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Introduction of Lactulose



Molecular formula of lactulose

4-O-β-D-galactopyranosyl-D-
fructofuranose
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C12 H22O11: Mr=342.3 g/mol



Formation of lactulose
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Isomerization

Lactose
(galactose - glucose)

Lactulose
(galactose - fructose)
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Physicochemical characteristics

C12H22O113H2OC12H22O11Molecular formula

no reports
34 kJ/mol

68°C
13.6%

White crystalline powder

Trihydrate form

0.48 - 0.62Degree of sweetness

- 4 kJ/molHeat of solution
169°CMelting point

0%Water content

White crystalline powderAppearance
Anhydride form



Lactulose Syrup and Powder

Lactulose syrup & powder



Historical development of lactulose

1930  Preparation by Montgomery and Hudson
1957  Discovery as a growth factor for bifidobacteria by Petuely
1959  Application to chronic constipation by Petuely
1966 Application to chronic portal systemic encephalopathy

by Bircher

Applications at 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 a food with specified

health uses
1997  Pharmaceutical authorization of lactulose crystalline powder



Thermostability of lactulose
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Lactulose
Sucrose

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



Production site of lactulose

Fuji Plant (Japan)

Milei Plant (Germany)



Applications of lactulose
Pharmaceuticals

- for hepatic encephalopathy
- for chronic constipation

Syrup form Powder form



Mechanism of hepatic encephalopathy

Lactulose



Applications of lactulose
Food and nutrition

- infant formula
- health foods

Infant formula          Soft drink                    Yogurt



Applications of lactulose
Animal feed

- piglets
- cattle
- dogs and cats

Dog food Cat milk



Physiological function of 
Lactulose as a prebiotics



Changes in Intestinal Flora with Age

Bifidobacteria Microflora 1: 3 (1982)



Probioteics

Host Health

Balance of Intestinal 
Microflora

Fermented Food
(Beneficial  Bacteria)Probiotics

Prebiotics



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)



Not digested or absorbed

Proliferation of bifidobacteria

Improvement in 
fecal excretion

Improvement in
intestinal microflora

Improvement in
intestinal environment

Lactulose as probiotic

Lactulose



Bifidobacteria Bacteroides
Eubacteria Others

before during after

Changes in the fecal microflora induced by 
ingestion of 4 g of lactulose

22.4%

48.4%

50.5%
28.8%

26.2%

45.8%

Improvement in the fecal microflora

Mizota et al., Milchwissenschaft 57: 312 (2002)



Improvement in intestinal environment:
fecal acetic acid and fecal pH
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Improvement in intestinal environment 
induced by ingestion of 4 g of lactulose

Mizota et al., Milchwissenschaft 57: 312 (2002)



Improvement of intestinal environment:
intestinal putrefactive substances
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Improvement in fecal excretion:
fecal water and defecation frequency
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by ingestion of 4 g of lactulose

Mizota et al., Milchwissenschaft 57: 312 (2002)



Soft drink: MAIASA-SOHKAI
A food for specific claims:
MAIASA-SOHKAI helps to 
increase intestinal bifidobacteria and 
maintain the gastrointestinal tract in 
good condition.

Lactulose
(bifidus factor)

4 g

Calcium
+

Multivitamin



Other physiological functions of lactulose

•Improvement of blood glucose responses

•Inhibition of secondary bile acid formation

•Activation of immune responses

•Treatment of salmonellosis

•Enhancement of mineral absorption 



Enhancement of Calcium and Magnesium
Absorption by Lactulose



Calcium in milk

Calcium is one of the key nutrients in milk

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

Body fat reduce (?)



Absorption of calcium in milk

Calcium content of milk is high

Absorption is also high

Lactose
CPP (Casein phosphopeptide)

Vitamin D



Apparent calcium absorptions from foods
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Does lactulose enhance 
�� the absorptions of  both Ca and Mg

in humansin humans??

Calcium and magnesium in food

Lactulose

Absorption was evaluated using 
a single-labeling isotope method

Enhancements of Ca and Mg absorptions



Evaluation method ofEvaluation method of CaCa//MgMg absorptionabsorption

Kidney

Equilibrium

Absorption

Blood vessel

Urine
The stable-isotopes 
ratios increased?

Ca

Mg

Intestine

Excreted in feces 
without being absorbed

Ca

Ca

Ca

Mg

Mg

Mg

Bone

LactuloseLactulose

Ca Mg Mg

Ca

Ca

Stable isotopes
������ NA*        ITF**
44Ca� 2.1% → 8.2%
25Mg�10.1% → 27.3%

*NA: natural abundance
**ITF: isotope abundance 

in test food

Ca
Mg



Trial design
Three-group crossover design

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)

Group A �n=8�

Ingestion day 1           Ingestion day 2         Ingestion day 3

�����Washout�������� Washout
(1 day)��(2 weeks)�� (1 day)�� (2 weeks)� �(1 day)

Placebo � Low dose ���� High dose

Low dose ���� High dose ������ Placebo

High -dose ���� Placebo Low dose

Group B �n=8�

Group C �n=8�

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

(Healthy adult men)



Schedule of the ingestion day

�Test food was ingested at 0900 hours
�All urine was collected every 2 h from 0900 to 1700 hours (▲)
�Subjects drank 150 ml of water every hour (●)
�Breakfast/lunch (●)

Urine collection
Water drinking
Meal

Ingestion of test 
food

7am 8am 9am 10am 11am noon  1pm 2pm 
3pm4pm  5pm

urination
●

● ●

Time

Lactulose (0�2�or 4 g)�
Ca (300 mg)�Mg (150 
mg)

● ● ●●●●●●●
▲▲▲▲▲

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



Effect of lactulose on ratio of urinary Ca

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

Ratio of Ca stable isotopes (44Ca/40Ca) in combined 
urine increased with lactulose dose

**p<0.01
(Dunnett-Hsu)
n=24

Placebo Low High

44 C
a/

40
C
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**

0.022
8

0.0230

0.0232

0.0234

0.0236
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�(0 g)

Low dose
� (2 g)

High dose
(4 g)

**



Effect of lactulose on ratio of urinary Mg
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**p<0.01
(Dunnett-Hsu)
n=24

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

Ratio of Mg stable isotopes (25Mg/24Mg) in combined 
urine increased with lactulose dose



A single-labeling method for Urine

AdvantagesAdvantages
�No intravenous injection
�Direct check of the 

absorption for minerals

DisadvantagesDisadvantages
�Needs cross over design
�Difficult to quantification

Ca
Mg

Do minerals in urine 
come 
from test food or not?

Measure the ratios of
stable isotopes  in urine

Oral intake of Stable Isotopes



Hypothesized action mechanism
Arrival of lactulose at 

the large intestine Direct effect of lactulose on 
the mineral absorption (?)

Conversion of lactulose 
to organic acids

Direct effect of organic acids 
on intestinal permeability

Decrease in intestinal pH
Increases in solubilities of 

Ca and Mg salts



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

The femur fracture properties of ovariectomized osteoporosis 
model rat  

Igarashi et al.,  Bifidus�7: 139 (1994)

The effects of lactulose on rat bone

*p<0.05
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Example of product

4g      Lactulose
350mg   Calcium
175mg   Magnesium

/2 sachets/day
For postmenopausal women



Summary

•Lactulose has many physiological functions and 
can be applied in many areas as a probiotic

•Our clinical trials confirmed that low-dose 
lactulose has positive effects on calcium and 
magnesium absorptions in humans



Thank you  for your attention
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Lactose
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β-D-galactopyranosyl-(1∏4)-D-
glucopyranose

ÁMain source: whey; 70–75% of dry weight is lactose 
Áapprox. 3.2 million t/a worldwide, mainly in Europe
ÁUsed in food, confectionary, beverages, pharmaceuticals

Lactobionic acid: C1 oxidation product of lactose

applications: skin care products, pharmaceuticals,sport 
drink ingredient, lactobiono-alkyl-amides as detergents 
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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:

Pseudomonas mucidolens submerged cultures  (El-Refai et al. 1994)
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Production of Lactobionic Acid

D. Enzymatic:

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

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

Cellobiose Dehydrogenase from Sclerotium rolfsii  (Baminger et al. 
2001
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Flavoproteins in Biocatalysis

ÁÁOxidation of Oxidation of alcoholsalcohols
glucose oxidase, alcohol oxidaseglucose oxidase, alcohol oxidase
ÁÁOxidation of Oxidation of phenolsphenols
vanillylvanillyl--alcohol oxidasealcohol oxidase
ÁÁOxidation of the Oxidation of the CC--N bondN bond
amino acid oxidases, monoamine oxidaseamino acid oxidases, monoamine oxidase
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Regeneration of Electron Acceptors
used by Flavoenzymes

Subs tratered

Productox

Flavo- 
enzymeox 

(CDH)

Flavo- 
enzymered

Redox 
mediatorred

Redox 
mediatorox

Laccase ox

Laccase red O2

H2O

?
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Sources of Cellobiose Dehydrogenase

Widespread among fungal species

white rot: Phanerochaete spp.

Trametes spp. 

brown rot: Coniophora puteana 

soft rot: Humicola insolens

Corynascus thermophilum

Myriococcum thermophilum

plant pathogen: Sclerotium rolfsii
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Catalytic Properties of 
Cellobiose Dehydrogenase (CDH)

ÁÁ substrates substrates / / electron donorselectron donors::

ÁÁ cellobiose cellobiose and and cellooligomerscellooligomers

ÁÁ lactoselactose

ÁÁ xylobiosexylobiose, , maltosemaltose, , mannobiose mannobiose 

ÁÁ glucose glucose and and mannosemannose

ÁÁcosubstrates cosubstrates / / electron acceptorselectron acceptors::
ÁÁtwo electron acceptorstwo electron acceptors::

ÁÁOO22, DCIP, , DCIP, quinonesquinones

ÁÁone electron acceptorsone electron acceptors::

ÁÁFeFe3+3+, Cu, Cu2+2+, Mn, Mn3+3+, K, K33Fe(CN)Fe(CN)66

ÁÁcyt cyt cc, ABTS , ABTS radicalradical

OH
O O

OH
OH

OH
OH O

OH
OH

OH

O

O O
OH

OH

OH
OH O

OH
OH

OH

Fe3+ Fe2+

benzoquinone hydroquinone

CDH
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Catalytic Constants of 
Cellobiose Dehydrogenase (CDH)

substratesubstrate KKm m (µM)          (µM)          kkca ca tt (s(s--11)      )      kkca ca tt/K/Kmm (mM(mM--11··ss--11))

cellobiosecellobiose 120120 2727 225225
lactoselactose 2,4002,400 2626 1111

1,41,4--benzoquinonebenzoquinone 25  25  30  30  1,2001,200
3,53,5--didi--terttert--butylbutyl--1,21,2--bqbq 53  53  23  23  434434
DCIPDCIP 15    15    30  30  2,0002,000
methylene greenmethylene green 4.3    4.3    18  18  4,1904,190

ferricenium ionferricenium ion 0.83 0.83 3939 47,50047,500
KK33Fe(CN)Fe(CN)6 6 20   20   37  37  1,8501,850
ABTS ABTS cation radical cation radical 0.4  0.4  27  27  67,50067,500
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Regeneration of Electron Acceptors
used by Flavoenzymes

Subs tratered

Productox

Flavo- 
enzymeox 

(CDH)

Flavo- 
enzymered

Redox 
mediatorred

Redox 
mediatorox

Laccase ox

Laccase red O2

H2O

?
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Fungal Laccases

ÁÁCommon enzymes in wood degrading fungiCommon enzymes in wood degrading fungi
ÁÁBlue multicopper oxidasesBlue multicopper oxidases
ÁÁCatalyse the oxidation of a very wide range of Catalyse the oxidation of a very wide range of 
organic and inorganic substrates (polyphenols)organic and inorganic substrates (polyphenols)
ÁÁVery efficient enzymes (kcat 130 Very efficient enzymes (kcat 130 –– 2900 s2900 s--1, 1, 
kcat/Km up to 48 kcat/Km up to 48 ´́ 106 M106 M--1 1 ··ss--1)1)
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Laccases from Trametes pubescens

Substrate Km
(µM)

kcat
(s-1)

kcat/Km
(M-1 s-1)

ABTS 14 690 48 × 106

Ferrocyanide 43 850 2 × 106

Hydroquinone 390 320 0.82 × 106

Oxygen 410 2,900 7.0 × 106
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Regeneration of Electron Acceptors
used by Flavoenzymes

Subs tratered

Productox

Flavo- 
enzymeox 

(CDH)

Flavo- 
enzymered

Redox 
mediatorred

Redox 
mediatorox

Laccase ox

Laccase red O2

H2O

?
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Selection of Suitable Redox 
Mediators

Screening experimentsScreening experiments

1 U 1 U laccaselaccase

0.5 U CDH0.5 U CDH

30  µmol 30  µmol lactose lactose (15 (15 mMmM))

0.2 µmol 0.2 µmol redox mediatorredox mediator

2 ml Na 2 ml Na acetate buffer pH acetate buffer pH 4.54.5

30°C, 2 h30°C, 2 h
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Selection of Suitable Redox 
Mediators

redox mediatorredox mediator turnover turnover (%)(%) redox mediatorredox mediator turnover turnover (%)(%)

1,41,4--benzoquinonebenzoquinone ~ 100~ 100 indophenolindophenol 82.682.6
tetrachlorotetrachloro--1,41,4--bqbq ~ 100~ 100 2,62,6--dichlorodichloro--indophenolindophenol ~ 100~ 100
tetrabromotetrabromo--1,41,4--bq  bq  ~ 100~ 100 ABTSABTS ~ 100~ 100
tetrafluorotetrafluoro--1,41,4--bq                  75.8bq                  75.8 methylene greenmethylene green 84.084.0
22--chlorochloro--1,41,4--bq  bq  ~ 100~ 100 methylene bluemethylene blue 41.441.4
methylmethyl--1,41,4--bqbq 92.592.5 meldolameldola‘s ‘s blueblue 74.474.4
3,53,5--didi--terttert--butylbutyl--1,21,2--bqbq 31.231.2 phenazine methosulfatephenazine methosulfate 90.690.6
dimethyldimethyl--1,41,4--bqbq 30.0 30.0 
1,2,41,2,4--trihydroxybenzene       57.3 trihydroxybenzene       57.3 ferriceniumferricenium 47.447.4

ferricyanideferricyanide 32.132.1
oxygen oxygen + + catalasecatalase 5.0  5.0  CuCu2+2+ 8.68.6

FeFe3+3+ 8.28.2
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Lactose Oxidation Scheme

CDH
oxidized

CDH
reduced

lactobionic acid

lactose

H2O

lactobiono-δ-lacton

H2O2

O2
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Regeneration System

redox mediator
oxidized

redox mediator
reduced

laccase
reduced

laccase
oxidized

CDH
oxidized

CDH
reduced

lactobionic acid

lactose

H2O

lactobiono-δ-lacton
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Conversion of Lactose 1
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• Laccase act.• Laccase act.

1 U/mL CDH, 2 U/mL laccase1 U/mL CDH, 2 U/mL laccase
200 mM lactose, 1.75 mM 200 mM lactose, 1.75 mM benzoquinonebenzoquinone; 30 °C, pH 4.0; 30 °C, pH 4.0
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Conversion of Lactose 2

• Lactose• Lactose

• Lactobionic acid• Lactobionic acid

• CDH activity• CDH activity

• Laccase act.• Laccase act.

1 U/mL CDH, 2 U/mL laccase1 U/mL CDH, 2 U/mL laccase
200 mM lactose, 0.2 mM 200 mM lactose, 0.2 mM ABTSABTS; 30 °C, pH 4.0; 30 °C, pH 4.0

0

20

40

60

80

100

C
on

ve
rs

io
n 

(%
)

4003002001000
0

20

40

60

80

100

Time  (min)
R

es
id

ua
l e

nz
ym

e 
ac

tiv
ity

 (%
)



24.05.2007 20Bezeichnung deutsch: ev. Untereinheit 2. Ebene    I    ev. Untereinheit 3. Ebene    I    Univ. Prof. DI. Dr. Max Mustermann

DFST

Conversion of Lactose 3

• Lactose• Lactose

• Lactobionic acid• Lactobionic acid

• CDH activity• CDH activity

• Laccase act.• Laccase act.

1 U/mL CDH, 2 U/mL laccase1 U/mL CDH, 2 U/mL laccase
200 mM lactose, 0.2 mM 200 mM lactose, 0.2 mM dimethylaminomethyldimethylaminomethyl--
ferroceneferrocene; 30 °C, pH 4.0; 30 °C, pH 4.0
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Characterization of the 
Biotransformation

ÁÁComplete conversion of lactose, no byComplete conversion of lactose, no by--products products 
detectabledetectable

ÁÁ40% CDH, 85 % laccase activity remaining40% CDH, 85 % laccase activity remaining

ÁÁProductivity of 21 g/LProductivity of 21 g/L··h or 21 g/kUh or 21 g/kU··hh

ÁÁTurnover number Turnover number TTNTTNCDHCDH 1.251061.25106
TTNTTNlaccaselaccase 6.051066.05106
TTNTTNbqbq 115115
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Characterization of the 
Biotransformation

Redox mediator Productivity
g·(kU·h)-1

CDH inactivation
(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 2.0
ferrocene 9.1 1.9
Fe3+ 0.37 11.8
Cu2+ 2.0 26.1



24.05.2007 23Bezeichnung deutsch: ev. Untereinheit 2. Ebene    I    ev. Untereinheit 3. Ebene    I    Univ. Prof. DI. Dr. Max Mustermann

DFST

Enzyme Inactivation during Turnover

ÁÁBy the hydroxyl radical when CuBy the hydroxyl radical when Cu2+2+, Fe, Fe3+3+, , 
or Mnor Mn3+3+ are used as redox mediator are used as redox mediator 
(formed by the Fenton reaction) (formed by the Fenton reaction) 

ÁÁAt the airAt the air--liquid interface in the presence liquid interface in the presence 
of high velocity gradientsof high velocity gradients
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Effect of Aeration

Reaction Productivity CDH inactiva.
condition g·(h·kU)-1 U·mmol-1

10% DOT, O2 11.2 0.02
20% DOT, O2 16.0 0.81
20% DOT, air 16.6 2.34
40% DOT, O2 17.8 1.46
60% DOT, O2 20.4 1.48
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What is antibiotics?What is antibiotics?

Antibiotics Antibiotics –– pharmaceuticals killing pharmaceuticals killing 
different type of bacteriadifferent type of bacteria..

Antibiotics are  killing both pathogenic and Antibiotics are  killing both pathogenic and 
useful bacteriauseful bacteria..

Antibiotics save from some diseases and Antibiotics save from some diseases and 
may lead to may lead to anothersanothers..

Antibiotics are the basic reason of the Antibiotics are the basic reason of the 
disbiosisdisbiosisАнтибиотики Антибиотики –– главная причина главная причина 
дисбактериоза кишечника.дисбактериоза кишечника.



What is What is disbiosdisbios??

üü Development of the pathogenic Development of the pathogenic microfloremicroflore in the in the 
coloncolon. . 

üü Intoxication as a result of the growing of Intoxication as a result of the growing of 
pathogenic bacteriapathogenic bacteria..

üü Infringement of the Infringement of the motoricmotoric and secretion function and secretion function 
of the colonof the colon. . 

üü Infringement of the exchange Infringement of the exchange cholesterinecholesterine and gall and gall 
acidsacids. . 

üü InfingementInfingement of the digesting of the of the digesting of the vitaminesvitamines and and 
minerals.minerals.

üü Development of the Development of the hypotrofieshypotrofies, , anemiesanemies, , 
hypovitaminosishypovitaminosis, , fermentopathiesfermentopathies..

üü DepressedDepressed immumologicalimmumological statusstatus..



üü Antibiotics market:Antibiotics market:
PenecilinsPenecilins, , macrolidsmacrolids
cefalosporincefalosporin ext.ext.

üüMarket of Market of medicinsmedicins for postfor post--
antibacterial antibacterial therapietherapie::

ProbioticsProbiotics, , gepatoprotectorsgepatoprotectors
antimicoticsantimicotics extext

$ 38 $ 38 blbl

$ 27 $ 27 blbl

Problems. Health is Money.Problems. Health is Money.



Traditional formula of Antibiotics:Traditional formula of Antibiotics:

Antibiotics + LactoseAntibiotics + Lactose

New formula of Antibiotics:New formula of Antibiotics:

Antibiotics + LactuloseAntibiotics + Lactulose

How to solve this problem?How to solve this problem?



14 day14 day
1350 mg1350 mg
200 mg200 mg

1010
Amoxiclav +Amoxiclav +
LactuloseLactulose

14 day14 day1350 mg1350 mg1010AmoxiclavAmoxiclav

14 day14 day
1350 mg 1350 mg 
600 mg600 mg

1010
AmoxiclavAmoxiclav++
LactuloseLactulose

Treatment Treatment 
coursecourseDaily doseDaily dose

Treatment scheduleTreatment schedule
№№ of patient in of patient in 
the groupthe groupcompositoncompositon

Design of trialsDesign of trials
The random test sample included 40 children of both sexes aged 9−17 
years with diagnosed Нр-associated gastrites. The initial diagnosis was 
substantiated by an urease test of antral gastric bioptats obtained upon 
fibroesophagogastroduodenoscopy (FEGDS).



Group # 1.  Amoxiclav Group # 1.  Amoxiclav (1350 mg)(1350 mg)
Some characteristics Some characteristics of intestinal microbiocenosis in patients of intestinal microbiocenosis in patients 
of the control group before and after treatment (of the control group before and after treatment (lglg CFU/g)CFU/g)

2.4 2.4 ±± 00.2.21.11.15.8 5.8 ±± 00.7.76.8 6.8 ±± 00.9.97.7.11 ±± 11..1188.7 .7 ±± 11.5.5AverageAverage
2200778888881010
11006688669999
22116677668888
44335577779977
33227788778866
33226677669955
22006666778844
11334444889933
44005566889922
2200667788101011

After tr.After tr.Before tr.Before tr.After tr.After tr.Before tr.Before tr.After tr.After tr.Before tr.Before tr.

Candida albicansCandida albicansLactobacillius spp.Lactobacillius spp.Bifidobacterium spp.Bifidobacterium spp.№№ of of 
patientspatients
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The The titerstiters of of EscherichiaEscherichia colicoli,, bifidobacteriabifidobacteria and and lactobaclactobacilliilli were were 
significantly decreased significantly decreased (p< 0.01), while those (p< 0.01), while those of of Candida Candida albicansalbicans were were 
significantly increased.significantly increased.

1 - Escherichia coli

2 - Bifidobacterium 

spp. 

3 - Lactobacillus 

spp. 

4 - Candida 

albicans

Group # 1. Group # 1. Conclusions.



Group # 2.  A Group # 2.  A (1350 mg)(1350 mg) + L + L (200 mg)(200 mg)
Some characteristics Some characteristics of intestinal microbiocenosis in patients of intestinal microbiocenosis in patients 
of the control group before and after treatment (of the control group before and after treatment (lglg CFU/g)CFU/g)

1.8 1.8 ±± 0.10.12.2 2.2 ±± 0.20.26.1 6.1 ±± 00.8.85.9 5.9 ±± 00.7.78.1 8.1 ±± 11..1188.2 .2 ±± 1.21.2AverageAverage
3333666677771010
33336666999999
33336688888888
33446666999977
00005566888866
00336666888855
33336677668844
00006666999933
33336644999922
00008844888811

After tr.After tr.Before tr.Before tr.After tr.After tr.Before tr.Before tr.After tr.After tr.Before tr.Before tr.

Candida albicansCandida albicansLactobacillius spp.Lactobacillius spp.Bifidobacterium spp.Bifidobacterium spp.№№ of of 
patientspatients



The The titerstiters of of Escherichia coli Escherichia coli were significantly decreased (p>0.01), while were significantly decreased (p>0.01), while 
those of those of bifidobacteriabifidobacteria and lactobacilli were similar both before and after and lactobacilli were similar both before and after 
treatment. The titers of treatment. The titers of Candida Candida albicansalbicans showed a tendency to decrease; showed a tendency to decrease; 
however, this difference was insignificant.however, this difference was insignificant.

1 - Escherichia coli

2 - Bifidobacterium 

spp. 

3 - Lactobacillus 

spp. 

4 - Candida 

albicans

Group # 2. Group # 2. Conclusions.
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Group # 3.  A Group # 3.  A (1350 mg)  (1350 mg)  + L + L (600 mg) (600 mg) 
Some characteristics Some characteristics of intestinal microbiocenosis in patients of intestinal microbiocenosis in patients 
of the control group before and after treatment (of the control group before and after treatment (lglg CFU/g)CFU/g)

00.2.21.9 1.9 ±± 0.40.46.6 6.6 ±± 00.8.85.1 5.1 ±± 00.7.78.6 8.6 ±± 11..1188.1 .1 ±± 0.90.9AverageAverage

1144886699661010
00008844998899
00338855997788
00008866998877
11446666999966
00224455888855
00006666889944
00224444888833
00008844999922

00336655889911

After tr.After tr.Before tr.Before tr.After tr.After tr.Before tr.Before tr.After tr.After tr.Before tr.Before tr.

Candida albicansCandida albicansLactobacillius spp.Lactobacillius spp.Bifidobacterium spp.Bifidobacterium spp.№№ of of 
patientspatients
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The The titerstiters of of Escherichia coli Escherichia coli in Group 3 patients  in Group 3 patients  were similar before and were similar before and 
after treatmentafter treatment.. The The titerstiters of of bifidobacteriabifidobacteria and lactobacilli were and lactobacilli were 
significantly increased (significantly increased (рр<0.01); <0.01); CandidaCandida-- , , ProteusProteus-- and and KlebsiellaKlebsiella--
associated infections were fully eliminated (associated infections were fully eliminated (рр<0.001).<0.001).

1 - Escherichia coli

2 - Bifidobacterium 

spp. 

3 - Lactobacillus 

spp. 

4 - Candida 

albicans

Group # 3. Group # 3. Conclusions.



ConclusionsConclusions

The The monotherapymonotherapy with AMOXICLAV causes with AMOXICLAV causes dysbiosis manifested dysbiosis manifested 
as a statistically significant decrease in the as a statistically significant decrease in the titerstiters of the major of the major 
representatives of the obligate microflorarepresentatives of the obligate microflora (Bifidobacterium, (Bifidobacterium, 
Lactobacillus, Lactobacillus, EscherichiaEscherichia colicoli) and an increase in the titers of ) and an increase in the titers of 
Candida Candida albicansalbicans..

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

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



Main cMain conclusionsonclusions

New class of New class of 
antibioticsantibiotics

areare
ecobioticsecobiotics


