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| ntroduction of L actulose



Me Molecular formula of lactulose
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Formation of lactulose
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L actose
(galactose - glucose)
| Somerization
pH2OR Hoc:H2

OH Lactulose
(galactose - fructose)
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Physicochemical characteristics

Anhydride form | Trinhydrate form
Appearance White crystalline powder | White crystalline powder
Molecular formula C12H2,01 C12H2,04,3H,0
Water content 0% 13.6%
Melting point 169°C 68°C
Heat of solution - 4 kJmol 34 kJ/mol
Degree of sweetness 0.48 - 0.62 No reports




M

morinaga

L actulose Syrup and Powder

L actulose syrup & powder



Mw Historical development of lactulose
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1930 Preparation by Montgomery and Hudson
1957 Discovery as agrowth factor for bifidobacteria by Petuely
1959 Application to chronic constipation by Petuely
1966 Application to chronic portal systemic encephal opathy
by Bircher

Applicationsat Morinaga Milk Industry

1960 Sale of first infant formula containing lactulose

1975 Pharmaceutical authorization of lactulose syrup

1992 Approval of lactulose for foods with specified health uses

1996 Sale of “MAIASA-SOHKAI" as afood with specified
health uses

1997 Pharmaceutical authorization of lactulose crystalline powder
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Thermostability of lactulose
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O Lactulose

60 B Sucrose

40

Rediual ratio (%)

20

Heating 130 degree, 10 minutes
Concentration of solution: 10% (w/w)



Production site of lactulose
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Fuji Plant (Japan)
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Me  Applications of lactulose
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Phar maceuticals
- for hepatic encephalopathy
- for chronic constipation
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Syrup form Powder form
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M echanism of hepatic encephalopathy

Liver Liver

Protein—> NHj Protein—> NH; *
Intestine Intestine



Me  Applications of lactulose
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Food and nutrition
- Infant formula
- health foods

”ﬂﬁﬁFﬁfEﬂ-F
HZCcor
"y

Infant formula Soft drink Y ogurt



Me  Applications of lactulose
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Animal feed
- piglets
- cattle
- dogs and cats

Dog food Cat milk



Physiological function of
L actulose as a prebiotics



Me Changesin Intestinal Florawith Age

nlori:m_qu

Changes in the intestinal flora with age

Bacteroides, Eubacterium,
Anaerobic Streptococcus

' Bifidobacterium
Enterococcus

Lactobacillus

Clostridium

e

Day of bith  Weaning > Adulthood Senescence

Bifidobacteria Microflora 1: 3 (1982)
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Probioteics

Balance of Intestina
[ A ooflom J [ Probiotics }
N4

[ Host Health ]
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Prebiotics

Prebiotics are nondigestible food ingredients that
beneficially affect the host by selectively stimulating
the growth and/or activity of one or a limited number
of bacterial species already resident in the colon,

and thus attempt to improve host health.
Gibson et.al. (1995)

Gibson et. al., J. Nutr. 125: 1401 (1995)
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L actulose as probiotic

L actulose

1 B
Not digested or absorbed

1 1

Proliferation of bifidobacteria

|mprovemenfln mprovement in mprovement in

Intestinal microflora intestinal environment fecal excretion
G G G
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M | mprovement in the fecal microflora

48.4%

before

22.4%

28.8%

50.5%

during

26.2%

45.8%

after

Changesin the fecal microflorainduced by
Ingestion of 4 g of lactulose

Bifidobacteria
Eubacteria

Bacteroides
Others

Mizotaet a., Milchwissenschaft 57: 312 (2002)



| mprovement in intestinal environment:
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il fecal acetic acid and fecal pH
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| mprovement in intestinal environment
Induced by ingestion of 4 g of lactulose

Mizotaet a., Milchwissenschaft 57: 312 (2002)



| mprovement of intestinal environment:
Intestinal putrefactive substances
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Decrease in intestinal putrefactive substances
Induced by ingestion of 4 g of lactulose

Mizotaet a., Milchwissenschaft 57: 312 (2002)



v | mprovement in fecal excretion:
morinaga fecal water and defecation fr equency
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before during after "g before during after
Fecal water Defecation frequency

| mprovement in fecal excretion induced
by ingestion of 4 g of lactulose

Mizotaet a., Milchwissenschaft 57: 312 (2002)



Mw  Soft drink: MAIASA-SOHK AL

A food for specific claims:
MAIASA-SOHKAI helpsto
Increase intestinal bifidobacteria and

maintain the gastrointestinal tract in
good condition.

EXTYTEd

EREFIC! F

T

=T Ag

L actulose Calcium

+
Multivitamin

(bifidus factor)
49




#a Other physiological functions of lactulose
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|mprovement of blood glucose responses
|nhibition of secondary bile acid formation
«Activation of Immune responses
*Treatment of salmonellosis

*Enhancement of mineral absorption
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Enhancement of Calcium and Magnesium
Absorption by Lactulose
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Calcium in milk

{Calcium IS one of the key nutrients In milk}

0

-
D An adequate calcium intake
prevents osteoporosis,
hypertension, cancer
and kidney stones etc.

Body fat reduce (?)
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Absor ption of calcium in milk

{ Calcium content of milk is high }

\/

L actose
CPP (casein phosphopeptide)
Vitamin D

[ Absorption is also high }




Ma Apparent calcium absor ptions from foods
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50

40 |

30

20

10 |

Apparent calcium absorptions (%)

Milk Fishes Vegetables

Uenishi et al., J Jon Soc Nutr Food Sci 51: 259 (1998)



J/fw Enhancementsof Ca and Mg absor ptions
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[ Calcium and magnesium infood]

=ciose

4 h
Does |actul ose enhance
the absorptions of both Caand Mg
S In humans? y
[ )

Absorption was evaluated using
a single-labeling isotope method




J/w Evaluation method of Ca/M g absor ption

morinaga
) NA* ITF**  *NA: natural abundance
Stable 1sotopes “Ca  21% - 82% *ITF: isotope abundance
Mg 10.1% - 27.3% In test food
®® /.\ Blood vessel
| \J
| ntestine @ 1 @ —
— Equilibrium B
one
> @0 «—
l Absorption

&
®® v Urine @

Excreted in feces —l The stable-isotopes
without being absorbed ratios increased?
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Trial design

Three-group crossover design

|ngestion day 1 | ngestion day 2 | ngestion day 3
—i —i —i
Washout Washout
(1day) (2 weeks) (1 day) (2 weeks) (1 day)
Group A n=8 Placebo L ow dose High dose
Group B n=8 Lowdose High dose Placebo
Group C n=8 High-dose Placebo L ow dose
(Healthy adult men)

Placebo: Lactulose (0 g) + Ca (300 mg) + Mg (150 mg)
Low dose: Lactulose (2 g) + Ca (300 mg) + Mg (150 mg)
High dose: Lactulose (4 g) + Ca (300 mg) + Mg (150 mg)

Seki et al., INutr Sci Vitaminol 53: 5 (2007)
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Schedule of the ingestion day

|”995tf'§2d0f test Lactulose (0 2 or4qg)
* Ca (300 mg) Mg (150

| mg)
Time 7am 8am 9am 10am llam noon lpm 2pm

3’Em4pm ipm I
Urinecollection yrination A A A A A

Waterdrinking e e e e e e e o o
M eal

Test food was ingested at 0900 hours

All urine was collected every 2 h from 0900 to 1700 hours ( A )
Subjects drank 150 ml of water every hour (e)
Breakfast/lunch (e)

Seki et al., INutr Sci Vitaminol 53: 5 (2007)



M Effect of lactulose on ratio of urinary Ca
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0.0236
-
- 00234
NS
Q
® 0.0232 T
SrO
**n<0.01
0.0230 (Dunnett-Hsu)
n=24
0.022
8 Placebo  Lowdose Highdose

(09) (20) (4 9)
Ratio of Ca stable isotopes (**Ca/4°Ca) in combined

urine increased W|th |actul ose dose

Combined urine: all of the urine collected for 8 h after test-food ingestion



Effect of lactulose on ratio of urinary Mg
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0.135

c) * %
f 0.134 T
fe)
=
~0.133 **n<0.01
(Dunnett-Hsu)
n=24

0-132 Placebo Low dose High dose
09) (29) (49)

Ratio of Mg stable isotopes (*Mg/>*Mg) in combined

urine increased with lactul ose dose

combined urine: all of the urine collected for 8 h after test-food ingestion
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A single-labeling method for Urine

Oral intake of Stable Isotopes
Advantages

No intravenous injection

Measure the ratios of Direct check of the
stable isotopes in urine : .
absorption for minerals

1 Disadvantages

Needs cross over design
Do minerals in urine Difficult to quantification

come
from test food or not?




M= Hypothesized action mechanism
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Arrival of lactulose at
thelargeintestine Direct effect of lactulose on
@ the mineral absorption (?)

Conver sion of lactulose
to organic acids [

U

[ Decreasein intestinal pH }

Direct effect of organic acids
on intestinal permeability

| ncreases in solubilities of
Caand Mg salts




HMe Theeffectsof lactulose on rat bone
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A B C

A: Milk calcium  B: A+B.longum C: A+B. longum+lactulose (3%)

Thefemur fracture properties of ovariectomized osteoporosis
model rat

lgarashi et al., Bifidus 7: 139 (1994)



M

morinaga

Example of product
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49 Lactulose
350mg Calcium
175mg Magnesium
/2 sachets/day
For postmenopausal women
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Summary

L actulose has many physiological functions and
can be applied iIn many areasasa probiotic

*Our clinical trials confirmed that low-dose
lactulose has positive effects on calcium and
magnesium absor ptions in humans



Thank you for your attention
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BIOCATALYTIC
PRODUCTION OF
LACTOBIONIC ACID FROM
LACTOSE USING FUNGAL
OXIDOREDUCTASES

Clemens Peter bauer

Division Food Biotechnology
BOKU - University of N
mem,. Applied Life Scien '




Lactose

AMain source: whey; 70—-75% of dry weight is lactose
Aapprox. 3.2 million t/a worldwide, mainly in Europe
AUsed in food, confectionary, beverages, pharmaceuticals

HO OH OH l : | =
3 O Q Frer ol TR .
HO
HO
OH SH OH
B-D-galactopyranosyl-(1[4)-D-
glucopyranose

Lactobionic acid: C1 oxidati’

product of Ia?ﬁ
,_ pharmm:/eﬁ

applications: skin care prodt .
l-amides as detergen:

men. drink ingredient, lactobionc




Production of Lactobionic Acid

A. Chemical synthesis:

oxidation of lactose by bromine water (Fischer & Meyer 1889)

B. Electrochemical:

electrooxidation on modified platinum electrodes in alkaline medium

(Druliolle et al. 1995)

C. Fermentative:

l Pseudomonas mucidolens subme




Production of Lactobionic Acid

| KU

D. Enzymatic:

Oligosaccharide oxidase from Acremonium strictum (Lin et al.
1993)

Hexose oxidase from Chondrus crispus (Savary et al. 2001)

Cellobiose Dehydrogenase from Sclerotium ro Sii (Baminger et al.
2001 F = A




Flavoproteins in Biocatalysis

AOxidation of alcohols
glucose oxidase, alcohol oxidase

AOxidation of phenols
vanillyl-alcohol oxidase

AOxidation of the C-N bond
amino acid oxidases, monoamine oxidase




Regeneration of Electron Acceptors
used by Flavoenzymes

KU

Flavo- Redox

Substratereg enzyme, mediator o Laccase gy H0
Product Flavo- Redox g
OX enzyme g mediator )




Sources of Cellobiose Dehydrogenase

Widespread among fungal species

| KU

white rot: Phanerochaete spp.
Trametes spp.

brown rot: Coniophora puteana

soft rot: Humicola insolens
Corynascus thermophilum
Myriococcum thermophilu

plant pathogen: Sclerotium rolfsii




Catalytic Properties of
Cellobiose Dehydrogenase (CDH)

A substrates / electron donors: Acosubstrates / electron acceptors:
A  cellobiose and cellooligomers Atwo electron acceptors:
A lactose AQ,, DCIP, quinones
A xylobiose, maltose, mannobiose Aone electron acceptors:
A glucose and mannose i
9 AFe3*, Cu?*, Mn3*, K;Fe(CN),

Acyt ¢, ABTS radical

OH

Om
H OH

OH

Fe3t Fe2*
benzoquinone hydroquinone




Catalytic Constants of
Cellobiose Dehydrogenase (CDH)

| KU

substrate K (MM) Keat 1) koK, (MMLs71)
cellobiose 120 27 225
lactose 2,400 26 11
1,4-benzoquinone 25 30 1,200
3,5-di-tert-butyl-1,2-bq 53 23, 434

DCIP 15 AF0
methylene green 4.3 " '

ferricenium ion 0

KsFe(CN),

NTS cation radical 04



Regeneration of Electron Acceptors
used by Flavoenzymes

Flavo- Redox
Substratereg enzymegy mediator o H0
(CDH)
Flavo-
Product 5,

enzyme qq




Fungal Laccases

ACommon enzymes in wood degrading fungi
ABlue multicopper oxidases

ACatalyse the oxidation of a very wide range of
organic and inorganic substrates (polyphenols)

iVery efficient enzymes (kcat 130 — 2900 s-1,
kcat/Kmup to 48 ° 106 M-1 -s-1)




Laccases from Trametes pubescens

Hydroquinone 0.82 x 10°




Regeneration of Electron Acceptors
used by Flavoenzymes

Flavo-
Substrate gq enzyme,, H,0
(CDH) ‘
Flavo-
Prod uct 5y

enzyme qq




l30°C 2h

Selection of Suitable Redox
Mediators

Screening experiments

1 U laccase

0.5 U CDH

30 umol lactose (15 mM)
0.2 umol redox mediator

2 ml Na acetate buffer pH 4. 5



Selection of Suitable Redox

| KU

Mediators
redox mediator turnover (%) redox mediator turnover (%)
1,4-benzoquinone ~ 100 indophenol 82.6
tetrachloro-1,4-bq ~ 100 2,6-dichloro-indophenol ~ 100
tetrabromo-1,4-bq ~ 100 ABTS ~ 100
tetrafluoro-1,4-bq 75.8 methylene green 84.0
2-chloro-1,4-bq ~ 100 methylene blue 41.4
methyl-1,4-bq 92.5 meldola‘s blue 74.4
3,5-di-tert-butyl-1,2-bq 31.2 phenazine methosulfate 90.6
dimethyl-1,4-bq 30.0 _
1,2,4-trihydroxybenzene  57.3 cenium B 4?\4
l P ricyanide
INBXygen + catalase 5.0




Lactose Oxidation Scheme

lactose CDH
oxidized H,0,
lactobiono-d-lacton CDH 02

reduced
k H,O

lactobionic acid




Regeneration System
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lactose CDH redox mediator laccase
oxidized reduced oxidized
lactobiono-é-lacton CDH redox mediator laccase

reduced

idized

reduced
k H,O

lactobionic acid




1 U/mL CDH, 2 U/mL laccase
200 mM lactose, 1.75 mM benzoquinone; 30 °C, pH 4.0

Conversion of Lactose 1

100 4\ s 100 —
: — . S e |Lactose

< 8- ¢ N ‘? o :
] § < Lactobionic acid
2 . = * CDH activity
S % 0 &

20 | Laccase aci

0

50 100 150 200

o

pr

Time (min)



Conversion of Lactose 2

1 U/mL CDH, 2 U/mL laccase
200 mM lactose, 0.2 mM ABTS; 30 °C, pH 4.0

| KU

N
o
]

100 L 100 g

< ' / z e Llactose

X 80 4 | | a0 =

S e | ¢ * Lactobionic acid
9 00 —e 60 E

g ] N e . E o i

§ 0 - o « CDH activity

* Laccase act.

o

100

pr



1 U/mL CDH, 2 U/mL laccase

200 mM lactose, 0.2 mM dimethylaminomethyl-
ferrocene; 30 °C, pH 4.0

Conversion of Lactose 3

100 w - 100
g & ¥ : . a0 §-Lactose
% 60 - T 60 % * Lactobionic acid
§ 40 - - * CDH activity

20 - g~ a -

0

pr



Characterization of the @K“

Biotransformation D
DFST

AComplete conversion of lactose, no by-products
detectable

A40% CDH, 85 % laccase activity remaining

AProductivity of 21 g/L-h or 21 g/kU-h -

ATurnover number TTNgp




Biotransformation

Characterization of the @K“

Redox mediator ~ Productivity =~ CDH inactivation {5 sieEy
g-(kU-h)* (U/mmol)

ABTS 19.3 2.1

DCIP 6.8 1.6

benzoquinone 21.4 2.7

methylene green 9.1 1.4

ferricyanide 3.2

ferrocene 9.1




— . |
Enzyme Inactivation during Turnover @KU

@ DEST

ABy the hydroxyl radical when Cu?*, Fe3*,
or Mn3* are used as redox mediator
(formed by the Fenton reaction)

AAt the air-liquid interface in the presence
of high velocity gradients .




Effect of Aeration

@ DFST

Reaction Productivity CDH inactiva.
condition g-(h-kU)1 U-mmol-!
10% DOT, O, 11.2 0.02
20% DOT, O, 16.0 _ 0.81
20% DOT, air 16.6

40% DOT, O, 17.84
j, 60% DOT, O,
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Use ofi lactulese for creating of

the new class of antibiotics

Moescow: 2007




What is antibiotics? M

Antibiotics — pharmaceuticals Killing
different type of bacteria.

Antibiotics are Kkilling both pathegenic and
useful bacteria.

Antibiotics save from some diseases and
may lead to anothers.

Antibiotics are the basic reason of the
dISbIOSISAHTNOVOTIKV — IaBHad npyyHa
AIcCOaKTEPNO3a KIeYHVKA.




What is disbios? b

1 Development of the pathogenic microflore in the
colon.

1 Intoxication as a result of the growing of
pathoegenic bacteria.

1 Infringement of the motoric and secretion function
of the colon.

1 Infringement of the exchange cholesterine and gall
acids.

1 Infingement of the digesting of the vitamines and
minerals.

1 Development ofi the hypotrofies, anemies,
hypovitaminesis, fermentopathies.

i Depressed immumolegical status.




Problems. Health is Money.  bu

u Antibiotics market: $ 38 bl
Penecilins, macrolids
cefalosporin ext.

ts Market of medicins for post- $ 2. bl

antibacterial therapie:
Probiotics, gepatoprotectors
antimicotics ext




IHow to solve this problem?

Traditional formula of Antibiotics:

Antibiotics + Lactose

New formula of Antibiotics:

Antibiotics + Lactulose




Design ofi trials

1
|

FELIZATA

The random test sample included 40 children of both sexes aged 9-17

years with diagnosed Hp-associated gastrites. The initial diagnosis was

substantiated by an urease test of antral gastric bioptats obtained upon

floroesophagogastroduodenoscopy (FEGDS).

compositon

No of patient in
the group

Treatment schedule

Daily dese

Treatment
course

Amoxiclav

10

1350 mg

14 day

Amoxiclav +
L actulose

10

1350 mg
200 mg

14 day:

Amoxiclav+
Lactulose

10

1350 mg
600 mg

14 day




Group # 1. Amoxiclav: @sso mg)

Some characteristics of intestinal micrebiocenoesis in patients
of the control group before and after treatment (Ig CFU/qQ)
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FELIZATA

No of
patients

Bifidobacterium spp.

Lactobacillius spp.

Candida albicans

Before tr.

After tr.

Before tr.

After tr.

Before tr.

After tr.
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Group # 1. Conclusions. .

1 - Escherichia coli

2 - Bifidobacterium

\
\
AN
. \

SPP.

3 - Lactobacillus

SPP.

EEEEEE
EEEEEE
2

4 - Candida

9
gl
7V
61
51
44"
31
21
17
0

albicans

The titers ofi Escherichia coli, bifidobhacteria and lactebacilliiwere
significantly’ decreased (p< 0.01), while those of Candida albicans were
significantly’ Increased.




Group # 2. A @350 mg) + L (200 mg) bt

Some characteristics of intestinal micrebiocenoesis in patients
of the control group before and after treatment (Ig CFU/qQ)

No of Bifidobacterium spp. | Lactobacillius spp. Candida albicans

patients Before tr. | After tr. Before tr. | After tr. | Before tr. | After tr.

© 0 N o o B W NN B
(00)
(00)
NS
(00)
o
(@)

=
(@)

= I © o © 0 . 6 © O
= N © 0 © 0 . & ©O© O
+ & & 0 & OO 6O N o b
= & &0 O O U0l O O O O
+ L W W b~ O W W O W
+ o W W wWw O O W O W

2
N
0
=
1
©
2
=
N>
N
I
(00]

AvVerage




Group # 2. Conclusions. ot

1 - Escherichia coli

2 - Bifidobacterium
spp.

3 - Lactobacillus
spp.

4 - Candida

albicans

The titers ofi Escherichia coli were significantly decreased (p>0.01), while
those ofi bifidohacteria and lactebacilli were similar both before and after
treatment. The titers of Candida albicans shewed a tendency: to decrease;
newWevVer, this difference was insignificant.




Group # 3. A @ss0mg) + L (600 mg)

Some characteristics of intestinal micrebiocenoesis in patients
of the control group before and after treatment (Ig CFU/qQ)
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No of
patients

Bifidobacterium spp.

Lactobacillius spp.

Candida albicans

Before tr.

After tr.

Before tr.

After tr.

Before tr.

After tr.

© 0 N o 0o B W N B

=
(@)

©

G & N 0 © O © 0 o

(00]

© © © © © 0 O . o

o1

o ~ O1 O O 01 O ~ b

o

G G 6 6 oo ~ O b~ O©

w

A O W O A N O N O

o

kr O O O »r O O O O

AVerage

=
N




Group # 3. Conclusions. .

1 - Escherichia coli

N\
N\ N\

2 - Bifidobacterium

spp.

3 - Lactobacillus

spp.

EEEEEEE
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4 - Candida

9
8l
71
61"
51
41"
3
o)
17
0

albicans

The titers ofi Escherichia coli'in Group 3 patients: were similar befere and
after treatment. The titers of bifidebactera and lactebacilliwere
significantly increased (p<0.01); Candida- , Preteus- and Klehsiella-
asseciated infections were fully eliminated (p<0.001).




Conclusions b

The monotherapy withf AMOXICLAV causes dysbiosis manifested
as a statistically significant decrease In the titers of the major
representatives of the obligate microflora (Bifidobacterium,
Lactobacillus, Escherichia coli) and an increase in the titers of
Candida albicans.

Combined therapy with the pharmaceutical composition
Lactulose + AMOXICLAV has a high therapeutic potential.
Lactulose added to the treatment schedule improves the state of
large intestinal microflora.

Lactulose has a dose-dependent protective effect. In Group 3
patients to whom the prebiotic was administered in the daily dose
off 600 mg, this effect was more apparent than in Greup 2 patients
(daily dose = 200 mg).




Main conclusions

New class of
antibiotics

are
ecopIotics




