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Bimuno GOS may also improve cognitive impairment in ageing, dementia and schizophrenia. 

urthermore, the GOS composition may benefit the detrimental influence of maternal infection on 

the developing foetal brain. 

5 .e invention will be further described by way of reference to the following examples and 

figures. 

Figure 1A - ❑ws the effect of FOS and GOS on levels of BDNF protein in extracts of rat 

frontal cortex and hip ocampus. 

10 

Figure 1B shows the -ffect of FOS and GOS on levels of NRI subunits in the rat frontal 

cortex and the hippocampus. 	estern blot images of NRI and (3-actin immunoreactivity in protein 

extracts are shown. 

15 Figure 2A shows the effect of FO 	and GOS on levels of NR2A subunits in the rat frontal 

cortex and the hippocampus. Western blot . ages of NR2A subunits and (3-actin 

immunoreactivity are shown. 

Figure 2B shows the effect of FOS and GOS On Cvels of NR2B subunits in the rat frontal 

20 cortex and the hippocampus. Western blot images of Ni 	8 and I3-actin immunoreactivity are 

shown. 

Figures 3A to 3D are representative auto-radiographs of Bk 	F (A, C, E) and NRI subunit (B, 

D, F) mRNA expression in rat hippocampus following oral administrat“ 	of water (A, B), FOS (C, D) 

25 or GOS (E, F). Arrows delineate increased expression and arrow head in. 	ates reduced 

expression. DG = dentate gyrus, CA1 and CA3 = Cornu Ammons subfields o 	e hippocampus. 

Scale bar = 200 µM. 

Figures 4A to 4D show the effect of FOS and GOS on levels of BDNF, NR1, N R 2 N and NR2B 

30 mRNAs in the dentate gyrus (DG) of and CA1 and CA3 (Cornu Ammons) subfields of the 

hippocampus. 
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Example 2 

Syrup composition per 7.25g finished product:- 

Galactooligosaccharide (GOS) mixture 	2.75g 

L. ctose 	 0.58g 

Mo 	■ saccharides (glucose, galactose) 	1.69g 

Ash 	 0.23g 

Moisture 	 1.95g 

Protein 	 0.05g 

Example 3 

In vivo stud 	of the effe t of feedin: •rebiotics on central brain derived neurotroshic 

factor BDNF and N-meth I-D-as . - tate NMDA rece+tor subunits. 

MATERIALS AND METHODS 

Prebiotic administration 

All rat experiments were carried out in . cadence with UK Home Office guide lines and 

under approved licences. Male Sprague Dawley ra 	(225-250g) were administered 	a daily oral 

administration (gavage) or either water, FOS (fructco 	,osaccharide) (4g/kg) or GOS 

(galactooligosaccharide [Bimuno]) (4g/kg), for 5 weeks (n 8/group). This dosing regimen was 

based on previous studies (Anthony et al; Food Chem Toxico • 44 (6); 819-26 (2006)) and pilot data 

showing that these optimal prebiotic doses provides maximum • icrobiota growth (not shown). All 

animals were sacrificed, trunk blood collected and their brains rem ved, twenty-four hours after 

the last gavage. Blood was centrifuged to obtain plasma, and the fron II cortex and hippocampus 

were dissected out from half of the harvested brains. Whole brains and i •dated regions were 

snap-frozen in isopentane on dry-ice and stored with plasmas at -80°C prior 	• use. 

BDNF analysis 

Cortex and hippocampus tissue from all groups were homogenized in RIPA (radio 

immunoprecipitation assay) buffer (1:10 w/v, Sigma Aldrich, UK) containing protease inhi, itars 

('Complete-Mini', Roche). Protein concentrations were determined using the Bradford reag-'t 

(Sigma, UK). Samples of protein extracts were diluted 1:5 v/v in deionised water, prior to their 

analysis with a commercial BDNF ELISA kit (BDNF Emax immunoassay system, Promega UK). 
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I5 MATERIALS AND METHODS

P reb i ot ic od mi n istrot io n

All rat experiments were carried out in with UK Home Office guide lines and

under approved licences. Male Sprague Dawley 275-25Og) were administered a daily oral

administration (gavage) or either water, FOS ccharide) øelkel or GoS

20 (galactooligosaccharide [Bimuno]) Øe/kel, for 5 weeks group). This dosing regimen was

based on previous studies (Anthony et al; Food Chem Toxi 44 (Ð; 8rs-26 (2006)) and pilot data

showing that these optimal prebiotic doses provides maximum

animals were sacrificed, trunk blood collected and their brains

icrobiota growth (not shown). All

twenty-four hours after

cortex and hippocampusthe last gavage. Blood was centrifuged to obtain plasma, and the

25 were dissected out from half of the harvested brains, Whole brains and i regrons were

snap-frozen in isopentane on dry-ice and stored with plasmas at -80'C prior use.

BDNF onolysis

Cortex and hippocampus tissue from all groups were homogenized in RIPA (radio

30 immunoprecipitation assay) buffer (7:7Ow/v, Sigma Aldrich, UK) containing protease inh r5

('Complete-Mini', Roche). Protein concentrations were determined using the Bradford re

(Sigma, UK). Samples of protein extracts were diluted L:5 v/v in deionised water, prior to their

analysis with a commercial BDNF ELISA kit (BDNF Emax immunoassay system, Promega UK).
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Western blotting 

qual concentrations of protein extracts of cortex, hippocampus or cerebellum (2011g) from 

pr _ .iotic and control groups were mixed with loading buffer (50mM 1, 4-dithiothreitol and 0.025% 

bromk • henol blue), and fractionated with a molecular weight marker (GE Healthcare, 

Buckinghamshire, UK) by electrophoresis on pre-cast 7.5% SDS/polyacrylamide gels (Biorad,UK), 

and trans-b ,•tted onto polyvinyl difluoride (PVDF) membranes (Immobilon-P, Millipore, Watford, 

UK). 

The membra 	s were blocked with 5% (w/v) non-fat milk in PBS (phosphate buffered 

10 saline) containing 0.1% 	een (PBST) for 45min, and then incubated for 1 h at room temperature 

in incubation buffer (PBST 	th 2% [w/v] milk) containing a primary antibody (diluted 1:1000) 

against one of three NMDAR s 	.units: NR1 (AB9864, Millipore, UK), NR2A (AB1555, Millipore, UK) 

and NR2B (AB15362, Millipore, U 	and b-actin (Sigma-Aldrich, UK, diluted 1:50,000). Membranes 

were then washed three times for to 	inutes in PBST and incubated for 30min in HRP 

15 (horseradish peroxidise)-linked seconds 	antibody in blocking buffer. Immunoreactive bands 

were visualized by chemiluminescence usin: the ECL-Plus kit (GE Healthcare, Buckinghamshire, 

UK), and apposing membranes to X-ray film (K••ak BioMax AR film). All antibodies produced a 

single band of expected molecular weight. The op 	al densities (OD) of bands were measured 

using the Alphalmager 3400, and the data expressed 	OD ratios of phosphorylated: total NMDAR 

20 subunit, or total NMDAR subunit:b-actin. 

In situ hybridization histochemistry (ISHH) 

The frozen rat brain hemispheres were coronally sectioned (1411Im on a cryostat, thaw mounted 

on to Superfrost-plus slides (Fisher Scientific) and stored at -80°C. Sec •'ens containing frontal 

25 cortex were pre-treated as described (Burnet et al; Mol. Cell. Neurosci.; , •; 167-75; (2011)). 

Commercially synthesized (MWG, UK) oligodeoxyribonucleotides co 	•lementary to; 

BDNF (bases 883-927, NM001270630.1), NR1 (bases 746-780, NM008169.1), NR2. (bases 1642- 

1676, NM008170.2) or NR2B (bases 1758-1792, NM010350.2) were used in an estab 	h ISHH 

30 method (Eastwood et al.; J. Psychopharmacol.; 21; 635-644; (2007)). Oligodeoxyribonuc 	otide 

probes were 3'-end labelled with [35S]-dATP using terminal deoxynucleotidyl transferase 

(Promega, UK). Probes were diluted in hybridization buffer, pipetted onto the tissue sections 

\vo 20r4lrss0s6 PCT/GB2014/0s0829
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esults 

Figur- 11 shows that rats given BGOS for 3 weeks showed improved performance in the extra- 

5 dimensi. 	al (ED) component of the ASST that is a measure of flexible learning. Execution of the 

ED element . s effortlessly as the intra-dimensional phase (ID/ED-shift) is indicative of increased 

cognitive flexib ty, a parameter which is impaired in the elderly. In Figure 11 #p<0.05 compared 

to control ID and <0.05 compared to control ED. 

10 Conclusion 

Rats given BGOS show improve• cognitive performance  	in a task dependent on the medical 

prefrontal cortex, which is often r 	•aired in psychiatric disorder and ageing. 

5d
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Figu shows that rats given BGOS for 3 weeks showed improved performance in the extra-

(ED) component of the ASST that is a measure of flexible learning. Execution of the

ED element effortlessly as the intra-dimensional phase (lD/ED-shift) is indicative of Ìncreased

cognitive e parameter which is impaired in the elderly. ln Figure L1#p<0.05 compared

to control lD and compared to control ED.

10 Conclusion

Rats g¡ven BGOS show im cognitive performâncê in a task dependent on the medical

prefrontal cortex, which is often in psychiatric disorder and ageing.
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CLAIMS 

1. A galactooligosaccharide composition comprising disaccharides Gal C31-3)-Glc; Gal U31-3)- 

Gal; G. 	(I31-6)-Gal; Gal (a1-6)-Gal; trisaccharides Gal ((31-6)-Gal (131-4)-Glc; Gal (131-3)-Gal (31-4)- 

5 Glc; tetra .ccharide Gal (131-6)-Gal ((31-6)-Gal (131-4)-Glc and pentasaccharide Gal 	(i1-6)-Gal 	(i1-6)- 

Gal (131-6)-G 	((31-4)-Glc for use in preventing or treating cognitive dysfunction and/or emotional 

disturbances in 	europsychiatric illnesses or ageing. 

2. The composite n according to claim 1 wherein the cognitive dysfunction is cognitive 

10 decline or impairment as 	result of ageing, dementia or schizophrenia. 

3. The composition accor•' g to claim 1 wherein the neuropsychiatric illnesses are 

depressive disorders or anxiety dis 	rders. 

15 4. The composition according to an one of claims 1 to 3 which is in the form of a powder, a 

tablet, a capsule, a liquid formulation such a 	a syrup or a soft pastille. 

5. The composition according to claim 4 whe -in when in powder form it comprises from 

1.35 to 9.6g of galactooligosaccharides in 1.65g to 20: + f the powdered composition, preferably 

20 from 1.96g to 4.9g of galactooligosaccharides in 2.5g to 1 • of the powder, most preferably 2.7g to 

2.75g galactooligosaccharides in 3.0g to 5.5g of the powder. 

6. The composition according to claim 4 wherein when in syr 6 	form it comprises from 1.35g 

to 9.6g of galactooligosaccharides in 2.1g to 25.29g of the syrup comp,sition, preferably from 

25 1.96g to 4.9g of galactooligosaccharides in 3.0g to 12.9g of the syrup, me t preferably 2.7g to 

2.75g of galactooligosaccharides in 4.1g to 7.25g of the syrup. 

7. A method of preventing or treating cognitive dysfunction and/or emotion 	disturbances 

occurring in neuropsychiatric illnesses or in ageing comprising administering to an in ■ 	idual an 

30 effective amount of a galactooligosaccharide composition comprising disaccharides Gal 	; 1-3)-GIc; 

Gal ((31-3)-Gal; Gal ((31-6)-Gal; Gal (a1-6)-Gal; trisaccharides Gal ((31-6)-Gal (131-4)-G1c; Gal (13 	-3)-

Gal ((31-4)-G1c; tetrasaccharide Gal ((31-6)-Gal ((31-6)-Gal (131-4)-GIc and pentasaccharide Gal ((31 •) 

Gal ((31-6)-Gal U31-6)-Gal (131-4)-GIc. 

\ilo 2014/155056 PCT/GB20r4/050829
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L. A galactooligosaccharide composition comprising disaccharides Gal (p1-3)-Glc; Gal (p1-3)-

Gal; (9L-6)-cal; Gal (a1-6)-Gal; trisaccharides Gal (Ê1-6)-Gal (91-a)-Glc; Gal (F1-3)-cal (91-a)-

5elc; Gal (pl--6)-Gal (p1-6)-cal (pL-a)-Glc and pentasaccharide Cal (p1-6)-Gal (F1-6)-

Gal (p1 (p1- )-Glc for use in preventing or treat¡ng cognitive dysfunction and/or emotional

disturbances in iatric illnesses or ageing.

2. The com according to claim 1 wherein the cognitive dysfunction is cognitive

10 decline or impairment a result of ageing, dementia or schizophrenia

3. The composition acco g to claim L wherein the neuropsychiatric illnesses are

depressive disorders or anxiety d

15 4. The composition according to of claims 1 to 3 which is in the form of a powder, a

syrup or a soft pastille.tablet, a capsule, a liquid formulation such

5. The composition according to claim 4 wh in when in powder form it comprises from

1.35 to 9.69 of galactooligosaccharides in 1.659 to the powdered composition, preferably

20 from 1.969 to 4.99 of galactooligosaccharides in 2.5g to of the powder, most preferably 2.7gto

2.75g galactooligosaccharides in 3.Og to 5.59 of the powder

6. The composition according to claim 4 wherein when in form it comprises from 1.359

to 9.69 of galactooligosaccharides inZ.Ieto25.29gof the syrup com preferably from

25 1.969 to 4.99 of galactooligosaccharides in 3.0g to 12.99 of the syrup,

2.759of galactooligosaccharides in 4.1g Io7.25g of the syrup.

preferably 2.7eto

7. A method of preventing or treating cognitive dysfunction and/or emotio urbances

occurring in neuropsychiatric illnesses or in ageing comprising administering to an lan

30 effective amount of a galactooligosaccharide composition comprising disaccharides Gal -3)-Glc;

Gal (p1-3)-Gal; cal (p1-6)-Gal; Gal (ct1-6)-Gal; trisaccharides Gal (ß1-6)-Gal (P1-a)-clc; Gal (

cal (p1- )-Glc; tetrasaccharide Gal (F1-6)-cal (91-6)-cal (p1- )-Glc and pentasaccharide Gal (p

)-

Gal (01-6)-Gal (ß1-6)-Gal (p1-a)-clc.
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8. The method according to claim 7 wherein the individual is a human. 

9. The method according to claim 7 wherein the composition is administered orally. 

5 10. e method according to claim 7 wherein the effective amount of the 

galactoolig. accharide composition is administered daily as a single dose. 

11. The meth. • according to claim 7 wherein the effective amount of the 

galactooligosacchari 	composition is administered daily as two separate doses from 4 to 12 hours 

10 apart, preferably from 6 .. 10 hours apart, most preferably 8 hours apart. 

12. The method according 	claim 7 wherein the composition is in the form of a powder, a 

tablet, a capsule, a liquid such as 	yrup formulation or a soft pastille. 

15 13. The method according to claim 	wherein the composition is in the form of a powder 

comprising from 1.35 to 9.6g of galactoolip accharides in 1.65g to 2Dg of the powdered 

composition, preferably from 1.96g to 4.9g of :ilactooligosaccharides in 2.5g to 10g of the 

powder, preferably 2.7g to 2.75g of galactooligosa charides in 3.0g to 5.5g of the powder. 

20 14. The method according to claim 12 wherein the c mposition is in the form of a syrup 

comprising from 1.35g to 9.6g of galactooligosaccharides in 	1g to 25.29g of the syrup 

composition, preferably from 1.96g to 4.9g of galactooligosacc 	rides in 3.0g to 12.9g of the 

syrup, most preferably 2.7g to 2.75g of galactooligosaccharides in , 1g to 7.25g of the syrup. 
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8. The method according to claim 7 wherein the individual is a human.

9. The method according to claim 7 wherein the composition is administered orally

5 10. method according to claim 7 wherein the effective amount of the

galactool composition is administered daily as a single dose

t7. The according to claim 7 wherein the effective amount of the

galactooligosac composition is administered daily as two separate doses from 4 to 12 hours

l0 apart, preferably from 10 hours apart, most preferably 8 hours apart.

t2. The method according claim 7 wherein the composition is in the form of a powder, a

tablet, a capsule, a liquid such as p formulation or a soft past¡lle

l5 L3. The method according to claim wherein the composition is in the form of a powder

comprising from 1.35 to 9.6g of galactool es in 1.659 to 20g of the powdered

composition, preferably from 1.969 to 4.99 of actooligosaccharides in 2.59 to 10g of the

powder, preferably 2.7gto 2.759 of gãlactoo in 3.09 to 5.5g of the powder

20 1,4. The method according to claim 12 wherein the on is in the form of a syrup

comprising from 1-.35g to 9.69 of galactooligosaccharides in 19 to 25.299 of the syrup

composition, preferably from t-.96g to 4.99 of galactool es in 3.0g to 12.99 of the

Igto7.25g of the syrup.syrup, most prefe rab ly 2.7 g to 2.7 5g of galactoo I igosaccha ri des i n
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Bimuno GOS may also improve cognitive impairment in ageing, dementia and schizophrenia. 

Furthermore, the GOS composition may benefit the detrimental influence of maternal infection on 

the developing foetal brain. 

5 The invention will be further described by way of reference to the following examples and 

figures. 

Figure 1A shows the effect of FOS and GOS on levels of BDNF protein in extracts of rat 

frontal cortex and hippocampus. 

10 

Figure 1B shows the effect of FOS and GOS on levels of NRI subunits in the rat frontal 

cortex and the hippocampus. Western blot images of NRI and p-actin immunoreactivity in protein 

extracts are shown. 

15 Figure 2A shows the effect of FOS and GOS on levels of NR2A subunits in the rat frontal 

cortex and the hippocampus. Western blot images of NR2A subunits andp-actin 

immunoreactivity are shown. 

Figure 2B shows the effect of FOS and GOS on levels of NR2B subunits in the rat frontal 

20 cortex and the hippocampus. Western blot images of NR2B and I3-actin immunoreactivity are 

shown. 

Figures 3A to 3F are representative auto-radiographs of BDNF (A, C, E) and NRI subunit (B, 

D, F) mRNA expression in rat hippocampus following oral administration of water (A, B), FOS (C, D) 

25 or GOS (E, F). Arrows delineate increased expression and arrow head indicates reduced 

expression. DG = dentate gyrus, CA1 and CA3 = Cornu Ammons subfields of the hippocampus. 

Scale bar = 200 µM. 

Figures 4A to 4D show the effect of FOS and GOS on levels of BDNF, NR1, NR2A and NR2B 

30 mRNAs in the dentate gyrus (DG) of and CA1 and CA3 (Cornu Ammons) subfields of the 

hippocampus. 
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Bimuno GOS may also improve cognitive impairment in ageing, dementia and schizophrenia.

Furthermore, the GOS composition may benefit the detrimental influence of maternal infection on

the developing foetal brain.

The invention will be further described by way of reference to the following examples and

figures.

Figure 1-A shows the effect of FOS and GOS on levels of BDNF protein in extracts of rat

frontal cortex and hippocampus.

10

Figure 18 shows the effect of FOS and GOS on levels of NRlsubunits in the ratfrontal

cortex and the hippocampus. Western blot images of NRI and p-act¡n immunoreactivity in protein

extracts are shown.

15 Figure 2A shows the effect of FOS and GOS on levels of NR2A subunits in the rat frontal

cortex and the hippocampus. Western blot images of NRZA subunits and p-actin

immunoreactivity are shown.

Figure 28 shows the effect of FOS and GOS on levels of NR2B subunits in the rat frontal

20 cortex and the hippocampus. Western blot images of NR2B and p-actin immunoreactivity are

shown.

Figures 3A to 3F are representative auto-radiographs of BDNF (A, C, E) and NRI subunit (8,

D, F) mRNA expression in rat hippocampus following oral administration of water (4, B), FOS (C, D)

25 or GOS (E, F). Arrows delineate increased expression and arrow head indicates reduced

expression. DG = dentate gyrus, CA1 and CA3 = Cornu Ammons subfields of the hippocampus.

Scale bar = 200 pM.

Figures 4A to 4D show the effect of FOS and GOS on levels of BDNF, NRL, NR2A and NR2B

30 mRNAs in the dentate gyrus (DC) of and CAl and CA3 (Cornu Ammons) subfields of the

hippocampus.
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Example 2 

Syrup composition per 7.25g finished product:- 

Galactooligosaccharide (GOS) mixture 	2.75g 

5 Lactose 	 0.58g 

Monosaccharides (glucose, galactose) 	1.69g 

Ash 	 0.23g 

Moisture 	 1.95g 

Protein 	 0.05g 

10 

Example 3 

In vivo study of the effect of feeding prebiotics on central brain derived neurotrophic 

factor (BDNF) and N-methyl-D-aspartate (NMDA) receptor subunits. 

15 MATERIALS AND METHODS 

Prebiotic administration 

All rat experiments were carried out in accordance with UK Home Office guide lines and 

under approved licences. Male Sprague Dawley rats (225-250g) were administered a daily oral 

administration (gavage) of either water, FOS (fructooligosaccharide) (4g/kg) or GOS 

20 (galactooligosaccharide [Bimuno]) (4g/kg), for 5 weeks (n=8/group). This dosing regimen was 

based on previous studies (Anthony et al; Food Chem Toxicol.; 44 (6); 819-26 (2006)) and pilot data 

showing that these optimal prebiotic doses provides maximum microbiota growth (not shown). All 

animals were sacrificed, trunk blood collected and their brains removed, twenty-four hours after 

the last gavage. Blood was centrifuged to obtain plasma, and the frontal cortex and hippocampus 

25 were dissected out from half of the harvested brains. Whole brains and isolated regions were 

snap-frozen in isopentane on dry-ice and stored with plasmas at -80°C prior to use. 

BDNF analysis 

Cortex and hippocampus tissue from all groups were homogenized in RIPA (radio 

30 immunoprecipitation assay) buffer (1:10 w/v, Sigma Aldrich, UK) containing protease inhibitors 

('Complete-Mini', Roche). Protein concentrations were determined using the Bradford reagent 

(Sigma, UK). Samples of protein extracts were diluted 1:5 v/v in deionised water, prior to their 

analysis with a commercial BDNF ELISA kit (BDNF Emax immunoassay system, Promega UK). 
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showing that these optimal prebiotic doses provides maximum microbiota growth (not shown). All

animals were sacrificed, trunk blood collected and their brains removed, twenty-four hours after

the last gavage. Blood was centrifuged to obta¡n plasma, and the frontal cortex and hippocampus

25 were dissected out from half of the harvested brains. Whole brains and isolated regions were

snap-frozen in isopentane on dry-ice and stored with plasmas at -8OoC prior to use.

30

BDNF onalysis

Cortex and hippocampus tissue from all groups were homogenized in RIPA (radio

immunoprecipitation assay) buffer (1:10 w/v, Sigma Aldrich, UK) containing protease inhibitors

('Complete-Mini', Roche). Protein concentrations were determined using the Bradford reagent

(Sigma, UK). Samples of protein extracts were diluted 1-:5 v/v in deionised water, prior to their

analysis with a commercial BDNF ELISA kit (BDNF Emax immunoassay system, Promega UK).
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Western blotting 

5 

Equal concentrations of protein extracts of cortex, hippocampus or cerebellum (20µg) from 

prebiotic and control groups were mixed with loading buffer (50mM 1, 4-dithiothreitol and 0.025% 

bromophenol blue), and fractionated with a molecular weight marker (GE Healthcare, 

Buckinghamshire, UK) by electrophoresis on pre-cast 7.5% SDS/polyacrylamide gels (Biorad,UK), 

and trans-blotted onto polyvinyl difluoride (PVDF) membranes (Immobilon-P, Millipore, Watford, 

UK). 

The membranes were blocked with 5% (w/v) non-fat milk in PBS (phosphate buffered 

10 saline) containing 0.1% Tween (PBST) for 45min, and then incubated for 1 hat room temperature 

in incubation buffer (PBST with 2% [w/v] milk) containing a primary antibody (diluted 1:1000) 

against one of three NMDAR subunits: NR1 (AB9864, Millipore, UK), NR2A (AB1555, Millipore, UK) 

and NR2B (AB15362, Millipore, UK), and b-actin (Sigma-Aldrich, UK, diluted 1:50,000). Membranes 

were then washed three times for ten minutes in PBST and incubated for 30min in HRP 

15 (horseradish peroxidise)-linked secondary antibody in blocking buffer. Immunoreactive bands 

were visualized by chemiluminescence using the ECL-Plus kit (GE Healthcare, Buckinghamshire, 

UK), and apposing membranes to X-ray film (Kodak BioMax AR film). All antibodies produced a 

single band of expected molecular weight. The optical densities (OD) of bands were measured 

using the Alphalmager 3400, and the data expressed as OD ratios of phosphorylated: total NMDAR 

20 subunit, or total NMDAR subunit:b-actin. 

In situ hybridization histochemistry (ISHH) 

The frozen rat brain hemispheres were coronally sectioned (14p.m) on a cryostat, thaw mounted 

on to Superfrost-plus slides (Fisher Scientific) and stored at -80°C. Sections containing frontal 

25 cortex were pre-treated as described (Burnet et al; Mol. Cell. Neurosci.; 46; 167-75; (2011)). 

Commercially synthesized (M WG, UK) oligodeoxyribonucleotides complementary to: 

BDNF (bases 883-927, NM001270630.1), NR1 (bases 746-780, NM008169.1), NR2A (bases 1642- 

1676, NM008170.2) or NR2B (bases 1758-1792, NM010350.2) were used in an establish ISHH 

30 method (Eastwood et al.; J. Psychopharmacol.; 21; 635-644; (2007)). Oligodeoxyribonucleotide 

probes were 3'-end labelled with [35S]-dATP using terminal deoxynucleotidyl transferase 

(Promega, UK). Probes were diluted in hybridization buffer, pipetted onto the tissue sections 
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ln situ hybridizotion histochemistry (lsHH)

The frozen rat brain hemispheres were coronally sectioned (1¿f,rn) on a cryostat, thaw mounted

on to Superfrost-plus slides (Fisher Scientific) and stored at -80oC. Sections containing frontal

cortex were pre-treated as described (Burnet et al; Mol. Cell. Neurosci.;46;167-75:, (2011)).

Commercially synthesized (MWG, UK) oligodeoxyribonucleotides complementary to:

BDNF (bases 883-927, NM001270630.1), NR1(bases 746-780, NM008169.1), NR2A (bases 1642-

1676, NM008170.21 or NR2B (bases 1758-1792, NM010350.2) were used in an establish ISHH

method (Eastwood et al.; J. Psychopharmacol.i2L;635-644; (2007)). Oligodeoxyribonucleotide

probes were 3'-end labelled with [3sSì-dATP using terminal deoxynucleotidyl transferase

(Promega, UK). Probes were diluted in hybridization buffer, pipetted onto the tissue sections
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Results 

Figure 11 shows that rats given BGOS for 3 weeks showed improved performance in the extra- 

5 dimensional (ED) component of the ASST that is a measure of flexible learning. Execution of the 

ED element as effortlessly as the intra-dimensional phase (ID/ED-shift) is indicative of increased 

cognitive flexibility, a parameter which is impaired in the elderly. In Figure 11 #p<0.05 compared 

to control ID and *p<0.05 compared to control ED. 
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Results

Figure 11 shows that rats given BGOS for 3 weeks showed improved performance in the extra-

5 dimensional (ED) component of the ASST that is a measure of flexible learning. Execution of the

ED element as effortlessly as the intra-dimensional phase (lD/ED-shift) is indicative of increased

cognitive flexibility, a parameter which is impaired in the elderly. ln Figure LL #p<0.05 compared

to control lD and *p<0.05 compared to control ED.

l0 Conclusion

Rats given BGOS show improved cognitive performance in a task dependent on the medial

prefrontal cortex, which is often impaired in psychiatric disorder and ageing.
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1. Use of a galactooligosaccharide composition comprising disaccharides Gal (131-3)-Glc; Gal 

(131-3)- Gal; Gal (01-6)-Gal; Gal (a1-6)-Gal; trisaccharides Gal (131-6)-Gal (01-4)-G1c; Gal ((31-3)-Gal 

((31-4)- GIc; tetrasaccharide Gal ((31-6)-Gal ((31-6)-Gal (131-4)-Glc and pentasaccharide Gal (131-6)- 

Gal ((31-6)-Gal ((31-6)-Gal (01-4)-Glc in the preparation of a medicament for preventing or treating 

emotional disturbances in neuropsychiatric illnesses. 

2. The use according to claim 1 wherein the neuropsychiatric illnesses are 

depressive disorders or anxiety disorders. 

3. The use according to claim 1 or claim 2 where the medicament is in the form of a powder, 

a tablet, a capsule, a liquid formulation such as a syrup or a soft pastille. 

4. The use according to claim 3 wherein when in powder form the medicament comprises from 

1.35 to 9.6g of galactooligosaccharides in 1.65g to 20g of the powdered composition, preferably 

from 1.96g to 4.9g of galactooligosaccharides in 2.5g to 10g of the powder, most preferably 2.7g to 

2.75g galactooligosaccharides in 3.0g to 5.5g of the powder. 

5. The use according to claim 3 wherein when in syrup form the medicament comprises from 

1.35g to 9.6g of galactooligosaccharides in 2.1g to 25.29g of the syrup composition, preferably 

from 1.96g to 4.9g of galactooligosaccharides in 3.0g to 12.9g of the syrup, most preferably 2.7g to 

2.75g of galactooligosaccharides in 4.1g to 7.25g of the syrup. 
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L. Use of a galactooligosaccharide composition comprising disaccharides Gal (ß1-3)-Glc; Gal

(Ê1-3)- Gal; Gal (ß1-6)-Gal; Gal (cr,1-6)-Gal; trisaccharides Gal (91-6)-Gal (ß1-a)-Glc; Gal (ß1-3)-Gal

(p1-4)- Glc; tetrasaccharide Gal (Ê1-6)-Gal (ß1-6)-cal (ß1-a)-Glc and pentasaccharide Gal (Ê1-6)-

Gal (p1-6)-Gal (91-6)-Gal (Êl-a)-Glc in the preparation of a medicament for preventing or treating

emotiona I distu rbances in neu ropsychiatric illnesses.

2. The use according to claim L wherein the neuropsychiatric illnesses are

depressive disorders or anxiety disorders.

3. The use according to claim 1 or claim 2 where the medicament is in the form of a powder,

a tablet, a capsule, a liquid formulation such as a syrup or a soft pastille.

4. The use according to claim 3 wherein when in powder form the medicament comprises from

1.35 to 9.69 of galactooligosaccharides in 1.659T.o2Ogof the powdered composition, preferably

from 1..969 to 4.9g of galactooligosaccharides in 2.5g to 10g of the powder, most preferably 2.7gto

2.75g galactooligosaccharides in 3.0g to 5.59 of the powder.

5. The use according to claim 3 wherein when in syrup form the medicament comprises from

1.35g to 9.69 of galactooligosaccharides in 2.tgto 25.29g of the syrup composition, preferably

from 1.969 to 4.9g of galactooligosaccharides in 3.0g to 12.99 of the syrup, most preferably 2.7gÌ.o

2JSgof galactooligosaccharides in 4.1g lo7.25gof the syrup.


