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SUMMARY

Research background. Prevention, management or cure of diseases through dietary ap-
proaches is becoming increasingly important. Research suggests that probiotic, oxalate-de-
grading Lactobacillus species administered via a milk and cereal food can prevent kidney
stones while also addressing nutritional deficiencies and maintaining essential calcium
levels. This study investigates the effect of a composite probiotic milk beverage on urolith-
iatic rats.

Experimental approach. Probiotic milk-barley beverage (PMBB) was prepared by fer-
mentation of milk enriched with barley (Hordeum vulgare) flour using starter culture con-
taining oxalate-degrading probiotic strains (Lacticaseibacillus rhamnosus strains MTCC5945
and MTCC25062, Lactobacillus helveticus MTCC5463 and Lactiplantibacillus plantarum M11).
Cumin and common salt were used as flavourings. Unfermented milk-barley base (C) served
as control. Wistar rats were divided in four groups (N=6). Normal control (NC) group re-
ceived normal rat diet, and to induce kidney stones, ethylene glycol (0.75 %) and ammoni-
um chloride (1 %) were administered to the disease control (DC) group, PMBB and control
(C) groups for 28 days. PMBB and C groups received 1 mL of probiotic milk and barley bev-
erage and unfermented milk-barley base from day 15 to day 28. Indicators of urolithiasis
were studied.

Results and conclusions. PMBB significantly (p<0.05) increased urine output, decreased
urine oxalate concentrations and increased creatinine, calcium and uric acid concentra-
tions. Serum parameters such as concentrations of calcium, uric acid, urea and creatinine
increased significantly (p<0.05) in DC rats, but decreased significantly (p<0.05) in the PMBB
group. In addition, serum concentrations of magnesium and osteopontin decreased more
significantly in DC rats than in the PMBB ones. The increase in malondialdehyde and de-
crease in reduced glutathione concentrations observed in the DC group were significantly
lower in the PMBB group. The histomorphology of the kidney tissue of DC rats showed cal-
cium oxalate crystal aggregates in the tubules, indicators of renal injury, tubular dilatation,
enlarged urinary space and shrunken glomeruli. The PMBB group showed an improvement
in the renal histological architecture. Analysis of the caecal digesta of the rats showed a
significantly (p<0.05) higher mass fraction of fatty acids (acetic and propionic) in the treat-
ment group. The results show the potential of PMBB in the dietary control of urolithiasis.

Novelty and scientific contribution. This study focuses on the antiurolithiatic prospect of
a composite probiotic milk beverage produced with oxalate-degrading culture. It also
points to a new functional food form that shows promising health benefits in nutrition of
patients with urolithiasis.

Keywords: probiotic food; dietary control of urolithiasis; fermented beverage; milk and
barley; antiurolithiatic properties

INTRODUCTION

Dietary approaches to prevent, treat or cure diseases are becoming more and more
important. Food products with specific health-promoting properties are the need of the
hour. To meet this challenge, natural food ingredients with the desired nutritional and
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functional properties must be used and such ingredients
must be combined to develop functional food products and
validate the potential health benefits through studies.

Urolithiasis is a urological disorder that affects all age
groups, genders and races. Its prevalence is reported to be
increasing. About 80 % of people who develop urolithiasis
have calcium oxalate stones. Oxalate buildup is an important
factor in this disease. In addition to the genetic predisposition
of the host, socioeconomic status, environment, lack of phys-
ical activity and food choices also contribute to the increase
of this disease (7,2). In addition, studies on gut microbiome
suggest that gut microbiota dysbiosis may play a vital role in
the increasing prevalence of urolithiasis (2,3). Pharmaceutical
and home treatments for urinary stones cannot completely
eliminate the risk of developing new stones. Although the
removal of urinary stones has improved significantly thanks
to technological breakthroughs, several of these techniques
also have drawbacks, such as the high cost of procedures for
the average person, stone recurrence and a number of neg-
ative side effects (4). In addition, dietary restriction approach-
es are not considered good as they can lead to nutritional
deficiencies. Moreover, diet is considered to play a crucial role
in the overall medical approach to urolithiasis and it also plays
a fundamental role in the composition and functionality of
human gut microbiota (3). Therefore, dietary measures offer
a possible way to treat microbiota-related diseases and kid-
ney stone formation.

In the context of the involvement of a dysbiotic gut mi-
crobiota in the progression of urolithiasis, it has been report-
ed that bacteria in the gut that metabolise oxalate minimise
free soluble oxalate by degrading it to formic acid and CO,,
and thus preventing its absorption (5-7). Oxalobacter formi-
genes, which lives in the human gut, is a known oxalate-de-
grading bacterium but a poor intestinal coloniser (8). Differ-
ent studies have shown the ability of lactic acid bacteria (LAB),
particularly of genus Lactobacillus, to degrade intestinal oxa-
late (6,9-13). Patients with urolithiasis have been reported to
have a decrease in oxaluria when treated with an oral mixture
of freeze-dried, oxalate-degrading LAB (74). Turroni et al. (9)
reported that many probiotic Lactobacillus sp. were capable
of degrading oxalate to a great extent. Studies in animal mod-
els of primary hyperoxaluria have shown that selected Lacto-
bacillus sp. were able to reduce urinary oxalate. Although the
health benefits of Lactobacillus probiotics vary greatly de-
pending on the species, there is evidence for their potential
use as probiotics to treat hyperoxaluria (15,76). A recombinant
strain of Lb. plantarum was able to degrade up to 90 % oxa-
late compared to 15 % by a non-modified strain (77). As the
use of genetically modified organisms is associated with legal
hurdles, the search for food-derived LAB that can degrade
oxalate still continues. According to Stepanova et al. (16) the
oxalate content in urine and the accumulation of calcium ox-
alate in kidney tissue decreased when oxalate-utilising bac-
teria were used with herbal extracts.

Hypercalciuria is considered one of the dangers for kid-
ney stone formation. Therefore, it used to be common prac-
tice to ask people with calcium stones to avoid a calcium-rich
diet. However, it has now been shown that a lower calcium
intake can lead to increased absorption of oxalate in the in-
testine and thus to an increased risk of kidney stone forma-
tion (7). In addition, a diet with sufficient calcium and less ox-
alate is considered the usual therapy for people with mild
hyperoxaluria. It has also been suggested that calcium should
preferably be obtained from foods such as milk products,
since its supplements may slightly increase the risk of stone
formation (72). Therefore, taking calcium through a milk-
-based beverage can be a better option. In addition, such
foods can compensate for the nutritional deficiencies associ-
ated with urolithiasis.

Barley is considered a diuretic among cereals, and the
barley water, which is obtained after cooking the grain, is tra-
ditionally considered very beneficial for all urinary and kidney
disease conditions. An alkaline preparation of barley has
been reported to be effective in dissolving kidney stones and
improving symptoms (78). Furthermore, 3-glucans in barley
grains have been reported to reduce chronic kidney disease
(79). Shah et al. (20) found that the administration of barley
extract to calculogenic rats reduced and prevented the
growth of stones and that the therapeutic effect was better
than the preventive effect. They attributed this effect to the
diuretic potential, antioxidant activity, nephroprotective
property and the ability of barley extract to reduce the con-
centration of components responsible for stone formation.
Barley has been reported to be a rich source of nutrients and
functional ingredients that have antioxidant, antiobesity, an-
tiproliferative, anticancer, antidiabetes and cholesterol-low-
ering potential (79,21).

This study is the first of its kind to investigate the effect
of a novel composite probiotic milk beverage made with ox-
alate-degrading LAB strains on kidney stones.

MATERIALS AND METHODS

LAB strains

The starter culture consisted of the oxalate-degrading
strains Lacticaseibacillus rhamnosus strains MTCC 5945 and
MTCC 25062, the probiotic Lactobacillus helveticus MTCC 5463
and Lactiplantibacillus plantarum M11 (Table 1). The strains
were previously studied for their ability to degrade oxalate
(22), their probiotic properties and also for the presence of
oxc (encoding oxalyl-coenzyme A decarboxylase) by a molec-
ular study (not part of this manuscript). Among the four
strains, only MTCC 5463 showed the presence of oxc. All the
strains were procured from the culture collection of SMC Col-
lege of Dairy Science, Anand, Gujarat, India. The LAB strains
were kept active throughout the study by propagating them
in sterile skimmed milk medium (11 % total solids) by incuba-
tion ((37£1) °Cfor 12 h) and stored at (7+1) °C.
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Table 1. Details of Lactobacillus strains used in the study

Strain Source of Accession Oxalate
isolation number degradation/%

Lacticaseibacillus  Traditional KJ156963 49.2
rhamnosus curd

MTCC 5945

Lacticaseibacillus  Traditional KR732326 56.5
rhamnosus curd

MTCC 25062

Lactobacillus Human GQ253959 68.8
helveticus vagina

MTCC 5463

Lactiplantibacillus Traditional SAMN11890673 69.7
plantarum curd

M11
Composite food

The composite food used in this study was a probiotic
milk-barley beverage (PMBB). Unfermented milk-barley base
served as control (C).

Preparation of PMBB and its analysis

PMBB was made from milk (11.5 % total solids) and barley
water. For the preparation of barley water, barley (Hordeum
vulgare) flour (10 g, purchased from the local market, Anand,
Gujarat, India) was sifted to remove any foreign matter. It was
then dissolved in lukewarm water (45 °C) in the ratio of 10:90.
The mixture was then boiled for 10 min with constant stirring
and then cooled and stored at (7+1) °C. The barley water thus
obtained was added to the milk to achieve 4 g barley in 100
mL mixture. The mixture was heated to 85 °C for 5 min with
constant stirring and cooled to 37 °C before the 2 % starter
culture (consisting of MTCC 5463, MTCC 5945, MTCC 25062
and M11) was added. Incubation ((37+1) °C) was carried out
until the titratable acidity reached 0.65-0.70 % lactic acid. The
coagulum was cooled and further stirred to get a homoge-
neous beverage. Roasted cumin powder at 0.5 % and com-
mon salt at 0.4 % were added as flavourings. The beverage
was stored in high density polyethylene bottles at (7+1) °C.

The pH, Lactobacillus count, overall sensory acceptability
(rating on the hedonic scale), total solids, fat and calcium con-
tent of the probiotic beverage were analysed using standard
methods. To determine the titratable acidity, 10 mL of prod-
uct sample were titrated with 0.1 M NaOH using 1 % (m/V)
phenolphthalein (Loba Chemicals, Ahmedabad, India) as an
indicator (23). A pH meter (Oakton pH 700; MSN Enterprise,
Haryana, India) was used to measure the pH at 25 °C.

The lactic acid bacteria were enumerated according to
the method of Chaudhary and Mudgal (24). Briefly, 1 mL of
the beverage was aseptically added to 9 mL of sterile phos-
phate buffer (HiMedia, Mumbai, India) to obtain the first di-
lution. The further dilutions of 8 and 9 times were prepared
in phosphate buffer and a volume of 1 mL was pour plated in
duplicate Petri plates containing MRS agar (HiMedia). The
double layering method was used. The samples were incu-
bated at (37+1) °C for 72 h. Typical colonies of lactic acid

bacteria on the plates were counted and the number was ex-
pressed as log CFU/mL (24).

The sensory acceptability (flavour, body and texture, col-
our and appearance, and overall acceptability criteria) of the
probiotic beverages was evaluated by a panel of judges
(N=10) aged 25 to 50, consisting of equal number of men and
women with experience in sensory evaluation using a 9-point
hedonic scale (25).

Fat and total solids in PMBB were determined using Mo-
jonnier and gravimetric methods respectively (26). For this
purpose, 1 g of PMBB was mixed with 10 mL of concentrated
hydrochloric acid (Loba Chemicals) and the mixture was heat-
ed in a water bath until the proteins had dissolved. The con-
tent was cooled and transferred to a Mojonnier flask with 10
mL of alcohol. A volume of 25 mL each of diethyl ether (Merck,
Bangalore, India) and petroleum ether (Merck) was added.
The contents were mixed and allowed to stand until the two
layers separated completely. The upper layer was transferred
to aweighed beaker. The extraction was repeated twice with
15 mL of the solvent each time. The solvent was completely
evaporated in a water bath. The beaker was heated in an oven
at (10041) °Cfor 1 h, cooled in a desiccator and weighed. The
mass fraction of fat was calculated as follows:

w(fat):((mz—m1)/m1)~100 1/
where m;, is the mass of beverage and m, is the mass of con-
ical flask and residue after drying.

To determine the total solids, 5 g of the beverage was
dried in a boiling water bath and then in a hot air oven
((102+2) °C) to obtain the residue. The total solids content was
determined as follows:

w(total solid):(mj-mo 2/
m;—m,
where my is the mass (g) of dish and lid, m, is the sum of m,
and My, e and m, is the sum of my and Myieq sample-

Calcium mass fraction in PMBB was determined accord-
ing to the Bureau of Indian Standards IS 1479-2 method (27).
Briefly, 25 mL of ash dissolved in hydrochloric acid were pi-
petted into a 250-mL beaker and diluted to about 50 mL with
distilled water. Methyl red indicator (HiMedia) was added and
the pH was adjusted to 5.6 with ammonium hydroxide (SD
Fine—Chem Ltd., Mumbai, India). To this, 10 mL of saturated
ammonium oxalate (Merck) was added until precipitates
formed. The precipitates were dissolved in 25 mL of 1:4 dilut-
ed sulfuric acid (Loba Chemicals) and titrated against 0.002
M potassium permanganate (Loba Chemicals) until a perma-
nent pink colour appeared. Calcium was determined in
mg/100 g as follows:

w(Ca)- Titre-V(KMnO, ) 13
m(sample)

where titre=1.002 g/mL.

Animal model and experimental design

Institutional Animal Ethics Committee (IAEC) approved
the experimental design. Wistar rats were handled according
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to the guidelines of the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA), Minis-
try of Social Justice and Empowerment, Government of India
(Protocol No: RPCP/IAEC/2018-2019/R37). The experimental
rats (Zydus Research Center, Ahmedabad, Gujarat, India) were
housed in polypropylene rat cages (three rats per cage) and
were acclimatised to standard conditions ((25+2) °C, 12 h
light/12 h dark cycle) throughout the study. The rats received
pellet diet and water ad libitum.

Male Wistar albino rats (200-280 g) were used in four
groups of six animals each. Normal control (NC) group re-
ceived normal rat diet and drinking water ad libitum. To in-
duce kidney stone formation, 0.75 % ethylene glycol and 1 %
ammonium chloride (Sigma-Aldrich, Merck, Bangalore, India)
were administered in the drinking water to the disease con-
trol (DC) group and the treatment groups PMBB and C. DC
group received ethylene glycol and ammonium chloride for
28 days. PMBB and C groups received fermented probiotic
beverage and unfermented milk and barley base respective-
ly, from day 15 to day 28. The products were administered
orally to the rats (1 mL/day).

Assessment of antiurolithiatic activity

Urine analysis

The experimental rats were kept individually in metabol-
ic cages in which urine was collected for 24 h. The urine sam-
ples were analysed for calcium, creatinine, uric acid, oxalate
and citrate content. Urinary calcium, uric acid and creatinine
concentrations were determined using the autoanalyzer
(Chemray, Rayto Life and Analytical Sciences Co., Ltd, Shen-
zhen, PR China). Urinary oxalate was measured according to
Hodgkinson (28). Urine pH (2 mL) was adjusted to 5.0-5.2 by
adding either ammonia or acetic acid, followed by the addi-
tion of 0.2 mL of calcium chloride (HiMedia) to each sample
and the mixture was kept at room temperature for 16 h. The
calcium oxalate precipitates were separated by centrifuga-
tion, cleaned and dissolved in 0.5 M sulfuric acid and titrated
against 0.002 M potassium permanganate (HiMedia). Briefly,
for the estimation of urinary citrate, 0.2 mL of sodium potas-
sium tartrate (HiMedia) solution was added to an aqueous 0.8
mL solution of cupric chloride (Merck), which was then mixed
with 0.2 mL of urine sample. The formation of a blue colour-
ed complex within 10 min was measured at 760 nm (BL 222
double beam bio spectrophotometer; Elico, Hyderabad, In-
dia) The citrate content was expressed in mg per dL of urine
collected for 24 h.

Serum analysis

Blood was collected at the end of the 28-day study by
retro-orbital sampling under anaesthetic conditions and the
rats were sacrificed. Serum was collected by centrifugation
(R-8C BL bench top centrifuge; Remi Elektrotechnik Limited,
Mumbai, India) at 2500xg for 10 min. Calcium, magnesium,

phosphorus, uric acid, urea and creatinine concentrations of
the serum were determined using autoanalyzer (Chemray,
Rayto Life and Analytical Sciences Co., Ltd). Serum osteopon-
tin and uromodulin were analysed using ELISA kit (ELK, Wu-
han Biotech Ltd., PR China) according to the manufacturer’s
instructions.

Analysis of kidney tissue homogenate

A mass of 1 g of kidney tissue homogenate obtained by
homogenization (Remi digital high speed homogenizer (RQT
127 A/D); REMI Sales & Engineering Ltd., Ahmedabad, India)
in phosphate-buffered saline (pH=7.4) was centrifuged (R-8C
BL Bench top centrifuge; Remi Elektrotechnik Ltd, Mumbai,
India) at 3920%g for 20 min and the obtained supernatant was
used for the determination of reduced glutathione (GSH),
malondialdehyde (MDA) and superoxide dismutase (SOD).
For the determination of malondialdehyde, 0.5 mL of the
sample and 0.5 mL of Tris HCL were incubated at 37 °C for 2
h and then 1 mL of 10 % trichloroacetic acid (HiMedia) was
added and centrifuged (R-8C BL bench top centrifuge; Remi
Elektrotechnik Ltd) at 157xg for 10 min to obtain the super-
natant. A volume of 1 mL of 0.67 % thiobarbituric acid (Merck)
was added to 1 mL of the supernatant and kept in boiling wa-
ter for 10 min. Distilled water (1 mL) was then added and the
absorbance was measured at 532 nm (PC-based double beam
UV-Vis spectrophotometer 2206; Systronics, Ahmedabad, In-
dia). The results were expressed in nmol of malondialdehyde
per g of tissue.

Mass fraction of reduced GSH in the kidney tissue ho-
mogenate (1 g) was measured as follows. In brief, 1 mL of su-
pernatant was obtained with 1T mL of 4 % sulfosalicylic acid
(Merck) by incubation at 4 °C for 1 h and refrigerated centrif-
ugation (R-8C BL bench top centrifuge; Remi Elektrotechnik
Ltd) at 226xg for 15 min. The supernatant (1 mL) was mixed
with 0.1 M phosphate buffer (2.7 mL, pH=7.4) and 0.2 mL
5,5-dithiobis-2-nitrobenzoic acid (HiMedia). The developed
yellow colour was measured using the spectrophotometer
(PC-based double beam UV-Vis spectrophotometer 2206;
Systronics) at 412 nm. The results were expressed as umol
GSH per g of tissue.

The activity of SOD in the kidney homogenate was meas-
ured as follows. Briefly, the reaction medium consisted of 50
mM Tris-Cl buffer (HiMedia), pH=8.2, and T mM EDTA (Merck).
Tissue homogenate (2 mL) was mixed with 0.2 mM pyrogallol
(HiMedia) to start the reaction and the absorbance was meas-
ured at 420 nm (PC-based double beam UV-Vis spectropho-
tometer 2206; Systronics). The percentage of inhibition of py-
rogallol autoxidation was calculated:

Inhibition of pyrogallol autoxidation:[F(AA/AAmaX)JJOO /4/

where AA is the absorbance as a result of pyrogallol autoxi-
dation in the sample and AA,,., is the absorbance as a result
of pyrogallol autoxidation in the control (without cell lysate).
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Enumeration of the faecal Lactobacillus count

The procedure of Chaudhary and Mudgal (24) was fol-
lowed. Briefly, faecal samples were diluted 7, 8 and 9 times
and pour plated on sterile, Lactobacillus MRS agar. Typical col-
onies of lactobacilli were counted after incubation (37 °C for
72 h) and the result was expressed in log CFU/g.

Estimation of short-chain fatty acid content in the
caecal matter

The short-chain fatty acids (SCFAs) in the caecal matter
were estimated according to Asano et al. (29). Briefly, 10 mL
of 0.05 M sulfuric acid (HiMedia) was added to 1 g of cecal
content and the mixture was homogenised and centrifuged
(R-8C BL bench top centrifuge; Remi Elektrotechnik Ltd) at
4240xg for 10 min. The supernatant was filtered (0.45 um
membrane filter) and injected into the HPLC (LC-20; Shimad-
zu, Tokyo, Japan) using a microinjector (HAMILTON Bonaduz
AG, Bonaduz, Switzerland) with a 20 pL loop. Discovery® BIO
Wide Pore C18 analytical column (SeQuant® ZIC®-cHILIC, 3 ,
250 mmx4.6 mm; MZ-Analysentechnik GmbH, Mainz, Germa-
ny) was used. The samples were eluted with an isocratic mix-
ture of 0.1 % (V/V) phosphoric acid at 30 °C and a flow rate of
0.7 mL/min. AUV detector (SPD-20A UV/Vis detector; Shimad-
zu) at 210 nm was used. The SCFA (butyrate, acetate and pro-
pionate) in the caecal samples were determined for all
groups.

Histopathological analysis

Samples of kidney tissue, fixed in 10 % buffered formalin
(Merck) and embedded in paraffin, were sectioned with a mi-
crotome (5 pm thickness) and fixed on slides. Slides stained
with haematoxylin and eosin (Merck) were observed using a
trinocular microscope (Olympus Corporation, Tokyo, Japan).

Statistical analysis

The data were expressed as mean valuexstandard
deviation and statistically analysed by one-way ANOVA fol-
lowed by Tukey’s multiple range test using GraphPad Prism
v. 8.00. (30). Values at p<0.05 were considered significantly
different.

RESULTS AND DISCUSSION

In addition to genetic predisposition and lifestyle chang-
es, dietary factors and the lack of oxalate utilising microbes
in the gut are also cited as factors that cause kidney stones.
It would therefore be interesting to know what effect a pro-
biotic milk and barley beverage prepared with oxalate-de-
grading strains has on urolithiatic changes. Researchers have
reported on the potential of probiotic Lactobacillus strains to
degrade oxalate in the prevention of kidney stones (6,9,74,31).
Most of these studies have used freeze-dried preparations
of probiotic strains. We could not find any previous studies
that investigated the ameliorating effect of a composite

probiotic beverage against kidney stones. As far as we know,
this study is the first to examine this topic.

In this study we investigated the effect of oral adminis-
tration of PMBB on urinary, serum biochemical and oxidative
stress parameters in ethylene glycol- and ammonium chlo-
ride-induced kidney stones in a male Wistar rat model. The
oxalate-degrading potential of the strains we used in this
study ranged from 49.2 to 69.7 %, and only MTCC 5463 had
the oxc gene. The antioxidant activity of PMBB was (86.13+
0.06) %, measured as ABTS radical scavenging activity (results
not part of this manuscript). Since PMBB is a probiotic food,
its sensory acceptability and probiotic count are crucial. Dur-
ing the experiment, the probiotic countin PMBB was (9.4+0.2)
CFU/mL and the pH was 4.72+0.08 (data not shown). The
overall sensory acceptability score of PMBB on the hedonic
scale (out of 9) was 8.05+0.07 (like very much), as determined
by the sensory panel experts (data not shown). Total solids,
fat and calcium mass fractions of the product were (11.19+
0.09), (1.72+0.03) and (72.3£1.5) mg/100 g, respectively (data
not shown).

The urine of most people is reported to be supersaturated,
which favours the crystallisation of calcium oxalate (CaC,0,)
and leads to 70 % or more kidney stones made of CaC,0, (12).
We used male Wistar rats as experimental models because
their urinary system is similar to that of humans (32). Urolithi-
asis was induced in rats receiving ethylene glycol and ammo-
nium chloride. Ethylene glycol is reported to be an oxalate
precursor and ammonium chloride accelerates lithiasis. This
urolithiatic model is commonly used to mimic the develop-
ment of kidney stones in humans (32,33).

Effect of PMBB on urinary parameters

The effects of the administration of PMBB on urinary pa-
rameters are shown in Fig. 1. The administration of ethylene
glycol and ammonium chloride for 28 days significantly re-
duced the urine output, as well as creatinine, uric acid and
calcium concentrations in the urine of the DC group com-
pared to the NC group. In addition, a significant (p<0.05) in-
crease in the urine oxalate concentration was observed in the
DC rats compared to the NC group. The PMBB and C groups
showed a significant (p<0.05) improvement in urinary output
compared to the DC group and the effect was highly signifi-
cant for the PMBB group (Fig. 1a). A significant (p<0.05) de-
crease in urine oxalate (Fig. 1b) and an increase in creatinine,
calcium and uric acid concentrations (Fig. 1c) were also ob-
served in the PMBB and C groups. However, this increase was
not significant compared to NC group, suggesting that the
change may not be an adverse one. The treatment with fer-
mented probiotic beverage showed a significantly (p<0.05)
better effect than the treatment with unfermented milk and
barley base. The difference in urinary citrate concentrations
among the four groups was not significant.

In this study, the administration of ethylene glycol and
ammonium chloride resulted in a significant (p<0.05) de-
crease in the urine volume and an increase in the urine
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Fig. 1. The effect of PMBB on: a) urine output, b) urine oxalate and
) other urinary parameters in the urine of experimental rats col-
lected for 24 h. The results are expressed as mean valuetstandard
deviation (N=6). a=values are significant (p<0.05) compared to NC,
b=significant (p<0.05) compared to DC, c=significant (p<0.05) com-
pared to C. NC=normal control, DC=disease control, PMBB=rats fed
with fermented probiotic milk and barley beverage, C=rats fed with
unfermented milk and barley control. *Creatinine, calcium and uric
acid concentrations are expressed in mg/dL and citrate is expressed
in mg/mL

oxalate concentration (Fig. 1). Our results are consistent with
those of previous experiments showing that the administra-
tion of ethylene glycol with or without ammonium chloride
in drinking water consistently led to the induction of mainly
calcium oxalate urolithiasis (34-36). Treatment with PMBB sig-
nificantly increased the urine output (Fig. 1a) and decreased
the urine oxalate concentration compared to the DC group
(Fig. 1b), suggesting that PMBB has a diuretic effect. This

increased urine volume may inhibit crystal formation and fa-
cilitate the excretion of crystals. It may also dilute the concen-
tration of electrolytes in the urine and reduce the chances of
stone formation. Experiments on both animals and humans
have shown the effect of administering probiotics on oxalate
concentrations in urine. The study by Murphy et al. (37) on the
oxalate-degrading ability of probiotics in vivo in a rat model
reported that rats given the probiotic strains Lactobacillus an-
imalis 223C and L. animalis 5323 had lower urinary oxalate
excretion. Campieri et al. (74), in their study on the effect of
oral administration of LAB in patients suffering from calcium
oxalate urolithiasis, reported a significant decrease in 24-hour
excretion of oxalate in patients who received a freeze-dried
mixture of lactic acid bacteria (consisting of L. acidophilus, L.
plantarum, L. brevis and S. thermophilus) daily for four weeks.
Lieske (72) reported on the effect of the probiotic Oxadrop®
granulate containing L. acidophilus, L. brevis, S. thermophilus
and B. infantis against hyperoxaluria. The study by Murru et
al. (13) showed that the administration of Oxadrop® to kidney
stone patients led to a reduction in urinary oxalate excretion
of almost 18 % after 30 days. However, the mechanism of LAB
in reducing urinary oxalate excretion is still unclear. In our
study, a 65 % decrease in the urinary oxalate concentration
was observed in the PMBB group, while the control group
showed 58 % decrease, suggesting that the milk and barley
base also plays a crucial role in oxalate excretion. Further-
more, we observed a decrease in calcium, creatinine and uric
acid concentrations in the urine of the DC group compared
to the NC group. These concentrations were changed after
the treatment with PMBB to a similar concentration as in the
NC group (Fig. 1c). Our observation was consistent with an
experiment by Fan et al. (37) in which they investigated the
effect of administering different amounts of ethylene glycol
and ammonium chloride to rats. They reported a decreased
calcium excretion and no change in uric acid excretion after
administration of 0.75 % ethylene glycol and 1 % ammonium
chloride. They also showed that the increased acidification of
urine due to the use of ammonium chloride decreased citrate
excretion, which may have led to increased deposition of Ca-
C,0, crystals in the kidneys. Citrate has been reported to in-
hibit nucleation of calcium oxalate (38). Although not signif-
icant, we observed increased citrate concentrations in the
PMBB and C groups, indicating the antiurolithiatic activity of
the products. Shah et al. (20) in their study on the curative and
preventive effect of Hordeum vulgare extract against urolith-
iasis reported increased urine output, significantly decreased
excretion of oxalate, calcium, magnesium, phosphate, urea
and uric acid and increased excretion of citrate compared to
control rats.

Effect of PMBB on serum parameters

The DC group showed a significant (p<0.05) increase in
serum calcium, creatinine, urea and uric acid concentrations,
while serum magnesium, osteopontin and uromodulin con-
centrations decreased significantly (Table 2). These increased
concentrations of calcium, creatinine, urea and uric acid
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Table 2. Effect of PMBB on serum biochemical parameters

Experimental group

Parameter NC PMBB C
y(Ca)/(mg/dL) (3.9+0.5)° (5.6+0.4) (4.3+0.4)° (4.2+0.2)°
y(Mg)/(mg/dL) (1.6£0.1)¢ (0.7£0.2)° (1.6£0.1)¢ (1.48+0.2)°
y(uric acid)/(mg/dL) (2.0£0.2)¢ (3.1£0.1)° (2.46+0.06)° (2.51+£0.04)°
y(creatinine)/(mg/dL) (0.95+0.02)° (1.16+0.04)° (1.04+0.02)° (0.98+0.01)°
y(urea)/(mg/dL) (34.0+2.4)° (45.4+4.7)° (36.5+0.9)° (35.0£1.3)°
y(osteopontin)/(ng/mL) (2.13+0.07)° (1.0+0.4) (2.4+0.3)° (2.65+0.1)°
y(uromodulin)/(ng/mL) (2.9+0.4)* (3.4+0.6)* (4.4+0.4)° (4.7+0.4)°
Y(phosphate)/(mg/dL) (2.4+0.3)? (2.5+£0.2)? (1.8+£0.2)° (2.0+0.1)2
y(albumin)/(mg/dL) (4.4+0.1) (4.06+0.07)* (4.0+0.2)* (4.4£0.1)°

The results are expressed as mean valuetstandard deviation (N=6). Different letters in superscript in the same row indicate statistically
significant (p<0.05) differences. NC=normal control, DC=disease control, PMBB=rats fed with fermented probiotic milk and barley beverage,

C=rats fed with unfermented milk and barley control

decreased significantly (p<0.05) by treatment with fermented
probiotic beverage and unfermented milk and barley base.
In addition, the treatment with those two types of drinks led
to a significant increase in serum magnesium, osteopontin
and uromodulin. Moreover, the PMBB group showed a signif-
icantly higher serum magnesium concentration compared to
group C (Table 2). The difference in serum phosphate and al-
bumin among the groups was not significant.
Concentrations of calcium, urea, uric acid, and creatinine
in serum increased, while magnesium and osteopontin de-
creased with the administration of ethylene glycol and am-
monium chloride (Table 2). Serum urea, uric acid and crea-
tinine are considered markers of glomerulus and tubule
damage and their increased concentrations in serum indi-
cate impaired renal function. These changes were further
confirmed by the signs of kidney damage such as shrunken
glomeruli, tubular dilatation and enlarged urinary space ob-
served on the histological slides of the DC group. In urolithi-
atic rats, the glomerular filtration rate was found to decrease
due to obstruction of the urine flow by stones. This impairs
the ability of the kidneys to remove waste products, particu-
larly nitrogenous ones such as urea, creatinine and uric acid,
causing these waste products to accumulate in the blood
(39,40). The reduced concentrations of magnesium and os-
teopontin may have further favoured the formation of kidney
stones, as these substances are thought to prevent the for-
mation of CaC,0, crystals and their retention in the kidney.
Magnesium prevents the crystallisation of calcium oxalate by
binding to it and forming a soluble complex, resulting in a
decrease of the concentration that can cause the precipita-
tion of calcium oxalate (33,47). The PMBB and C groups
showed a significant (p<0.05) reduction in the concentrations
of creatinine, uric acid, urea and an increase in the concentra-
tions of magnesium and osteopontin compared to the DC
group. Compared to the control, PMBB showed a significant-
ly increased serum magnesium concentration, which could
be due to the effect of fermentation to improve the bioavail-
ability of minerals (42). In their study on rats, Taheri et al. (43)
found that serum creatinine, calcium and hyperoxaluria de-
creased significantly when Lactobacillus and Bifidobacterium

strains were administered. They also reported improved his-
topathological features of the renal tissue, which were very
similar to those of the positive control group.

Effects of PMBB on oxidative stress parameters in
kidney homogenate

Administration of ethylene glycol and ammonium chlo-
ride caused a significant (p<0.05) increase in lipid peroxida-
tion in kidney homogenate, as indicated by the increase in
MDA and decrease in GSH in DC rats compared to NC rats. The
rats in the PMBB group showed a significant (p<0.05) de-
crease in MDA and increase in GSH compared to group C. The
amounts of superoxide dismutase were not significantly
changed in DC or treatment groups.

The changes in MDA and GSH observed in the DC group
(Fig. 2), reflecting the oxidative damage, have been reported
to be associated with proximal tubular cell injury. Hirose et al.
(44) reported oxidative stress and renal proximal tubular cell
injury in the early phase of kidney crystal formation. An in-
crease in reactive oxygen species (ROS) leads to an increased
production of MDA (an oxidative stress biomarker). On the

14 -
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ub(MDA)/(nmol/g) = SOD activity/(U/lg) = w(GSH)/(mg/g)

Fig. 2. The effect of PMBB on oxidative stress parameters in rats.
The results are expressed as mean valuetstandard deviation (N=6).
a=significant (p<0.05) compared to NC, b=significant (p<0.05) com-
pared to DC, c=significant (p<0.05) compared to C. NC=normal con-
trol, DC=disease control, PMBB=rats fed with fermented probiotic
milk and barley beverage, C=rats fed with unfermented probiotic
milk and barley control, MDA=malondialdehyde, SOD=superoxide
dismutase, GSH=reduced glutathione
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contrary, GSH has a protective role against ROS damage (45).
Treatment with PMBB caused a significant (p<0.05) decrease
in MDA and an increase in GSH activity (Fig. 2). Although not
directly related to kidney stones, many studies on other dis-
eases have reported a reduction in oxidative stress markers
after supplementation with probiotics. Shah et al. (20) report-
ed the antioxidant effect of an ethanolic barley extract in re-
ducing the lipid peroxidation in calculogenic rats.

Effects of PMBB on the SCFA concentration in caecal
digesta and the Lactobacillus count in faeces

The experimental groups differed significantly in their
SCFA mass fraction, namely acetic and propionic acids (Fig.
3). We could not detect butyric acid in any of the caecal sam-
ples. The PMBB group had significantly (p<0.05) higher mass
fractions of acetic and propionic acids than other groups.

Lactobacillus count in the faeces of the PMBB group
((9.40+0.03) log CFU/g) was significantly higher, followed by
the NC ((8.92+0.05) log CFU/g) and C group ((8.7+0.1) log
CFU/qg). The lowest count ((7.8+0.2) log CFU/g) was observed
in the DC group (data not shown).

300 -
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Fig. 3. The mass fraction of short-chain fatty acids (SCFA) in the caecal

matter of experimental groups. The results are expressed as mean

valuetstandard deviation (N=6) a=significant (p<0.05) compared to

NC, b=significant (p<0.05) compared to DC, c=significant (p<0.05)

compared to C. NC=normal control, DC=disease control, PMBB=rats

fed with fermented probiotic milk and barley beverage, C=rats fed
with unfermented milk and barley control

Recent studies have shown that short-chain fatty acids
(SCFAs) play a potential role in kidney stones. Liu et al. (46) re-
ported about the relationship between the gut microbiota
and SCFAs in renal calcium oxalate stone disease. In model
rats, SCFAs (acetate, propionate and butyrate) were shown to
attenuate renal calcium oxalate stone formation. Jin et al. (47)
demonstrated the role ofimmune cells, kidneys and SCFAs in
CaC,0, formation. In our study, analysis of caecal SCFAs (Fig.
3) showed a higher SCFA mass fraction in the PMBB and C
groups. The B-glucans in barley are reported to have prebi-
otic properties, which may have contributed to this increase.
In addition, the higher SCFA in PMBB compared to group C
could be due to improved prebiotic utilisation due to fer-
mentation (48). Lambo et al. (49) in their study on the effect
of Lactobacillus strains on -glucans in barley reported that
fermentation decreased the insoluble fibre content while

the soluble fibre remained unchanged. Arena et al. (50) re-
ported an increased growth of probiotic strains Lactobacillus
acidophilus LAS5, L. plantarum WCFS1, L. plantarum CETC 8328
and L. fermentum CECT 8448 in vitro due to the addition of
B-glucans. SCFAs have also been reported to play a crucial
role in mineral absorption by lowering the pH of the intesti-
nal contents (57).

Histopathological analysis

The histomorphological study of kidney tissue of the DC
group showed widespread crystal aggregates in the tubules
and signs of renal injury such as shrunken glomeruli, dilated
tubules and enlarged urinary space (Fig. 4) compared to the
NC rats, whose renal histology showed a complete structure
of glomeruli, a lobular organisation and a flat epithelial lining
of the glomerular capsule. The PMBB and C groups showed
an improved renal histological architecture. The renal histol-
ogy of the rats treated with PMBB was improved much better
than that of the C group. The histopathological findings fur-
ther support the antiurolithiatic activity of PMBB, which re-
covered compared to the DC group (Fig. 4). This indicates a
probable renoprotective effect of the probiotic milk and bar-
ley beverage.

stones

Tubular dilatation

PMBB c

Fig. 4. Representative photographs of histopathological analysis of
kidney tissue after haematoxylin & eosin staining (60x). NC=normal
control, DC=disease control, PMBB=rats fed with fermented probiot-
ic milk and barley beverage, C=rats fed with unfermented milk and
barley control

CONCLUSIONS

Overall, the results of our study showed that oral admin-
istration of the probiotic dietary preparation improved the
changes associated with kidney stone in rats treated with eth-
ylene glycol and ammonium chloride. The composite probi-
otic milk beverage produced with oxalate-degrading culture
showed a better effect on the excretion of creatinine, calcium
and oxalate in urine than the unfermented control. It also
provided much better protection against oxidative stress,
as indicated by its effect on malondialdehyde and reduced
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glutathione mass fraction compared to the control. The re-
sults of this study suggest that the composite probiotic bev-
erage could be used as a functional food for the treatment
and/or prevention of urolithiasis. However, further studies are
required.
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