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COMPOSITIONS FOR IMPROVEMENT OF 
BRAIN FUNCTION 

FIELD OF THE INVENTION 
[ 0001 ] The present invention relates to the field of medi 
cine and nutraceuticals , in particular the treatment of neu 
rological and / or neurodegenerative disorders and improve 
ment of brain function . 

BACKGROUND 
[ 0002 ] It has been known for some time now that forma 
tion of new neurons from neural stem cells ( neurogenesis ) 
continues throughout life in adult mammals including 
humans , although it has a clear tendency to decrease with 
age . One of the most active loci for adult neurogenesis is the 
hippocampus , which has a crucial role in memory and 
spatial navigation . Hippocampus is also one of the first 
regions suffering damage in Alzheimer ' s disease . Stimula 
tion of adult neurogenesis has been subject to intensive 
research pursuing the hypothesis that a number of neuro 
logical disorders ( in particular neurodegenerative disorders 
such as Parkinson ' s or Alzheimer ' s as well as depression ) 
might be treatable in such manner . 
[ 0003 ] Eosinophils ( or eosinophil granulocytes ) are white 
blood cells involved in defence against parasites , but are also 
involved in many neoplastic , autoimmune and allergic dis 
eases . There are a number of treatments that lower eosino 
phile numbers , such as corticosteroids , mepoluzimab , resli 
zumab , leukotriene antagonists and imatinib , none of which 
is without drawbacks . 
[ 0004 ] There is considerable unmet medical need for 
alternative and / or improved treatments of disorders involv 
ing eosinophilia , neurological and / or neurodegenerative dis 
orders and for improvement of brain function . 
0005 ] It is an object of the present invention to provide 
such treatments and means for such treatments . 

intended purpose . Preferably , the counter - ion of alpha - ke 
toglutarate in a pharmaceutically acceptable salt of the 
invention is not an active ingredient by itself , although it 
may in some cases be acceptable that the counter - ion is an 
active ingredient . 
[ 0008 ] The term lipase in the context of the present 
invention refers to enzymes that catalyze the hydrolytic 
release of fatty acids from triglycerides releasing fatty acids 
and glycerol , monoglycerides and / or diglycerides . Prefer 
ably , a lipase catalyzes the release of long - chain or medium 
chain polyunsaturated fatty acid ( PUFA ) . In this context 
" long - chain ” may refer to fatty acids having tails longer than 
12 carbons and “ medium - chain " to fatty acids having tails of 
6 - 12 carbons . By polyunsaturated it is meant that there are 
at least two double bonds between the carbon atoms in the 
tail of polyunsaturated fatty acids . Examples of PUFA 
include but are not limited to linoleic acid , linoelaidic acid , 
a - linolenic acid , arachidonic acid , eicosapentaenoic acid 
and docosahexaenoic acid . It is preferable that the activity of 
the lipase of the present invention is substantially indepen 
dent of pH and that the lipase is active at a pH 6 - 8 . 
[ 0009 ] The term lipase in the context of the present 
invention comprises lipases of any origin , including human , 
animal , plant and fungal , bacterial , eukaryotic and prokary 
otic origin , irrespective of if the lipase has been produced by 
recombinant means or by non - recombinant means . 
[ 0010 ] Preferably , the lipase is or has been made acid 
stable . Such acid stable lipase may be lipase - CLEC ( cross 
linked enzyme crystals ) . Such lipase - CLEC crystals and 
methods of their manufacture are known in the art , for 
instance from US2006 / 0121017 , incorporated herein by 
reference . It is also possible to use non - acid stable lipases if 
the amount administered is increased to compensate for loss 
of activity in the stomach , the stomach acidity of the patient 
reduced by antacids , proton pump inhibitors or other suit 
able pharmacological means , or if the lipase is formulated in 
a protective enteric formulation well known in the art . 
[ 0011 ] The term protease in the context of the present 
invention refers to a proteinase , proteolytic enzyme or 
peptidase , which is an enzyme that catalyzes the splitting of 
interior amide peptide bonds in a protein . Specifically , 
proteases catalyze the conversion of proteins into smaller 
proteins / peptides and / or their component amino acids by 
cleaving the amide linkage between the carboxyl group of 
one amino acid and the amino group of another . Proteases 
are generally identified by their catalytic type , e . g . , aspartic 
acid peptidases , cysteine ( thiol ) peptidases , metallopepti 
dases , serine peptidases , threonine peptidases , alkaline or 
semi - alkaline proteases , neutral and peptidases of unknown 
catalytic mechanism ( see http : / / merops . sanger . ac . uk ) . Any 
catalytic type is encompassed by the term in the context of 
the present invention . The term protease in the context of the 
present invention comprises proteases of any origin , includ 
ing human , animal , plant and fungal , bacterial , eukaryotic 
and prokaryotic origin , irrespective of if the protease has 
been produced by recombinant means or by non - recombi 
nant means . 
[ 0012 ] The term amylaose in the context of the present 
invention refers to amylase enzymes having broad substrate 
specificity and catalyzing the hydrolysis of a - 1 , 4 - glucosidic 
linkages of starch , glycogen and related polysaccharides 
containing three or more a - 1 , 4 - linked D - glucose units yield 
ing maltose , glucose and / or limit dextrins of 2 - 3 units . The 
term amylase in the context of the present invention com 

Definitions 
[ 0006 ] Throughout this application , unless specifically 
stated otherwise , the abbreviation AKG refers to alpha 
ketoglutaric acid ( see Formula I ) : 

Formula I 

HO OH 

as well as any pharmaceutically acceptable salts thereof . 
Such salts of the invention may be inorganic or organic . 
Examples of preferable salts include sodium and calcium 
salts of alpha - ketoglutaric acid ( denoted Na - AKG and Ca 
AKG , respectively ) . Other preferable salts include potas 
sium - AKG and magnesium - AKG as well as organic salts of 
alpha - ketoglutaric acid where the counter - ion is an amino 
acid naturally occurring in proteins ( such as arginine , leu 
cine , isoleucine ) , pyridoxine , chitosan , creatine or ornithine . 
[ 0007 . The term pharmaceutically acceptable salt encom - 
passes any salts that are pharmaceutically acceptable in the 
sense that they are not toxic to the intended subject at the 
doses intended and are sufficiently stable and soluble for the 
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prises amylases of any origin , including human , animal , 
plant and fungal , bacterial , eukaryotic and prokaryotic ori 
gin , irrespective of if the amylase has been produced by 
recombinant means or by non - recombinant means . 
[ 0013 ] The term “ USP Unit ” refers to the United States 
Pharmacopoeia unit of enzyme activity present in an agent 
or composition . One USP Unit of lipase , protease or amylase 
is defined in Pancrelipase , USP , U . S . Pharmacopeia National 
Formulary , USP 24 , pp . 1254 - 1255 ( 2000 ) . Assays for 
lipase , protease and amylase are disclosed in that reference 
and are incorporated herein by reference . 
[ 00141 The term neurogenesis in the context of the present 
invention is taken to mean the process by which new 
neurons are formed from neural stem cells . In neurogenesis , 
there is active production of new neurons , astrocytes , glia , 
and other neural lineages from undifferentiated neural pro 
genitor or stem cells . 
[ 0015 ] The term neurodegenerative disease in the context 
of the present invention is an umbrella term for any disease 
causing progressive loss of structure and / or function of 
neurons , with or without death of neurons . Examples of 
neurodegenerative diseases include but are not limited to 
Alzheimer ' s disease , Parkinson ' s disease , Huntington ' s dis 
ease and amyotrophic lateral sclerosis . 
[ 0016 ] The term eosinophilia in the context of the present 
invention encompasses both primary eosinophilia , as well as 
conditions where increased eosinophile numbers are a symp 

ne 

( 0026 ] FIG . 5 shows average area ( um ? ) of synaptic ter 
minal in hippocampal CA1 zone in different treatment 
groups . 
[ 0027 ] FIG . 6A shows average number of synaptic 
vesicles per synapse in hippocampal CA1 zone . Asterisk ( * ) 
denotes statistical significance compared to the control 
group ( p < 0 . 05 ) . 
10028 ] FIG . 6B shows average number of synaptic 
vesicles per 100 um ? of synaptic terminal in hippocampal 
CA1 zone . Asterisk ( * ) denotes statistical significance com 
pared to the control group ( p < 0 . 05 ) . 
[ 0029 ] FIG . 7 shows average distance ( nm ) from synaptic 
vesicles to the active zone of presynaptic terminal . Asterisk 
( * ) denotes statistical significance compared to the control 
group ( p < 0 . 05 ) . 
( 0030 ) FIG . 8 shows average distance ( nm ) from vesicle to 
the to the nearest neighbor vesicle of presynaptic terminal . 
Asterisk ( * ) denotes statistical significance compared to the 
control group ( p < 0 . 05 ) . 
[ 0031 ] FIG . 9 shows proportion ( % ) of perforated and 
multiple synapses in hippocampal CA1 zone . The remainder 
represents simple synapses . The letter on the gray and black 
bars describe statistic difference when p < 0 . 05 . Columns 
with same letter are not statistically significantly different 
from each other . C denotes age - matched ( old ) control . 
[ 0032 ] FIG . 10 illustrates improved cognitive perfor 
mance by means of the present invention , detected in the 
percentage of spontaneous alterations in a T - maze test ( See 
Example 5 ) . The test was performed at start ( 0 months ) and 
repeated at 2 and 4 months . The fraction of correct trials is 
shown , with 95 % confidence interval calculated by modified 
Wald method . The treatment at baseline ( 0 ) and treatment at 
4 months are statistically significantly different at least at 
p < 0 . 05 , since the 95 % confidence intervals do not overlap . 
[ 0033 ] FIG . 11 shows the fraction of individual animals of 
Example 5 showing deteriorated or improved performance 
in the T - maze test at 2 and 4 months ( results pooled ) 
compared to their individual baseline performance . The 
fraction of animals in the group with improved performance 
is shown by the black columns , and the fraction with 
deteriorated performance is shown by the grey columns . 
Group 1 = age - matched untreated controls , Group 2 = treat 
ment with AKG + enzymes . The difference is significant at 
p < 0 . 05 . 

tom . 
[ 0017 ] The term pancrelipose in the context of the present 
invention encompasses not only pancrelipase according to 
the normal meaning of the term in the art , but even similar 
preparations such as pancreatin , and similar preparations 
from any animal source . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0018 ] For explanation on the groups , please see Table 1 
and Example 1 . 
[ 0019 ] FIG . 1 illustrates increased adult neurogenesis 
detected by increased number of nestin - positive neurons per 
1 mm of pyramidal layer length in hippocampal CA1 area by 
means of the present invention . Asterisks indicate statisti 
cally significant differences . 
[ 0020 ] FIG . 2 illustrates improved cognitive performance 
by means of the present invention , detected in the percentage 
of spontaneous alterations in a T - maze test . ( + ) denotes 
correct trials — animal visited left and right arms , ( - ) denotes 
incorrect trials animal visited the same arm twice . 
[ 0021 ] FIG . 3A illustrates results from blood chemistry , 
specifically platelets 10 % / ul . Letters a or c indicate statisti 
cally significant difference from control group ( p < 0 . 05 ) . 
[ 0022 ] FIG . 3B illustrates results from blood chemistry , 
specifically lymphocyte ( % ) . Letters a or c indicate statis 
tically significant difference from control group ( p < 0 . 05 ) . 
10023 ) FIG . 3C illustrates results from blood chemistry , 
specifically eosinophils ( % ) . Letters a or c indicate statisti 
cally significant difference from control group ( p < 0 . 05 ) . 
[ 0024 ] FIG . 3D illustrates results from blood chemistry , 
specifically monocytes ( % ) . Letters a or c indicate statisti 
cally significant difference from control group ( p < 0 . 05 ) . 
[ 0025 ] FIG . 4 shows average number of synaptic terminals 
per 100 um of hippocampal CA1 zone in different treatment 
groups . Asterisk ( * ) denotes statistical significance com - 
pared to the control group ( p < 0 . 05 ) 

SUMMARY OF THE INVENTION 
[ 0034 ] The present invention provides the following 
items . 
[ 0035 ] 1 . A composition comprising alpha - ketoglutaric 

acid or a pharmaceutically acceptable salt thereof ( AKG ) , 
and one or more enzymes selected from the group con 
sisting of lipases , proteases and amylases . 

[ 0036 ] 2 . The composition according to item 1 , compris 
ing a lipase , a protease and / or an amylase in an amount 
according to an embodiment indicated in Table X with 
reference to Tables Y and Z . 

[ 0037 ] 3 . The composition according to item 1 or 2 , 
comprising a lipase . 

[ 0038 ] 4 . The composition according to item 3 , wherein 
the lipase is a mammalian lipase . 

[ 0039 ] 5 . The composition according to item 3 , wherein 
the lipase is a microbial lipase . 

( 0040 ] 6 . The composition according to item 3 , wherein 
the lipase is a bacterial lipase . 
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[ 0041 ] 7 . The composition according to item 3 , wherein 
the lipase is a pancrelipase lipase . 

[ 0042 ] 8 . The composition according to item 3 , wherein 
the lipase is a liprotamase lipase . 

[ 0043 ] 9 . The composition according to item 3 wherein the 
lipase is a Pseudomonas lipase . 

( 0044 ) 10 . The composition according to item 3 , wherein 
the lipase is a human or other mammalian bile - salt 
stimulated lipase ( BSSL ) , preferably human . 

[ 0045 ] 11 . The composition according to item 3 , wherein 
the lipase is a human or other mammalian bile - salt 
dependent lipase ( BSDL ) , preferably human . 

[ 0046 ] 12 . The composition according to item 3 , wherein 
the lipase is a Rhizopus oryzae lipase . 

[ 0047 ] 13 . The composition according to item 3 , wherein 
the lipase is a Chromobacterium viscosum lipase . 

[ 0048 ] 14 . The composition according to item 3 , wherein 
the lipase is a Rhizopus delemar lipase . 

[ 0049 ] 15 . The composition according to item 3 , wherein 
the lipase is a Burkholderia lipase . 

[ 0050 ] 16 . The composition according to item 15 , wherein 
the lipase is a Burkholderia cepacia lipase . 

[ 0051 ] 17 . The composition according to item 16 , wherein 
the lipase is a Burkholderia cepacia lipase as cross - linked 
lipase crystals . 

[ 0052 ] 18 . The composition according to any of items 
1 - 17 , comprising a protease . 

[ 0053 ] 19 . The composition according to item 18 , wherein 
the protease is a mammalian protease . 

[ 0054 ] 20 . The composition according to item 18 , wherein 
the protease is a microbial protease . 

[ 0055 ] 21 . The composition according to item 18 , wherein 
the protease is a fungal protease . 

[ 0056 ] 22 . The composition according to item 18 , wherein 
the protease is a pancrelipase protease . 

[ 0057 ] 23 . The composition according to item 18 , wherein 
the protease is a liprotamase protease 

[ 0058 ] 24 . The composition according to item 18 , wherein 
the protease is an Aspergillus protease . 

[ 0059 ] 25 . The composition according to item 24 , wherein 
the protease is an Aspergillus melleus protease . 

[ 0060 ] 26 . The composition according to any of items 1 - 25 
comprising an amylase . 

[ 0061 ] 27 . The composition according to item 26 , wherein 
the amylase is a mammalian amylase . 

[ 0062 ] 28 . The composition according to item 26 , wherein 
the amylase is a microbial amylase . 

[ 0063 ] 29 . The composition according to item 26 , wherein 
the amylase is a fungal amylase . 

[ 0064 ] 30 . The composition according to item 26 , wherein 
the amylase is a pancrelipase amylase . 

[ 0065 ] 31 . The composition according to item 26 , wherein 
the amylase is a liprotamase amylase . 

[ 0066 ] 32 . The composition according to item 26 , wherein 
the amylase is an Aspergillus amylase . 

[ 0067 ] 33 . The composition according to item 32 , wherein 
the amylase is Aspergillus oryzae amylase . 

[ 0068 ] 34 . The composition according to any of items 
1 - 17 , wherein the composition comprises 200 - 20000 USP 
units of lipase per mmol AKG . 

[ 0069 ] 35 . The composition according to any of items 
18 - 25 or 34 , wherein the composition comprises 500 
50000 USP units of protease per mmol AKG . 

[ 0070 ] 36 . The composition according to any of items 
26 - 33 or 34 - 35 wherein the composition comprises 200 
20000 USP units of amylase per mmol AKG . 

[ 0071 ] 37 . The composition according to item 1 , compris 
ing 3000 - 300000 USP units of Burkholderia cepacia 
lipase per g AKG as cross - linked lipase crystals , 2000 
200000 USP units of Aspergillus melleus protease per g 
AKG and 300 - 30000 USP units of Aspergillus oryzae 
amylase per g AKG . 

[ 0072 ] 38 . The composition according to item 1 , compris 
ing liprotamase in an amount corresponding to 300 
300000 USP lipase units of liprotamase per g AKG . 

[ 0073 ] 39 . The composition according to item 1 , compris 
ing pancrelipase in an amount corresponding to 300 
300000 USP lipase units of pancrelipase per g AKG . 

[ 0074 ] 40 . The composition according to any of the pre 
ceding items , wherein the composition comprises sodium 
alpha - ketoglutarate . 

[ 0075 ] 41 . The composition according to any of the pre 
ceding items , wherein the composition comprises calcium 
alpha - ketoglutarate . 

[ 0076 ] 42 . The composition according to any of the pre 
ceding items , for use as a medicament . 

[ 0077 ] 43 . The composition according to any of the pre 
ceding items , for use in the treatment or prevention of a 
neurological disorder selected from neurodegenerative 
disorders , neural stem cell disorders , neural progenitor 
disorders , ischemic disorders , neurological traumas , 
affective disorders , neuropsychiatric disorders , degenera 
tive diseases of the retina , retinal injury / trauma and cog 
nitive , learning and memory disorders . 

[ 0078 ] 44 . The composition according to any of the pre 
ceding items , for use in the treatment or prevention of a 
condition selected from : Alzheimer ' s disease , mild cog 
nitive impairment ( MCI ) , Parkinson ' s disease and Par 
kinsonian disorders , Huntington ' s disease , Amyotrophic 
Lateral Sclerosis , ischemic stroke , traumatic brain injury , 
depression , bipolar depression / disorder , chronic fatigue 
syndrome , anxiety syndromes / disorders , autism , Asperg 
er ' s syndrome , attention deficit disorders , and disorders of 
cognitive performance or memory . 

10079 ] 45 . The composition for use according to item 44 , 
for use in the treatment or prevention of depression or 
chronic fatigue syndrome . 

100801 46 . The composition according to any of the pre 
ceding items , for use in a method comprising administer 
ing an amount of the composition containing 0 . 1 - 30 g 
AKG to a patient per day . 

[ 0081 ] 47 . The composition according to any of items 
1 - 45 , for use in a method comprising administering to a 
human patient an amount of the composition containing 
0 . 5 - 240 mmol AKG . 

[ 0082 ] 48 . The composition according to item 47 , for use 
in a method comprising administering an amount of the 
composition containing 0 . 5 - 24 mmol AKG to a patient 
per day . 

[ 0083 ] 49 . The composition according to item 48 , for use 
in a method comprising administering an amount of the 
composition containing 1 - 12 mmol AKG to a patient per 
day . 

[ 0084 ] 50 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use in the treatment or pre 
vention of depression or chronic fatigue syndrome . 
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[ 0085 ] 51 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use in a method of treatment 
or prevention of neurodegenerative disorders , neural stem 
cell disorders , neural progenitor disorders , ischemic dis 
orders , neurological traumas , affective disorders , neurop 
sychiatric disorders , degenerative diseases of the retina , 
retinal injury / trauma and cognitive , learning and memory 
disorders , Alzheimer ' s disease , mild cognitive impair 
ment ( MCI ) , Parkinson ' s disease and Parkinsonian disor 
ders , Huntington ' s disease , Amyotrophic Lateral Sclero 
sis , ischemic stroke , traumatic brain injury , depression , 
bipolar depression / disorder , chronic fatigue syndrome , 
anxiety syndromes / disorders , autism , Asperger ' s syn 
drome , attention deficit disorders , and disorders of cog 
nitive performance or memory , 
[ 0086 ] the method comprising administering alpha - ke 

toglutaric acid or a pharmaceutically acceptable salt 
thereof and one or more enzymes selected from a 
lipase , a protease and an amylase thereof to a subject . 

[ 0087 ] 52 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 51 , 
wherein the method comprises administering an amount 
of a lipase , a protease and / or an amylase relative to the 
amount AKG according to any of the embodiments indi 
cated in Table X with reference to Tables Y and Z . 

[ 0088 ] 53 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 51 or 52 , 
wherein the method comprises administering a lipase . 

[ 0089 ] 54 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a mammalian lipase . 

[ 0090 ] 55 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a microbial lipase . 

[ 0091 ] 56 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a bacterial lipase . 

[ 0092 ] 57 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a pancrelipase lipase . 

[ 0093 ] 58 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a liprotamase lipase . 

[ 0094 ] 59 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a Pseudomonas lipase . 

[ 0095 ] 60 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a human or other mammalian 
bile - salt stimulated lipase ( BSSL ) , preferably human . 

[ 0096 ] 61 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a human or other mammalian 
bile - salt dependent lipase ( BSDL ) , preferably human . 

[ 0097 ] 62 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a Rhizopus oryzae lipase . 

[ 0098 ] 63 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a Chromobacterium viscosum lipase . 

[ 0099 ] 64 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a Rhizopus delemar lipase . 

[ 0100 ] 65 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 53 , 
wherein the lipase is a Burkholderia lipase . 

[ 0101 ] 66 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 65 , 
wherein the lipase is a Burkholderia cepacia lipase . 

[ 0102 ] 67 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 66 , 
wherein the lipase is a Burkholderia cepacia lipase as 
cross - linked lipase crystals . 

[ 0103 ] 68 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 67 , wherein the method comprises administering a 
protease . 

[ 0104 ] 69 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 68 , 
wherein the protease is a mammalian protease . 

10105 ] 70 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 68 , 
wherein the protease is a microbial protease . 

[ 0106 ] 71 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 68 , 
wherein the protease is a fungal protease . 

[ 0107 ] 72 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 68 , 
wherein the protease is a pancrelipase protease . 

[ 0108 ] 73 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 68 , 
wherein the protease is a liprotamase protease 

[ 0109 ] 74 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 68 , 
wherein the protease is an Aspergillus protease . 

[ 0110 ] 75 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 74 , 
wherein the protease is an Aspergillus melleus protease . 

[ 0111 ] 76 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 75 , wherein the method comprises administering an 
amylase . 

[ 0112 ] 77 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 76 , 
wherein the amylase is a mammalian amylase . 

[ 0113 ] 78 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 76 , 
wherein the amylase is a microbial amylase . 

[ 0114 ] 79 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 76 , 
wherein the amylase is a fungal amylase . 

[ 0115 ] 80 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 76 , 
wherein the amylase is a pancrelipase amylase . 

[ 0116 ] 81 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 76 , 
wherein the amylase is a liprotamase amylase . 

[ 0117 ] 82 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 76 , 
wherein the amylase is an Aspergillus amylase . 

[ 0118 ] 83 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 82 , 
wherein the amylase is Aspergillus oryzae amylase . 

[ 0119 ] 84 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 83 , wherein the method comprises administering 200 
20000 USP units of lipase per mmol AKG . 
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[ 0120 ] 85 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 84 , wherein the method comprises administering 500 
5000 USP units of protease per mmol AKG . 

[ 0121 ] 86 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 85 , wherein the method comprises administering 200 
20000 USP units of amylase per mmol AKG . 

[ 0122 ] 87 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 51 , 
wherein the method comprises administering 3000 
300000 USP units of Burkholderia cepacia lipase per g 
AKG as cross - linked lipase crystals , 2000 - 200000 USP 
units of Aspergillus melleus protease per g AKG and 
300 - 30000 USP units of Aspergillus oryzae amylase per g 
AKG . 

[ 0123 ] 88 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 51 , 
wherein the method comprises administering liprotamase 
in an amount corresponding to 300 - 300000 USP lipase 
units of liprotamase per g AKG . 

[ 0124 ] 89 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 51 , 
wherein the method comprises administering pancrelipase 
in an amount corresponding to 300 - 300000 USP lipase 
units of pancrelipase per g AKG . 

[ 0125 ] 90 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 89 , wherein the method comprises administering 
sodium alpha - ketoglutarate . 

[ 0126 ] 91 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 90 , wherein the method comprises administering cal 
cium alpha - ketoglutarate . 

[ 0127 ] 92 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 91 , wherein the method comprises administering AKG 
to the subject at 0 . 03 - 100 g / day . 

[ 0128 ] 93 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to any of items 
51 - 91 , wherein the method comprises administering 0 . 5 
240 mmol AKG per day to the subject . 

[ 0129 ] 94 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according item 93 , wherein 
the method comprises administering 0 . 5 - 24 mmol AKG 
per day to the subject . 

[ 0130 ] 95 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 94 , 
wherein the method comprises administering 1 - 12 mmol 
AKG per day to the subject . 

[ 0131 ] 96 . Alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof , for use according to item 95 , 
wherein the method comprises administering 3 - 9 mmol 
AKG per day to the subject . 

Synergistic Compositions 
[ 0133 ] In a first aspect , the present invention discloses 
novel synergistic compositions comprising alpha - ketoglu 
taric acid or a pharmaceutically acceptable salt thereof 
( AKG ) , and one or more enzymes selected from a group 
consisting of a lipase , a protease and an amylase , the 
constituents being present at synergistically effective rela 
tive amounts . 
[ 0134 ] Such compositions have synergistic effect in pro 
moting neurogenesis , improving synaptic morphology and 
reducing eosiniphil counts , enabling treatment of a number 
of conditions as explained in more detail below . 
[ 0135 ] In certain embodiments , the composition com 
prises a lipase but no protease or amylase . 
[ 0136 ] In certain embodiments , the composition com 
prises a protease but no lipase or amylase . 
[ 0137 ] In certain embodiments , the composition com 
prises an amylase but no protease or lipase . 
[ 0138 ] In certain embodiments , the composition com 
prises a lipase and a protease but no amylase . 
[ 0139 ] In certain embodiments , the composition com 
prises a lipase and an amylase but no protease . 
10140 ] In certain embodiments , the composition com 
prises a protease and an amylase but no lipase . 
[ 0141 ] In certain embodiments , the composition com 
prises a lipase , a protease , and an amylase . 
[ 0142 ] Lipases , proteases and amylases ( and combinations 
thereof ) suitable for use in the composition of the invention 
are known in the art , see for instance US2006 / 012017 , 
US2004 / 0057944 , US2001 / 0046493 and U . S . Pat . No . 
6 , 051 , 220 , all incorporated herein by reference . 
[ 0143 ] The composition may further comprise pharmaceu 
tically or nutritionally acceptable excipients or additives . 
Optionally , the composition may include additional active 
ingredients . Preferably , the composition does not include 
additional active ingredients . 
[ 0144 ] The composition is preferably for oral administra 
tion . It may be formulated in any manner well known in the 
art for oral administration of the substances that it com 
prises . If the formulation comprises non - acid stable lipase , it 
may be preferable to encapsulate at least this component in 
a protective enteric coating . Such coatings are well known 
in the art and found in products already in the market . 
10145 ] . The composition may be a food supplement , a 
nutraceutical , a pharmaceutical composition , a dietary 
supplement or a food additive . 
Lipase 
[ 0146 ] The composition is the first aspect may comprise a 
lipase , optionally in combination with a protease as 
described below , an amylase as described below or both . The 
lipase may be selected from a mammalian lipase , a microbial 
lipase , a bacterial lipase , a pancrelipase lipase ( i . e . a lipase 
included in pancrelipase ) , a liprotamase lipase ( i . e . a lipase 
included in liprotamase ) , Pseudomonas lipase , human or 
other mammalian bile - salt stimulated lipase ( BSSL ) or bile 
salt dependent lipase ( BSDL ) , Rhizopus oryzae lipase , Chro 
mobacterium viscosum lipase , Rhizopus delemar lipase , 
Burkholderia lipase , more preferably Burkholderia cepacia 
lipase , most preferably Burkholderia cepacia lipase as 
cross - linked lipase crystals . 
[ 0147 ] The composition may comprise 300 - 3000000 USP 
units of lipase per g AKG , preferably 3000 - 300000 USP 

DETAILED DESCRIPTION 

10132 ] The inventors have found that AKG as well as a 
composition comprising lipase , protease and amylase had 
effects in neurogenesis and cognition . A combination of 
AKG and said enzymes had a synergistic effect in neuro 
genesis and in improving cognition . The combination also 
has a synergistic effect on synaptic morphology . 
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units of lipase per g AKG , more preferably 6000 - 150000 
USP units of lipase per g AKG and even more preferably 
15000 - 60000 USP units of lipase per g AKG , and most 
preferably about 30000 USP units of lipase per g AKG . 

Protease 
[ 0148 ] The composition of the first aspect may comprise a 
protease , optionally in combination with a lipase as 
described above , an amylase as described below or both . The 
protease may be selected from a mammalian protease , a 
microbial protease , a fungal protease , a pancrelipase pro 
tease ( i . e . a protease included in pancrelipase ) , a liprotamase 
protease ( i . e . a protease included in pancrelipase ) , an Asper 
gillus protease , most preferably Aspergillus melleus pro 
tease . 
10149 ] The composition may comprise 200 - 2000000 USP 
units of protease per g AKG , preferably 2000 - 200000 USP 
units of protease per g AKG , more preferably 4000 - 100000 
USP units of protease per g AKG and even more preferably 
10000 - 40000 USP units of protease per g AKG , and most 
preferably about 20000 USP units of protease per g AKG . 

0 156 ] . The composition of the first aspect may comprise 
about 30000 USP units of Burkholderia cepacia lipase per 
g AKG ( preferably as cross - linked lipase crystals ) , about 
20000 USP units of Aspergillus melleus protease per g AKG 
and about 3000 USP units of Aspergillus oryzae amylase per 
g AKG . 
[ 0157 ] The composition of the first aspect may comprise 
liprotamase . The amount of liprotamase may be 300 - 300000 
USP lipase units of liprotamase per g AKG , preferably 
3000 - 150000 USP lipase units of liprotamase per g AKG , 
more preferably 15000 - 60000 USP lipase units of liprota 
mase per g AKG and most preferably about 30000 USP 
lipase units of liprotamase per g AKG . A composition with 
AKG and liprotamase may comprise Na - AKG and Ca - AKG 
in equal amounts in terms of weight . 
f0158 ] The composition of the first aspect may comprise 
pancrelipase . The amount of pancrelipase may be 300 
300000 USP lipase units of pancrelipase per g AKG , pref 
erably 3000 - 150000 USP lipase units of pancrelipase per g 
AKG , more preferably 1500 - 60000 USP lipase units of 
pancrelipase per g AKG and most preferably about 30000 
USP lipase units of pancrelipase per g AKG . A composition 
with AKG and pancrelipase may comprise Na - AKG and 
Ca - AKG in equal amounts in terms of weight . 
[ 0159 ] The present invention also provides further 
embodiments of the composition of the first aspect in Table 
X appended after the Examples section . The contents of 
table X are to be read as follows . 
( 0160 ] Each line in table X corresponds to an embodi 
ment . From the left , the first column denoted “ # ” shows the 
embodiment identification number . The second column from 
the left denoted “ A ” shows the lipase concentration range 
for that embodiment , with reference to tables Y and Z . The 
third column from the left denoted “ B ” shows the protease 
concentration range for that embodiment , with reference to 
tables Y and Z . The fourth column from the left denoted “ C ” 
shows the amylase concentration range for that embodiment , 
with reference to tables Y and Z . 

Amylase 
[ 0150 ] The composition of the first aspect may comprise 
an amylase , optionally in combination with a lipase as 
described above , a protease described above or both . The 
amylase may be selected from a mammalian amylase , a 
microbial amylase , a fungal amylase , a pancrelipase amylase 
( i . e . an amylase included in pancrelipase ) , a liprotamase 
amylase ( i . e . an amylase included in liprotamase ) , an Asper 
gillus amylase , most preferably Aspergillus oryzae amylase . 
[ 0151 ] The composition may comprise 30 . 0 - 3000000 USP 
units of amylase per g AKG , preferably 300 - 300000 USP 
units of amylase per g AKG , more preferably 300 - 30000 
USP units of amylase per g AKG and even more preferably 
600 - 15000 USP units of amylase per g AKG , and most 
preferably about 3000 USP units of amylase per g AKG . 

TABLE Y 
Interpretation of columns A , B and C in Table X : 

Value in column 
A , B or C in Table X Corresponding amount range 

Certain Preferred Combinations and Variants 
[ 0152 ] The composition of the first aspect may comprise 
300 - 3000000 USP units of Burkholderia cepacia lipase per 
g AKG ( preferably as cross - linked lipase crystals ) , 200 
2000000 USP units of Aspergillus melleus protease per g 
AKG and 30 . 0 - 3000000 USP units of Aspergillus oryzae 
amylase per g AKG . 
[ 0153 ] The composition of the first aspect may comprise 
3000 - 300000 USP units of Burkholderia cepacia lipase per 
g AKG ( preferably as cross - linked lipase crystals ) , 2000 
200000 USP units of Aspergillus melleus protease per g 
AKG and 300 - 300000 USP units of Aspergillus oryzae 
amylase per g AKG . 
[ 0154 ] The composition of the first aspect may comprise 
6000 - 150000 USP units of Burkholderia cepacia lipase per 
g AKG ( preferably as cross - linked lipase crystals ) , 4000 
100000 USP units of Aspergillus melleus protease per g 
AKG and 300 - 30000 USP units of Aspergillus oryzae amy 
lase per g AKG . 
[ 0155 ] The composition of the first aspect may comprise 
15000 - 60000 USP units of Burkholderia cepacia lipase per 
g AKG ( preferably as cross - linked lipase crystals ) , 10000 
40000 USP units of Aspergillus melleus protease per g AKG 
and 600 - 15000 USP units of Aspergillus oryzae amylase per 
g AKG . 

Govau AWN 
base value / 250 to base value times 250 
base value / 100 to base value times 100 
base value / 25 to base value times 25 
base value / 10 to base value times 10 
base value / 5 to base value times 5 
base value to base value times 5 
base value / 5 to base value 
base value to base value times 25 
base value / 25 to base value 
base value times 0 ( = not present ) 

[ 0161 ] It is also contemplated that any of the endpoints of 
ranges of any embodiment in Table X can be combined with 
any other endpoint of a range ( in the same column ) of 
another embodiment in Table X . 
10162 ] For instance two embodiments with values 2 and 9 , 
respectively , in column A can be combined into any one of 
four additional embodiments , where amount range is ( 1 ) 
base value / 100 to base value , ( 2 ) base value to base value 
times 100 , ( 3 ) base value / 25 to base value times 100 or ( 4 ) 
base value / 100 to base value / 25 . 
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[ 0163 ] Any endpoint in an embodiment may also be used 
to form the endpoint of an open range of an additional 
embodiment . For instance , value 2 in column A forms basis 
for an embodiment where the lipase amount is " at least base 
value / 100 ” , and an embodiment where the lipase amount is 
" at least base value time 100 ” USP units / mmol AKG . 
Similarly , value 2 in column A forms basis for an embodi 
ment where the lipase amount is “ less than base value / 100 ” , 
and an embodiment where the lipase amount is “ less than 
base value time 100 ” USP units / mmol AKG . 

able inorganic salt of AKG including magnesium or potas 
sium alpha - ketoglutarate , or a pharmaceutically acceptable 
organic salt of AKG , such as ornithine - AKG , arginine - AKG , 
chitosan - AKG , pyrodoxine - AKG , leucine - AKG , isoleu 
cine - AKG or creatine - AKG , or a combination thereof . 

TABLE Z 
Base values for interpretation of columns A , B 
and C in Table X ( with reference to Table Y ) 

Feature Base value ( USP units / mmol AKG ) 
Lipase , column A in Table X 
Protease , column B in Table X 
Amylase , column C in Table X 

2000 
5000 
2000 

[ 0164 ] To facilitate understanding of how Table X is to be 
read , the following example is provided : Embodiment 53 in 
Table X corresponds to the following values : Column A = 1 , 
Column B = 6 , Column C = 3 . 
10165 ] From Table Y it can thus be deduced that embodi 
ment 53 corresponds to lipase amount of base value / 250 to 
base value times 250 , protease amount of base value to base 
value times 5 , and amylase amount of base value / 25 to base 
value times 25 . 
0166 ) Base values can be found in Table Z , whereby 
embodiment 53 corresponds to : 

10167 ] Lipase amount : 2000 / 250 to 2000 times 250 
USP units / mmol AKG = 8 - 500 , 000 USP units lipase ! 
mmol AKG 

[ 0168 ] Protease amount : 5000 to 5000 times 5 USP 
units / mmol AKG = 5 , 000 - 25 , 000 USP units protease / 
mmol AKG 

[ 0169 ] Amylase amount : 2000 / 25 to 2000 times 25 USP 
units / mmol AKG = 8 - 50 , 000 USP units amylase / mmol 
AKG 

[ 0170 ] Preferably , the embodiments of the first aspect of 
the invention disclosed in Table X with reference to Tables 
Z and Y comprise Burkholderia cepacia lipase as a lipase 
( preferably as cross - linked lipase crystals ) , Aspergillus mel 
leus protease a protease and Aspergillus oryzae amylase as 
an amylase , to the extent said lipase , protease and amylase 
are present in the particular embodiment . 
[ 0171 ] More preferably , the embodiments of the first 
aspect of the invention disclosed in Table X with reference 
to Tables Z and Y comprise Burkholderia cepacia lipase as 
the only lipase ( preferably as cross - linked lipase crystals ) , 
Aspergillus melleus protease the only protease and / or Asper 
gillus oryzae amylase as the only amylase , to the extent said 
lipase , protease and amylase are present in the particular 
embodiment . 

Methods and Uses for the Composition of the First Aspect 
[ 0173 ] In a second aspect , the present invention provides 
a composition according to the first aspect , for use as a 
medicament . 
[ 0174 ] Use of a composition according to the first aspect 
in the manufacture of a medicament is also provided . 
101751 . Additionally , there is provided a method of treat 
ment or prevention comprising administering to a subject in 
need thereof a composition according to the first aspect . 
0176 ] In a third aspect , the present invention provides a 
composition according to the first aspect , for use in the 
treatment or prevention of a neurological disorder selected 
from neurodegenerative disorders , neural stem cell disor 
ders , neural progenitor disorders , ischemic disorders , neu 
rological traumas , affective disorders , neuropsychiatric dis 
orders , degenerative diseases of the retina , retinal injury / 
trauma and cognitive , learning and memory disorders . 
[ 0177 ] Use of a composition according to the first aspect 
in the manufacture of a medicament for the treatment or 
prevention of a neurological disorder selected from neuro 
degenerative disorders , neural stem cell disorders , neural 
progenitor disorders , ischemic disorders , neurological trau 
mas , affective disorders , neuropsychiatric disorders , degen 
erative diseases of the retina , retinal injury / trauma and 
cognitive , learning and memory disorders . 
[ 0178 ] Additionally , there is provided a method of treat 
ment or prevention of a neurological disorder selected from 
neurodegenerative disorders , neural stem cell disorders , 
neural progenitor disorders , ischemic disorders , neurologi 
cal traumas , affective disorders , neuropsychiatric disorders , 
degenerative diseases of the retina , retinal injury / trauma and 
cognitive , learning and memory disorders comprising 
administering to a subject in need thereof a composition 
according to the first aspect . 
[ 0179 ] In a fourth aspect , the present invention provides a 
composition according to the first aspect , for use in the 
treatment or prevention of a condition selected from : 
Alzheimer ' s disease , mild cognitive impairment ( MCI ) , 
Parkinson ' s disease and Parkinsonian disorders , Hunting 
ton ' s disease , Amyotrophic Lateral Sclerosis , spinal isch 
emia , ischemic stroke , traumatic brain injury , traumatic 
spinal cord injury , cancer - related brain / spinal cord injury , 
schizophrenia and other psychoses , lissencephaly syndrome , 
depression , bipolar depression / disorder , chronic fatigue syn 
drome , anxiety syndromes / disorders , phobias , stress and 
related syndromes , cognitive function disorders , aggression , 
drug and alcohol abuse , obsessive compulsive behaviour 
syndromes , seasonal mood disorder , borderline personality 
disorder , cerebral palsy , life style drug abuse , multi - infarct 
dementia , Lewy body dementia , age related geriatric demen 
tia , epilepsy and injury related to epilepsy , temporal lobe 
epilepsy , spinal cord injury , brain injury , brain surgery , 
trauma related brain / spinal cord injury , including concussion 
related brain injury , brain injury due to repeated concussion 
or repeated trauma to the head , and brain injury caused by 
shock wave from an explosion , anti - cancer treatment related 
brain / spinal cord tissue injury , infection and inflammation 
related brain / spinal cord injury , environmental toxin related 

AKG 
[ 0172 ] The AKG component in the composition of the first 
aspect as disclosed above ( including the embodiments in 
Table X ) may consist of or comprise sodium alpha - ketoglu 
tarate , calcium alpha - ketoglutarate or a combination thereof 
( preferably in equal amounts ) . The AKG component may 
also comprise or consist of another pharmaceutically accept 
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0 . 03 - 100 g AKG to a patient per day , 0 . 1 - 30 g AKG to a 
patient per day , 1 - 10 g AKG to a patient per day , or 2 - 6 g 
AKG to a patient per day . 
[ 0192 ] The eight aspect also provides a composition 
according to the first aspect , for use in a method comprising 
administering to a ( preferably human ) patient daily an 
amount of the composition containing the following 
amounts of AKG in mmol : 0 . 5 - 240 , 1 - 120 , 3 - 60 , 5 - 36 , 9 - 24 , 
0 . 5 - 3 , 0 . 5 - 5 , 0 . 5 - 9 , 0 . 5 - 12 , 1 - 5 , 3 - 9 , 3 - 12 , 3 - 24 , 1 - 5 , 3 - 5 , 1 - 3 , 
9 - 36 , about 0 . 5 , about 1 , about 3 , about 5 , about 9 , about 12 , 
about 24 , about 36 , about 60 , about 120 or about 240 . Any 
range formed by any combination of the endpoints of the 
aforementioned ranges is also contemplated . 
[ 0193 ] Said administration may be oral . Said patient may 
be preferably human , in particular a human in need of such 
treatment . 
[ 0194 ] There is also provided a use of a composition 
according to the first aspect in the manufacture of a food 
supplement , a dietary supplement , a nutraceutical or a food 
additive . Further , there is provided a use of a composition 
according to the first aspect as a dietary supplement , a food 
supplement , a nutraceutical or a food additive . 

brain / spinal cord injury , multiple sclerosis , autism , Asperg - 
er ' s syndrome , attention deficit disorders , narcolepsy , sleep 
disorders , and disorders of cognitive performance or 
memory . 
[ 0180 ] Use of a composition according to the first aspect 
in the manufacture of a medicament for the treatment or 
prevention of a condition selected from those disclosed 
above for the fourth aspect . 
[ 0181 ] Additionally , there is provided a method of treat 
ment or prevention of a condition selected from those 
disclosed above for the fourth aspect , comprising adminis 
tering to a subject in need thereof a composition according 
to the first aspect . 
[ 0182 ] In a fifth aspect , the present invention provides a 
composition according to the first aspect , for use in the 
treatment or prevention of depression or chronic fatigue 
syndrome . 
[ 0183 ] Use of a composition according to the first aspect 
in the manufacture of a medicament for the treatment or 
prevention of depression or chronic fatigue syndrome is also 
provided . 
[ 0184 ] Additionally , there is provided a method of treat 
ment or prevention of depression or chronic fatigue syn 
drome comprising administering to a subject in need thereof 
a composition according to the first aspect . 
[ 0185 ] In a sixth aspect , the present invention provides a 
composition according to the first aspect , for use in the 
treatment or prevention of disorders involving eosinophilia . 
[ 0186 ] Use of a composition according to the first aspect 
in the manufacture of a medicament for the treatment or 
prevention of disorders involving eosinophilia is also pro 
vided . 
[ 0187 ] Additionally , there is provided a method of treat 
ment or prevention of disorders involving eosinophilia com 
prising administering to a subject in need thereof a compo 
sition according to the first aspect . 
[ 0188 ] In a seventh aspect , the present invention provides 
a composition according to the first aspect , for use in the 
treatment or prevention of allergic diseases including astma , 
atopic dermatitis , eosinophilic esophagitis and rhinocon 
junctivitis ; autoimmune diseases including primary biliary 
cirrhosis , Riedel invasive fibrous thyroiditis , dermatomyo 
sitis , systemic lupus erythematosus and Sjögren ' s syndrome ; 
parasite infection - induced eosinophilia including helminth 
infection - induced eosinophilia ; graft - versus - host disease ; 
drug - induced eosinophilia ; primary eosinophilia , neoplastic 
disease - induced eosinophilia including eosinophilia associ 
ated with primary cutaneous T - cell lymphoma , Sézary syn 
drome , Hodgkin ' s disease , Langerhans cell histiocytosis , 
thyroid cancer , stomach cancer , liver cancer and bladder 
cancer . 
[ 0189 ] Use of a composition according to the first aspect 
in the manufacture of a medicament for the treatment or 
prevention of conditions disclosed above for the fourth 
aspect is also provided . 
[ 01901 Additionally , there is provided a method of treat 
ment or prevention of conditions disclosed above for the 
fourth aspect , comprising administering to a subject in need 
thereof a composition according to the first aspect . 
[ 0191 ] In an eight aspect , there is provided a composition 
according to the first aspect , for use in a method comprising 
administering an amount of the composition containing 

New Medical Uses for AKG 
[ 0195 ] In a ninth aspect , the present invention provides 
alpha - ketoglutaric acid or a pharmaceutically acceptable salt 
thereof , for use in the treatment or prevention of depression 
or chronic fatigue syndrome . 
101961 . Use of alpha - ketoglutaric acid or a pharmaceuti 
cally acceptable salt thereof in the manufacture of a medi 
cament for the treatment or prevention of depression or 
chronic fatigue syndrome is also provided . 
[ 01971 . Additionally , there is provided a method of treat 
ment or prevention of depression or chronic fatigue syn 
drome comprising administering to a subject in need thereof 
alpha - ketoglutaric acid or a pharmaceutically acceptable salt 
thereof , in an effective amount . 
[ 0198 ] The alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof according to the ninth aspect may be 
for use in a method comprising administering an amount of 
the alpha - ketoglutaric acid or a pharmaceutically acceptable 
salt thereof containing 0 . 03 - 100 g AKG to a patient per day , 
preferably 0 . 1 - 30 g AKG to a patient per day , more prefer 
ably , 1 - 10 g AKG to a patient per day , most preferably , 2 - 6 
g AKG to a patient per day . 
[ 01991 . The alpha - ketoglutaric acid or a pharmaceutically 
acceptable salt thereof according to the ninth aspect may be 
for use in a method comprising administering to a ( prefer 
ably human ) patient daily an amount of the composition 
containing the following amounts of AKG in mmol : 0 . 5 - 240 , 
1 - 120 , 3 - 60 , 5 - 36 , 9 - 24 , 0 . 5 - 3 , 0 . 5 - 5 , 0 . 5 - 9 , 0 . 5 - 12 , 1 - 5 , 3 - 9 , 
3 - 12 , 3 - 24 , 1 - 5 , 3 - 5 , 1 - 3 , 9 - 36 , about 0 . 5 , about 1 , about 3 , 
about 5 , about 9 , about 12 , about 24 , about 36 , about 60 , 
about 120 or about 240 . Any range formed by any combi 
nation of the endpoints of the aforementioned ranges is also 
contemplated . 
[ 0200 ] Said administration is preferably oral . Said patient 
may be human , in particular a human in need of such 
treatment . 
[ 0201 ] The pharmaceutically acceptable salt may consist 
of or comprise a pharmaceutically acceptable inorganic salt 
of AKG such as sodium , calcium , magnesium or potassium 
alpha - ketoglutarate , or a pharmaceutically acceptable 
organic salt of AKG , such as ornithine - AKG , arginine - AKG , 
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chitosan - AKG , pyrodoxine - AKG , leucine - AKG , isoleu 
cine - AKG or creatine - AKG , or a combination thereof . 

AKG for Use in a Method of Treatment or Prevention 
[ 0202 ] In an tenth aspect , the present invention also pro 
vides alpha - ketoglutaric acid or a pharmaceutically accept 
able salt thereof , for use in a method of treatment or 
prevention of neurodegenerative disorders , neural stem cell 
disorders , neural progenitor disorders , ischemic disorders , 
neurological traumas , affective disorders , neuropsychiatric 
disorders , degenerative diseases of the retina , retinal injury / 
trauma , cognitive , learning and memory disorders , Alzheim 
er ' s disease , mild cognitive impairment ( MCI ) , Parkinson ' s 
disease and Parkinsonian disorders , Huntington ' s disease , 
Amyotrophic Lateral Sclerosis , spinal ischemia , ischemic 
stroke , traumatic brain injury , traumatic spinal cord injury , 
cancer - related brain / spinal cord injury , schizophrenia and 
other psychoses , lissencephaly syndrome , depression , bipo 
lar depression / disorder , chronic fatigue syndrome , anxiety 
syndromes / disorders , phobias , stress and related syndromes , 
cognitive function disorders , aggression , drug and alcohol 
abuse , obsessive compulsive behaviour syndromes , seasonal 
mood disorder , borderline personality disorder , cerebral 
palsy , life style drug abuse , multi - infarct dementia , Lewy 
body dementia , age related geriatric dementia , epilepsy and 
injury related to epilepsy , temporal lobe epilepsy , spinal cord 
injury , brain injury , brain surgery , trauma related brain / 
spinal cord injury , including concussion related brain injury , 
brain injury due to repeated concussion or repeated trauma 
to the head , and brain injury caused by shock wave from an 
explosion , anti - cancer treatment related brain / spinal cord 
tissue injury , infection and inflammation related brain / spinal 
cord injury , environmental toxin related brain / spinal cord 
injury , multiple sclerosis , autism , Asperger ' s syndrome , 
attention deficit disorders , narcolepsy , sleep disorders , dis 
orders of cognitive performance or memory , a disorder 
involving eosinophilia , astma , atopic dermatitis , eosino 
philic esophagitis and rhinoconjunctivitis ; autoimmune dis 
eases including primary biliary cirrhosis , Riedel invasive 
fibrous thyroiditis , dermatomyositis , systemic lupus erythe 
matosus and Sjögren ' s syndrome ; parasite infection - induced 
eosinophilia including helminth infection - induced eosino 
philia ; graft - versus - host disease ; drug - induced eosinophilia ; 
primary eosinophilia , neoplastic disease - induced eosino 
philia including eosinophilia associated with primary cuta 
neous T - cell lymphoma , Sézary syndrome , Hodgkin ' s dis 
ease , Langerhans cell histiocytosis , thyroid cancer , stomach 
cancer , liver cancer and bladder cancer , the method com 
prising administering alpha - ketoglutaric acid or a pharma 
ceutically acceptable salt thereof and one or more of a lipase , 
a protease and an amylase to a subject . 
[ 0203 ] In certain embodiments , the method comprises 
administering a lipase but no protease or amylase . 
[ 0204 ] In certain embodiments , the method comprises 
administering a protease but no lipase or amylase . 
[ 0205 ] In certain embodiments , the method comprises 
administering an amylase but no protease or lipase . 
[ 0206 ] In certain embodiments , the method comprises 
administering a lipase and a protease but no amylase . 
[ 0207 ] In certain embodiments , the method comprises 
administering a lipase and an amylase but no protease . 
[ 0208 ] In certain embodiments , the method comprises 
administering a protease and an amylase but no lipase . 

[ 0209 ] In certain embodiments , the method comprises 
administering a lipase , a protease , and an amylase . 
[ 0210 ] The AKG , the lipase , the protease and the amylase 
administered in the method referred to in the tenth aspect 
may have same properties and features as specified for the 
components of the composition of the first aspect . 
[ 0211 ] The relative and absolute amounts of the AKG , the 
lipase , the protease and the amylase administered in the 
method referred to in the tenth aspect may be as specified for 
the composition of the first aspect and uses thereof . 
[ 0212 ] The method of the tenth aspect may comprise 
administering AKG to the subject at 0 . 03 - 100 g / day , 0 . 1 - 30 
g per day , 1 - 10 g per day or 2 - 6 g per day . 
[ 0213 ] In particular the method of the tenth aspect may 
comprise administering to a ( preferably human ) patient daily 
the following amount of AKG in mmol : 0 . 5 - 240 , 1 - 120 . 
3 - 60 , 5 - 36 , 9 - 24 , 0 . 5 - 3 , 0 . 5 - 5 , 0 . 5 - 9 , 0 . 5 - 12 , 1 - 5 , 3 - 9 , 3 - 12 , 
3 - 24 , 1 - 5 , 3 - 5 , 1 - 3 , 9 - 36 , about 0 . 5 , about 1 , about 3 , about 
5 , about 9 , about 12 , about 24 , about 36 , about 60 , about 120 
or about 240 . Any range formed by any combination of the 
endpoints of the aforementioned ranges is also contem 
plated . 
[ 0214 ] The method referred to in the tenth aspect may 
comprise administering the AKG , the lipase , the protease 
and / or the amylase simultaneously , separately or consecu 
tively . Said components may be administered in formula 
tions comprising any combination of the substances . 
[ 0215 ] Preferably , the method referred to in the tenth 
aspect comprises administering AKG and liprotamase 
simultaneously , separately or consecutively . Also preferably , 
the method referred to in the tenth aspect comprises admin 
istering AKG and pancrelipase simultaneously , separately or 
consecutively . 
[ 0216 ] All references are hereby incorporated in their 
entirety . The following examples are not to be construed as 
limiting . The term " comprising " is used inclusively i . e . in 
the sense of “ including , but not limited to ” . 

EXAMPLES 

Example 1 : Induction of Hippocampal 
Neurogenesis 

[ 0217 ] After the course of treatment as specified under 
Materials and Methods , the animals were sacrificed and the 
brains were analysed histologically to quantitate hippocam 
pal neurogenesis . 
0218 ] . Nestin is a marker for immature neurons . Nestin 
positive cells were found in the hippocampal layer of the 
pyramidal neurons . The somas of hippocampal cells dis 
played strong nestin staining . In some cells long processes 
that seem to be dendrites extended into deeper layers of the 
hippocampus , and these processes were nestin positive as 
well . In all of the CA fields of the hippocampus ( CA1 - CA3 ) 
these cells were structurally similar to pyramidal cells . The 
structural similarities between nestin positive cells and neu 
rons allow regarding this type of cells as newly generated 
neurons . 
[ 0219 ] The results indicated that both AKG and ENZ 
increased hippocampal neurogenesis compared to age 
matched controls ( = " old " ) ( see FIG . 1 ) . Note in particular , 
that the combination of AKG + ENZ was even more effective 
and resulted in a synergistic increase in neurogenesis 
( AKG + ENZ group was statistically significantly different 
from both AKG and ENZ groups . ) The level of neurogenesis 
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obtained by the combination therapy brought the level of 
neurogenesis in the old animals to the level of the young 
animals . 
[ 0220 ] Conclusion : treatment with AKG , ENZ or AKG + 
ENZ increase neurogenesis . The combination of AKG + ENZ 
has a synergistic effect . 

Example 2 : Improvement of Cognitive 
Function / Memory 

[ 0221 ] During the course of the treatment , the animals 
were subjected to T - maze test measuring cognitive function 
and / or memory as specified under Materials and Methods . 
[ 0222 ] Intriguingly , the results correlate perfectly with the 
increase in neurogenesis seen in Example 1 ( see FIG . 2 ) . 
This suggests that the neurogenesis resulted in improved 
cognitive function . 
[ 0223 ] Irrespective of the mechanism , the experiments 
shows that all of AKG , ENZ and AKG + ENZ improved 
cognition in old animals , with superior effect from the 
combination AKG + ENZ . 

Example 3 : Reduction in Eosinophiles in Blood 
0224 ) Blood samples were analysed to determine effects 

in blood parameters as detailed under Materials and Meth 
ods . 
[ 0225 ] Results ( FIG . 3 ) showed that while platelet , lym 
phocyte and monocyte counts were unaffected by the treat 
ments , the eosinophile count was markedly reduced by the 
combination of AKG + ENZ , but not by AKG by itself or 
ENZ by itself . Again , the combination of AKG + ENZ 
showed a synergistic effect . 

[ 0230 ] Anatomic and functional studies indicate that there 
is decrease in the human brain volume and weight in 
individuals > 60 yr old . It remains controversial whether the 
loss of brain volume represents neuronal loss , shrinkage , or 
both . Neuron loss does appear to occur in specific regions of 
the brain including the hippocampus , cerebral cortex , and 
amygdala . 
10231 ] The hippocampus is one of the brain regions that 
are prominently affected by neurodegeneration and func 
tional decline even in what is still considered “ normal 
aging ” . Decreased neuronal amount , a decrease in the num 
ber of synaptic connections , intracellular pathology , all these 
facts suggest that the hippocampal formation may be espe 
cially vulnerable to the effects of aging . Morphological 
studies of the hippocampus in young and old rats have 
revealed that pyramidal neurons in old rats are smaller and 
contain fewer dendritic branches and spines . The density of 
presynaptic terminals per length unit of postsynaptic mem 
brane is also lower . 
( 0232 ] Each presynaptic terminal contains hundreds of 
synaptic vesicles filled with neurotransmitters . Synaptic 
vesicles are uniform organelles of 40 nm in diameter that 
constitute the central organelle for release and storage of a 
neurotransmitter that continuously undergoes an exo - endo 
cytotic cycle . During this cycle vesicles change their posi 
tions within a presynaptic terminal and their number as well 
as spatial arrangement can provide insight into a neurotrans 
mitter turnover . 
[ 0233 ] When an action potential depolarizes the presyn 
aptic plasma membrane , Ca2 + - channels open , and Ca2 + 
flows into the terminal to trigger the exocytosis of synaptic 
vesicles , thereby releasing their neurotransmitters into the 
synaptic cleft . 
[ 0234 ] The synaptic vesicle cycle consists of exocytosis 
followed by endocytosis and recycling . Synaptic vesicles are 
filled with neurotransmitters ( NT ) by active transport ( neu 
rotransmitter uptake ) fueled by an electrochemical gradient 
established by a proton pump that acidifies the vesicle 
interior ( vesicle acidification ) . 
[ 0235 ] In preparation to synaptic exocytosis , synaptic 
vesicles are docked at the active zone , and primed by an 
ATP - dependent process that renders the vesicles competent 
to respond to a Ca² + - signal . When an action potential 
depolarizes the presynaptic membrane , Ca2 + channels open , 
causing a local increase in intracellular Ca2 + at the active 
zone that triggers completion of the fusion reaction . 
Released neurotransmitters then bind to receptors associated 
with the postsynaptic density ( PSD ) . 

Example 4 : Synaptic Morphology Alterations 

Introduction 
( 0226 ] . We have chosen hippocampus as an object of our 
investigation because it is one of the major components of 
the brain of humans and other vertebrates . It belongs to the 
limbic system and plays important roles in the consolidation 
of information from short - term memory to long - term 
memory and spatial memory and navigation , emotion and 
behavior formation , cognitive function . Hippocampus is 
very vulnerable to different noxious stimuli . Damage to the 
hippocampus can result from oxygen starvation ( hypoxia ) , 
encephalitis , medial temporal lobe epilepsy , age - related dis 
orders ( Alzheimer ' s disease ) and others . Hippocampus is 
one of the first regions of the brain to suffer damage ; 
memory loss and disorientation are included among the 
early symptoms . 
[ 0227 ] It is worth to notice that hippocampal neurons are 
arranged in a specific spatial manner , which allows precise 
estimating of their quantity and quality . 
[ 0228 ] Taken together , all these features ( functional role , 
high vulnerability , neurons ' arrangement ) make hippocam 
pus one of the most suitable systems for neurological 
research . 
[ 0229 ] . There are many diseases which are accompanied 
with loss of synapses . It is worth to notice that both amount 
and structure of synapses are impaired in diseases as 
Alzheimer ' s disease , stroke , Down syndrome , schizophrenia 
and traumatic brain injury and stress . Some authors have 
observed synaptic loss during normal aging . 

Results 
[ 0236 ] In the middle portion of the CA1 stratum radiatum 
analyzed in the study , the great majority of synaptic inputs 
are excitatory and they preferentially terminate on the den 
dritic shaft . Taking into consideration these aspects , we 
could focus our analyses on the pool of excitatory CA1 spine 
synapses . 
[ 0237 ] The number of synaptic terminals per unit area 
( 100 um ? ) in old control animals is three times lower 
compared with young animals , but after long time treatment 
with AKG and / or lipase + protease + amylase the number of 
synaptic contacts increased to 55 % ( AKG and ENZ ) and to 
47 % ( AKG + ENZ ) ( FIG . 4 ) . The area of synaptic terminals 
in old animals from all groups was three times greater than 
in young animals and was practically identical ( FIG . 6 ) . 
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[ 0245 ] The present study indicates that morphological 
alteration of synapses associated with synaptic plasticity 
might in fact relate to mechanisms of activation under 
altered physiological and pathological conditions . The 
parameters of synaptic contacts such as its dimensions , 
shape , size of presynaptic terminal , SV density and distri 
bution , are all related to the efficacy of the synaptic trans 
mission . 
[ 0246 ] In summary , we describe here a number of mor 
phological alterations within synaptic networks that are 
consequences of aging . We found that synaptic contacts are 
able to manifest modifications under inventive treatment 
conditions in animals . The decreased density of excitatory 
synapses in CA1 stratum radiatum of old animals compared 
with young ones is a sign of recovery after long - term 
treatment . Potentially deleterious morphological changes in 
the synapses , such as swelling of synaptic elements , deple 
tion and rearrangement of SV pools , are accompanied by 
some apparently counter - balancing adaptive modifications : 
increase in perforations , which presumably could reflect 
strengthening of synaptic contacts , as well as relative 
increase in multiple spine boutons , which suggests reactive 
synaptogenesis . 

[ 0238 ] Decrease in the number of SV per terminal in old 
animals compared with younger could also point at impair 
ment of SV recycling process . It has been shown in many 
studies that synaptic vesicles proteins change their phospho 
rylation level under physiological and pathological condi 
tions . 
[ 0239 ] The number of SVs per presynaptic terminal was 
increased in AKG , ENZ and AKG + ENZ groups of gerbils 
compared to control old animals ( FIG . 6A ) , while the 
number of SVs per square units ( 100 um ? ) of terminal didn ' t 
differ from control , except for group 1 ( FIG . 6B ) . This 
difference is due to the fact that the area of synaptic 
terminals in old animals from all groups was significantly 
greater than in young animals . 
[ 0240 ] It is worth to notice that the group of young 
controls represents the physiological state of hippocampus , 
where synaptogenesis and synthesis of neurotransmitter is 
neither impaired with aging or some pathology , nor stimu 
lated with any external factors . The number of vesicles in 
synapse tightly correlates with quantity of neurotransmitter , 
and this overshoot observed can be explained by stimulated 
by treatment - induced synthesis of neurotransmitter . 
[ 0241 ] In the hippocampal synapses of the control old 
gerbils and of gerbils from groups 1 ( AKG ) and 2 ( Enzymes ) 
changes in spatial distribution of synaptic vesicles including 
the increase of a distance from a vesicle to the active zone 
were revealed ( FIG . 7 ) . These parameters are significantly 
lower in gerbils from 3 group ( AKG + Enzymes ) and are only 
slightly larger compared to those of young animals . There is 
a differentiation of synaptic vesicles ' pools in dependence of 
their distance to active zone . The nearest pool of vesicles is 
designed to immediate release from pre - synaptic terminal 
and the fastest neurotransmission . Thereby , the reduction of 
average distance from synaptic vesicle to active zone is the 
sign of synaptic transmission improvement . 
[ 0242 ] The analysis of vesicle clustering showed that SVs 
were also separated by larger distance : the average NND 
value estimated for control old animals was around 30 % 
higher than for young ( FIG . 8 ) . Only for the 3 group it was 
revealed significant decrease of NND compared with control 
old animals ( group 4 ) . Distance to the 1st nearest neighbor 
of each vesicle was used to measure the tendency of synaptic 
vesicles to form spatial clusters . Note that vesicle density is 
number of vesicles per 1 unit area , and the NND parameter 
is not the average vesicle - to - vesicle distance , but the average 
distance to the nearest neighbor vesicle , the comparison of 
these parameters describes the difference of spatial distri 
bution of vesicles in synapse . 
[ 0243 ] The long term treatments caused pronounced struc 
tural modifications of the types of synaptic terminals . An 
important increase in the perforated synapses amount in 
group 3 and 2 , and in less degree , multiple spine boutons 
( FIG . 9 ) was observed . 
[ 0244 ] Increase in the proportion of perforated synapses is 
thought to be more efficient in synaptic transmission and can 
be considered as compensatory mechanism in case of syn 
aptic loss . Perforations have also been correlated with reac 
tive synaptogenesis . Density of perforated synapses is 
coupled with recognition memory accuracy . Synapse remod 
eling is known as sign of neurological improvement , 
whereby the result is supportive for treatment and prophy 
laxis of neurological disorders in general and Alzheimer ' s in 
particular with the effective treatments . 

Conclusions 
[ 0247 ] In the hippocampal synapses of the old gerbils 
there are changes in spatial distribution of synaptic vesicles 
including the increase of a distance from a vesicle to the 
active zone and to the nearest neighbour vesicle . 
[ 0248 ] Redistribution of different types of synaptic termi 
nals takes place with the increase in perforated and multiple 
synapse numbers . 
[ 0249 ] It is possible that these treatment - induced plastic 
changes might play a role in the mechanism of improvement 
of hippocampal neuronal function demonstrated in T - maze . 

Example 5 : Improved Cognitive Function 

[ 0250 ] A repeat study using aged Mongolian Gerbils in the 
lines of Example 1 was undertaken , with modification of the 
enzyme components as specified in Materials and Methods . 
[ 0251 ] In this experiment , there were two groups , control 
and treatment with AKG + enzymes . Behavioral analysis with 
T - maze was performed at 0 , 2 and 4 months . As shown in 
FIG . 10 , the treatment group improved its performance 
already at 2 months , with further significant improvement at 
4 months , while there was no clear trend for the control 
group . 
10252 ] . The results demonstrate that the results in Example 
1 were repeatable with different enzyme preparations and 
concentrations , that a discernible effect was beginning to 
show at 2 months of treatment and improvement continued 
further during 4 months of treatment . 
[ 0253 ] Statistics was calculated for each animal , both in 
the control and experimental groups . The difference between 
the percentage of tasks solved in the first trial and the mean 
of the percentages of tasks solved in two consequent trials 
was compared ( FIG . 11 ) . The individual animals in the 
experimental group ( group 1 ) tend to demonstrate an 
increase of the number of solved tasks per test more often 
and , in cases where increase is seen , to have greater 
increases than the animals in the control group . The gerbils 
in the first group in 67 . 7 % of cases demonstrate improved 
performance at 2 and 4 months ( pooled results ) compared to 
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[ 0258 ] The capsules also contained filler up to a weight of 
200 mg . 
[ 0259 ] In Example 5 , the animals were fed Labofeed B 
standard chow ( from Labofeed company ; Andrzej Morawski 
Feed Production Plant , Kcynia near . Bydgoszcz , Poland ) 
supplemented with test compounds as specified in table 3 . 

TABLE 3 

performance compared to performance at baseline . In con 
trast , only 29 % in the control group ( Group 2 ) showed 
improved performance ( FIG . 11 ) . 
[ 0254 ] In conclusion animals without any treatment tend 
to show worse results over time ( possibly due to aging ) but 
treatment animals tend to show improved performance over 
time , demonstrating a cognitive performance - enhancing 
effect of the treatment . 
[ 0255 ] . The measure allows discrimination of if there are 
individual shifts in the ability to pass the test over the course 
of treatment . Since the number of animals is large enough , 
the U - statistic , the deciding statistic of the Mann - Whitney 
test , is approximately Gaussian with known parameters , and 
the probability that either group is described with the same 
probabilistic law is less than 0 . 05 , which proves that with the 
confidence level of 0 . 05 there are qualitative differences 
between two groups . 

Treatment groups , Example 5 

Group Additive 

Age matched controls 
AKG + ENZ ( also denoted A + E ) 

None 
1 % calcium AKG by weight 
1 % sodium AKG by weight 
Total AKG ca . 114 mmol / kg 
lipase 200000 USP units / kg 
protease 750000 USP units / kg 
amylase 664000 USP units / kg 

[ 0260 ] The enzymes in table 3 are further specified in 
Table 4 . 

Materials and Methods 
[ 0256 ] In Example 1 . the animals were fed Labofeed B 
standard chow ( from Labofeed company ; Andrzej Morawski 
Feed Production Plant , Kcynia near . Bydgoszcz , Poland ) 
supplemented with test compounds as specified in table 1 . TABLE 4 

Specification of lipase , protease and amylase in Example 5 
TABLE 1 Determined 

activity 
USP / mg 

Amount 
( mg / kg 
fodder ) 

Treatment groups , example 1 Component 
Manufacturer 

Supplier designation 
Group Additive 400 500 

None Age - matched controls ( also denoted 
C , Contr ( old ) , old controlor C ( L ) ) 
AKG ( also denoted A or old AKG ) 

Amano Lipase PS 
" Amano " SD 

Amano Protease DS - K 1500 500 

Burkholderia 
cepacia lipase 
Aspergillus 
melleus 
proteinase 
Aspergillus 
oryzae a 
amylase 

3370 16850 Amano Amylase DS 
ENZ ( also denoted E , Enz or old 
Enz ) 

1 % calcium AKG by weight 
1 % sodium AKG by weight 
Total AKG approx . 114 mmol / kg 
lipase 600000 USP units / kg 
protease 400000 USP units / kg 
amylase 60000 USP units / kg 
1 % calcium AKG by weight 
1 % sodium AKG by weight 
lipase 600000 USP units / kg 
protease 400000 USP units / kg 
amylase 60000 USP units / kg 
None 

AKG + ENZ ( also denoted A + E , 
AKG - Enz , old AKG + Enz ) 

Study Outline 

Young controls ( also denoted Y , 
Contr ( young ) , Young ) 

[ 0257 ] The lipase , protease and amylase were obtained as 
capsules containing 30 , 000 USP units / capsule of lipase , 
20 , 000 USP units / capsule of protease , and 3 , 000 USP units / 
capsule of amylase ) prepared as shown in Table 2 . Contents 
of 20 capsules were mixed per each kg of feed for the ENZ 
and AKG + ENZ groups . 

TABLE 2 

Animals and Animal Care ( Example 1 - 4 ) 
[ 0261 ] For long - lasting feeding ( during 6 month ) 75 old 
male Mongolian gerbils , randomly selected , were used . 
Those selected were approximately 1 . 5 years of age at start 
of the experiment with the mean body weight of 88 . 0 + 6 g 
and 2 years of age at experiment finish . Additionally , 6 male 
gerbils of “ young ” - adult ( 6 month ) of age were used for 
additional “ age - control ” ( denoted “ Control ( young ) ” , or 
“ Young ” or “ Y ” in the graphs ) . 
[ 0262 ] The gerbils were housed in individual cages and 
divided into groups receiving different treatments ( Table 1 ) . 
Each cage was equipped with a drinking bottle . 
[ 0263 ] Gerbils ( 4 - 8 per cage ) were housed in clear poly 
carbonate cages ( 48x27x20 cm ) containing corn - cob bed 
ding , paper towels for nesting material , and a tin can ( 13 cm 
longx10 cm diameter ) for enrichment . 
[ 0264 ] Food ( individual for each group , Tables 1 - 2 ) and 
water were available ad lib , and provided once per day . 
[ 0265 ] Lights were on from 07 . 00 to 19 . 00 h , and room 
temperature and humidity were maintained at approximately 
23° C . and 30 - 70 % , respectively . 
[ 0266 ] All gerbils were acclimated to cages for a week 
before the start of the experiment . 

Capsules with lipase , protease and amylase 

Amount ( USP Amount 
units / capsule ) ( mg / capsule ) Supplier Component Cat no 

30 , 000 13 . 1 Sigma Aldrich 534641 

20 , 000 14 . 3 Sigma Aldrich P4032 

Burkholderia 
cepacia lipase 
Aspergillus 
melleus 
proteinase 
Aspergillus 
oryzae a 
amylase 

3 , 000 30 . 0 Sigma Aldrich 10065 
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Animals and Animal Care ( Example 5 ) 
[ 0267 ] Animal care was similar to Examples 1 - 4 above 
with the exception that only two groups were included and 
treated in accordance with Tables 3 - 4 . 
[ 0268 ] Control groups comprised 15 animals whereas the 
age - matched treatment group comprised 16 animals . 

Assessment of Hippocampal Neurogenesis 
Preparing of Morphological Samples 
[ 0269 ] At the end of the experiment , the gerbils were 
anaesthetized with ketamine ( 100 mg / kg body weight i / m ) 
and fixed by transcardial perfusion with 4 % formaldehyde 
and 0 . 25 % glutaraldehyde in 0 . 1M phosphate buffer . After 
perfusion the brains were isolated and separated for two 
hemispheres . 

Immunocytochemistry 
[ 0270 ] Samplings for immunohistochemistry ( one hemi 
sphere of each animal ) were postfixed overnight in the same 
fixative at + 4° C . The next day they were cut in 50 - um - thick 
frontal slices by a vibratome Vibroslice 752M ( Campden 
Instruments Ltd , Great Britain ) . Brain slices were washed 
out with 0 . 1M phosphate buffer pH 7 . 4 and treated in 
blocking solution containing 1 % normal goat serum and 
0 . 3 % Triton X - 100 . Goat monoclonal anti - nestin antibodies 
( 1 : 500 ) ( Santa Cruz biotechnology , inc , USA ) were used for 
detection proliferating immature neuronal cells , which 
express the neural specific intermediate filament nestin . 
Slices were incubated with primary antibodies during 16 
hours at + 4° C . After washing slices were incubated with 
anti - goat secondary antibodies conjugated with Alexa Fluor 
647 ( 1 : 1000 ) ( Molecular probes , USA ) for 1 . 5 h at room 
temperature . Then slices were washed out , placed on histo 
logical slides and mounted with Fluorescence Mounting 
Media ( Dako , Denmark ) . Images of hippocampal tissue 
were taken by confocal FV1000 - BX61WI microscope 
( Olympus , Japan ) . Qualitative analysis of nestin - positive 
cells distribution in CA1 hippocampal area was realized for 
each experimental group . 

ain ) . Slices were postfixed in fixative solution with 2 . 5 % of 
glutaraldehyde for 1 . 5 h and then in 1 % OsO4 for 1 h . Tissue 
slices were then dehydrated in an ascending series of ethanol 
followed by dry acetone and embedded in EPON resin 
according to official protocol . The sections were produced 
by ultramicrotome LKB - 8800 . Toluidine blue - stained semi 
thin ( 1 um ) sections of hippocampus were used to localize 
hippocampal CA1 area . For electron microscopy , ultra - thin 
sections ( 70 nm ) from the middle portion of CA1 stratum 
pyramidale and stratum radiatum were stained with uranyl 
acetate and lead citrate . 
[ 0275 ] The images were taken with JEM - 100CX ( Jeol , 
Japan ) transmission electron microscope at magnification of 
x10 000 . Calculations were provided for three animals from 
each group : 

f0276 ] Group 1 ( AKG ) 
[ 0277 ] Group 2 ( Lipase + protease + amylase ) 
[ 0278 ] Group 3 ( AKG + Lipase + protease + amylase ) 
[ 0279 ] Group 4 ( old control ) 
[ 0280 ] Group ( Young ) 

[ 0281 ] The synaptic terminals of the investigated area 
revealed high degree of structural plasticity including modi 
fications in the ratio of different forms of synaptic terminals 
( simple , perforated , multiple boutons ) . Perforated synapse 
was defined as a synapse with discontinuous PSD . The 
synapses with more than one spine contacting the same 
presynaptic terminal were classified as multiple spine bou 
tons ( MSB ) . 
[ 0282 ] For the analysis of SV ' s distribution , X - and y - co 
ordinates of SV profile centers and points tracing the active 
zone of a synapse were marked with UTHSCSA Image Tool 
software ( version 3 , University of Texas , San Antonio , Tex . ; 
ftp : / / maxrad6 . uthscsa . edu ) on digitized micrographs , using 
the point tool . The shortest distance from a SV to the active 
zone profile ( hence forth referred to as an active zone 
distance ( AZD ) , as well as spatial proximity of SV profiles 
to each other ( referred to as the nearest neighbor distance 
( NND ) ) were quantified using the nearest neighbor formal 
ism with LoClust software as described ( Nikonenko and 
Skibo , 2004 ) . 
[ 0283 ] . AZD and NND quantities were pooled together per 
group . For each experimental and control condition , 100 
synapses containing SVs have been analyzed . Statistical 
analysis was performed using Statistica software ( version 5 , 
StatSoft , USA ) . Values are shown as mean standard error of 
the mean ( SEM ) . The two - tailed Kolmogorov - Smirnov test 
was used to assess the differences between samples ( P < 0 . 05 
was considered to indicate statistical significance ) . 

Statistical Analysis 
[ 0271 ] All the statistical data were estimated with STA 
TISTICA ver . 7 . 0 ( StatSoft , USA ) . The two - tailed Kolmog 
orov - Smirnov test was used to assess the differences 
between samples ( p < 0 . 05 was considered to indicate statis 
tical significance ) . SE ( standard error ) was used as error 
bars . 

Synaptic Alterations 

Synaptic Morphometry and Quantification of Synaptic 
Vesicles ' Distribution 
[ 0284 ] Estimations of synapse density were carried out on 
single photos by counting all asymmetric spine synapses 
( determined by the presence of a spine head with prominent 
PSD and docked synaptic vesicles ( SV ) in the active zone of 
a presynaptic terminal ) on the micrograph surface limited by 
the counting frame ( 36 mkm² test area ) followed by calcu 
lation of the number of synapses per surface unit area . 

Electron Microscopy 
[ 0272 ] Gerbils were anaesthetized with sublethal dose of 
ketamine ( 100 mg / kg body weight i / m ) and fixed by trans 
cardial perfusion with 4 % formaldehyde and 0 . 25 % glutar 
aldehyde in 0 . 1M phosphate buffer . After perfusion the 
brains were isolated and separated on two hemispheres . 
[ 0273 ] One hemisphere of each animal was used for 
immunohistochemical assay . 
[ 0274 ] The hippocampus from another hemisphere of each 
animal was isolated and cut in 400 - um - thick transverse 
slices by a chopper ( McIllwain tissue chopper , Great Brit - 

Behavioural Tests 

T Maze Spontaneous Alternation 
[ 0285 ] T Maze Spontaneous Alternation is a behavioral 
test for measuring exploratory behavior in animals , espe 
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? ? # * ? 

1 

cially rodent models for CNS disorders . This test is based on 
the willingness of rodents to explore a new environment , i . e . 
they prefer to visit a new arm of the maze rather than a 
familiar arm . Many parts of the brain — including the hip 
pocampus , septum , basal forebrain , and prefrontal cortex 
are involved in this task . 
[ 0286 ] This protocol details a method for using a T - maze 
to assess the cognitive ability of rodents . The T - maze is an 
elevated or enclosed apparatus in the form of a T placed 
horizontally . Animals are started from the base of the T and 
allowed to choose one of the goal arms abutting the other 
end of the stem . If two trials are given in quick succession , 
on the second trial the rodent tends to choose the arm not 
visited before , reflecting memory of the first choice . This is 
called “ spontaneous alternation ’ . Both spontaneous and 
rewarded alternation are very sensitive to dysfunction of the 
hippocampus , but other brain structures are also involved . 
Each trial should be completed in less than 2 min , but the 
total number of trials required will vary according to statis 
tical and scientific requirements . Alternation reflects the 
motivation of the animal to explore its environment and 
locate the presence of resources such as food , water , mates 
or shelter . Animals do not need to be deprived of such 
resources to show alternation behavior ; in this case it is 
called ' spontaneous alternation ' . 
[ 0287 ] Subjects were first placed in the start arm of the T 
Maze . Upon leaving the start arm , subjects chose between 
entering either the left or the right goal arm . With repeated 
trials , the animals showed less of a tendency to enter a 
previously visited arm . The percentage of alternation ( num 
ber of turns in each goal arm ) and total trial duration were 
recorded . 
[ 0288 ] In Example 2 , the animals were subjected to the 
test once . 
10289 ) In Example 5 , the animals were subjected to the 
test on 4 consecutive days at the start of the experiment , and 
subsequently subjected to the test on 3 consecutive days 
after 2 months and 4 months of treatment . 

OOOO aäAWN AAAAAwwwwwwwwwwNNNNNNNNN vaaaaaaaaaauuuuuuuuuuAAAAAAAAA AwwwwwwwwwwN 
uuaaaaaa AWNAOOOO vau AWNAOOOO vau AwNFO Ova AWNAOOOva AWNAOOOO AWNAOOOO vau AWNAOOOO vau AWNFO 
60 

Blood Biochemistry 
[ 0290 ] At the end of the study , hematological parameters 
were studied using hematolyzer ABX Micros 60 OT 
( France ) according standard methods . 
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10 
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10 
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10 
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10 
10 

995 
996 
997 
998 
999 

10 
10 
10 Dvoulo 10 10 

10 10 

1 . A composition comprising alpha - ketoglutaric acid or a 
pharmaceutically acceptable salt thereof ( AKG ) , and one or 
more enzymes selected from the group consisting of lipases , 
proteases and amylases . 

2 . A method of treatment for a disease , comprising 
administering a composition comprising alpha - ketoglutaric 
acid or a pharmaceutically acceptable salt thereof ( AKG ) , 
and one or more enzymes selected from the group consisting 
of lipases , proteases and amylases to a subject in need 
thereof . 

* * * * * 


