days of admission, after overnight fasting at 8 am,
blood samples were taken from each patient to determine the following;

1} Plasma amino acids

These substrates were determiined both in arterial (radial artery) and
venous blood of the unatfected arm. Concentrations of free amino acids in the
plasma were measured using an AminoQuant I amino acid analyser, based on the
HP 1090 HPLC system, with fully automated pre-column dertvatization, using
both orto-phthalaldehyde and  9-fluorenvi-methyi-chloroformate  reaction
chemistries according to the manufacturer’s protocol. The results were obtained
by imjecting 1 ul of the denvatized muxture and measuring absorbance
simultaneousty at 338 and 262 nm. Plasma concentrations were expressed as
umol/l. Amino acid measurements were carried out as a comparison in eight
healthy subjects matched for age (71£4.5 vyears), sex distribution (6 M/2 F), body
mass index (22.3+3 .5 kg/m™).

Calculations

a} Muscle protein metabohism. As described elsewhere (Aquilani et al.|
2012y, muscle protein over-degradation was estimated by the muscle release of
the essenttal amino acid phenvialanine {phenyi-}, whereas muscie protein
synthesis was determined by muscie phenyi- uptake. Given that phenyl- is neither
synthesized nor degraded in muscle tissue, any changes in the muscle
uptake/release would retlect the total protein balance (Liu and Barret, 2002},

A negative phenvi- A-V {=release) signified an umbalanced protein
metabolism with an excess of protein degradation over protein synthesis, whereas
a positive phenyl- A-V (=uptake) indicated a predominance of protein synthesis.
A phenvl- A~V of zero (no uptake/no release) indicated a balanced muscle protein
metabolism.

b} A-V differences of the other amino acids, total amino acids {TAAs),
total essential amino acids (EAAs: valine, isoleucine, leucine, threonine, phenyl-,
iryptophan, methionine, lysine), branched-chain amino acids (BCAAs: valine,

1soleucine, leucine).
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1} Serum levels of mnterteukine~-6 (IL-6; normal value<7 pg/ml}, were

:,
determined in duplicate, using a high-sensifivity commercial sandwich enzyme-
hinked immunosorbent assay (ELISA) kit {from Mabtech {(Agilent Technologies
GmbH, Boblingen, Germany );

1) C-reactive protein (CRP; normal value<0.3 mg/dl), was determined
with an immune-turbidimetric method;

111} acute-phase reactant proteins (haptoglobin, normal values 30-200
mg/dl;, u-1 globulin system, normal value 0.21-0.35 g/dl; non-reactant proteins

(albumin, normal values 4.02-4.76 g/dl; prealbumin, normal values 13-30 mg/dl

and transterrin, normai values 202-304 mg/di}.
These were measured with enzymatic tests following procedures
recommended by the manufacturer (Siemens Dragnostic, Germany}. The normal

value 1s §.6-2.2 mmol/d

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

measured:

i} anthropometric charactenstics: body weight (BW, kg), found using a
mechanical weight lifter; height {m), calculated from knee height (Chumlea et al |
1985). Body mass index (BMI) was calculated as kg/m”. Patients {or their
caregivers) were asked for their pre-acute BW. Loss of actual BW in relation io
habitual {pre-acute} BW>5% 1.e. actual/habitual BW<95% was considered an
index of significant under-nutnition;

i1) bio-humoral measurements: routine varnables, including serum protein
electrophorests.

5} Functional status

This was evaluated using Functional Independence Measure (FIM) (Keith
et al., 1987) This fest is routinely used by the centre’s neuro-rehabilitative
physician. The FIM 15 a 13-item scale that measures patient independence in
feeding, grooming, dressing, toileting mobility, cognmition. A score of 126
indicates complete functional independence.

6) Dysphagia

[dentification of dysphagia was carnied out chimcally for the entire
population. In case of positive or uncertain diagnosis, the patients underwent a

video fluoroscopy examination. The severity of the dysphagia was evaluated

PCT/IB2015/057662
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using the Dysphagia Outcome and Severity Scale (DOSS), a 7-point scale
developed to systematically rate the functional severity of dysphagia (O Neil et
al., 1999). The score range was 1-7, where ievel 1 denotes severe dysphagia, level
2 moderately-severe dysphagia, level 3 moderate-dysphagia, level 4 nuld-to-
moderate dysphagia, level 5 muld-dysphagta, level 6 within  functional
hmit/modified 1independence and level 7 normal under all situations.

7} Nutriional intake

For selt-feeding patients (n=8) on a modified diet, a 3-day alimentary diary
was kept by the rehabilitation nurses, who had been previously trained ad hoc.
The nurses recorded the type and weight of coocked or uncooked food selected by
patients from the hospital's catering menu on a diet sheet for 3 days both betfore
and after the patients’ meals. The amount of food actually ingested was converted
to 1ts raw equivalent when necessary, using appropriate tables (Carnevale et al,,
1989}, Nutnitional analysis, carried out using a compuier program designed by this
group {(Aquilam et al, 1999}, was used to calculate actual ingested calories and
macro-/micro-nutrients. The nutritional intake from pharmaceutical formula of the
patients with PEG (n=30) were calculated from nutritional composition reported
in the formula label.

8} Rehabulitation therapy

All patients recerved rehabilitative treatment adapted to each mmdividual
patients. Brietly, rehabilitation consisted of therapeutic exercise with a personal
physiotherapist for 60 minutes, five days a week. The exercise included passive,
active and active-assistive range-of-motion exercise coordination, facilitation
techniques of the contro-lateral himbs, trunk exercise, active exercises of the
unaffected limbs and ambulation with assistive devices or support. The number or
repetition i exercise and walking distance were increased as the physical
performance of the patients progressed. Speech therapy, occupational therapy
(activities of daily living, vocational, perceptual and tunctional activity training),
recreational activity were also performed depending on individual needs.

For dysphagta rehabilitation, attempts were made o provide patients with
a DOSS levels >3 with a modified diet as well as teaching safe swallowing
postural changes. For the diet, pureed, homogeneous and cohesive toods were
mitially used with a gradual progression to food with nearly normal texture for
individuals whose swallowing dysfunction progressively improved.

Postural changes during meals usually consisted of patients adapting

PCT/IB2015/057662
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techniques, which reduced the risk of aspiration. These included, for example,
head rotation 1o the attecied side, tilting of the head to the stronger side, chin tuck,
chin up movements.

For patients with DOSS<3 attempts were made for oral transition affer
videotluoroscopic and/or after speech pathologists’ assessments. It patients could
sately eat at least two-third of thew prescribed calortes {1560 kcal/d), then tube
feeding was discontinued.

Puatient randomization. After completing all these procedures, patients
were assigned to treatment according o a randomized allocation procedure
(Figure 1). A randomization list was generated using SAN statistical sofware
(SAS Institute, Cary, NC}. A and B were the identifiers of the blinded treatment.
The list was made available both to the physician and to hospital pharmacists. The
physician sequentially allocated patients to treatment A or B according 1o a
randomization list. The tirst mvestigator, who interpreted all results was bhinded
to the patients’ allocation. The experimental group {(EAA group) received the
composition heremn disclosed that provided § g of essential aminoacids/day {Table
2. 4 ¢ the moring + 4 g 1n the atternoon diluted 10 about halt a glass of water

until patient discharge).

. & | . 2 S e _,.
Ingredients Mo
Total amino acids including the following | 4000 (in total)
L- Leucine  (131.17)* 1250.00
Ledsolencine (13117 | 62500
L-valine  (117.0%% | 6500
LeLysine  (146.19%¢ 65000
L-Threonine  (119.12)% 350.00
L-Histidine (155.16) | 1%000
L-Phesylalanine (165.19y% T o0
L-Methionine (14920 5000
L-Tryptophan  (204.23)* 20.00
L-Tyrosine (18119 L 3000 |
L-Cystine (24030 | 150,00 |
""""""""""""""""" Other ingredients @ |  mg
VitaminB6 015 |
VigmnB1 000 - 015
Carbohydrates - Maltodextrins 5454.10

PCT/IB2015/057662



10

CA 02958033 2017-02-13

WO 2016/055948 PCT/IB2015/057662
12

© Ingredients - mg
Xanthan gum - 75000

Methyihydroxypropylceliulose 500.00
‘Banama flavosr | 20000
Sodium citrate tribasic debydrate | 15000 |
Aspattame powder - 000 |

Acesulfame potassium 17.50
""""""""""""""""" Energetic value |
Keadl 02480
®K ;20

* Molecuiar weight from “Amme Acd, Nucleie Acids & Related {Compounds -

Specification/General Tests”, 8" Edition, Kyowa Hakke Kogvo Co., Ltd.

As observable from Table 2, the weight ratios between leucine, 1soleucine
and valine are preferably equivalent to 2:1:1. Table 1 also show that the single
amounts of histiding, phenvialanine, methioning and tryptophan are preferably
decreasing {(i.e. the amount of histidine is greater than phenylalanine, which ts
greater than methionine, which 1s greater than tryptophan) and the amount {(weight
in grams or moles) of cystine is preferably greater than tyrosine,

The composition shown in Table 2 1s prepared first by loading in a four-
way mixer L-fenilalanine, L-Tyrosine, L-Tryptophan, Vitamin Bl and Vitamin
B6 together with L-Lysine, in order to obtain a pre-muxture. The % composiion

of the pre-muxture 1s represented in Table 3 below.

fable 3
. Ingredients | % |
Maliodextrins | 83296
 L-Phenylalanine 8.333 |
L-Methiomine 4.167
L-Toptophan | 1667
Vitamn B6 3.018

The mgredients are mixed for a period of 10 minutes in order to obtain a

homogeneous pre-mixture.



CA 02958033 2017-02-13

WO 2016/055948 PCT/IB2015/057662

The remainder of the mgredients histed in Table 1 are loaded mn the four-
way muxer and muxed tor a period of 20 minutes to obiain a homogeneous final
compostion.

Table 4 lists the characteristics of the composition obtained as above

5 described:

Table 4
Aspect | Granular mixture of powders
Colour i White
Smell . Smell of banana
Taste | Sour tasle
Granulometry - < 0.8 mm 95% min.
Pour Bulk Density (o/1) 430 (= 20%)
. . | Yellowish, very viscous. .
Aspect of the suspension m waler | SO | Lo
| | i Left to rest for 3 munutes assumes semit-solid |
(60 mi) a e s
| consistency
Dispersion time in water (60 mi) i < 180 seconds

The composition object of the present description 1s added and dispersed
in a liqued, preferably water. The amount of lLiquid to add {o the composition

10 herein disclosed depends, for exampie, on the consistency that is necessary to
obtamm. This parameter 1s evaluated and determined by a person skilled in the field
also taking into account the degree of dysphagia of the patient,

The placebo group (Plac) was given a similar 1socaloric product containing
maltodextrin instead of the active agent comprising the amino acids.

15 Rehabilitation nurses assisted each patient with thew oral diet during
placebo or the composition herein disclosed (EAAs) wntake to be sure of the
patients’ compliance.

The nurses were blinded to the type of supplementation {(Plac or EAAs),
the packets containing the products were identical but numbered as 1 or 2. The

20 countents were known only to the physician and pharmacists {(I=placebo;
2=EAAs). The product content in packets 1 and 2 had a similar colour and taste.
For patients receiving enteral nutrition (EN), the aqueous solution of the

composition herein disclosed was supplied through the teeding tube {percutaneous

endoscopy gastrostomy). The study lasted 38+4 days from the randomization
25 procedure. Amuno acids, intlammation markers as well as anthropometric and

functional status measures were all repeated at the patients’ discharge from
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rehabilitation (4244 days from admussion). The study was approved by the
Ethical-Technical Scientific Commitiee of the Institute. Written mformed consent
was obtained from participants or, whenever applicable, from their care-givers,
after the nature of the study had been fully explained.

Statistical Analysis. Descriptive statistics were carried out for all recorded
variables, reporting means and standard deviations for quanitative vanables and
distribution frequencies for qualitative variables. Chi-squared test was used for
categorical variables. Repeated measurement analysis of variance was used to
assess any trend differences over time between patients on EAAs or Plac
Baseline differences between groups (EAAs and Plac) and differences i amino
acid profiles between the entire stroke population at the admission o
rehabilitation and healthy controls were tested by means of unpaired student /-test.
Statistical significance was set at p<0.05.

RESULTS

All patients who entered this study were randomized to receive the
composition herein disclosed (EAAs) or placebo (Plac) (Figure 1)

1)y Unatie

Table 5 shows arterial apuno acid concentrations and muscle ammno acid

cted arm muscle protein turpover.

artero-venous differences {A-V) encountered for both stroke patients at admission

to rehabilitation and healthy subjects.

Table 5
- Amine acid profiles (umol/l) | Healthy subjects (n=8) Stroke (n=38) | p value
- Aspartate |
' A 98 1£40.6 | 16.656.7 p=0.001
e BN 03143 105547 | p=u.9
Glutamate :
A F98 74106 195541373 p=(.9
A-Y 75421 | -5.5455.9 p=(.8
Histidioe P b "
A 58+5.1 | 55.5x10.3 p=0.7
_______________ AV |45 16187 [ p=03 ]
Asparagine
A 61411 | 35.5+10.5 p<0.001 |
A=V 4,945 5 | -4.346.6 p=0.002 |
SCTInG |
A 88 44 3 108357 p=0.023
.S A 24264 154246 | p=06
Glutamine 5 ;
A 464 8+14 323521842 | p=0.003 |
e BN L 24%23 {-182E672 p=0.2 |

PCT/IB2015/057662
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A 50 3476 | 89.1:+69.42
A-Y 7.3+£19.5 | 18462 4

A 268 3412 23934609 | p=08

- Alanine | E |
A 312.6415.7 2393484 p=0.012
A-Y 15420 8 68,5440 4 p=0.002 |

Taunne

A 125.8+9.7 | 55.6+23.1 p<0.001

AV 8.1+12.9 | 34423 p<(.001

A 56.346.1 5744213 p=0.9

A 155412.5 | 220 44477 p=0.0053
AN A4Ei8Y -15.5%166 p=0.064 |
*Methionine
A 10.75+1.7 | 35.146.6 p<0.001

a-v . 7£1Y -3, 3+4 9 p=0.5 |

., . ., .

“Tryptophan
A

*Phenyialaning
A 46.3+5.7 | 67.4126.6 p=0.037 |
A-V | 0.346.6 | -6.9+8 1 | p<0.03 |

*Pisoleucine g
& 45 B3 76+17.7 p<0.001 |
A-V 1 1457 5 4t - =

*CLeucing 5

A 78.1346.35 | 135.6+36.4 p<0.001 |

o ANV 03872 . 1884333 | p=002 |

Orpithine i

A 36.4+6 .4 | 60.9+20.9 p=0.8

A-Y 1105 10,1487 p=0.01

*Lysine

A 115.8+11 | 201.4%71.6 p<0.001 |

- Total-amine acids

’ A 74 814605 | 242574601 | p=0.2
E A-V 13.24+78.1 222542676 | p=06
f A 609 4+18.9 | 8992+194.1 | p=0.5
AV 434212 7644167 p=0.3
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- Amino acid profiles (ume/l) | Healthy subjects (n=8) | Stroke (n=38) | p value |

°BCAAs |
A 2794132 4414884 p=0.2

Ay A2OET  A0T7ES9 | p=0.09 |

aia are expressed as mean £ standard deviation (BB). dtatistical analyas: anmr&d
i-test, © Kssential Amino Acids {(EAAs); © Branched Cham Ammeo Acids (BLAAS)

The results showed that muscle protein metabolism of the unaftected side

(S

was prevalently 1 a hypercatabolic state (MH) due to excess of protemn

catabolism over protein synthests indicated by muscle release of phenyl-. This

was significantly different (p<0.03) from healthy subjects whose muscle protein
metabolism was i equilibnum. In addition {o phenyl-, patients released
significant amounts of asparagine, threonine, leucine, alanine and taurine.

10 Regarding arterial amino acitd concentrations, stroke patients had higher

levels of senine, methionine, phenyl-, i1soleucine, leucine, lysine but lower

concentrations of aspartic acid, asparagine, glutamine, alanine, taurine,
tryptophan. A sub-analisys of patients divided mto type of cerebrovascular
accident {(ischaemic or haemorrhagic), revealed sumtlar results.

13 Table 6 shows the amino acid profiles of the two patient sub-groups
randomized to receive the composition herein disclosed (Table 2, EAAs) or Plac,
both at admission to and discharge from rehabilitation. At admission, the two sub-
groups had no sigmificant difference in the MH rate (=phenyl- release}, in the
other ammo acd and total amno acd (TAA) A-V differences. Artenal

0  concentrations of individual amino acids, of TAAs and of EAAS were sumtlar for

both EAA and Plac

At discharge, patients who assumed the composition herein disclosed

(EAA) but not Plac patients normalized their protein metabolism in the unaftected

arm. fndeed, the release of phenvi- shifted to muscle uptake 1n treated patients but

rematned virtually unchanged in Plac patients. This difference in the time course

of {(A-V) phenyl- was significant (interaction, p=0.02}.

fable b
S F.. 1.1 | Discharge |
. Aming acid | Placebo | EAAs | §p | Placebo | EAAs | " Trendover
- profiles {(1=19)  (@=19) | value | (n=19) L (=19 | time (p leved)
L__é’::a_iglz;@_ﬂ_f_‘i)_ ___________________ | S A | imteraction
Aspartaic § | ;
A | 16.27+7.3 17.11264 | p=01 | 17.326 1754106 p=0.1
, A-V | 1450 001443 P p=02 | 2443 8555 C p=0.04
- Glutamate
' A | 207£153.5 | 181.6+122 | p=02 | 17011023 | 150£102.8 | p=0.3
A=Y 1274783 | 113 =05 | -14.7%35 474374 p=0.8
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DlS(tﬁagrge

Placebo
(33=19)

HAAS
{n=19}

___________________________________________________

Placebo
(=%

FEAAS
(=%}

N Trend pver
tome (p ievel)
imteraciion

-

Asparagine
A

Nerine

A
A=V

115442 9
{3.9425

'--‘--‘--‘--‘--‘--*--‘--‘--‘--‘--‘--‘--‘--‘--‘--‘--I

107 84307
={, 34190

k--‘--‘--‘--‘--‘--‘--‘--‘--‘-‘Z

 119:2:40.6
15.2431.1

Ghitamine
A

A=Y

-1 {} 5696

463,699
L -22.6431.6

Araethyihistidine

a4
~3, 2411

E 2 4-4F
0,03+

bl

A

103.7486.2
30.681.6

U8 4457 |
{08561 7

k--------------------------------------‘Z

-------------------------------

A

---------------*--------------------------------Z

13181526

k----------------------------iZ

2747761

=58 968 77

Taunue
A
A~V

61,8207
~33:£29.5

43 775 Y

53471 4

37 34162

p=0.09
p=0.006

Tyrosine
A
A~V

86 5+10.9
~4 NN 5

49 2514 X
~4 8+2 77

2715136

 62.1427.2

n O . .-
*“Naline
A

AV

205.7x39 .8
~12.5+£20.5

19873491

~18E12.7

.} .94+7 8

*NMethionine

A

k--------------------------------------‘Z

A

| 148.6+30 8
; -3} 4 B2

-------------------------------

- 119.6438
2424392

| 149.6+134.2
{ 77164

11154731

-------------------------------

1917+119.1
 11.7+206.4 |
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AGmssien | Bischarge ;
- Aming acid Placebo HAAS i §p | Placehe | EAAs | ~ Trendover
- profiles =19} | (=19} | valse | (a=19)  (e=19) | time (p leved)
Apm@lﬂ) ____________________ I S, M e S | interaction
- Ormithing
A 63.7£12.6 58,1427  p=0.5 | 56£13.9 573422 .8 p=0.8
_____________ AV 1 -134483 | 6747 1 p=0.09 | -176+176 | -2 121 1 p=0.08
*Lysine
A 205 3+77 196.768.6 | p=0.7 | 209.6£95.6 482124 p=0.8
S AN S 1784313 1 p=06 | -194643 | 08 b2 ] =
- Total-amino | i
 acids | 2323743318 | 2292424727 | p=03 | 2457148268 | 27474659 | p=0.02
' A | 16924256 | -289.6+18 | p=05 | 638257 | 51.2%235 p=0.03
: AN 5 5 E i E i
- ¥EAAS : i a a E i
| A | 956103 - 8484242 p=0.5 | 88734254 | 10764£295 p=0.05 |
______________ AV 1 A62E20 1 902169 P p=03 | 225820 | 826274 | p=00f |
"BCAAsS : : , : : : i
A | 49362373 | 391x845 | p=05 | 433742139 | 55242259 p=0.09 ,
_____________ 4\32’&2”4"52”*3 ip=06 | -43419 123354217 |  p=005 |

ikata are expressed as meant smmias i devmta{m (ST}, Smtast;mi analvsis: “unpaired
£-test; Arvepeated measures analysis of variance., Trend over {ume: inferaction differences m

trends between groups. #Essenfial amine acids (EAAs); obhranched chain aming acids
(BCJ&:.&S}o

Figure 2 shows the discrepancy between the two sub-groups also entailed
arterial TAAs {(p=0.02}, TAAs (A-V) (p=0.05), EAAs (A-V} {(p=0.01}, BCAAs
(A-V} (p=0.03, not shown in the figure).

indeed, of all measured anuno acids, 49% of them were taken up by EAA
subjects {subject who assumed the composition heremn disclosed), while only
23.2% by Plac ones {p<0.001). The time courses of A-V difterences between the
two groups were also different for aspartic acid, histidine, asparagine, glvcine,
taurine, tyrosine, released more in Plac than in the EAA groups. In the latter

patients, aspartic acid was not released/not taken up.

2} Other study variables.

Table 7 shows demographic-, anthropometric-, neurofunctional-,
biochumoral- characteristics as well as nutritional intakes of stroke patients both as
an entire group and of the two sub-groups after randomization both at admisston
and discharge. At admission all subjects were malnourished due to post-event
weight 1oss compared to their habitual BW (-9.7%). The patients’ were inflamed
as shown by high serum levels of IL-6 and CRP with consequent reduced
concentrations of negative reactants of acute phase response {albumin,
preaibumin, transferrin} and increased concentrations of posiiive ones
(haptoglobin, o; globuline).

Fable 7
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- . YTy T Y
Variables All patients {n=38) Placebo (3=19) EAAs (n=19)
Tremd |
av | admission | discharge | admission | discharge | admission | discharge time |
(p tevel) |
I R e e I I R | imteract, ]
| Demographic | R oo . I I i
| Male/Female I | 2513 - R [ R [ b
o Agelyearsy o SOTELRA B A3 AU L 08132 | I
| _Awmthropometric 0 | S | N I N I N i
| Actual body weight (kg) | - | 308+£102 | 577498 | 576471 | 559475 | 62. 2127 1 39.7=12 | p=06 |
| Actual/habitual body 90474 | B7.5£95 | 90.5+£72 | 7.8493 90 348 { 871103 | p=08 |
owelght (%) | H I I I I N
BMiGgmy - 21643 120885314 | 213426 1207529 | Z2::303 | 211235 | p=08 ]
' Bleog 1 - [ N I i
ESR P hr(mamy 220 1358117 1332#181 | 317268 1276516 | 433158 | 372:187 | p=07 |
| _Haemoglobin (g/dl) F>I2M-13 § 122406 f 123412 ¢ 126488 4 i2.3+13 ) 117+1 4 12411 Lp=0.07 |
| Blood urea (mg/dl) | 20640  427+197 1 37.5£19 1 487015 | 376476 | 3274237 1 373£26 | p=09 |
|_Sevum creatinive (mg/dy) | 0.7-12 1203 Pi=03 P rie6d4 1 i3 ] 0802 10903 | p=05 |
| Plasma glucose (mg/dl) (-1 50 11502236 | J06.9+116 | 12254258 | 10481140 | 1003285 | 1097283 | p=007 |
| laterleukin-6 (pp/mi) <7 150+i49 | 672986 | 11749 | 8.5+£13.5 1962185 | 4673 p=05 |
| Serum C-reactive Protein | <0.3 1,919 P 1.4£25 P 1.7x1.3 { 1.6£2.8 32425 { 1.2+727 =056
(CRPY(mgdyy I | A N R i
| Fibrivogen (mg/d) | 230-550 45742758 | A00.9+870 | 465 12875 | 38722682 | 4382631 | 4127106 | p=08 |
| Serum haptoglobin 303200 2936493 | 20175 f 313494 | 245274 272292 | 16956 p=07 |
mgdl) I e I I | e | |
| Serum o globulin 216-350 50474 | 436£89 | 50680 | 46792 472479 | 38285 p=08 |
 owedy S e e I R I i
_Serumalbumin (p/dl) | 402476 | 29=05 13205 i 3x05 EREIE N 27£06 1 33#05 _p=003 |
| Serum preatbumin 18-30 . 18.8+£57 j§r2i’),9:&:"}’1 19 4465 1945 9 i8.1+4 6 22981 =07
_(mg/dh
| Scrum transforin (mp/dh) | 202-364 1831083 | 19382350 | 186.1£33.2 | 19542396 | 1793223 | 1922318 | p=05 |
| Plasma lactate (mol/y ] 0622} 16205 12206 | B4R04 12206 | L8205 | 205 | p=03__ |
| Newrofunction | R | o I I i
| FIMscore R | 204185 544312 31 1xl6 1604368 | 2765217 1 4742239 | p=05 |
 DOSSscore ] 7 12113 33617 125413  139+18 | 1613 126615 | p=07 |
Nutrition g ; | | g
(PE{x or oral iniake) | |
CEnergy | I [ I ] - i
(kcal/d) : 129362155 | same | 1362+£143 | same 12932155 | same
_—_— (ecalkg) | = 224527 % 23625 4 20.7%28 A
| Protein g g ; i -
(g/d) : 541256 | same | 387102 | same 542296 | same
(kg =il 094017 1 P 1022017 4 ] 087:0.19 | 102+020% | i
i Carbohvdrates E i i - E
(o) - 146.2+32 1 same | 16432300 | same 1462532 | same
(g/kg) 2.5-4 05205 | AR50 235200 |
T @ : g
(/) - 56,911 SAMNE i 553355 SAMES 50175 | SRS
@hke) | S U 0982019 F IES S N %18 S I B i

hata are expressed as mean * standard deviation (SB). Statistical analysis: repeated
measures analvsis of variance, Trend over time: inderaction differences in {rends between
sroups. BME: body mass indexs ESR: ervihrocvie sedimentation rate; FIM: functional
dependence measure; DOSS: Dysphagia Qutcome and Severity scale, #This amouont 18 the

> sum of the protein administered/ingested (54.2 o) and protein (6.9 ¢) provided by
supplemented EAAs (411,

The patients aiso had increased blood concentrations of glucose and
normal lactate concentrations. From a functional point of view, - patients had

10 severe disabiitty (FIM -76.7% of normal value). At BDOSS evaluation, nineteen
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patients had severe dysphagia (DOSS = 1.2140.88) and nineteen had a moderate

dysphagia (DOSS = 3.07+1.76). Daily calories and macronutrients administered

or tngested were 224327 keabkg, 0.94+0.17 g/kg protein, 2.5£05 g/kg

carbohydrates, 0.98+£0.19 g/kg lipids. After randomization, the EAA and Plac sub-

groups were simlar for all measured variables at baseline.

At discharge, both groups had similar BW reductions, which were not
significantly difterent from the baseline and similar improvements in the rate of
dvsphagia, phvsical disability, inflammation, circulating proteins of acute phase
response to inflammation. Blood glucose levels improved 1o the Plac group. Both
groups had simitar plasma lactate concentrations, which over tume did not didfer
from baseline values. The addition of EAAs 8 g/d EAAs to total protein
admimistered/ingested (54.2 ¢/d) provided 6.9 g protein substrate, so, at discharge,
the treated group had had 1.02 kg protemn provided.

The results herewn provided confirms that unaffected army muscles of sub-
acute stroke patients may have a prevalence of catabolic over anabolic activity.

The composition herein disclosed tended to improve the rate of
inflammation thus converting muscle hypercatabolism (MH) to anabolic/balanced
protein metabolism 1n dysphagic siroke patients at one month after acute event.

Persistent body inflammation, immobilization/disuse, malnutrition were ail
factors present in the study population that can increase MH in the unaftected
arm. The inflammatory status, primed by acute cerebrovascular accident and
possibly persisting over tume by post-stroke mnfarction complications, reduces
protein  synthesis and increases breakdown, also wvia IL-6 stimulated
hypothalamus-pituttary corticosurrenal axis. The rate of proteolysis was probably
accentuated by insulin resistance as ndicated 1n the study population by blood
glucose concentrations above the normal value. Inflammation was responsible for
liver re-prioritization of protein synthesis observed in the study patients.

Disuse, denved from immobilization, de-nervation, muscle unloading,
brings about increased proteolysis and, to a lesser extent, reduced protemn
synthesis.

Unloading per se may lead to muscle proteolysis via induced oxadative
stress in skeletal muscle that triggers increased protem degradation.

Post-stroke tnadequate nutnition, in particular protein 1ntake, contributes to
proteolysis.

The fact that patients had a prolonged inadequate nutritional intake before

PCT/IB2015/057662
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their admission to rehabilitation 18 mdicated by the associated body weight loss
and dysphagia.

The MH finding seems to contrast with the normal levels of patients’
circulating essential anmuno acids. This discrepancy can be reconciled by
considening two factors: first, poor nutrition 1n acute setting would be due to
inadequate energy miake but not protein ntake, given that the former represents
80.6% of energy body requirements, whereas the latter 1s 99% ot the
recommended amount. The amounts of energy and protein ingested were similar
to and respectively higher than those reported 1n a previous study conducted
stroke patients at similar period after acute event (21 d). Normal EAA levels
suggest that 1 g/kg/d protein supply tofintake by sub-acute stroke in the
rehabilitation stage of the disease may be nutritionally but not metabolically
adequate to reduce muscle hypercatabolism. This would suggest that unaffected
muscie 1s a site of profound metabolic perturbations, overniding EAA-promoted
anabolic activity.

Disuse, unloading, increased muscle cytokine content are some factors
leading to MH. Disuse activates the potent proteolytic activity of ATP-dependent
ubtgquitin-proteasome pathway, lysosomes, calcium-dependent calpain sysiem.
Unloading ts a potent promoter of muscle proteolysis via inducing oxidative
stress. Increased muscle cytokine content may exert a proteolytic effect, n
parficular of myofibriliar protein. Interestingly, cytokines aftecting muscie cell
function can be produced intrinsicaily within the muscie or by non-muscle celis as
neutrophils and macrophages. Durning inflammation these phagocytes infiltrate the
muscular tissue. Other non-resident cells such as fibroblasts, vascular smooth
muscie cells, vascular endothehium can produce cytokines.

Besides an adeguate protein intake reduced metabolic clearance of
circulating BCAAs by the adipose tissue may contribute to normal arterial
essential amino acids (EAA) levels. Indeed, adipose tissue modulates the levels of
cireulating BCAAs but in the case of nsubin resistance, as in our study
popuiation, reduces or interrupts BCAA uptake.

Previous studies have addressed the timing of post-stroke muscle ioss 1n
the unaffected limb. Within the first week of stroke, one study found muscle
weakness of unattected quadriceps of hemiplegic stroke patients and a correlation
between a change of quadricep sirength and acute weight loss. Another

investigation reported no evidence of muscle strength loss in any limb. A number

PCT/IB2015/057662
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of studies have documented reduced muscle mass and strength six months post-
stroke. This was more so in the paretic compared with the non-paretic lower lunb
and upper limb. A study demonstrated reduced muscle strength in both legs in
patients one year after stroke compared to normal subjects.

The results herein reported provides information of the tunung of the
muscle loss of the unaffected hmb as t documents muscle hyper-catabolism 1n
stroke patients one month atter stroke. This suggests that, in sub-acute stroke,
systemic mnflammatory-metabolic alterations may be an important contributor 1o
muscie wasting, adding to other mechanisms of unatfected side weakness. These
mechanisms include muscle damage {rom stroke lesion due to bulateral projections
of each cerebral hemisphere, physical inactivity, under-nutrition and possible
motor weakness from co-morbidities in pre-event period. It is reasonable to
believe that systemic factors also negatively tmpact the damaged contro-lateral
muscles. Compared to healthy subjects, the patienis enrolied for the 1nstant study
also released significant amounts of the amino acids asparagine, threonine and
BCAAs. This would suggest progressive impoverishment of amino acid content
ot unatfected muscle.

Another tfinding diudferentiating stroke and healthy subjects s the
concentration of certain aming acids in artenial blood. Strokes have decreased
levels of aspartate, asparagine, glutamine, alanmine, taunine, {ryptophan but
increased levels of BCAAs, methioning, phenvl-, lysine. In milammation and
muscle proteclysis, these reductions would suggest increased metabolic clearance
of amino acids by visceral organs including hiver, gut, kidney, which would be 1n
a hypermetabohic state. For wnstance, the liver has a high consumption of
glyconeogenic aspariate, asparagine, alanine and glutamine, the gut and the
kidney of glutamine, the immune cells of glutamine, the brain of all amino acids
in particular of the serotonin precursor tryptophan.

The increases 1n artenial amino acd concentrations are mainly of muscular
origin given that, mn addition to phenyl-release, BCAAs, methionine, lysine
undergoes excessive release. The normal lactate fevels suggest that in unaffected
arm muscies, there i1s a balanced aerobic-anaerobic pathway energy-forming.
Interestingly both protein degradation and synthesis require large amounts of
energy in order to occur,

To sum up, this investigation shows that the unaffected arm muscles of

hemiplegic, dysphagic stroke patients are sites of hypercatabolic activity which, if
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not corrected, leads to muscle wasting.

Furthermore, dysphagic strokes have alterations of artertal amino acid
profile. The loss of muscle mass and strength has a significant impact on stroke
patients’ functionality and life prognosis. Muscle depleted subjects have impaired
glucose metabolic control, increased risk of osteoporosis, which may be
responsible for hmip-fracture and falls, cardiovascular de-conditioning and more
accentuated disability, in particular walking.

Therefore recognizing and treating muscle wasting as early as possible is
of paramount importance for rehabilitation outcome for stroke patients, especially
if we counsider that 80% of total neuromotor recovery occurs within the {irst
month of acute stroke.

This study clearly indicates that the administration of the composition
herein disclosed can correct unaffected muscle protein over-degradation in sub-
acute dysphagic stroke patients.

{n the contrary, without the administration of such compositions, patients
continued to lose muscle mass seventy days after the acute stroke. After
rehabilitation, the prevalently anabolic activity in the EAA group was
accompanied by unatlected muscle uptake of 499 of artertal amino acids and of
plasma total artenial amino acids suggesting the anabolic muscle protein turnover.

This was reinforced by the lower releases of histidine, glycine, taurine
compared to those of the Placebo group, as well as by increased arterial TAA
availability.

Regarding protein synthesis, essential branched chain amino acids act as
tuel and anabolic signals in human muscle. Chronic supplementation of leucine,
as here, stimulates post-prandial protein synthests 1a responstve issues including
skeletal muscle, liver, adipose tissue. It has been shown that oral intake of 2.5 g
leucine stimulates muscle protein synthesis after exercise or an overnight fast.

Regarding proteolysis, leucine 18 a regulating factor of myofhibriliar protein
degradation, as it suppresses myofibrillar protein degradation soon after oral
administration. Infusion of BCAAs in humans markedly diminishes skeletal
muscle protein degradation, but stimulates protein synthesis in the heart. It has
been shown that efficient protein use 1s determuned by sensitivity vanation of
proteolysis to aminoe acids rather than protein synthesis. Small amounts of amino
acids are enough to reduce proteolysis unitke protein synthesis,

Several mechanisms underlie protein synthesis and at the same time,
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reduce proteolysis by essential amino acids. One mechanism 1s the adequaie
availabiity of essential ammno acids per se. Indeed, essential amino acids can
stimulate protein synthesis independent of hormones. Other mechanisms include
the regulation of gene expression, modulation of anabolic hormone activities,
improved aerobic metabolism  energy-forming and a reduced circulating
INFo/IGEF-1 ratio. Finally, amino acids influence target genes at transcription,
mRNA stability and translation. Amino acids and in particular EAAs, promote
protein synthesis by stimulating insulin-growth factor 1 (IGF-1) and modulating
insulin signalling. Indeed, they play a role in regulating msulin signalling via the
mTOR nutrient signalling pathway. Insuhin (and IGF-1) cannot stimulate protein
synthesis if amino acid concentrations are not maintained.

Moreover, essential amino acids can also reduce insulin resistance.
Essential amino acids induce anabolic activity indirectly by boosting cell aerobic
metabolism to produce energy, the avatlabiity of which s indispensable for
proteinn synthesis. Particularly important in a state of systemic intlammation,
essential amino acids can promote muscle protein synthesis by reducing
circulating cytokane TNF o, so reducing the TNFo/IGE-1 index.

The discrepancy observed nere between normal plasma essential amino
acids levels and muscle hypercatabolism suggests that chronic suppiementation of
free essential amino acids may be superior to protein essential amino acids 1n
promoting muscle anabolism. Indeed, for muscle protein synthesis to occur, rapid
increases of plasma essential amino acids levels toliowing essential amino acids
ingestion 1S more important than intramuscular amino acid availabuity. This 1s
because the protein synthetic machinery 1n muscle 1s unresponsive after 2.5 hrs.
The speed by which blood peak concentrations is achieved s higher atter free
essential amino acids ingestion than after EAA {from protein because the
absorption rate of the latter is slowed by the co-presence in the diet of complex
carbohydrates and fais.

In addition, the modulation of muscle protemn synthests by blood
elevations in essential amine acids may explain why here two stroke-patient
groups had simular plasma EAA levels but ditterent muscle protein metabolism
FESPONSes.

[t 15 umperative that dysphagic stroke subjects are admimstered adequate
amounts of high quality protein. Reduced protein intake leading to low blood

essential amino acids levels can contribute to a dramatic increase of MH.
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The results herein reported provides useful information for chncal
practice since i has been shown that the composition herein disciosed 1s able
attenuate the systemic inflammatory state of stroke patients, and thus convert
hypercatabolism to anabolism, which allows a better physical autonomy recovery
of the patients.

EXAMPLE 2

MATERIAL AND METHODS

Population. Forty-two dysphagic patients following ischaemic stroke

consecutively admitted to the Rehabilitation Institute (Rehab) (Nervi, Genova,

{taly) were enrolled within 37412 days of their acute event.

The patients came from the following origins: stroke units (14.3%), homes
(61.9%), neurological settings {23.8%). None of the patients were on steroid
therapy, had cancer, nephrotic syndrome, all events that constituied critena of
exclusion of the study 1n that tmpacting the reactants of acute-phase response.

Vascular cerebral insult topography was ascertained by computed
tomography or magnetic resonance 1maging.

The damaged stroke areas were classified in relation to the location of the
ischaemic obsiruction as PACT {partial anternior curculation wmfarction, 45.2%),
TACT {total anterior circulation infarction; 30.93%), POCI (posterior anterior
circulation infarction; 23.8%).

Written informed consent was obtained from participants or whenever
relevant from their caregivers, afier the nature of the study had been fully
explained. The study was approved by the Institutional scientific and ethical
committees.

Procedures. Within the first three days of admission {0 Rehab Institute, the
tollowing baseline variables were measured:

a} anthropometric characteristics: body weight (BW, kg) found using a
mechanical weight hifter; height (m), calculated from knee height
(Chumlea et al., 1985). Body mass index was calculated as kg 'm™. Actual
BW was referred to habitual (pre-event) BW. Acutal/habitual BW < 95%
was considered a significant loss of BW;

b) bio-humoral varables: 1) routine vanables, including serum protein
clectrophorests and the peripheral biood N/Lymph ratio (in the laboratory
this ratio in healthy individuals ranges from 1 to 3); 2} biomarkers of body

inflammatory status: C-reactive protein {CRP; normal value < 0.8 mg-dl™,
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determined by an 1mmune-turbidimetric  method),  ervthrocyte

sedimentation rate (ESR; normal value 2-20 mym at the first hour); 3} acute

phase reactants: positive proteins {a-1 giobulin system, normal values 210-

350 mg-dl"; haptoglobin 30-200 mg-dl™'; fibrinogen, normal values 230-

550 mg-di"); negative proteins {albumin, normal values 4.02-4.76 g-dU’;

prealbumin, normal values 18-30 mg-dl” and transferrin, normal values

202-364 mg-dl™);

¢} functional status: evaluated using the Functional Independence Measure
(FIM) as elsewhere reported [Keith et al. 19871,

d} dysphagia: all patients were admitted with a diagnosis of dysphagia. The
presence of dysphagia was controlied by the investigators using a video
fluoroscopy examination. The severity of dysphagia was evaluated using
the Dysphagia Outcome and Severity Scale (DQOSS), a 7-pont scale
developed to systematicaily rate the functional sevenity of dysphagia
(O Neil et al 1999 The score range was 1-7, where level 1 denotes severe
dyvsphagia, level 2 moderately severe dysphagia, level 3 moderate
dvsphagia, level 4 muld~to-moderate dysphagia, level 5 mild dysphagia,
level 6 within functional imit/moditfied independence and level 7 normal
in all situations.

At admission, 21.4% of the patients were on modified diet, whereas 73.6%

WEe

On nasogastric- or percutaneous endoscopic gastrostomy tubes.

Patient randomization. After completing these procedures, patients were
randomized to receive essential amino acids (EAAs; EAA group, n=21) or
placebo (maltodextrin; placebo group, n=21}). A randomization list was generated
using SAS statistical software {(SAS Institute, Cary, NC). A and B were the
identifiers of the blinded treatment. The list was made available both to the
physician and to hospital pharmacists. The physician sequentially allocated
patients to treatment A or B according to the randomization list. The first
investigator who mterpreted all results was blinded to patients’ aliocation. The
experimental group (EAA group) received 8§ g/d of EAAs (Table 2) 4 g in the
morning + 4 g in the afternoon diluted in halt a glass of water. The placebo group
was gtven 1socalornic formula containing maliodexirin,

in the patients on artificial nutnition, placebo or EAAs suppiementation

was given through the feeding tube. In the subjects on modified diet EAAs were
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given in the form of gelified mixture.

The duration of the treatment (EAAs or maltodextrin} was 35 days. At

38+1 d from admission to rehab the vanabies from a) to d) were all repeated.

Rehabilitation therapy. All patients followed the centre rehabilitative
protocol consisting of performing passive, active and active-assistive range-of-
motion exercise coordination, assistive ambulation with devices or support. The
duration of treatment by the same therapist was of 60 minutes a day for five days
a week. Moreover all patients underwent speech and occupational therapy.

Statistical anaiysis. All vanables were analyzed reporting means and
standard deviation for quantitative variables and disintbution frequencies for
qualitative variables.

Chi-sguared test was used for categorical variables. Subsequently, CRP
was transformed 1nto natural ioganthmic values (in CRP).

in the entire population, differences w the variables between baseline and
discharge values were tested by means of a paired-Student 7-test.

The relation between circulating Lymph, N/Lymph ratio and
neurctunction test during Rehab were studied by simple correlation analysis,

Patient population was stratified o the group who improved DOSS by al
least 1 score and the group with stable DOSS. Baseline difterences of the
vartables between these groups were tesied by unpawed {-test Repeated
measurement analysis of vanance was used to assess any differences m trends
overtime between the two groups of patients.

Linear multiple regression analyses were performed in order to point out
the vanables with high association with DOSS 11 the two patient subgroups.

Baseline ditferences in the varables of patients on EAAs and on placebo
were tested by unpaired 7/-test and repeated measurement analysis of varance was
used to evaluate difterences in trends overtime. Here again, hinear multiple
regression analyses were carried out m order to point out the variables with high
association with BONS,

The level of statistical significance was set at p<0.05.

RESULTS

a} Patient population

Table 8 reports both the patient baseline and discharge demographic-,
anthropometric-, bichumoral-, clinical- and neurofunctional characteristics and

nuiritional imntake.
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At baseling, the patients had a normal body weight (BW) (BMI=23 742 3
ke/m”) but with an average weight loss of 5.3% relative to the pre-stroke BW. The
subjects displayed severe losses of physical capacity (FiM: -74% of normal value,
on average) and deglutition ability (average DOSS: -71% on average). Moderate
and severe dysphagia (DOSS<3) was observed in 38% of the subjects. Mild
systemic inflammation was present {average CRP levels 2.5-1pld higher than
normal value} The nflammation was associated with reduced levels of the
circulating negative proteins (albumin, prealbumin, transterrin) of the acute phase
response and with mcreased serum concentrations of the posttive ones {alpha-1
globulin system, haptoglobulin, fibrinogen) and with blood glucose at upper limud
of the normal values (Table 8},
This was compatible with sigmficant tmprovements i both physical disability
{(average FIM increase: +69%, p<0.001) and dysphagia (average DOSS wmcrease:
+1.19 score; p<0.601). The mmprovement of dysphagia was noted in 30 patients
(71.4%) (16 1in placebo and 14 1n EAA subjects) whereas stable dysphagia was
found in 28.6% patients.

inflammation was still present but was associated with significant reduced
serum levels of anti-protease system (alpha-1 globulin from 311 me-dl” to 282
mg-dl" on average, p=0031), haptoglobin (p<0.001) and increased serum
concentrations of circulating negative protetns of acute phase response {Tabie 8},
Plasma glucose significantly diminished and normalized (p=0.008).

During rehab stay, the subjects who improved and those who did not
improve dysphagia developed similar number of infection episodes (1.8+£0.4 vs

1.6+£0.5, respectively; ns).

_________________________________________________________________________________________ Yabled
 Varables | Stroke patients (n=42)
T normal values | Baseline | Bischarge | plevel
 Bemographic 4o e ]
- Male/Female - 27715 - -
AseQearsy NC A L B *
 Anthropometric S R S
i Actual body weight (kg) ~ 6345142 1 6394134 | p=002

, Actual/habxtual body weight (Vo) - 94 746 5 i 07.7+8.9 Bl the
 BMIkemy 237428 1231429l p=06 |
- Blood/serum/plasma 5
 ESE 1 hr (o) 2-20) 4674352 13824306 | p=0.2
_Haemoglobin(gdly | P12 ME3 124419 112,141 z 3
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- YVariakides atroke patients (=4}
S B normal values | Baseline | Discharge | plevel |
. Cowactive Protein (CRPY (mgidl) | <08 1 202424 1133424 pmO07
fommogenimg/d) 1 230050 a--.‘?f.?.-.%’fi?f ______ 381480 | p=0001 |
- Haptoglobin (mg/dl) 30-200 06741317 | 19974928 | p<0.001 |
- olglobulingmeg/dhy 1210350 311134 | 2824106 | p=0.031 E
Abumin(gdhy ] 102476 2894052 1324046 | p<0001 |
Prealbumindmg/dh 1 i8-36 178451 1195459 | p=0.058 |
- Transferrin (mg/dl) 202-364 178327 | 19554358 | p=0001 |
1 9-f.i.-}éiﬁ}}.ii:..9.?_1.15-:-}_.‘};’ti_(.-_l__(lli’_iif_f}.{tf _______ | 20005008 731322192 | 608641632 | p=0004
. Neutrophils 5
N/ 1800-8000 4909+1924 | 3697£1374 | p=0.001
% TW 4575 L 65.86+10.6 | 595493 | p<0.001
Lywmphiocyie
n°/muny’ 700-3760 1505538 | 16881557 | p=0.02
Yo TWC 20-47 017489 286492 | p<000l |
Meutropht/iymphocyte Ratio | Io-30% 376207 1 243%13 | p<0001 |
 Newrofwnction | '
_________ FiMscore 825 133624178 15594266 | p<O00 |
| DOSS score 7 23804 {1 3576159 | p<O001
 Nutrition ®EGorNT* I
J.._,Ilt,l"’}/ : = :
(keal/d) - 13502195 | 14504210 | p=0.9 E
Gealog) | 225 206£18 | 227434 | p=008 ]
Protein i
(g/d) . 63,5489 1 62+£105 | p=0.2
o/k o) >1.] 0971019 1 0974017 | p=0.1
(ar uOh‘« raes E 5 E
(g/d) . 143438 146435 | p=01
(2/kg) 2.5-4 20404 0 23306 | p=0.2
; (o/d) - 55 4410 56.ERE2 | p= 1S |
ke = i___Q;.‘c‘i%?isﬂ};_!ﬁ___i_____Q__fﬁé%if_Ef_f_’-_ _____  p=009

Data are expressed as meand-standard deviation (51}, Statstical analysis: Pawred ¢ student test.
BMI: Body Mass Index; ESE: Brvthrocyte dedimentation Rate; FIM: Functional Independence
Measure, DUSS: Dysphagia Outcome and Severtly dbeale

b} Circulating Lymph, N counts and N/Lyvmph ratio

Table § shows that, at baseline, the patients had normal total white cell
(TWC)-, Lymph- and N counts, notwithstanding systemic inflaromation, However
N/A.ymph ratio resulted higher (3.76+£2.07) than the normal value of our
laboratory (<3}

At discharge, sigmificant reductions of basal TWC (p=0.004) and N

(p=0.001) counts were found whereas Lymph count increased (p=0.02). Thus

N/Lymph ratio signiticantly decreased to 2.43+1.3 (p<0.001) and normalized.

¢} Relationships between cwrculating Lymph, N/Lymph ratic and
peurciunction tests during Rehab

Absolute Lymph counts and % Lymph correlated positively with DOSS
{(r= +0.235, p=0.04 and r= +0224, p=0.05, respectively} and negatively with
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inflammation marker In CRP (= -0.265, p=002 and r= -0.484, p=0.0001]
respectively}. N counts were posttively linked to ln CRP (= +0.37, p=0.001) and

showed a slight negative association with physical ability (FIM, r=-0.20, p=0.07}.
No correlation was found between N and DOSS. Lymph and N were strongly
negatively correlated (= - 0.926, p<0.001). N/Lymph ratio was 1n inverse relation
with physical capacity (= -0.262, p=0.02) and degiutition ability (= -0.279,
p=(.01} but was positively associated with In CRP (= +0.514, p=0.0001}. The
results show a positive correlation berween FIM and DOSS (r=+0.78, p<0.0001).

in order to better understand the relationship between the overtime
changes of circulating ummune cells and dysphagia, the entire stroke population
was stratified in a first group which, after Rehab, exhibited improved dysphagia
(n=30 subjects) and 1n a second group which did not improve dyvsphagia {(n=12
subjects). Table 9 shows the changes of some vanables between subjects with
ameliorated and with not ameliorated disphagia.

These varniables were simultanecusly tested in a logistic regresston model
finally showing that onily % Lymph was significantly associated with improved
swallowing capacity (p=0.01). In line with this finding, the overtime changes in %

Lymph and D{OSS were postiively correlated (p=0.015; Figure 3, panel a}.

_________________________________________________________________________________ abke 3 e,
Overtime changes of dysphagsia
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" T Ne ||
. improvement e E
Yariabies improvement | p valuge |
=3l 1=12

Lymphocytes (% TWC) | #1033+ 1155 | 2121269 | 0004
ESRV @y 1 -1426+4592 | +19.27 % '_’ 879 | 0.033
Lereactive Protein (CRP) (merdl) | 122425 * __‘?__?__1_: ______ 29 | 0.05]
 Prealovmun(mg/id) 0 | +222+749 | 317807 | 005 ]
FiMiscore | - P26 /£ 1984 | 4 __i_é___l_f’_-_—i%_}_f‘?é.fz ______________ 0.04 |

d) Effects of EAA supplementation on Lymph and dysphagia

At baseling, EAA and placebo groups were simular tor all the vanables
considered, except for the serum alpha-1 globulin concentrations higher in
placebo than in EAA group (p<0.02) (Table 10). During the rehabilitation period
the overtime changes of all the variables considered (Table 11) resulted simuilar
between the two groups of patienis except for the alpha-1 globulin that diminished
in placebo patients (interaction p=0.01) and for N/Lymph ratio the decrease of
which was more pronounced in the EAA group (interaction p=0.04).

fable 10
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nosma} Basehne Bascharge Basehine Bischarge B leveld
E i valnes | ; |
- Lymphocytes | ; |
pPmey’ | 700-3700 | 15029844855 | 170288450444 | 150683459231 | 167571461261 | p=07
% TWC 1 20-47 i 2{}.1-:%3.8 | 27.348.0 | 23.11+10.89 29.67+10.1 | p=0.6
| Neutrophil/Lymph | 1.5-3.1 | 3.68+1 45 P 2.60+1.46 - 3.82+1.2 2.30+1 .18 | p=0.04
- Ratio
 Newrofunction ¢ 4 e S I S
 FiMiscore 125 | 32.58+15.98 | 573742934 333941946 | 546542481  p=08 |
. DOSS score i7 | 2.53+1.39 | 4.05+1.39 22641 4% 3. 17+1 66 | p= 0]
[ Nufritin I S e S S SN
- Energy ; g
' (keab/dy | - | 1405+205 L 1557+2 13554189 14724215 | p=0.9
S (keallkg) 1225 1243221 2439 1206815 12308305 |p=09
- Proiein i §
(/) - | 62+7.9 | 61.548.5 64,9491 62.8+11 .4 p= 0.8
P! k) T S WL o S 09644019  099+0.18 | U.98r0.16 1 p=07
- Carbohydrates i E ,
g (g/d) - 150+41 | 148239 138%33 149.5+31 .1 p=0.2
gk 1254 228£05 123207 0 1 21+03 123305 | p=08 |
- Lipids , : i
(2/d) . | 50.7+8.5 | 51.5410.9 L 60.1+11.3 60.5+12.8 | p=0.3
ke G <1 077062 10814019  09iot006 | 0.944+021 L p=07 ]

Values are expressed as meanastandard deviation, Statistical analysis: Repeated measure aualysis of variance.

1he p level of the inferaction term (Bme*treatment) 18 reported ondy. Level of significance set af p<.03

in both groups the improvements of dysphagia were positively linked to

improvements i % Lymph (Figure 3, panels b and ¢) but the association was

more evident in the EAA group suggesting that the association observed in the

entire stroke population (Figure

3, panel a) 15 mainly ascribed to EAA treatment.

The study shows that during the subacute stage of ischemic stroke the

patients at admission to Rehab Institute had normal peripheral blood Lymph and

10

N counts but high N/Lymph ratio. After rehab, N/Lymph ratio normalized

because of decreased N count and increased Lymph count. Furthermore, the study

shows that mcereased peripheral bloo

% Lymph 1s significantly associated with

improved dysphagia disability and that this relationship 18 potentiated by

supplementing essential amino acids (EAAS) to patients.

N counts with mildly increased N/Lymph ratio.

1} Circulating Lymph- and N counts, N/Lymph ratio

The study mndicates a normal profile of blood total white cells, Lymph and

During Rehab a decline of post acute inflammation rate with posttive

impact on patient clinical-metabolic status occurred. In fact, the reduction in

N/Lymph ratic was associated with patient tmprovements mm physical and

swallowing disabiitties, circulating levels of the negative proteins of acute phase
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response, potentially influencing cerebral repair. Moreover the patients 1mproved
plasma ghucose concentration, indicating a reduction of msulin resistance state.

The blood profiie of immune cells during subacute stroke is the opposite to
that described 1n acute or immediately post-acute phase of cerebral ischenua. In
acute 1schemia total whate cells and N count are increased and Lymph count is
decreased and within days of the stroke, the inhibttion of Lymph
proliferation/activity occurs because of both suppressive effect by overactivated
autonomic nervous system on spleen and lymphonodes and direct inhibitory
activity exerted by N on Lymph.

in contrast to acule stage of stroke mn which the reduction of adaptive
immune system 1s beneficial for the patients, durning subacute stroke the
amelioration of adaptive immune system not only 15 not detrimental but also may
toster neuroregeneration. The findings of the present study documents that the
restoration of immune system function was accompanied by improvement in FiM
both in stroke and spinal cord injury patients.

it 15 possible that the increase of circulating Lymph observed in subacute
patients could be due to reduced corticosteroid production following reduced
inflammation rate, as elevated corticosteroid {and metanephrine} levels are
associated with lymphopenia after extensive brain infarction. Lymphocytes
express more glucocorticold receptors than granulocytes and monocyies. The
blockade of these recepiors prevents lymphopema. Even though circulating
corticosteroid levels were not determined in the current study, the normalization
of blood glucose during rehab, indicating reduced insulin resistance, suggesis a
reduction of corticosteroid production. As in acute ischemia Ns influence the
stroke severity, the decline of Ns during rehab could favour the processes of
neurorepair and neuroregeneration. in the present study, this is indirectly
suggested by the negative correlation found between N/Lymph ratio and the
retrievals of both physical (FIM) and deglutition (DOSS) disabilities. This
suggests that the lower the inflammation, the higher the deglutition abuity,

Even if innate and adaptive immune systems mutually cooperate to ensure

the best immunological response after cerebral ischemia-induced inflammation,

Ns and Lymphs are inversely correlated because Ns can inlubit Lymph number

and activity.
in synthesis, the study suggests that during subacute stroke the adaptive

mmmunity may be predonunant on the innate immune system and may be

PCT/IB2015/057662
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associated with patient neurofunction retrieval whereas the persistence of higher
rate of inflammation may be prejudicial for degiutition retrieval.

2) EAA supplementation and the relationship between adaplive inunune
system and neurofunction

The study shows that EAAs are associated with significant reduction of
blood N/Lymph ratio and enhancement of the relation between the improved tune
courses of % Lymph and DOSS. Thus EAAs influence both blood immumity and
neurorepair processes. Given the metabolic activity of EAAs, these substrates
promote these processes in virtue of several mechanisms,

Fustly, EAAs can directly induce protein synthests n immune cells for
Lymph proliferation and duplication.

When Ns are prevalent over Lvmphs, as in acute ischemia and at
admission phase of patients to rehab, the phagocvytic activity of circulating N may
negatively 1mpact the retrnieval of deglutition. In the present siudy, this 1s
highlighted by the negative correlation found between N/Lymph ratio and
degiutition capacity. Thus the study suggests that EAAs change the immunity
profile in favour of adaplive immumity over the intlammatory pattern.

Secondly, EAA-induced protein synthesis directly improves the deglutition
capacity by impacting the mechanisms underlying normal deglutition such as
interneuronal activity and/or deglutition center and/or peripheral neuromuscular
tunction of deglutition.

Thirdly, EAA-induced body anabolic status 1s of paramount importance
tor brain remodelling and function. In the study, the improved anabolic status,
notwithstanding a slight loss of baseline body weight, was denoted by the
restoration of hepatic synthesis of the negative protetns of acute phase response
such as albumin, transferrin, prealbumin. Of note, these proteins per se may play a
role in brain repair/regeneration and reactivation of neural networks.

The study shows that more than 28% of the patients did not improve
dysphagia during rehab. This could be due to the absence of cortical excitability
the undamaged hemisphere. This hypothesis relies on the iollowing: 1}
swallowing musculature 18 represented in each hemisphere but with marked
interhemispheric asymmetry; 2) the occurrence of dysphagia is related to the size
of the pharyngeal projection in the intact hemisphere.

The study shows that physical (FIM) and deglutition (DOSS) abilities are

interrelated. The fact that at the logistic regression analysis, the dysphagia
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outcome was mainly associated with % Lymph and not with FIM suggests that the
improvement in dysphagia 1s dependent not only on general umprovement of
neural networks, like in placebo individuals, but 1s also mediated by increased

activity of adaptive immune system on cerebral remodeliing, like 1n EAA patients.

L

Moreover, the experimental data highlight the presence of a positive
correlation between the value of N/Lymph ratio and the concentration of EAAs 1n
arterial blood, mainly the branched essential amino acids (leucine, 1soieucing and
valine).

On the contrary, the correlations between the value of N/Lyvmph ratio and
10 the toial concentration of amino acids o arterial blood as well as the correlation

between the value of N/Lymph ratio and the total concentration of amino acids in
venous blood are not significant.
The physiopathological explanation of the above lies 1n the fact that the
higher the intlammatory processes {(high N/Lymph ratio) are the higher the
13 multidistrict  protein  turn-over {high amounts of protein mediators of
inflammation, eg cytokines, are synthesized) and theretore the higher the need to
have an adequate conceniration, especially of essential amino acids in the
systemic artertal bloodstream, for protein synthesis, while the venous blood
reflects the flow from muscle catabolism.
2{)
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CLAIMS
1. A composition for use in the treatment of systemic inflammation state in
stroke patients with dysphagia, the composition comprising an active agent, said
active agent consisting of the amino acids leucine, isoleucine, valine, lysine,
5  threonine, histidine, phenylalanine, methionine, tryptophan, tyrosine, and cystine,
wherein said composition comprises one or more thickener agents in an

amount between 10% and 50% by weight with respect to the active agent weight.

2. The composition of claim 1 wherein the composition comprises one or
10  more thickener agents i an amount between 20% and 30% by weight with

respect to the active agent weight.

3. The composition according to claim 1 wherein the one or more
thickener agents are selected from the group consisting of xanthan gum,
15 methylhydroxypropylcellulose, konjak gum, konjak glucomannan, gum Arabic,

and modified starches.

4. The composition according to any one of claims 1-3 wherein the
leucine:1soleucine:valine weight ratio is 2:1:1.

20

S. The composition according to any one of claims 1-4 wherein
- the 1soleucine:leucine weight ratio is in the range 0.2-0.7, and/or

- the valine:leucine weight ratio is in the range 0.2-0.8.

25 6. The composition according to claim 5 wherein the isoleucine:leucine

weilght ratio is in the range 0.4-0.6.

7. The composition according to claim 5 or 6 wherein the valine:leucine
weight ratio 1s 1n the range 0.4-0.7.
30
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8. The composition according to any one of claims 1-7 wherein
- the threonine:leucine weight ratio is in the range of 0.15-0.50, and/or

- the lysine:leucine weight ratio 1s in the range of 0.15-0.60.

9. The composition according to claim 8 wherein the threonine:leucine

weight ratio is in the range of 0.20-0.45.

10. The composition according to claim 8 or 9 wherein the lysine:leucine

10 weight ratio 1s 1n the range of 0.30-0.55

11. The composition according to any one of claims 1-10 wherein said

active agent is free of arginine.

15 12. The composition according to any one of claims 1-11 wherein said

active agent 1s free of serine, proline, glycine, alanine, and glutamic acid.

13. The composition according to any one of claims 1-12 wherein the
composition further comprises one or more vitamins.
20
14. The composition according to claim 13 wherein the vitamin is selected

from the group consisting of vitamins B.

15. The composition according to claim 14 wherein vitamin is vitamin B

25 and/or vitamin Bs.

16. The composition according to any one of claims 1-15 wherein the
composition further comprises carbohydrates, additives and/or flavouring
substances.

30
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17. A composition for use in the treatment of a systemic inflammatory

agent consisting of the amino acids leucine, i1soleucine, valine, lysine, threonine,

5  histidine, phenylalanine, methionine, tryptophan, tyrosine, and cystine.

CA 2958033 2018-12-27
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