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Abstract. There is a general lack of research on the long-term effects of acute kidney injury (AKI) on
oxalate-degrading bacteria (ODB) and their total oxalate-degrading activity (ODA) in fecal microbiota.
In the present pilot study, we separately evaluated the changes in the ODB number and their total ODA
in fecal microbiota at 3-time points after glycerol-induced AKI. In addition, we assessed the interactions
between AKI-induced renal histopathological changes and ODB, fotal fecal ODA, and plasma and urine
oxalate concentrations in rats.

Methods. The male Wistar rats (200-300 g, n = 20) on oxalate-fiee diet were randomly divided into
2 groups. After 24-h of water deprivation, experimental group 1 (n = 10) received an intramuscular
injection of 50% glycerol (10 mi/kg of body weight), and group 2 (n = 10) served as a control. The
numbers of ODB (incubated in a highly selective Oxalate Medium and determined using the culture
method), total fecal ODA and urinary oxalate (UOx) excretion were measured after injection on days 8,
22 and 70. The method of redoximetric titration with a KMnO4 solution was adopted to evaluate total
ODA in fecal microbiota. Renal injury was assessed by histopathology examination, serum creatinine
plasma oxalic acid (POx) concentration and daily proteinuria levels after removing the animals from
the experiment on day 70.

Results. After glycerol injection on days 8 and 22, no differences were found in the numbers of ODB,
their total fecal ODA, and UOx excretion level between the experimental and control groups. However,
after AKI initiation on day 70, the numbers of ODB, total fecal ODA, and daily UOx excretion were
significantly lower in the experimental group as compared with the control group. In addition, in 10
weeks following AKI, the number of ODB had a direct correlation with UOx excretion and an inverse
correlation with POx and serum creatinine concentrations and daily proteinuria. Total ODA in fecal
microbiota was directly associated with the percentage of renal interstitial fibrosis and the average
glomerular volumes in the experimental rats.

Conclusions: AKI had long-term negative effects on the quantitative and qualitative characteristics of
ODB in fecal microbiota in rats. Moreover, the results of our study confirmed an increasing trend in
total fecal ODA according fo the aggravation of renal interstitial fibrosis and glomerular volume in rats’
kidneys. Further studies are warranted to gain more insight into the mechanism of oxalate homeostasis
impairment in AKI.
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I1inoTHe DOCiIKEHHS JOBrOCTPOKOBOI0O BILIMBY IIill€PUH-IHIYKOBAHOIO
rOCTPOro NOMKO/PKEHHS] HUPOK HA rOMe0CTAa3 OKCAJIATIB y ILypiB

Y «Iacturyr Hedposorii HAMH Ykpainn», m. Kuis, Ykpaina
2’KuiBchKuii HaLioHaIbHMI YHiBepcuTeT imeHi Tapaca IlleBuenka, Ykpaina

Pestome. Y yvomy ninomuomy 0ocrioncenti mu oyiHuAu OUHAMIKY KilbKocmi oxcaramoezpadyedibHux baKkmepiil
(OIb) ma ix 3aeanvroi okcaramodeepadysanvroi axmuenocmi (OHA) y gpexanvhiii mikpobiomi wiypie na 8, 22 ma 70 oni
nicas eniyepun-indyKoeanoeo eocmpoeo noutkooxcerus Hupox (I'lIH). Kpim moeo, mu npoananizyeanu 63a€mo3eé 130k
Midxe eicmonamonoeiunumu 3minamu Hupok, OB, 3aeanrvhoro exanvroro OLA, KoHuenmpayiamu okcaramis y naa3mi
ma ceui wypie.

Memoou. Camui wiypie ainii Bicmap (200-300 ¢, n = 20) eunadxosum uurom 6yau po3nodineri Ha 2 epynu. Ilicas
24-200unHoi 600HOI denpusauii, excnepumenmanvuii epyni ugypie (n = 10) enympiuinsom 13060 esedero 50 % eniyepun
(10 ma/ke macu mina), 2 epyna meapun (n = 10) 6yna 36epexncena y skocmi konmpoanio. Kinvkicme OUbB (inkybosanux
Y BUCOKOCeNeKMUBHOMY OKCANAMHOMY cepedosULji ma UHAYEHUX KYAbMYpPaibHUM Memodom), 3azarviy OJA ma exc-
Kpeuiro okcasamy 3 ceuero docaioncysaru na 8, 22 ma 70 0ui nicas in ‘exuii eniyepury. Memoo pedokcumempuunoeo mu-
mpyeannsa 3 KMnO4 6ynr0 adanmoesano 0as oyinku 3aeanrvhoi QA 6 mikpobiomi gexaniii. Ypaxcenus nupok oyiniosa-
AU 3a 0NOMO20H0 2iCIONAMOA02IYH020 Q0CAIONCeHHS; KOHUEHMPAUii CUPOBAMK08020 KPeamuHity, 0KCano8oi Kuciomu
naazmu ma 006080i npomeinypii docaidxicysanru nicas usyuenHs meaput 3 ekcnepumenmy Ha 70-ii OeHb.

Pezyavmamu. Ilicas in’exuyii eniuepuny na 8 i 22 0ui, Hamu He eusnauero giominHocmeil y Kinokocmi OB, ix 3a-
eanvroi O/IA y gpexanvhiii mikpobiomi ma exckpeuii okcaramy midxc 00caiOHo0 ma KoHmpoabHoo epynamu. OOHak uepes
10 muxcnie nicas iniyiauii I'lTH, kiarvkicme OB, ix 3aearvna OI[A ma dobosa exckpeuyis okcaramis 6yaa 3HA4HO HUIC-
Y010 8 eKCNepUMeHmMAanbHiil 2pyni nopieHsaHo 3 konmpoaem. Kpim moeo, uepes 10 muicnie nicas iniyiayii I'ITH kirvkicmo
Ol mana npamuil KopeasyiiHull 36 130K 3 OKCAAYPIEI ma 360POMHILl 36 130K 3 KOHUEHMPAUiamMu 0KCai080i Kuciomu
ma KpeamuHiny Kpoei, 00606010 npomeinypieio. 3aearvrna OIA 6 mikpobiomi gpexaniit Oysa npsamo acoyiilosana 3 8idco-
MKOM HUPK08020 IHMepCmuyianbHo2o (ibpo3y ma cepeorim enoMepyAapHUM 00 EMOM eKCHepUMeHmMAlbHUX ULypie.

Bucnosxu. I'llH mano dosecompueanuii HeeamusHuil 6naue Ha Kinvkichi ma saxichi xapaxmepucmuku OB y ge-
KanvHill mikpobiomi wiypis. Binvue moeo, pe3yasbmamu Haui02o 00CAIONCeHHS NPOOEMOHCMPYBANU 3DOCMAHHS 3A2ANbHOT
dexanvnoi QA 8i0nogiono 0o 30inbuieHHA iHmepcmuYiarbHo2o Piopo3y ma cepedHbo20 eAOMePYAIPHO20 00 EMY Y HUP-
Kax wypie. /s Kkpauwjoeo po3ymMinHig MeXaHizmy nopyuieHHs eomeocmasy oxcaramy 3a I'ITH neobxioni nodanvuti dochi-
diceHHs.

KnrouoBi ciioBa: cocmpe ypascenns Hupok, okcaram, MiKkpobioma KUWevHUKa, uypu.

Introduction. Cross-talk between gut microbiota
and oxalate homeostasis is currently being actively dis-
cussed in scientific literature and has become the basis
of global efforts to reduce the formation and progression
of oxalate kidney stones [1-4]. Emerging evidence sug-
gests that many gut bacteria (Oxalobacter formigenes,
Enterococcus spp., Lactobacillus spp., Bifidobacterium
spp., Bacillus spp) have the oxalate-degrading ability
and points to their crucial role in oxalate homeostasis
[1, 5-7]. It has been demonstrated that intestinal oxa-
late-degrading bacteria (ODB) could provide a comple-
mentary route of oxalate excretion that becomes more
evident when kidney function declines [3-5, 8-10]. In

Natalia Stepanova
nmstep@ukr.net

chronic kidney disease (CKD) patients, dietary restric-
tion, uremia, and metabolic acidosis are the main fac-
tors affecting quantitative and qualitative characteris-
tics of gut microbiota composition that contribute to
impaired oxalate homeostasis and, as a consequence,
hyperoxaluria and hyperoxalemia conditions [2, 5, 11-
14]. However, although CKD-associated gut microbi-
ota alterations are highlighted in multiple recent publi-
cations [15-17], there is little evidence of the impact of
CKD on the number and functional capacity of ODB.
In our previous reports, we have demonstrated that oxa-
late homeostasis in CKD patients was influenced not so
much by the quantity of ODB in the intestinal micro-
biota but by the total ability of different strains of ODB
to metabolize oxalate [7, 18-20].

Furthermore, in a rat model of antibiotic-induced
gut dysbiosis, we have observed a significant growth in
the ODB number on the 1-st day following the treat-
ment withdrawal, and despite the increase in the ODB
quantity, a substantial reduction in total fecal oxalate-
degrading activity (ODA) compared to control groups
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was noted [20]. Bacterial ODA in fecal microbiota
rather than their quantity was associated with urinary
oxalate (UOx) excretion and plasma oxalate (POx) con-
centration. These data provided preliminary evidence
on the crucial role of ODA rather than ODB number in
oxalate homeostasis in both CKD-related and antibiot-
ic-induced dysbiotic conditions. However, to the best
of our knowledge, there is a general lack of studies on
the impact of acute kidney injury (AKI) on the ODB
number and the total ODA in fecal microbiota.

Oxalate nephropathy due to increased dietary oxa-
late intake or enteric hyperoxaluria is a well-known
cause of AKI [21-23]. Oxalate crystal deposition in
kidney tubules and/or the interstitium leads to acute tu-
bular injury and interstitial infiltration resulting in AKI
and interstitial fibrosis [21-23]. However, whether AKI
per se can trigger intestinal oxalate handling and disrupt
oxalate homeostasis remains unknown.

Therefore, in the present pilot study, we separately
evaluated the changes in the ODB number and their
total ODA in fecal microbiota at 3-time points after
glycerol-induced AKI. In addition, we assessed the in-
teractions between AKI-induced renal histopathologi-
cal changes and ODB, total fecal ODA, and plasma and
urine oxalate concentrations in rats.

Materials and Methods. Animal Care and Use.
The male Wistar rats (200-300 g, n = 20) were bred
and housed in the conventional animal facility of the
ESC “Institute of Biology and Medicine” of Taras
Shevchenko National University of Kyiv (Kyiv,
Ukraine) under standard environmental conditions. All
the rats were kept in a standard cage and had free access
to a standard stock diet and tap water provided ad libi-
tum. To ensure standardized gut microbiota, rats from
all groups were kept in the same room and maintained
by the same person. The “Guide for the Care and Use
of Laboratory Animals” (National Research Council
2011) was followed. The procedures used and the care
of animals were approved by the animal committee of
the ESC “Institute of Biology and Medicine” of Taras
Shevchenko National University of Kyiv (Protocol #
18/01/2020).

Experiment design and outline. Animals were
numbered and randomly divided into 2 groups. After
24-h of water deprivation, the rats of Group 1 (n = 10)
received an intramuscular injection of 50% glycerol
(10 ml/kg of body weight), and Group 2 (n = 10) served
as a control group.

On day 8 (in a week) after glycerol injection, the
amount of ODB and their total ODA in fecal microbio-
ta, as well as daily urinary oxalate (UOx) excretion and
proteinuria levels were measured in each group of rats.
Then we repeated the same tests on day 22 (in 3 weeks)
after AKI initiation. On day 70 (in 10 weeks) of the ex-
perimental period, all rats were anesthetized with ure-
thane (1.1 g/kg, i.p. Sigma-Aldrich, Germany). Blood
samples were collected by cardiac puncture immedi-
ately after death, and in addition to the aforementioned
markers in the rats’ feces and urine, plasma oxalic acid

(POx) and serum creatinine were determined. Finally,
after removing the animals from the experiment on day
70, both kidneys were fixed in 10% neutral buffered for-
malin (Thermo Fisher Scientific, USA) for histological
studies.

ODB and total ODA analysis in the rats’ fecal
samples. Rats’ fecal samples (1g) were collected and
immediately dispersed in 9 ml highly selective media
Oxalate Medium as described previously [7, 20]. In
brief, for the determination of ODB number, serial
dilutions (10-3, 10-5, 10-7) of each dispersed sample
were prepared. One aliquot of 0.1 ml of each dilution
was seeded by a pure plate technique and cultured an-
aerobically (BD BBL™ CO2 gas generators, BioMer-
ieux, France) at 37°C for 5 days on a solid sterile Oxa-
late Medium. Finally, we determined the quantitative
composition of microorganisms, which grew as single
colonies. The number of fecal ODB was calculated as
lg of colony-forming unit per 1 g of feces (Ig CFU/g).

For the determination of the ODA in feces, we
transferred 5 ml of dispersed feces samples to 45 ml Ox-
alate Medium and kept it under anaerobic conditions
for 48 hours at 37°C in tightly closed 50 ml bickers (test
solution). The method of redoximetric titration with a
KMnO4 solution was adopted to evaluate total ODA in
fecal microbiota [7, 20]. The results were expressed in
% degradation of sodium oxalate per 0.01 g of feces for
rat fecal specimens.

Blood and urine measurements. After sample col-
lection, the blood tubes were delivered to the Labora-
tory and centrifugated at 2000 X g for 15 minutes at
room temperature. After centrifugation, the plasma was
separated into 1.5 ml Eppendorf tubes labeled with the
animals’ numbers and analyzed immediately. POx con-
centration was measured spectrophotometrically using
a commercially available kit (MAK315, Sigma, Barce-
lona, Spain) according to the manufacturer’s protocols.
Rats’ 24-h urine samples were collected in individual
metabolic cages and delivered to the Laboratory imme-
diately. Daily UOx excretion was determined using an
oxalate oxidase/peroxidase reagent (BioSystems, Bar-
celona, Spain). Serum creatinine and urinary protein
levels were additionally measured using Flexor Junior
Analyzer.

Histological examination. The kidneys were fixed
in 10% buffered formalin solution, dehydrated, cleared
and embedded in paraffin (Histowax, Leica, Germa-
ny). Blocks were cut into 4-um-thick paraffin sections
stained with hematoxylin and eosin (Biognost, Croa-
tia), periodic acid—Schiff (PAS, Richard-Allan Scien-
tific, USA), and picro sirius red (Sigma-Aldrich, USA).
The obtained histological sections were examined and
photomicrographed using an image analysis system
based on the Olympus BX51 microscope with Olympus
DP-Soft 3.2 software (Japan). Measurements were per-
formed on digital micrographs obtained at a magnifica-
tion of x200.

The histological examination included the kid-
neys of rats of both the experimental and control
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groups obtained at the Ist (designated as experimental
model control) and the 10th week after AKI. Signs of
acute and chronic damage to the glomerular, tubular,
interstitial, and vascular compartments of the kidney
were evaluated. Glomerular volume was determined
using the stereometric method [24]. Cortical inter-
stitial fibrosis was measured by computerized im-
age analysis on sections stained with picrosirius red
[25, 26].

Statistical analysis. Data analysis and all graphs
were performed using the MedCalc Statistica Software
version 20.011 (Ostend, Belgium). The average means
(M) and the standard deviations (SD) or the median
(Me) and the interquartile ranges (Q25-Q75) were
calculated according to a distribution. For the statisti-
cal analysis, we used the Student’s t-test and the non-

[ Experimental group
[ Control group

[ Experimental group
[ Control group

®

ODB (CFU/g)
N w £ o
T T T T

N
T

parametric (U-test) Mann-Whitney or Kruskal-Wallis
tests with the Conover test for post-hoc comparisons,
respectively. The Spearman’s test was used for the cor-
relation analysis. Two-factor analysis with repeated
measures ANOVA was performed followed by Turkey
post-hoc test for multiple comparisons.

Results. Long-term effects of glycerol-induced
AKI on intestinal ODB and oxalate homeostasis in rats.
After glycerol injection on days 8 and 22, no differences
were found in the numbers of ODB, their total fecal
ODA, and UOx excretion level between the experimen-
tal and control groups. However, after AKI initiation
on day 70, the numbers of ODB, total fecal ODA, and
daily UOx excretion were significantly lower in the ex-
perimental group as compared with the control group
(Fig. 1).

[ Experimental group
[ Control group
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Fig. 1. Glycerol-induced AKI triggered changes in the ODB number and their ODA in rats’ feces and UOx excretion.
The data are presented as Me (Q25-Q75) and compared using the two-factor repeated ANOVA analysis.

(A): Changes in ODB number in the rats’ fecal microbiota during the experimental period; (*): P < 0.001.
(B): Changes in total fecal ODA in rats during the experimental period.
(C): Changes in UOx excretion during the experimental period; (*): P < 0.001.
Abbreviations: ODA, oxalate-degrading activity, ODB, oxalate-degrading bacteria; UOx, urinary oxalate.

Interestingly, we observed a gradually decreasing
trend in the ODB number and UOx excretion level

oM
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Day 8 Day 22

in the rats of the experimental group according to the
weeks of the study period (Fig. 2).
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Fig. 2. A decreasing trend in the ODB number (A) and UOx excretion level (B) in the rats of the
experimental group according to the weeks of the study period.
The data are presented as Me (Q25-Q75) and compared using the two-factor repeated ANOVA analysis.
Abbreviations: ODA, oxalate-degrading activity, ODB, oxalate-degrading bacteria; UOx, urinary oxalate.
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Conversely, both serum creatinine and POx con-
centrations measured on day 70 were significantly high-
er in the rats of the experimental group compared to the

0.0007).

Il Control group
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70 |
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30
20

[—
1 1

p = 0.001

p=0.01

Serum creatinine

1
'I
POx

control group (Fig. 3). The higher serum creatinine was
the higher POx concentration occurred (r = 0.72, p =

Fig. 3. Serum creatinine and POx concentrations on day 70 in the experimental rats compared to the control group. The data are
presented as Me (Q25-Q75) and compared using the Kruskal-Wallis test. Abbreviation: POx, plasma oxalate.

We did not find any association between the num-
ber of ODB and their ODA at any examined time-
points. Moreover, ODA in the rats’ fecal microbiota
was not associated either with plasma and urine oxalate

(Fig. 4).
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Fig. 4. The association between the number of ODB in the rats’ fecal microbiota and UOx excretion (A),
POx concentration (B), serum creatinine (C), and proteinuria (D) level. Abbreviation: ODA, oxalate-degrading activity,
ODB, oxalate-degrading bacteria; POx, plasma oxalate; UOx, urinary oxalate.

number of ODB on day 70 had a direct correlation with
UOx excretion and an inverse correlation with POx and
serum creatinine concentrations, and daily proteinuria
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Association between kidney histopathological
changes and oxalate homeostasis in rats with glyc-
erol-induced AKI. On day 8 after glycerol injection,
histopathological changes in the rats’ kidneys were
characterized by acute tubular necrosis with moder-
ate inflammatory response, the presence of pigment

— e
{10010m

casts, and early ischemic changes (Fig. 5A). The his-
topathological changes on day 70, were characterized
by a small increase in glomerular size, slight chronic
tubulointerstitial changes, and predominant recovery
of renal cytoarchitectonics after acute tubular injury
(Fig. 5B, C).

Fig. 5. Histopathological changes in the rats’ kidneys on days 8 (A) and 70 (B, C after glycerol-induced AKI), and control (D).

(A) Cortical labyrinth of a rat’s kidney on day 8. Tubular luminal dilatation and simplification of the lining epithelium and
loss of the brush border in the proximal convoluted tubules and amorphous luminal debris in the distal tubules, and severe

peritubular capillaritis.

(B) Cortical labyrinth of a rat’s kidney day 70. Single glomeruli with a thickening of the Bowman capsule. Among the cellular
infiltrate there are groups of cells that contain brown pigment. Foci of tubular atrophy associated with mononuclear

infiltration. PAS.

(C) Cortical labyrinth of a rat’s kidney day 70 and (D) control. Single glomeruli with markedly enlarged. Small subcapsular and

radial scars with atrophy of some tubules. Picro Sirius red.

All digital images x 200

Average glomerular volume on day 8 after glyc-
erol-induced AKI in the experimental group was 34%
lower than in the control rats (3.84 = 0.42 x10° um?
vs 5.83 £ 0.34 x10° pm?, respectively, p = 0.036).
In contrast, the average glomerular volume in the ex-
perimental group on day 70 showed a 15% increase
compared to the control group (6.71 £ 0.95 x 10° um?,

p = 0.043) (Fig. 6A). The fraction of cortical Sirius-
positive staining in the experimental group on day 8
after glycerol-induced AKI did not differ from the
control (12.8 £ 0.8% vs 12.6 £ 0.6%, respectively, p =
0.76). However, on day 70, a 24% increase in intersti-
tial fibrosis (15.6 £ 0.6%) was observed compared to
the control rats (Fig. 6B).
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Fig. 6. The average glomerular volume (A) and interstitial fibrosis level (B) in the experimental group compared
to the control group on day 70. The data are presented as M = SD and compared using the Student’s t-test.

Correlation analysis demonstrated a direct associa-
tion of total fecal ODA with the percentage of renal in-
terstitial fibrosis and the average glomerular volumes in
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a rat of the experimental group on day 70 (Fig. 7). The
higher the average glomerular volume was, the higher the
POx concentration was observed (r = 0.63, p = 0.04).
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Fig. 7. Association of total fecal ODA with the percentage of renal interstitial fibrosis (A) and the average
glomerular volumes (B) in the rats with glycerol-induced AKI.

Discussion. Since similar microbiota patterns
contribute to oxalate degradation and AKI severity [3,
27-30], we speculate that AKI could violate oxalate ho-
meostasis by decreasing ODB number and their ODA in
intestinal microbiota. Therefore, in the present study,
we tested the hypothesis that similar to the CKD-re-
lated pathway, glycerol-induced AKI provokes oxalate
homeostasis impairment and might be influenced not
so much by the quantity of ODB in the intestine micro-
biota as by the total ability of ODB to degrade oxalate.
To this end, we separately evaluated the changes in the
ODB number and their total ODA in fecal microbiota
at 3-time points after glycerol injection. In addition, we
assessed the interaction between kidney histopathologi-
cal changes, ODB, total fecal ODA, and plasma and
urine oxalate concentrations in rats.

There are some new findings in the present study.
First, glycerol-induced AKI resulted in a significant de-
crease in UOx excretion, ODB number and total ODA
in the rats’ fecal microbiota after 10 weeks. Notably, the
ODB number and UOx excretion level had a gradually
decreasing tendency according to the weeks of the study
period. Second, in 10 weeks following AKI, the number
of ODB had a direct correlation with UOx excretion
and an inverse correlation with POx and serum creati-
nine concentrations and daily proteinuria. Third, total
ODA in fecal microbiota was directly associated with
the percentage of renal interstitial fibrosis and the aver-
age glomerular volumes in the experimental rats.

Current studies highlight the gut-kidney cross-
talk in AKI and indicate a bidirectional interaction
between gut microbiota and acute kidney function de-
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cline [27-29]. A great example of this interaction has
been recently shown in a mouse model of kidney isch-
emia/reperfusion injury (IRI) by Yang et al [29]. The
authors have identified a relative increase of Esch-
erichia, Enterobacter, and a decrease of Lactobacil-
lus, Ruminococcaceae, Faecalibacterium, and Lach-
nospiraceae within the first 24 hours and only partial
restoration of the species richness in 7 days following
kidney injury [29]. These changes in the microbial
community were associated with decreased levels of
short-chain fatty acids, intestinal inflammation and
leaky gut resulting in enhanced kidney dysfunction.
Moreover, the authors have demonstrated that dys-
biotic microbiota transferred to germ-free mice ag-
gravated kidney injury while the antibiotic-induced
depletion of gut microbiota before kidney injury had a
significant renoprotective effect against IRI [29]. In a
more recent study, Yang et al. have revealed that pre-
treatment with Bifidobacterium bifidum BGN4 for 2
weeks before IRI significantly decreased AKI-induced
dysbiosis and the severity of kidney damage through
immunomodulation effects of the probiotic [31]. It
should be emphasized that all aforementioned stud-
ies were limited to a short-term period of observation
and there is a general lack of research on the long-term
effects of AKI on intestinal microbiota composition.
Unfortunately, the design of the present study did not
include the determination of ODB and their ODA on
the first day after AKI initiation. However, in agree-
ment with the above studies, we found no difference
in the number of ODB following a week and 3 weeks
of the experimental period which can be explained by
partial restoration of the bacteria richness in 7 days
following kidney injury [29].

According to our previous reports, ODA in fecal
microbiota plays a more obvious role than the ODB
number per se in oxalate homeostasis in both CKD-
related and antibiotic-induced dysbiotic conditions
[7, 20]. In line with the aforementioned studies, total
fecal ODA but not ODB number was associated with
the percentage of interstitial fibrosis and glomerular
volume in the rats’ kidneys. Glomerular volume is a
well-known parameter of kidney structure that deter-
mines the filtration surface area and correlates with the
glomerular filtration rate [32, 33]. It has been shown
that a decrease in glomerular volume is a sign of isch-
emic kidney damage while glomerular hypertrophy is
a strong predictor of glomerulosclerosis [32, 33]. The
glomerular volume results obtained here were consis-
tent with the experimental period and indicated partial
glomerulosclerosis in the rats’ kidneys 10 weeks after
glycerol-induced AKI. In our opinion, AKI to chronic
kidney disease transition is the main cause that triggers
alternative pathways for oxalate processing and, conse-
quently, increased ODA in fecal microbiota.

The present study has several limitations. First of
all, glycerol-induced AKI is the most frequently applied
model for studying AKI which induces rhabdomyolysis.
However, between 15% and 30% of all AKI cases can
be attributed to rhabdomyolysis [34]. Thus, we cannot
thoroughly conclude that the obtained results may re-
flect changes in oxalate balance in AKI of another gen-
esis. Second, ODB and ODA testing on day 1 following
glycerol-induced injury could have strengthened our
claims of oxalate homeostasis in AKI. However, despite
these limitations, our study is the first to demonstrate a
direct link between AKI and the long-term impairment
of oxalate homeostasis in rats.

Conclusions. AKI has long-term negative effects
on the quantitative and qualitative characteristics of
ODB in fecal microbiota disrupting oxalate homeo-
stasis in rats. Moreover, the results of our study con-
firmed an increasing trend in total fecal ODA accord-
ing to the aggravation of renal interstitial fibrosis in
rats. Further studies are warranted to gain more insight
into the mechanism of oxalate homeostasis impair-
ment in AKI.
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