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ABSTRACT

This is a preliminary study that reveals the importance of utilizing the potential microorganism for efficient oxalate degradation
in the human gut. Hyperoxaluria is considered as the major risk factors related to recurrent ureolithiasis and progressive nephro-
calcinosis. The organism isolated was confirmed to strain level by 16SrRNA sequencing and BLAST analysis. Lactobacillus
plantarum, a gram positive bacterium isolated from the dog faeces was found to show a wide range of oxalate degradation in
vitro, especially with sodium and ammonium oxalate. To check the viability of Lactobacillus plantarum in gastro- intestine, acid
tolerance test was done to confirm whether the organism can survive the gastrointestinal pH of about 1-2.5. Lactobacillus
plantarum is acid tolerant as well as bile tolerant as it can grow in the pH range of 3-7 and 0.1-3% bile salts. These properties
make Lactobacillus plantarum a beneficial organism thereby opening a new platform to be used as a therapeutic agent as it is
compatible to the human gut environment. Natural kidney stones were studied and the percentage of oxalate degradation by Lac-
tobacillus plantarum was analysed in the minimal medium. Previous studies have reported the use of Lactobacillus species as
probiotic as well as for oxalate degradation from other sources like fermented food, human faeces. But this study aims to screen
the potential Lactobacillus plantarum from dog faeces which could be used for oxalate degradation for the prophylaxis of hy-

peroxaluria. This work represents a key milestone in the medical discoveries as an aid to human mankind as a whole.

KEY WORDS: Oxalate, Lactobacillus, Kidney stone, degradation, Probiotics
Article History | Received: 15. 09. 2022; Revised: 17. 12. 2022; Accepted: 18. 12. 2022; Published Online: 23. 12. 2022

1. INTRODUCTION:

Oxalate is an organic toxic compound found in high levels in
foods such as peanuts, spinach, beets, chocolates, legumes,
grains, etc. (Hodgkinson A, 1978). Oxalic acid in the body is
excreted through urine as minute crystals. These oxalates can
form larger kidney stones that obstruct the kidney tubules
(Ratkalkar VN & Kleinman JG, 2011). Kidney stones present
in the human body are of several types and 80% of the esti-
mated kidney stones are formed from calcium oxalate. Neph-
rolithiasis is the condition of having kidney stones. The pres-
ence of stones in the urinary tract is referred to as urolithiasis
and those in ureters are referred to as ureterolithiasis. Men of
20-49 years of age are at a greater risk than women to develop
urinary tract stones (Edvardsson VO et. al., 2013). The bacte-
rial species of genus Lactobacillus are non-spore-forming,
Gram-positive rods that are microaerophilic. Lactobacilli are
recognized as a commensal flora of humans and other animals.
They function to inhibit pathogenic bacteria and produce anti-
microbial substances like lactic acid, bacteriocins, and hydro-
gen peroxide. They are found to be normal flora in the oral
cavity, the gastrointestinal tract, and also in the female urogen-
ital tract. Food products such as yogurt and cheese are exoge-
nous sources of lactobacilli and hence lactobacilli are vital
components of probiotics and the role of Lactobacillus sp. in
food products and its beneficial effects on human and animal
health and longevity have been proved (Verna EC & Lucak S,
2010).Probiotics, which often contain members of genera Lac-
tobacillus and Bifidobacterium, have proven to be successful
with beneficial results on a variety of diseases. Lactobacilli
have been isolated from dog faecal samples as they play an
important role in the canine gastrointestinal tract (Batt RM et.
al, 1991). L. mucosae (Tzortzis G et. al., 2004) have been

reported previously to be present in the canine faeces. The
capacity of Lactobacilli present in canine gut microbiota has
been suggested to contribute to the probiotic actions by the
inhibition of pathogens (Elliason DJ & Tatini SR, 1999). Sci-
entists in 1940 first proved the degradation of oxalic acid by
faecal bacteria. Oxalate breakdown by microbes occurs in the
rumen of sheep, canines, horses, swine, guinea pigs, and rab-
bits (Allison MJ et. al., 1985). The presence of oxalate metab-
olizing microbial species in the gastrointestinal tract is in-
versely correlated to the incidence of calcium oxalate stone
formation or hyperoxaluria or both in rodents, humans, and
canines (Sidhu H et. al., 1998). It was reported that the oral
administration of Lactobacilli and Bifidobacteria were found
effective in reducing urinary calcium oxalate levels by Campi-
eri et al., in 2001 (Campieri C et. al., 2001). Studies have con-
firmed that oral administration of Lactobacillus species shows
an important role in the reduction of luminal oxalate, which
also decreased the risk of oxalate excretion in the urine by
humans and animals.

A set of discrete genes in Lactobacillus acidophilus was con-
firmed and was believed to be involved in oxalate degradation.
The Lactobacillus acidophilus cells survived with low levels
of ammonium oxalate (3.5 mM) and to a maximum of 32 mM
ammonium oxalate in MRS media. The in vitro oxalate degra-
dation ability of Lactobacillus gasseri in MRS-Ox was gener-
ally comparable to 61% reported for oxalate degrading probi-
otic bacteria B. lactis DSM 10140 which were grown under
identical conditions (Federica F et. al., 2004). Feeding the
mixture of freeze-dried Lactobacilli led to a significant reduc-
tion of the excretion of oxalate in urine among a group of pa-
tients suffering from calcium oxalate urolithiasis and also mild
hyperoxaluria (John CL et. al., 2004). Lactobacilli were also
shown to have good colonization and survival properties in

* Author for correspondence: Challaraj Emmanuel ES | Email: challaraj.e@kristujayanti.com



Kristu Jayanti Journal of Core and Applied Biology, 2 (1): 20-24

Challaraj Emmanuel E. S. et al., 2022

laboratory conditions as well as in human trials elsewhere
(Hamilton-Miller JMT, 2003). However, the number of identi-
fied bacterial species with oxalate degradation ability is limited
and there is no report regarding the oxalate degrading ability of
Lactobacilli from dog (canine) gut microbiota. Hence, this
study is aimed to screen and identify an efficient oxalate de-
grading Lactobacillus spp. from a healthy dog’s fecal sample
and to evaluate its potential oxalate degrading characteristics in
vitro.

2. MATERIALS AND METHODS
2.1. Total viable bacterial count:

A fresh fecal sample was collected from a healthy dog in an
aseptic condition, stored in a sterile container, and brought to
the laboratory for further analysis. The samples collected were
serially diluted using 9 mL sterile saline. Total viable bacterial
counts were enumerated by pour plate method, using MRS (de
Man Rogosa Sharpe) agar plates (Hi-Media, Mumbai, India).
One mL aliquot of appropriate dilution was pipetted out into
the sterile Petri plates and 20 mL of MRS agar was added into
each Petri plate. Then the inoculated plates were incubated at
28°C, duplicate plates were also maintained. Petri plates with
30-300 colonies were selected after 24 - 48 h incubation and
the total viable bacterial counts were enumerated. The bacterial
population was expressed as the number of colony-forming
units CFU/mg of a sample (Trias R et. al., 2008). Bacterial
colonies from primary isolation were sub-cultured onto fresh
MRS plates and incubated at 37°C for 24 - 48 hours. 10 — 15
colonies were randomly selected and purified by streaking on
MRS agar plates. The pure culture was then stored at 4°C in the
refrigerator.

2.2. Biochemical and Molecular Characterization
of the isolate:

The isolate was microscopically examined and the bacterial
strains isolated from all the samples were identified up to a
generic level (Holt JG et. al, 1994). The bacterial genomic
DNA was extracted and amplified by PCR (Polymerase Chain
Reaction) technique. The amplified PCR product was purified
and sequenced commercially. The 16S rDNA sequences were
compared with the sequence in the GenBank Public database
using BLAST software (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
(Altschul SF et. al., 1997)

2.3. Oxalate degradation:

Minimal media with different concentrations of oxalates like
ammonium oxalate and sodium oxalate are used separately for
oxalate degradation studies. Minimal media with different con-
centrations (1%, 2%, 3%... up to 8% and 9%) of each oxalate
were taken in different sterilized conical flasks. An isolated test
organism was inoculated in each of the flasks and incubated at
37°C for 24 hours. Growth of the organism was observed in the
minimal media of different concentrations of oxalate deriva-
tives until there was complete inhibition of growth. The only
carbon source provided in minimal media was glucose. The
isolated organism was standardized by using 0.5 Mc Farland’s
standards. This was used as a reference. 0.5 Mc Farland’s gives
an approximate cell density of 1.5 x 108 CFU/ml, having an
absorbance of 0.132 at a wavelength of 600 nm. The microbial
suspensions were prepared in their respective sterile Minimal
broth with Oxalate sources and are compared with that of the

standard. The isolated LAB was screened for oxalate utilization
using the agar well diffusion method in Sodium oxalate. 6 mm
diameter wells were prepared in sodium oxalate plate and each
well was inoculated with 0.1 mL of overnight culture and incu-
bated at 28°C for 12 hours ((4llison MJ et. al., 1985).

2.4. Precipitation and Quantification of oxalate:

The amount of oxalate in the sample was determined by using
the concepts of redox titration in permangimetry. Redox titra-
tion in this experiment included the use of permanganate,
which oxidized oxalate, in an unknown sample. Oxalate precip-
itated filtrate was measured into beakers and four drops of me-
thyl red indicator were added to it. Ammonium hydroxide solu-
tion was added until the test solution changed from pink to a
faint yellow colour (pH 4.0 — 4.5). Then the sample was heated
to around 90°C, cooled, and then filtered to remove the precipi-
tate containing ferrous ions. The solution was then heated and
left overnight at 25°C; it was centrifuged at 2000 rpm for 5
minutes the supernatant was decanted and the precipitate was
completely dissolved in 20 ml of 25% (v/v) H,SO4 solution. At
this point, the total filtrate resulting from the digestion of 2g of
sample was made up to a volume of 100 ml. aliquots of 10 ml
of the filtrate was heated until near boiling and then titrated
against 0.02M standardized KMnO, solution to a faint pink
colour which persisted for 30 seconds (Kingsley OI, 2019).

Sodium oxalate content was calculated using the formula:

N x Eq.Wt x Total Volume /1000

= ‘X’g of oxalate in the sample.
2.5. Acid and Bile tolerance test:

The overnight grown culture of Lactobacillus plantarum in
MRS broth was used. 1ml of culture was inoculated into differ-
ent tubes of MRS broth (20 ml each tube) which was acidified
to a pH of 1 - 6 with 0.1 N HCL. Tubes lacking acid were taken
as control. Growth of Lactobacillus plantarum was observed at
different pH concentrations and optimal bile salt concentrations
were observed based on the turbidometric method (Wang CY
et. al, 2010). Similarly, 1 ml of the culture was inoculated into
different test tubes of MRS broth (20 ml each tube) with 0.3 -
1.5% bile salts (sodium cholate), along with one tube without
bile salts acting as a control. After 24 h incubation, viable cell
count was determined on MRS agar. These plates were then
incubated at 37 °C in an anaerobic atmosphere for 48 hours
(Hyronimus, B, 2000). The percentage of growth was calculat-
ed as follows:

Percentage growth of the test organism can be analysed by the
following formula:

% growth = No. of CFU in MRS with bile x 100/
No. of CFU in MRS without bile

2.6. Kidney stone degradation:
2.6.1. Physical analysis:

The physical characteristics of collected kidney stones from
patient (M, 54) were analysed viz., weight, solubility, diameter,
length, colour, physical appearance etc.

2.6.2. Confirmation of presence of oxalate:

The kidney stone was powdered added to test tube containing
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sterile distilled water with a neutral pH (pH 7). Uric acid stones
are usually similar to kidney stones in appearance, to detect the
absence of uric acid in the stone or to confirm the presence of
oxalate in the stone; this experiment is of great significance.
The presence of uric acid in the stone shows an acidic pH of
the distilled water after the addition of powdered stone whereas
oxalate stones show completely neutral pH in the distilled wa-
ter. Uric acid stones form when the levels of uric acid in the
urine are too high, and/or the urine is too acidic (pH level be-
low 5.5) regularly. The presence of oxalate in the stones was
confirmed by the decolourization of Potassium permanganate
in the presence of diluted sulphuric acid (McBride RS, 1912).

2KMnO,+3H;SO4+5H,Ch0,; sy K,SO,+2MnSO,4+10CO,+8H,0

2.6.3. Weight loss study:

The kidney stone was added to a test tube containing minimal
media with an overnight grown culture of isolated strain. This
tube was incubated at 37°C for 6 — 7 days. The physical chang-
es and weight loss of the kidney stone were assessed after 7
days of incubation. A difference between the initial and final
weight of the stone was detected to determine the degradation
of oxalate by the bacterial strain in a minimal medium. This
method is applied for metal deterioration and to find out the
corrosion rate of metal (Chen XH, 2005). In this study, the
weight loss of the stone for 1 year by the utilization of oxalate
by the action of isolated Lactobacillus strain can be determined
by using the following formula

The dried weight of the stone is calculated by the formula:
Initial weight = (X); Final weight = (Y)

So weight loss for 30 days is X-Y = (A)

Therefore the weight loss determination for 1 year =

A X365
()

L

3. RESULTS AND DISCUSSION

The total number of viable cells obtained after the incubation
period of the serially diluted sample was found to be 112 £2 x

Escherichia_coli_str.

0.42 I—
0.15 Salmonella_enterica

0 Caulobacter_sp.
0.78

j Klebsiella_pneumoniae
l

10° CFU/gm. Screening for potential bacterial species in dog
fecal samples demonstrated the presence of signifi-
cant Lactobacillus spp. in the dog intestine after serial dilution

Table 1: Molecular identification of Lactobacillus isolate

S. Sequence Accession BLAST

No. length Number results

l. 1139 bp MT043815 Lactobacil-
lus planta-
rum

Figure 1: (a) Isolated pure colonies of Lactobacillus sp. on
MRS agar plates, and (b) Microscopic view of isolated cul-
ture showing gram positive rods - Lactobacillus

of the sample and growth of the culture on MRS agar plate.
The culture was identified as a Gram-positive rod-shaped or-
ganism (Figure 1). The selected bacterial strain was identified
based on cultural, morphology, and biochemical characteristics.
Results were compared with Bergey’s manual of systemic bac-
teriology  classification. The strain was identified
as Lactobacillus plantarum further using 16S rRNA sequenc-
ing (Table 1, Figure 2).

The isolated strain of Lactobacillus plantarum, showed poten-
tial growth in minimal medium with ammonium oxalate and
minimal medium with sodium oxalate in vitro L. planta-
rum was able to grow in the presence of 8% ammonium oxalate

Actinomyces_oris
0 ~—— Bacterium_strain

Clostridium_botulinum

0.91

0.8

0.2

q Lactobacillus_plantarum

Bacillus_subtilis_subsp.

Staphylococcus_aureus

Pseudomonas_syringae

Figure- 1: Phylogenetic tree and systematic position of Lactobacillus plantarum
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and 6% sodium oxalate. Growth beyond the mentioned oxa-
late concentrations was inhibited and L. plantarum could not
survive in higher concentrations of oxalates. According to Mc
Farland’s standard gives an approximate cell density of 1.5 x
10® CFU/ml, having absorbance of >0.1 OD at a wavelength
of 600 nm (Table 2). The isolate was found to be oxalate uti-
lizing the formation of clear zones around the well when 0.1
ml of culture was inoculated onto minimal media containing
6% of Sodium oxalate at 28°C for 12 hours. The canine intes-
tine showed a high degree of variability in the degradation of
oxalates. Turroni et al., in 2007 (Turroni S et al., 2007) found
that Lactobacillus  gasseri  and Lactobacillus  acidophi-
lus showed significant oxalate degradation whereas other
strains showed comparatively less oxalate utilization especial-
ly; Lactobacillus salivarius, which showed only 20%, oxalate
degrading ability.

The initial and final amount of oxalate present in the medium,
when treated with the isolate, was determined by the end of
the experiment using the concepts of redox titration in per-
mangimetry. After titration, it was found out that the oxalate
minimal broth with 6% sodium oxalate has around 66.6% of
oxalate content in it. In addition, after titration, the oxalate
minimal broth with 8% ammonium oxalate has around 75% of
oxalate content in it. This means that the significant oxalate
utilization by the bacterial isolate (L. plantarum) was found to
be around 33.4% after 72 hours of incubation.

To standardize the isolated Lactobacillus plantarum with a
high degree of oxalate degradation, isolated Lactobacillus
plantarum was assessed for acid tolerance. The isolate was
viable at pH 3 indicating that it was acid tolerant. When ex-
posed to pH 2, the survival rate was strongly reduced, and
eventually there was no viability observed which suggested
that this strain was highly sensitive to high acidic pH. Growth
above pH 7 was also inhibited. Hence, L. plantarum is acid
tolerant and can grow in the pH range of 3-7.

The isolate was found viable up to 1.3% of bile salts indicat-
ing that it was bile tolerant. At 1.5% concentration of bile
salts, the survival rate was strongly inhibited, and eventually
there was no viability observed which suggested that this
strain was sensitive to higher concentrations of bile. Hence, L.
plantarum is bile tolerant and can grow up to a concentration
of 0-1.3% of bile salts. L. plantarum is also acid-tolerant and
highly tolerant to bile salts and hence it can survive in a hu-
man acidic gut environment. Such capacity of Lactobacilli has
got the probiotic actions by the inhibition of pathogens present
in canine gut microbiota (Elliason DJ & Tatini SR, 1999). .

Previous studies of Allison et al., in 1985 (Allison MJ et. al.,
1985) indicate that the normal human gut harbors a significant
population of oxalate degrading microorganisms and that the
people who have undergone surgeries. Lactobacillus genera in
particular are known to metabolize the oxalates in canines
efficiently (Gnanandarajah JS et. al., 2012). In this study, an
isolated strain, Lactobacillus plantarum, showed potential
growth in minimal medium with 8% ammonium oxalate and
minimal medium with 6% sodium oxalate in vitro. Oxalic acid

in the body combines with divalent metallic cations like calci-
um (Ca*” and iron (I) (Fe’") to form corresponding oxalate
crystals, which are excreted through urine as minute crystals.
The significant oxalate utilization by the bacterial isolate (L.
plantarum) was found to be around 33.4% after 72 hours of
incubation. In the present study, isolated L. plantarum showed
potential degradation of oxalate crystals in the medium and
hence can be further used for several clinical applications.
After incubation in minimal medium and weight loss of 0.02 g
of the stone was also attained within 7 days. The oral admin-
istration of Lactobacillus species was proved to be an im-
portant role in the reduction of luminal oxalate, which reduced
the oxalate excretion in the urine by humans and animals
(Joseph Okombo & Michael Liebman, 2010).

The Physical Characteristics of the kidney stone were ana-
lyzed and were found to be an irregular amorphous mass col-
lected and dried from a patient (M, 54) from the ureter. There
was no change in pH when the stone was mechanically
crushed into powder and mixed with sterile distilled water
with neutral pH. The amorphous powder obtained after crush-
ing the stone was found to be insoluble. These properties indi-
cate that the stone was not a uric acid crystal. The presence of
oxalate in the powdered stone was confirmed by the decolour-
ization of Potassium permanganate in the presence of Sul-
phuric acid. With these observations, it was evident that the
stone received had no evidence of uric acid and confirmed the
presence of oxalate in it. Studies have identified clinical appli-
cations in which the probiotics with Lactobacilli are reported
in being effective for urogenital infections (Sarah C et. al.,
2009). Lactobacillus plantarum was never evaluated before
for oxalate degradation and an interesting potential factor for
the degradation of oxalates proved based on the outcomes
obtained in the present study. Since L. plantarum is well
known for its ability to survive and tolerate adverse conditions
in dog fecal samples, new perspectives may be hypothesized
for the production of clinically significant products or probi-
otic food, with reduced oxalate content and endowed with L.
plantarum thus likely to promote the reduction of oxalates in
the human biological system. Additionally, this strain can
survive well during gastrointestinal transit and all Lactobacilli
reduce the pathogenic coliform counts in feces with a good
fecal recovery rate according to the previous studies. Hence
these interesting properties make Lactobacillus plantarum a
potentially good candidate that could be utilized for the
prophylaxis of CaOx (calcium oxalate) urolithiasis and hy-
peroxaluria in humans.

Table 2: Growth of L. plantarum in minimal media with dif-
ferent oxalate concentrations

S. No. Sodium Oxalate Ammonium Oxa-
(6%) late (8 %)
1. +++ +++
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Table 3: Weight Loss study of kidney stone with L. plantarum

Initial Final weight Weight loss  Weight loss
weight in 7 days in ayear
0.08g 0.06g 0.02g 0.243¢g

This method was adopted to find out the material deterioration
and corrosion. On a trial and error basis, this method is applied
for the stone degradation in the presence of the isolate L.
plantarum. The difference in weight of the stone was measured
after seven days of incubation at 28°C. This indirectly reflects
the utilization and degradation of oxalate by the bacterial strain
in a minimal medium. Based on the weight variation before and
after inoculation with L. plantarum the measurement was done
and the results were tabulated (Table 3).
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