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CHOLESTEROL-LOWERING ACTIVITY OF LACTIC ACID
BACTERIA PROBIOTIC STRAINS IN VIVO

Cholesterol-lowering activity of probiotic strains of lactic acid bacteria genera Lactobacillus and
Bifidobacterium in the in vivo experiments on the model of experimental hypercholesterolemia in mice was
studied. It is established that the prophylactic scheme of introduction of probiotic cultures is more effective than
therapeutic one for the manifestation of cholesteraze activity of probiotic cultures. The most effective were the
cultures: L. acidophilus and B. bifidum, as well as the composition B. bifidum + B. longum. Cholesterol-lowering
activity of the studied strains and their compositions in this experiment ranged between 40-78%. It is noted that
cholesteraze activity of other studied strains was not lower, and in some cases, higher than that of most of the
drugs currently used in cholesterinozis

Key wo rds: probiotic lactic acid bacteria, cholesterol-lowering activity, cholesteraze activity,
cholesterol-assimilating strains, cholesterinozis.

In recent years, the number of reports on the ability of lactic acid bacteria to lower serum choles-
terol levels is increasing in the scientific literature. The ability of certain strains of normal microflora
to assimilate and deconjugate precipitate bile acids as well as to destroy, bind and assimilate choles-
terol is the basis of their cholesterol-lowering effect (the ability to reduce cholesterol levels) [5; 4;
7-9]. High cholesterol levels in the serum as a whole and in the low-density lipoprotein is a major
risk factor for coronary heart disease and atherosclerosis, and cerebrovascular atherosclerosis, hy-
pertension, cancer of different parts of the digestive tract and some other pathologic conditions [2].
Thus, the purpose of the study was to establish the cholesterol-lowering activity of the previously
selected strains of probiotic Lactobacillus and Bifidobacterium genera in the in vivo experiments on
the model of experimental hypercholesterolemia in mice.

Materials and Methods. Probiotic strains of genera Lactobacillus and Bifidobacterium isolated
from associative culture in laboratory studies of fermented biological material: Bifidobacterium bi-
fidum VK-1, Bifidobacterium longum VK-2, Lactobacillus acidophilus IMV B-7279, Lactobacillus
casei IMV B-7280, Lactobacillus bulgaricus IMV B-7281 were used as subjects of the study.

The authors used in the experiments white mice weighing 16-18 and 18-20 g, male mice of the
Balb/c aged 2.5 months and female mice Balb/c aged 3 months. Experimental hypercholesterolemia
was simulated in mice by feeding the animals with high-calorie diet (Table 1) for a week. Crystalline
cholesterol with chemical purity of > 99% (Sigma, USA) was added to the diet. This model allows
raising the serum cholesterol levels in mice by 46.54 + 2.1% at an average as compared with intact
mice.

Two schemes of administration of the probiotic strains — the prophylactic and therapeutic ones
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were worked out in the study. According to the prophylactic scheme mice of the experimental
group received per os 0.3 ml of freshly prepared suspensions of the freeze-dried probiotic cultures,
their combinations in concentrations of 3x10® cells/ml, and mixed fodder during 4 days. On the
fifth day the mice received high-calorie diet and continued to receive probiotic cultures every day
until the end of the diet (seven days). On the first, third and seventh day since the beginning of high-
calorie diet the level of total serum cholesterol in animals was determined [1]. Cholesterol-lowering
activity (cholesteraze activity) calculated by a decrease of concentration of serum cholesterol in
mice which received high-calorie diet and probiotic cultures or their combinations in comparison
with the control group of mice, which received only high-calorie diet. Cholesterol-lowering activity
was evaluated in per cents from the control group of mice.

Table 1

Composition of diet based on corn meal to feed mice

Components Quantity, g
Corn meal 153.5
Butter 27.2

Wheat bran 72.6
Soybean meal 98.0
Kitchen salt 0.9
CaHPO, 5.4

CaCoO, 33
Vitamins, macro- and microelements” 1.5

Comments: The diet consists of the following vitamins, macro- and microelements: riboflavin — 1.76 pg;
pantothenic acid — 8.80 pg; niacin — 8.80 pg; vitamin B, — 8.80 ug; choline chloride — 176.00 ug; vitamin
A — 1760 1U; vitamin D, — 176 1U; vitamin E — 4.4 1U; and also complex of macro- and microelements:
selenium — 39.6 pg, iodine — 300 pg; iron — 19.8 pg; manganese — 11 pg, copper — 2.2 pg, zinc — 39.6 pg per

1 kg of feed.

The therapeutic scheme provided co-administration of high-calorie diet and probiotic cultures
in the diet of mice in the same doses as in the prophylactic scheme. The blood samples were also
taken from the animals to analyze the level of total cholesterol on the first, third and seventh day of
the experiment, respectively.

Two control groups of mice were used: the first (control) group included the intact mice, which
diet contained only the standard feed, the second one (control + diet) included mice which diet in-
cluded only high-calorie products with no addition of probiotic cultures.

Results and Discussion. In the previous experiments it was shown that all the studied strains
of lactic acid bacteria were probiotic with high resistance to aggressive conditions of the gastroin-
testinal tract [3].

The previous experiments have proved that the selected strains, as well as compositions based
on them, have high cholesterol-lowering activity in vitro [11].

The cholesteraze activity of bacteria genera Lactobacillus and Bifidobacterium was determined
in the study in the experimental model of hypercholesterolemia in mice. The results are shown in
the figures (Fig. 1-6).

The data presented in Fig. 1. show that on the first day of using the therapeutic scheme intro-
duction of probiotic cultures into mice weighing 18-20 g maximum of cholesterase activity was
observed for L. acidophilus — 31.15 + 1.4%, while the minimum for compositions of L. acidophilus
+ L. casei — 3.0 + 0.1%, and L. casei + L. bulgaricus — 4.32 + 0.2%. At the same time for other
cultures cholesteraze activity ranged to 8.44-16.07 %. On the 3rd day of observation maximum cho-
lesteraze activity remained 37.11 + 1.6% for L. acidophilus, the minimum value was 17.84 + 0.7%
for L. casei. The maximum value of cholesteraze activity on the 7th day of observation was shown
by the culture L. casei as 62.28 + 2.5%, minimum — by the composition L. acidophilus + L. casei as
28.70 + 1.2%, respectively. For other cultures cholesteraze activity was almost the same and varied
within 43.01 + 1.7%.

Fig. 2 shows cholesteraze activity for mice weighing 16-18 g under administration of probiotic
bacteria according to the therapeutic scheme. The maximum values of cholesteraze activity were
shown by L. acidophilus + L. casei as 43.38 + 1.5%, and by B. bifidum + B. longum as 64.78 +2.7%

ISSN 0201-8462. Mikpobioa. ucypn., 2012, T. 74, Ne 3 79



on the Ist, 3rd and 7th days, respectively. On the first day minimum values were 16.66 + 0.7% for
L casei and 16.63 = 0.6% for L. casei + L. bulgaricus, on the third and seventh day they were 35.19
+ 1.3 and 48.16 = 1.8%, respectively for L. casei + L. bulgaricus. On the seventh day of observation
the average value of cholesteraze activity was 33.0 + 2.3%, which is by 13.32 + 0.5% more than for
mice weighing 18-20g. The obtained data suggest that it is easier to restore the organisms of young
mice under the therapeutic administration of probiotic cultures, than the organisms of more mature
mice.

Fig. 3 and 4 demonstrated the cholesteraze activity of probiotic cultures in male mice Balb/c
aged 2.5 months in prophylactic and therapeutic schemes of probiotic cultures administration, re-
spectively.

For prophylactic scheme of administration of probiotic cultures (Fig. 3) cholesteraze activity for
all strains and their compositions were characterized by practically the same values and amounted
to 33.63 = 1.4% on the 1% day, 45.41+1.6% on the 3rd day, and 65.29 + 2.6% on the 7" day, respec-
tively. The maximum value of cholesteraze activity on the 7th day of observation was characteristic
of the culture L. acidophilus, it was 69.58 + 2.8%. L. acidophilus and culture composition of B. bi-
fidum + B. longum were the most effective for administration by the prophylactic scheme. The same
trend remained for the therapeutic scheme (Fig.4). On the first day of the experiment the average
cholesteraze activity ranged from 8.68% for L. casei, to 19.87-20.98 % for L. acidophilus, B. bifidum
+ B. longum, L. casei + L. bulgaricus. The average value of cholesterase activity on the third day of
the therapeutic scheme was 35.11 + 1.4%. By the 7th day cholesteraze activity increased minimum
to 56.5% for L. casei and L. casei + L. bulgaricus, maximum to 65.84 + 2.6% for B. bifidum + B.
longum.

Fig. 5 and 6 showed the data for cholesteraze activity of female mice Balb/c aged 3 months when
using the prophylactic and therapeutic schemes of administering the probiotic bacteria, respectively.
In this case, the prophylactic scheme administration also showed higher values of cholesteraze activ-
ity than the therapeutic one. For prophylactic scheme administration (Fig. 5) the cholesteraze activ-
ity amounted to 37.01 + 1.4% on the 1* day, 57.11 + 2.3% on the 3™ day, 68.37 = 3.0% on the 7"
day. The maximum of cholesteraze activity on the 7" day of observation was shown by the culture L.
acidophilus as 78.04 + 3.0% and by the composition B. bifidum + B. longum as 74.08 £ 3.0%.

The therapeutic scheme (Fig. 6) was characterized by slightly lower average values of cholester-
aze activity: 26.63 £ 1.1 % for the 1% day, 38.57 + 1.5% for the third day, and 58.82 + 2.4 % for the
7" day. The maximum value of activity was found for the culture L. acidophilus as 69.59 +2.8%, for
other cultures it varied between 51.75 — 60.03 % on the 7" day of observation.

Recent researches in this field conformed completely to these experimental data [10].

As can be seen from all figures, regardless of breed, age, sex, body weight of mice and admin-
istration scheme of probiotic cultures their cholesteraze activity increases to the seventh days of
observation. It should also be noted that the prophylactic schemes of administration of probiotic
cultures had higher values of cholesteraze of bacteria than therapeutic ones. This suggests that the
prevention of disease is the best treatment.

L. acidophilus and B. bifidum, as well as composition B. bifidum + B. longum were the most
effective cultures used for treatment of mice with hypercholesterolemia. At the same time, it should
be noted that the cholesterase activity of the other studied strains was not lower, and in some cases
even higher than that of most of the drugs currently used in cholesterinosis, for example Lovastatin,
Fluvastatin, Atorvastatin and others [6].

Cholesterol-lowering activity of the studied strains and their compositions in the experiment
ranged between 40-78%. In the future it is planned to increase the percentage of cholesteraze activity
by more detailed working out of administration schemes and doses of cultures, as well as the selec-
tion of combinations and ratios of strains in these combinations.

Thus, the selected cultures of lactic acid bacteria could potentially be used to create on their
basis new probiotics to reduce serum cholesterol in humans. Probiotics that contain cholesterol-
assimilating strains of lactic acid bacteria can efficiently complete the complex therapy of patients

with cardiovascular, cancer and other diseases.
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Fig.1. Dependence of cholesteraze activity of lactic acid bacteria and their compositions on

observation time under therapeutic scheme administration of probiotic cultures (P < 0.05).
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Fig.2. Dependence of cholesteraze activity of lactic acid bacteria and their compositions on
observation time for mice 16-18 g under the therapeutic scheme administration of probiotic

cultures (P < 0.05).
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Fig.3. Dependence of cholesteraze activity of lactic acid bacteria and their compositions on the
days of observation for male mice Ba/b/c aged 2.5 months when using the prophylactic scheme
administration of probiotic cultures (P < 0.05).
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Fig.4. Dependence of cholesterase activity of lactic acid bacteria and their compositions on the
days of observation for male mice Balb/c aged 2.5 months when using the therapeutic scheme

administration of probiotic cultures (P < 0.05).

82 ISSN 0201-8462. Mixpobion. ncypn., 2012, T. 74, Ne 3



100

=®

z

Z

=]

o

(]

1]

&

7

w

1]

©

=

o
= 1-stday
= 3-rd day
m 7-th day

Fig.5. Dependence of cholesteraze activity of lactic acid bacteria and their compositions on the
days of observation for female mice Balb/c aged 3 months when using the prophylactic scheme
administration of probiotic cultures (P < 0.05).
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Fig.6. Dependence of cholesteraze activity of lactic acid bacteria and their compositions on the
days of observation for female mice Bal/b/c aged 3 months when using the therapeutic scheme
administration of probiotic cultures (P < 0.05).
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I'NMOXOJECTEPUHEMHUYECKASA AKTUBHOCTDb IPOBUOTUYECKHUX
IITAMMOB MOJIOYHOKHCJIBIX BAKTEPHM IN VIVO

Pesome

V3y4eHa THIIOXOICCTEPHHEMUYCCKAsE aAKTHBHOCTD MPOOHOTHYCCKHX IITAMMOB MOJIOYHOKHCIBIX OaKTepuii
ponoB Lactobacillus u Bifidobacterium B ombITax in vivo Ha MOZENH IKCIEPUMEHTATBHON THIEPXOIECTEPHU-
HEMUHM y MBIIICH. YCTaHOBJICHO, YTO MPOMHIAKTHEUYCKAs CXeMa BBEJICHUS POOHOTHYECKHUX KYIBTYp SBIIACTCS
Gonee 3 eKkTUBHOI, YeM seueOHas, [T TPOSBICHHS XOIeCTepa3Hoi akKTUBHOCTH Ky ibTypamu. Haubonee 3¢-
(eKTHBHBIME OKa3anuch KyneTypsl: L. acidophilus u B. bifidum, a Taxke komnosumus B. bifidum + B. longum.
OTMeueHo, 4TO XOJIecTepa3Hasl aKTUBHOCTb OCTANIbHBIX M3YYCHHBIX IITAMMOB ObLIa HE HIDKE, @ B HEKOTOPBIX
Cllydasix M BBIIIE, 4eM OOJIBIIMHCTBA JICKAPCTBCHHBIX MPEIApaTOB IPUMCHIEMBIX B HACTOSIIEE BPEMsI IIPH XO-
J€CTEPUHO3E.

KitoueBbie ciioBa: MpOOMOTHK, MOJIOYHOKUCIIbIC OAKTEPUH, THIIOXOJIECTEPHHEMUYECKAsi aKTHBHOCTb, XO-
JIeCTePUH-ACCUMIIHPYIOIIIE MITaMMBI, XOJIEeCTEPHHO3.
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I'MOXOJECTEPUHEMIYHA AKTUBHICTD TPOBIOTUYHHUX IIITAMIB
MOJOYHOKHMCJIUX BAKTEPIH IN VIVO

Pesome

BuBuena rinoxosiecTepuHeMiuHa aKTUBHICTh MPOOIOTHYHMX LITAMiB MOJIOYHOKHUCINX OakTepiid poxuis Lac-
tobacillus Ta Bifidobacterium B gocmigax in vivo Ha MOJeNi €KCIIEPUMEHTAIBHOI TilepXxojaecTepuHeMii y Mu-
mei. BeraHoBiieHo, o npodinakTHyHa cXeMa BBEICHHS NMPOOIOTHYHMX KYJIBTYp € OUIbIl e(eKTHBHOI, HIXk
JKyBaJIbHA, JUIS IPOSIBY XOJIECTEPA3HOI aKTUBHOCTI KyJbTypamu. HaiiOubi epekTHBHUMU BUSBUIIHCS KYJIBTY-
pu: L. acidophilus Ta B. bifidum, a Takox komnosuuist B. bifidum + B. longum. Biamiueno, mo xonecrepazHa
AKTHBHICTb IHIIMX BUBYCHMX IITaMIB OyJia HE HIKUE, a B JISSIKMX BHIIA/IKaX 1 BUILE, HIXK Y OUIBLIOCTI JIIKAPCHKUX
Mpenaparis, 1110 3aCTOCOBYIOThCS B TENEPIIIHIN Yac JIst JIiKyBaHHS XOJIECTEPUHO3Y.

KiroyoBi cnoBa: mpoOiOTHK, MOJIOYHOKMCI OakTepii, TrinoxosieCTepuHeMiuHa aKTHBHICTb, XOJIECTEPHH-
ACHMUTIOIOYI [ITAMH, XOJIECTEPHHO3.
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BUOJIOI'NMYECKAS AKTUBHOCTD JIMITOIIOJIMCAXAPHUIOB
BUDVICIA AQUATICA

Bnepevie uzyuen scuprokuciomuwlii cocmas aunuoog A aunononucaxapuoos (JIIIC) 6 wmammos Budvicia
aquatica — npedcmagumeneil Hogoeo uoa Enterobacteriaceae. Yemanoesneno npucymcmeue JCUpHbIX KUCTON
¢ onunou yenepoonoi yenu om C,, 0o C, .. Bee uccredyemvie wmammel B. aquatica codepocanu 3-2udporcu-
mempadexanogyio kuciomy (23,1-43,8 %, 6 3asucumocmu om wmamma), komopas Oviia OomMunupyloujel u
Xapaxmepna ona cemeiicmea Enterobacteriaceae. JIIIC uccaedyemvix wmammos npoasisiiu moKCU4HOCHb U
NUPO2EHHOCb.

Kuawuesvie crosa: Budvicia aquatica, aunononucaxapuo, aunud A, ¥CUpHOKUCIOMHBIN COCMAB, MOKCUY-
HOCMb, NUPOSEHHOCTIb.

BaxHbIM (paKTOPOM MAaTOreHHOCTH IPaMOTPHULIATEIBHBIX OAKTEPUH SBISETCS JIMIIONOINCAXa-
pun (JIIIC) — cnemuduyeckuii MUKONOIUMED, KOTOPBIH BXOAUT B COCTaB HAPYKHOH MeMOpaHbI
KJIETOYHO 000JIOUKH rPpaMOTPUIIATENILHBIX OAKTEpHid 1 BMecTe ¢ OenkaMu pOpMHUPYET ee BHEIIHUH
cioil. Haxonsce B TecHOM KOHTaKkTe ¢ MeMOpanHbiMu Oenkamu, JITIC obecrieunBaroT 1eI0CTHOCTS,
CTaOWIBHOCTD M (PYHKIMOHAIBHOE TPEIHa3HAUYCHHE HapY)KHOW MeMOpaHbl MUKPOOHO# Ki1eTku. B
CHITy CBOETO MmoBepXHOCTHOTO pacnonoxenus JITIC urpaer BaxxHyIo poiib BO B3aHMOOTHOILIEHUSIX
OaKkTepualbHON KJIETKH C OKpPYJKAloLlel Cpemoil, a B cliyyae MaTOTEHHBIX MHKPOOPTaHW3MOB — C
OpPraHN3MOM-XO35IMHOM, B OTHOIIEHHH K KOTOPOMY OH NpPOSIBIAET cest kak O-aHTUTEH U SHAOTOK-
cvH. MHorue natou3uoI0rH4eckue MPOSIBICHUS IPaMOTPHULIATEIBHBIX HHPEKIMI, B TOM YHC-
JIe SHJI0TOKCEMHsI U OaKTepHasbHBIN IIOK, aCCOIMUPOBAHbI C YHHKAIbHBIMU 3HIOTOKCHYECKUMHU
cotictBamu JIIIC. Cpenun mmpokoro crexkrpa 6uonorngeckoit akruHocTH JIIIC oco6oe BHUMaHne
nccienoBaTeneil NpUBIEKaloT UX TOKCUYHOCTh U CIIOCOOHOCTh aKTHBUPOBATh KJIETKH MMMYHHOMH
cuctemsl. Pesynsrarom cnennduyueckoro B3anmoaeiictaus JIIIC ¢ keTkaMu MakpoopraHusMa siB-
nsieTcst OMOCHHTE3 aKTUBHBIX MEANATOPOB-IIUTOKHHOB, KOTOPbIE MPH HU3KOH KOHIIEHTPAILMH PEry-
JUPYIOT Pab0Ty UMMYHHOM CHCTEMBI OPTaHU3Ma, a MPHU BBICOKON — BBI3BIBAIOT PA3BUTUE CIIOXKHON
CEeTH TOKCHYECKHX 3P (EKTOB, TAKUX KaK MUPOICHHOCT, JICHKOIICHUS], CeNITUYECKHUIT IIOK.

[ockonbky munua A JIIIC morpykeH BO BHEIIHIOI MEMOpaHy KJIETOK OaKTepHil, BEpOSATHO,
OH TIPOSBIISIET CBOM TOKCHUecKue 3(QeKThl, Koria 0CBOO0XKIACTCS U3 PA3MHOKAIOIIMXCS KIETOK
B PAacTBOPUMO# (hopMe MM KOT/Ia B pe3ysbTare ayTOJIM3UCA, JICHCTBHS KOMIUIEMEHTa, (haroiuTosa
WU OTIPE/IENIEHHOTO THITA AaHTHOMOTUKOB MPOUCXOANT JTU3UC KIETOK.
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