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Abstract

Background The present study pointed to evaluate the role of Triticum aestivum ethanolic extract (TAEE) in prophy-
lactic and curative regimens on sodium oxalate (NaOx)-prompted lithiasis. Forty-eight rats were divided into the fol-
lowing regimen’s group (24 rats/regimen). Groups |, II, Ill, and IV served as prophylactic groups and divided as: group
l'is a vehicle control received 5% DMSQO (vehicle). All the remaining groups received NaOx (70 mg/kg b.wt; i.p.).
Group Il'is NaOx lithiatic group, groups Il and IV received TAEE and cystone prophylactically at doses of 500 and 750
mg/kg b.wt, respectively, since 1st day to 7th day of lithiasis stimulation. Groups V, VI, VII, and VIl served as curative
groups that divided as the prophylactic ones but TAEE and cystone administered from 7th day to 14th day of lithiasis

stimulation.

Results Lithiatic rats co-/post-treated with TAEE and cystone raised the urinary volume significantly. Also, TAEE
showed modulatory effect in inhibiting and curative stone creation. Significant decreases were observed in the cal-
cium and phosphate contents in urine or serum beside the increased magnesium value in lithiatic rats co-/post-
treated with TAEE. TAEE significantly ameliorates the kidney function markers, which proposes its antilithiatic role.
Moreover, lithiatic rats co-/post-treated with TAEE significantly diminished oxidative injury evoked by NaOx.

Conclusions TAEE has antilithiatic role that may be returned to its diuretic and antioxidant activity in addition to its
bioactive components including ferulic acid and phytic acid that have the inhibitory properties on crystallization
calcium oxalate by lowering the content of stone promotor constituents.
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Background

Lithiasis (formation of stone) is a one of causative factors
that induce acute or chronic renal failure and includes
nephrolithiasis (stone formation in kidney) and urolithi-
asis (stone formation in urinary tract). Nephrolithiasis
usually arise from an inequality between the requirement
of kidneys to conserve body fluid and the necessity to
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remove the low solubility waste products, which resulted
in disruption between calculi promoters and inhibitors
(Duval et al., 2014; Pandhare et al, 2021). Lastly, this
imbalance increased, which may be due to alterations
in diet and fluid intake, degree of physical exercise and
activity, and climate changes (Zarin et al., 2020). The
prevalence of lithiasis increased globally, especially in
the last decades, and now lithiasis is ranked as a third
predominant complaint in the urinary system (Pawar
& Vyawahare, 2017). Almost 80% of formed calculi are
calcium oxalate (CaOx) or phosphate (Pandhare et al,
2021). Oxalate (Ox) is a chelating compound that causes
a variety of pathological disorders, particularly CaOx
nephrolithiasis (Deepika et al., 2013). Oxalate-induced
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renal membrane damage through lipid peroxidation
process by formation of oxygen free radicals comprising
superoxide anion and hydroxyl radicals (Ahmed et al.,
2020). Jonassen et al. (2005) clarified that the interac-
tion between oxalate and renal epithelial cells changed
the properties of membrane surface, disrupted the mito-
chondrial function, and formed reactive oxygen species
(ROS) and subsequently developed oxidative stress (OxS)
that facilitates the growth of CaOx crystals to kidney
stones. Therefore, previous studies select sodium oxalate
(NaOx) as an appropriate source of oxalate for induction
of nephrolithiasis (Ilhan et al., 2014; Sayed et al., 2020;
Takawale et al., 2012).

Currently, no satisfactory allopathic medicines are
available for lithiasis in spite of a huge biological and
physical studies to prevent lithiasis (Pandhare et al,
2021). However, the new techniques used for removal
of calculi, for example extracorporeal shock wave litho-
tripsy (ESWL), lithotripsy and even laparoscopy high-
power laser, are associated with serious complications,
especially the recurrence of the stones (Pandhare et al.,
2021). The repetition rate in lacking preventive manage-
ment is about 10% after 1 year, 33% after 5 year and 50%
during 10 years, which is the supreme central feature to
be adopted (Basavaraj et al., 2007). Thereby, nephrolithi-
asis is not the only high prevalence disease that necessi-
tates consideration, but it is one of the more challenging
diseases due to its increased rate of reappearance after
removal (Patel & Acharya, 2020). Thus, it is classified as
one of the refractory diseases that require many inves-
tigations to find out the etiology of it and subsequently
develop a proper therapy. Therefore, there is a need to
replace these conventional therapies with a better medic-
inal plant or phytotherapy.

Medicinal herbs and plants have been exhausted as
an substitute therapy for nephrolithiasis since ancient
Egyptian era (Tefekli and Cezayirli, 2013). In recent,
many investigators also moved toward medicinal natural
agents for assessing their antilithiatic effectiveness [2].
The restoration to medicinal herbs may be due to their
easy access, low cost, inherited experience, minimal side
effects. Besides their ability to enhance the resistance of
body against infection and promoting quick restoration
of physiological functions (Sathya & Kokilavani, 2012).

Triticum aestivum L. is a cereal grass belonging to the
family Gramineae. It is popularly called as wheat and cul-
tured world widely, but it is local to South-West Asia and
Mediterranean regions. Triticum aestivum is a crucial
food for the world’s population, particularly in developing
countries. It is a safe herb and accepted in Food and Drug
Administration screening and clearance (Durairaj et al.,
2014). It is utilized as conventional herbal medication
and is greatly promising for its therapeutic characteristics
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(Swati et al., 2010). The therapeutic abilities of Triticum
aestivum backed to its health-enhancing chemical con-
stituents, including dietary fiber, chlorophyll, enzymes,
Vitamins (A, C, E, B1, B12), folic acid, phenolics, biofla-
vonoids, tocopherols, and 17 amino acids among them
8 are essential (Abdel-Aal & Hucl, 2003; Walters, 1992).
Additionally, it contains many minerals including cal-
cium, phosphorus, selenium, zinc, iodine, magnesium,
boron, chromium, potassium, iron, and molybdenum
(Sundaresan et al., 2015). Sekkoum et al. (2011) proved
the in vitro antiurolithiatic activity of Triticum aesti-
vum, even though no scientific data exist regarding the
in vivo antilithiatic potential of the 7. aestivum. To ful-
fill this limitation, the present study conducts a preclini-
cal in vivo effectiveness of Triticum aestivum ethanolic
extract (TAEE) on NaOx-induced nephrolithiasis in male
rats in preventive and curative regimens. Cystone drug
was taken as a standard antilithiatic for comparison of
the results.

Methods

Preparation of Triticum aestivum extract

To prepare crude phyto-drug from Triticum aestivum,
the present study selects ethanol as it is appropriate sol-
vent to extract both polar and nonpolar chemical constit-
uents from nutraceutical resources and to extract more
phenolic contents (Kulkarni et al., 2006). The wheat cere-
als (Triticum aestivum) were powdered with a mechani-
cal grinder and 400-g fine powder of T. aestivum was
extracted with 600 ml ethanol at room temperature. Sub-
sequent to 24 h, it was filtrated and the resultant TAEE
(Triticum aestivum ethanolic extract) was inserted into
rotary evaporator to concentrate to crude extract. The
obtained extract was conserved in desiccator, at usage it
suspended in dimethyl sulfoxide (DMSO, 5%) and treated
orally by gavage to rats.

Animals

Forty-eight rats male Wistar albino rats (180-200 g)
were obtained from National Research Center, Egypt.
Prior to the experiment, rats were housed in a clean
polypropylene cage (6 rats/each cage) with a stainless-
steel cover grill that accommodate for pelleted food for
7 days for acclimatization of animal house conditions
(23+2°C/50% humidity/12-h light: 12-h dark cycle).

Calculi induction

Intraperitoneal injection of 70 mg NaOx/kg b.wt induces
lithiasis in 7 days (ilhan et al., 2014; Sayed et al., 2020).
NaOx dissolved in physiological saline and is given alone
for lithiatic induction or in combination with TAEE to
evaluate its antilithiatic capacity.
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Scheme 1 Schematic diagram showing the prophylactic and curative regimens of lithiatic rats

Experimental design

Animals were randomly alienated into eight groups each
comprising six rats. Two types of regimens were accom-
plished: prophylactic study and curative study. Groups I,
II, I1I, and IV served as prophylactic groups and divided
as follows. Group I is a vehicle control; animals of this
group received 5% DMSO (vehicle). All other remaining
groups were treated with calculi-inducing agent (70 mg
NaOx/kg, i.p.). Group II is NaOx lithiatic group, groups
III and IV received TAEE and cystone prophylactically
at doses of 500 and 750 mg/kg body weight, respec-
tively, from first day to seventh day of lithiasis induction.
Groups V, VI, VII, and VIII served as curative groups
which divided as the preventive ones but TAEE and cys-
tone administered from 7th day to 14th day of lithiasis
induction. The standard drug (cystone) was suspended
in saline. TAEE and the standard drug were given once
daily by oral route via gastric gavage. All the prophylactic
groups euthanized on the 8th day, while the curative ones
euthanized on the 15th day (Scheme 1).

Animal handling

At the end of each regimen, rats were euthanized by
sodium pentobarbital at overdose. Blood was collected
in centrifuge tubes for different renal assays. Sera were
separated by routine centrifugation method and stored at
— 20 °C for assessment of renal function. Kidneys were

quickly isolated, cleaned, and washed with saline to use
for the oxidative/antioxidative assays and histological
examination.

Assessment of urinary function parameters

One day before euthanizing the animals of both regi-
mens, animals were housed alone to collect 24-h urine
sample. Following measurement of urinary volume and
pH, the urine samples were exposed to centrifugation
to obtain supernatant. Microscopic analysis was done to
examine the crystal formation. Then, investigation of cal-
cium, phosphate, and magnesium beside kidney function
markers was estimated using Bio-diagnostic kits (Dokki,
Giza, Egypt). Animal was provided to drinking water but
no feed during the urine collection period.

Assessment of serum kidney function biomarkers

After the experimental period, animals were euthanized
and serum samples were obtained via blood centrifuga-
tion (10 min, 2500 rpm) to determine kidney function
markers [creatinine (CAT. No. CR 12 50), uric acid (CAT.
NO. UA 21 20), and urea (CAT. NO. UR 21 10)] accord-
ing to Bartles et al. (1972) and Tietz et al. (1990), respec-
tively. Other biochemical parameters such as calcium,
phosphorus, and magnesium were determined according
to Gindler and King (1972), El-Mezrabani et al. (1977),
Grindler et al. (1971), respectively. All these parameters
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were estimated according to the protocol of the prepared
Bio-diagnostic kits.

Preparation of kidney tissue

Two kidneys were dissected out carefully, cleaned off
surrounding extra tissues, washed in cold physiological
saline and then used for estimation of oxidative/antioxi-
dative parameters and histopathological examination.

Kidney homogenate analysis

The left kidney was minced and homogenized at 10%
Tris—HCI buffer (0.1M, pH 7.4). The homogenate was
centrifuged at 22,000 X g for 20 min at 4 °C to separate the
nuclear debris and getting post-mitochondrial superna-
tant. Renal supernatant was used to analyze lipid peroxi-
dation (LPO, CAT. No. MD 25 28) (Ohkawa et al., 1979),
glutathione reduced (GSH, CAT. No. GR 25 10) (Beutler
et al.,, 1963), superoxide dismutase (SOD, CAT. No. SD
25 20) (Nishikimi et al., 1972), catalase (CAT, CAT. No.
CA 25 16) (Aebi, 1984), and glutathione- S- transferase
(GST, CAT. No. GT 25 18) (Habig et al., 1974) accord-
ing to the manufacture’s protocols of Bio-diagnostic kits
(Giza, Egypt).

Kidney histological examination

The right kidney was fixed in neutral buffered formalin
(10%), dehydrated in a gradient series of ethanol, cleared
in xylene, embedded in paraffin wax, stained with hema-
toxylin and eosin, and cross-sectioned to examine the
renal architecture and scan calcium oxalate deposits
under light microscope.

Statistical analysis

All results were displayed as mean +standard error of
mean (SEM) of six animals/each group. The statistical
significance was assessed by ANOVA (one-way analy-
sis of variance), and different groups were statistically
compared by Duncan’s test using SPSS software (the
Statistical Package for the Social Sciences, version 15.0,
SPSS Inc., Chicago, Illinois, USA) statistical package.
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Differences between groups (P value) were considered
significant at P<0.05.

Results

Effect of TAEE on urinary output and pH of lithiatic rats

The present study revealed that the urinary output
of NaOx (lithiatic) group was significantly decreased
(P<0.05), as compared with control rats. However,
lithiatic rats treated with TAEE (500 mg/kg b.wt) have
increasing in urine volume (P < 0.05) significantly, as com-
pared with untreated rats. It seems that TAEE has a diue-
itic effect either in prophylactic or curative therapies; as
there is a significant increase (P<0.05) in urinary output
than the control rats also. Additionally, cystone caused
elevated urinary volume of lithiatic rats significantly
(P<0.05). Neutral urinary pH was observed in control
rats. On the initiation of lithiasis, pH become alkaline
in untreated lithiatic rats as compared with the control
ones. At the end of study, lithiatic groups co-treated with
TAEE have acineutral urine, but TAEE restored urinary
pH to neutral in curative regimen when compared to the
respective untreated group (Table 1).

Morphological appearance of urinary crystals

Microscopic analysis of urine in both regimens revealed
the absence of crystals in the control groups (Figs. 1A,
2A), whereas lithiatic groups have many crystals that
appeared as CaOx (Figs. 1B, 2B). However, urine of TAEE
exhibited less or detached crystal fragments with clearly
reduced numbers and size (Figs. 1C, 2C). Similarly, cys-
tone groups showed more or less low crystal appearance
(Figs. 1D, 2D).

Effect of TAEE on urinary excretion markers of lithiatic rats

In prophylactic and curative regimens, a significant
increase (P<0.05) in urinary markers of kidney func-
tions (creatinine, urea, and uric acid) was shown in the
lithiatic groups in comparison with the respective control
group. Urinary kidney function levels were reduced sig-
nificantly (P<0.05) after administration of lithiatic rats

Table 1 Effect of Triticum aestivum ethanolic extract (TAEE) on urinary output (volume) and pH of lithiatic rats

Parameters Concurrent regimen Curative regimen
Control Lithiatic Lithiatic+ TAEE Lithiatic+ Cystone Control Lithiatic Lithiatic+ TAEE  Lithiatic+ Cystone
Urine 858+0.74% 240+0.75° 1150+0818° 9.70+£1.21% 933+084% 296+0.18° 1650+266° 12.16+1.814
volume
(ml/24 h)
pH of urine  Neutral Slightly Slightly neutral ~ Neutral Neutral Slightly Neutral Neutral
alkaline alkaline

Values are expressed as mean+SEM (n=6). ANOVA post hoc with Duncan’s test was performed to compare between groups. Values with different row superscript

letters of the same regimen are significantly different (P<0.05)
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Fig. 1 Light microscopy of calcium oxalate crystals in urine in prophylactic group. A Control; B lithiatic; C TAEE; D cystone

with TAEE (500 mg/kg b.wt). Elimination of calcium and
phosphate was significantly increased (P<0.05) in lithi-
atic rats, as compared with control. On the contrary, the
urinary magnesium level was reduced in lithiatic rats, but
this decrease was significant (P<0.05) only in the cura-
tive regimen relative to corresponding control levels.
Supplementation with TAEE to lithiatic rats significantly
(P<0.05) ameliorated the changed levels of each of cal-
cium and phosphate as well as magnesium in comparison
with corresponding untreated lithiatic rats. The modu-
latory results of TAEE were in line with cystone-treated
rats (Table 2).

Effect of TAEE on serum kidney function markers of lithiatic
rats

Injection of NaOx for 7 days caused significant rise
(P<0.05) of serum markers of kidney functions in pro-
phylactic and curative regimens in comparison with
control levels. Further, significant elevation (P<0.05)
was detected in serum calcium and phosphate lev-
els either in prophylactic regimen or in curative one
of NaOx group in comparison with the correspond-
ing control levels. Conversely, serum magnesium level
of lithiatic rats declined significantly (P<0.05) in both

regimens as compared to corresponding control rats.
These results point to more or less renal dysfunctions
of urolithiatic rats. Administration of lithiatic rats with
TAEE (500 mg/kg b.wt) significantly inverted (P <0.05)
the serum modifications and restore the values nearly
to normal value, when compared to lithiatic rats. Treat-
ment with cystone significantly modulated (P<0.05)
the concentrations of these markers, as compared with
lithiatic rats. These findings provide a supportive indi-
cation of the similarity of the TAEE and the standard
drug cystone (Table 3).

Effect of TAEE on kidney oxidative/antioxidative markers
In prophylactic and curative regimens, stone induction
promotes the renal MDA level significantly (P<0.05)
but significantly inhibited (P<0.05) GSH, GST, SOD,
and catalase in corresponding untreated rats com-
pared to control rats (Table 4). Remarkably, co- and
post-administration of TAEE (500 mg/kg b.wt) to lithi-
atic rats inverted the oxidative/antioxidative variations
significantly (P<0.05) comparative to the correspond-
ing untreated ones. Also, cystone triggered significant
improvement (P<0.05) in the oxidative and antioxida-
tive status of untreated lithiatic rats.
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Fig. 2 Light microscopy of calcium oxalate crystals in urine in curative group. A Control; B lithiatic; C TAEE; D cystone
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Table 2 Effect of Triticum aestivum ethanolic extract (TAEE) on urinary excretion parameters of lithiatic rats

Parameters Concurrent regimen Curative regimen
(mg/dl)

Control Lithiatic Lithiatic+ TAEE  Lithiatic+ Cystone  Control Lithiatic Lithiatic+ TAEE  Lithiatic+ Cystone
u-Creatinine 141+0.11° 9.83+0.54° 443+0.06° 3.03+046° 226+0.16° 11.53+1.03° 441+0.77° 3.81+0.75°
u-Urea 260+0.14% 401+022° 345+0.11¢ 231+0.11° 1240+047% 2831+229° 19.15+042° 12.66+0.60%
u-Uric acid 7.11+0.08° 861+0.08° 6.11+0.211% 7.85+0.13¢ 557+0.12% 74140310 6.19+0.26" 569+0.10%
u-Calcium 7241+3.86" 187.48+10.56° 105.41+8.06 140.30+16.04° 80.16+7.34° 150.83+20.08" 110.43+8557 119.41£10.79%
u-Phosphate 35.74+0.07° 4770+077° 24.28+1.70° 3801+1.16° 55.15+1.20° 74.85+161° 42.02+2.26° 46.86+1.31°
u-Magnesium 1.16+0.03* 0.84+0.06" 2.11+0.26° 246+0.05° 211+£013° 12940.12° 1.99+0.15% 2.53+0.09°

Values are expressed as mean +SEM (n=6). ANOVA post hoc with Duncan’s test was performed to compare between groups. Values with different row superscript

letters of the same regimen are significantly different (P <0.05)

Effect of TAEE on renal calculi deposition using histological
evaluation

In prophylactic and curative regimens, Figs. 3 and 4,
respectively, display that control groups of both regi-
mens showed intact renal tissue architecture (Figs. 3A,
4A). In contrast, calcium oxalate crystal deposits in
intratubular were detected in the renal tissues of lith-
iatic rats (Figs. 3B, C, 4B, C). Histological analysis of
TAEE (500 mg/kg b.wt) showed its ability to partially

prevent/cure the calcium oxalate crystals deposition in
renal tissue. As along the fields there is no/few crys-
tals observed in comparison with the untreated lithi-
atic group in both regimens (Figs. 3D, E, 4D). Likewise,
the kidney sections of lithiatic rats received cystone
showed no or few crystals deposition either in prophy-
lactic regimen (Fig. 4F, G) or in curative one (Fig. 4E).
These findings suggest the efficacy of TAEE as anti-
lithiatic agent like the standard cystone drug.
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Table 3 Effect of Triticum aestivum ethanolic extract (TAEE) on serum kidney function markers of lithiatic rats

Parameters Concurrent regimen Curative regimen
(mg/dl)

Control Lithiatic Lithiatic + TAEE Lithiatic+ Cystone Control Lithiatic Lithiatic + TAEE Lithiatic + Cystone
s-Creatinine 17.91+0.32° 25.73+0.26° 22.61+0.35° 22.71+£0.22° 25.73+0.26% 40.66+1.88° 21.68+1.07% 23.10+223%
s-Urea 12.16+0.34% 1405+0.18° 11.28+0.27° 12.33+0.54% 14.93+1.46% 30.98+337° 13.50+0.97% 11.71+0.36%
s-Uric acid 2.96+0.28% 7.10+038° 392+021° 350+0.30° 3.07+0.18% 816+021° 4.91+0.25° 501+0.26%
s-Calcium 1.25+0.015% 5.25+0.128° 2.85+0.038° 1.76+0.025% 6.56+0.734"  11.05+0.200° 5.86+0.385° 6.20+0.107°
s-Phosphate 3.08+0.24% 593+033° 4.20+0.25¢ 3.16+0.24% 3.86+0.15% 5.05+0.30° 411+£027° 376+0.17%
s-Magnesium 273+0.13° 148+0.11° 228+034° 230+0.13° 3.11+031° 143+0.12° 1.88+0.28% 21540115

Values are expressed as mean+SEM (n=6). ANOVA post hoc with Duncan’s test was performed to compare between groups. Values with different row superscript

letters of the same regimen are significantly different (P<0.05)

Table 4 Effect of Triticum aestivum ethanolic extract (TAEE) on renal oxidative/antioxidative markers of lithiatic rats

Parameters Concurrent regimen Curative regimen
(mg/dl)

Control Lithiatic Lithiatic + TAEE Lithiatic+ Cystone  Control Lithiatic Lithiatic + TAEE Lithiatic + Cystone
LPO (nM/g. 22.83+131°% 51.21+2.15° 37.42+1.88° 26.11+£202% 21.23+1.83% 69.48+4.98° 3221+250¢ 20.60+1.30°
tissue)
GSH (mg/g. 5.60+0.56% 368+0.08° 538+0.65 6.86+0.58% 5.86+1.46° 1.714337° 4.90+0.97¢ 4.23+0.36°
tissue)
GST (U/g. 53.33+244° 2183+147°  4351+044° 37.73+1.60° 50.63+3.62° 25.93+2.20° 4943+1.20° 4425+2.33%
tissue)
SOD (U/g. 791641020 4938+1.26° 84.06+0.73¢ 74.58 +2.66° 71.08+£2.02° 4534+650° 79.30+£247° 68.06+7.97%
tissue)
CAT (U/g. 0.53+0.017° 021+0017°  038+0015° 0.48+0,009° 0.71+0.04° 0.29+001° 042+0.02° 050+0.01¢
tissue)

Values are expressed as mean = SEM (n=6). ANOVA post hoc with Duncan’s test was performed to compare between groups. Values with different row superscript

letters of the same regimen are significantly different (P<0.05)

Discussion

The incidence of nephrolithiasis is growing worldwide,
possibly due to the lifestyle, diet, and climate changes
(Zarin et al., 2020). The accessible antilithiatic treatments
in many cases are cost, ineffective and have some side
effects besides their limitations in the repetition of stones
(Johri et al.,, 2010). Thus, the preventive treatment is
extremely endorsed to control the lithiasis. Phytotherapy
is used in traditional medicine in kidney stones remedy
(Yasir & Wagqar, 2011). The present study evaluates the
influence of Triticum aestivum ethanolic extract (TAEE)
against lithiasis prompted by NaOx in male rats.

Urinary chemistry is considered the most vital factor
in detecting the formed crystals. Thus, the analysis of the
urinary compositions is a helpful sign of the degree of
lithiasis formation related to the calculi-forming minerals
(Manissorn et al., 2017). The present study showed that
NaOx elicits CaOx crystals. Firstly, due to the formation
of CaOx crystals depending on some urinary composi-
tions, mostly calcium that increased in serum and urine
and oxalate that is injected intraperitoneally. This is sup-
ported by the fact that oxalate has a central role in lithi-
asis pathogenesis and hypercalciuria is a threat aspect for
the onset of renal calculi (Mandavia et al., 2013; Pandhare

et al., 2021). This expectation is in line with Akila et al.
(2013) and Patel and Acharya (2020), who clarified that
hypercalciuria preferred the nucleation of CaOx in urine
resulted in crystal growth. As lithiasis arises by reason of
urine supersaturation in that case, inequality between the
stone promoters and inhibitors is established. The high
urinary calcium level leads to supersaturation of urinary
calcium salts (Akila et al., 2013). Also, urinary pH stimu-
lates the formation of lithiasis in various steps: including
crystallization, followed by growth, and ended by aggre-
gation and retention. As the renal calculi is pH-depend-
ent. This considered the second reason for forming CaOx
crystals in the current alkaline lithiasis group, as Manis-
sorn et al. (2017) reported that CaOx crystals are highly
promoted in alkaline urine. On the other side, decreased
urinary output in lithiatic groups promote supersatura-
tion of oxalate level; subsequently, CaOx crystals forma-
tion was initiated (Patel & Acharya, 2020). Further, the
alkaline pH of the lithiatic groups potentiates the forma-
tion of CaOx crystals as low urinary pH decreases the sol-
ubility of CaOx stone in urine, and hence, urine become
more saturated that initiate the crystal formation process
(Patel & Acharya, 2020). In addition, the increased phos-
phate level in urine in the presence of oxalate provides
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normal architecture of glomeruli and tubular renal structure. B, C Section of lithiatic rats showing deposition of multiple crystals (yellow circle). D, E
Sections of rat kidney treated with TAEE (500 mg/kg b.wt) showing marked diminution in number of crystal deposition. F, G Section of standard rats
(treated with cystone 750 mg/kg) showing more or less reduction in number of crystal deposition in glomeruli and tubules
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Fig. 4 Photomicrograph of kidney sections of rats in curative regimen stained by hematoxylin and eosin. A Section of control rats showing

normal architecture of renal tissue. B, C Section of lithiatic rats showing deposition of numerous crystals (yellow circle). D Section of rat kidney
treated with TAEE (500 mg/kg b.wt) showing marked decline in number of crystal deposition. E Section of rat kidney treated with standard cystone
(750 mg/kg b. wt) showing significant reduction in number of crystal deposition

an suitable environment for formation of calcium phos-
phate crystals ends by stone formation (Soundararajan
et al,, 2006). Serum and urinary magnesium levels were
reduced in the present lithiatic groups, which may super-
saturate the urine and aid in the stone formation. Shah
et al. (2011) stated that magnesium insufficiency hastens
the deposition of CaOx crystals in renal tubules. Fur-
thermore, the increased urinary uric acid level promotes
the crystals formation (Ahmed et al., 2020). As uric acid
may interfere with CaOx solubility and linked to stone
inhibitors by bond, hence lessening their stone-inhibitory

function (Pandhare et al., 2021). Finally, the present study
assumed that lithiasis may be arisen due to the increased
calcium excretion and little urinary output, which con-
siders stone formation promoters along with lessened
magnesium excretion that considered stone inhibitor.
The presence of renal stones interpreted the significant
elevation of serum creatinine, urea, and uric acid in lithi-
atic group. However, stones formation causes an obstruc-
tion to the urinary flow that origins renal dysfunction
which progress to accumulate nitrogenous waste constit-
uents in blood including creatinine, urea, and uric acid
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(Ahmed et al., 2020). The above expectation about renal
calculi formation is strengthened histologically by the
appearance of intratubular crystals deposition in kidneys.

Oxidative stress considered as critical mediator in
the lithiasis generation (Devkar et al., 2016; Sayed et al,,
2020). Deposition of calcium oxalate crystal is associated
with production of oxidative stress in renal tissue (Peng
et al., 2015). The present study disclosed that NaOx injec-
tion initiated oxidative injury reflected by increased LPO
and decreased GSH, GST, SOD, and CAT levels. The pre-
sent findings are in line with the previous findings (Gupta
et al, 2012; Pandhare et al., 2021; Sailaja et al., 2012;
Sayed et al., 2020). The renal epithelial hurt encourages
crystal retention, as epithelial damage exposes a diver-
sity of crystal adhesion particles on epithelial surfaces
(Bijarnia et al., 2008). Involvement of crystals with renal
tubular tissue is a prospective factor of lithiasis (Touhami
et al,, 2007). This modification of oxidant/antioxidant
regularity is possible owing to renal tissue impairment
brought by oxalate, which reacts with PUFA (polyunsatu-
rated fatty acids) in cellular membranes producing lipid
peroxidation (Karadi et al., 2006). Additionally, Tham-
ilselvan et al. (2000) revealed that decreased renal glu-
tathione content prefers lipid peroxidation and maintains
calcium and oxalate in the kidney.

Cystone is usually used as a gold standard medication
for comparison of antilithiatic activity of plant extracts
(Mekap et al., 2011; Takawale et al., 2012). So, the current
study compares both regimens of TAEE with cystone to
evaluate the extent of ameliorative effect of TAEE. Inter-
estingly, TAEE exhibited a valuable effect in inhibiting
stone formation and helping to treat the already formed
stones. In consonance with Sekkoum et al. (2011), Triti-
cum aestivum inhibit CaOx crystal development. Also,
the ethanolic extract of Hordeum vulgare belongs to
Gramineae family as Triticum aestivum, has preventive
and curative effects on renal calculi and can be consid-
ered as antiurolithiatic (Patel & Acharya, 2020; Patel
et al,, 2018; Shah et al., 2012). The present study revealed
significant raising in the levels of magnesium and uri-
nary volume (stone inhibitors) in both TAEE regimens,
as compared to the untreated lithiatic group. Diuretic
role of a tested extract is required to rise the quantity
of fluid in the kidneys and eliminate the deposits. The
increased urinary output in TAEE co-/post-treated rats
dilute the saturation of urinary electrolytes and con-
firmed the diuretic action of TAEE. This action inhibits
the stone formation factors and demonstrated by note-
worthy decrease of calcium and phosphates of urine. The
present study attributes the diuretic effect of TAEE to its
flavonoid content (Dhaliwal et al., 2015). Since flavonoids
and its derivatives considered as antagonists for adeno-
sine Al receptor (AA1R), and hence, diuresis effect was
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induced (Patel & Acharya, 2020). Thus, there is a minor
chance of precipitation, and infirmity for stone forma-
tion. This interprets the inhibitory role of TAEE against
lithiasis formation as the antilithiatic efficacy of the natu-
ral agents returned to their diuretic role (Dodoala et al.,
2009). Thus, TAEE has dual effect as it increased the
stone inhibitors and diminished the stone promoters in
urine. Also, administration of TAEE caused noteworthy
improvement in renal functions, which proposes antilith-
iatic effectiveness of TAEE that prevent renal injury trig-
gered by hyperoxaluria. Moreover, lithiatic rats treated
with TAEE (prophylactic or post-treatment) significantly
mitigated oxidative damage provoked by NaOx. This
occurred via the drop of the renal LPO level and reple-
tion of antioxidant molecules as compared with lithiatic
rats. Thereby, the antioxidant activity of TAEE may atten-
uate CaOx crystal formation by reducing hyperoxaluria-
induced peroxidation to the renal tubular membrane that
ends by crystal attachment and renal calculi formation.
The efficiency of TAEE as a preventive or curative agent
in lithiasis was also established histologically. Since, the
renal tissue of lithiatic rats treated with TAEE has less
or none crystals relative with lithiatic untreated group.
Interestingly, by comparing between TAEE and cystone
as a standard antilithiatic drug, similar observations were
noticed in all the above-mentioned parameters.

Finally, the present study suggests that TAEE may
inhibit crystal formation via minimizing the size of crys-
tal growth and aggregation. This suggestion is in line with
Sekkoum et al. (2011), as they revealed that Triticum aes-
tivum inhibit 70% crystal development and above 80% of
CaOx crystal aggregation in vitro. The antilithiatic effect
of TAEE may be attributed to its phytate content. Phytate
is a hexaphosphoric ester of inositol that has the ability to
reduce calcium absorption (Sekkoum et al., 2011), which
interpreted the lower serum calcium level in the TAEE
group. Sekkoum et al. (2011) explained the chelation pro-
cess as the phytic acid contains 12 negative charges that
can form irreversible complex with 6 mol of calcium at
neutral or alkaline pH that achieved in the urinary pH
of lithiasis-TAEE co-/post-treated groups. Further, the
preventive and curative effects of TAEE may be due to
its antioxidant potency that arising from its phytochemi-
cal constituents including phenolic compounds (Mohan
et al., 2013). Kulkarni et al. (2006) reported that ethanolic
extract of Triticum aestivum has higher phenolic con-
tent than aqueous extract. Therefore, TAEE may contain
high flavonoids, alkaloids, tannins, terpenoids, saponins
beside the ferulic acid that has a potency to prevent lithi-
asis formation (Dhaliwal et al., 2015; Zhao et al., 2019).
Bawari et al. (2020) added that saponins and flavonoids
have the potency to disintegrate and dissolute CaOx
crystals. Also, tannins have anticrystallization action via
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Scheme 2 Schematic diagram showing the antilithiatic effect of Triticum aestivum ethanolic extract

formation of calcium complexation and thus preventing
CaOx crystal formation. All the above-mentioned prop-
erties of TAEE enable it to prevent or dissolute the renal
calculi.

Conclusions

After more investigations in higher animals, the present
study suggests that Triticum aestivum may be utilized as
a dietary supplement, especially in persons prone or suf-
fering from lithiasis. As, TAEE has promising antilithiatic
activity for prevention/treatment of renal calculi probably
by inhibiting calcium oxalate crystal growth (prevention)
or by chelating process (treatment). These effects may be
due to its polyphenolic or phytate contents, respectively
(Scheme 2).

Abbreviations

CaOx  Calcium oxalate

CAT Catalase

GSH Glutathione reduced
GST Glutathione-s-transferase
MDA Malondialdehyde

SOD  Superoxide dismutase

TAEE  Triticum aestivum Ethanolic extract

Acknowledgements

Special thanks for my professors and colleagues of the Zoology Department,
Faculty of Science, Cairo University.

Author contributions
AAS construct and carried out the scientific idea and writing the original draft.

Funding
There is no any specific funding source of the manuscript.

Availability of data and materials
On request.

Declarations

Ethics approval and consent to participate

The protocol for conducting the acute toxicity studies and in vivo studies
was performed according to the guidelines of the care and use of laboratory
animals (8th edition), and the study was approved by the Institutional Animal
Care and Use Committee (IACUC), (CUFS/S/PHY/49/15) of the Faculty of Sci-
ence, Cairo University, Egypt.

Consent for publication
Not applicable.



Sayed The Journal of Basic and Applied Zoology (2023) 84:30

Competing interests
There is no any potential conflict of interest.

Received: 7 January 2023 Accepted: 12 November 2023
Published online: 25 November 2023

References

Abdel-Aal, E. S. M., & Hucl, P. (2003). Comparison and stability of anthocyanins
in blue-grained wheat. Journal of Agriculture and Food Chemistry, 51,
2174-2180.

Aebi, H. (1984). Catalase in vitro. Methods in Enzymology, 105, 121-126.

Ahmed, O. M., Ebaid, H., El-Nahass, E., Ragab, M., & Alhazza, |. M. (2020). Nephro-
protective Effect of Pleurotus ostreatus and Agaricus bisporus Extracts and
Carvedilol on Ethylene Glycol-Induced Urolithiasis: Roles of NF-kB, p53,
Bcl-2, Bax and Bak. Biomolecules, 10(1317), 1-37.

Akila, L, Kumar, P. A, & Nirmala, P. (2013). Effect of a polyherbal formulation on
ethylene glycol induced urolithiasis. International Journal of Pharmacy and
Bio Sciences, 2(4), 7-24.

Bartles, H., Bohmer, M., & Heirli, C. (1972). Colorimetric kinetic method for
creatinine determination in serum and urine. Clin Chem Acta, 37, 193.
Basavaraj, D. R, Biyani, C. S., Browning, A. J, & Cartledge, J. J. 2007). The role of
urinary kidney stone inhibitors and promoters in the pathogenesis of cal-
cium containing renal stones. European Association of Urology, 5, 126-136.

Bawari, S., Sah, A. N., & Tewari, D. (2020). Anticalcifying effect of Daucus carota
in experimental urolithiasis in Wistar rats. Journal of Ayurveda and Integra-
tive Medicine, 11(3), 308-315.

Beutler, E, Duron, O, & Kelly, B. M. (1963). Improved method for the determina-
tion of blood glutathione. The Journal of Laboratory and Clinical Medicine,
61,882.

Bijarnia, R. K., Kaur, T,, Aggarwal, K, Singla, S. K., & Tandon, C. (2008). Modulatory
effects of N-acetylcysteine on hyperoxaluric manifestations in rat kidney.
Food and Chemical Toxicology, 46(6), 2274-2278.

Deepika, A, Minu, S., & Surinder, K. S. (2013). The role of natural antioxidants as
potential therapeutic agent in nephrolithiasis. Asian Journal of Pharma-
ceutical and Clinical Research, 6(3), 48-53.

Devkar, R. A, Chaudhary, S, Adepu, S, Xavier, S. K, Chandrashekar, K. S, & Setty,
M. M. (2016). Evaluation of antiurolithiatic and antioxidant potential of
Lepidagathis prostrata: A Pashanbhed plant. Pharmaceutical Biology, 54(7),
1237-1245.

Dhaliwal, J, Leach, S, Katz, T, Nahidi, L., Pang, T, Lee, J. M,, Strachan, R, Day,
A.S, Jaffe, A, & Ooi, C.Y. (2015). Intestinal inflammation and impact on
growth in children with cystic fibrosis. Journal of Pediatric Gastroenterol-
ogy and Nutrition, 60(4), 521-526.

Dodoala, S., Diviti, R, Koganti, B, & Prasad, K. (2009). Effect of ethanolic extract
of Phyla nodiflora (Linn.) Greene against calculi producing diet induced
urolithiasis. Indian Journal of Natural Products and Resources, 1(3), 314-321.

Durairaj, V., Hoda, M., Shakya, G., Babu, S. P. P, & Rajagopalan, R. (2014). Phyto-
chemical screening and analysis of antioxidant properties of aqueous
extract of wheatgrass. Asian Pacific Journal of Tropical Medicine, 7(Suppl 1),
5398-54047.

Duval, F, Moreno-Cuevas, J. E, Gonzélez-Garza, M. T,, Rodriguez-Montalvo, C.,
& Cruz-Vega, D. E. (2014). Liver fibrosis and protection mechanisms action
of medicinal plants targeting apoptosis of hepatocytes and hepatic stel-
late cells. Advances in Pharmacological Sciences. https://doi.org/10.1155/
2014/373295

El-Merzabani, M. M., El-Aaser, A. A, & Zakhary, N. |. (1977). Determination of
inorganic phosphorus in serum. Journal of Clinical Chemistry and Clinical
Biochemistry, 15(12), 715-718.

Gindler, M., &King, J. D. (1972). Rapid colorimetric determination of calcium
in biologic fluids with methylthymol blue. American Journal of Clinical
Pathology, 58(4), 376-382.

Grindler, E. M., & Heth, D. H. (1971). Colorimetric determination with bound cal-
magite of magnesium in human blood serum. Clinical Chemistry, 17, 662.

Gupta, S. K, Baghel, M. S, Bhuyan, C,, Ravishankar, B., Ashok, B. K., & Patil, P. D.
(2012). Evaluation of anti-urolithiatic activity of Pashanabhedadi ghrita
against experimentally induced renal calculi in rats. Ayu, 33(3), 429-434.

Page 12 of 13

Habig, W. H., Pabst, M. J,, Fleischner, G., Gatmaitan, Z,, Arias, |. M., & Jakoby, W. B.
(1974). The identity of glutathione S-transferase B with ligandin, a major
binding protein of liver. Proceedings of the National Academy of Sciences,
71(10), 3879-3882.

llhan, M., Ergene, B, Suntar, |, Ozbilgin, S., Citoglu, G. S, Demire, M. A, Keles,

H., Altun, L., Akkol, K. E. (2014). Preclinical evaluation of antiurolithiatic
activity of Viburnum opulus L. on sodium oxalate-induced urolithiasis rat
model. Evidence-Based Complementary and Alternative Medicine, 2014,
1-11.

Johri, N., Cooper, B, Robertson, W., Choong, S., Rickards, D., & Unwin, R. (2010).
An update and practical guide to renal stone management. Nephron
Clinical Practice, 116(3), c159-171.

Jonassen, J., Kohjimoto, Y, Scheid, C., & Schmidt, M. (2005). Oxalate toxicity in
renal cells. Urological Research, 33, 329-339.

Karadi, R. V., Gadge, N. B, Alagawadi, K. R, & Savadi, R. V. (2006). Effect of Mor-
inga oleifera Lam. root-wood on ethylene glycol induced urolithiasis in
rats. Journal of Ethnopharmacology, 105(1-2), 306-311.

Kulkarni, S. D, Tilak, J. C, Acharya, R, Rajurkar, N. S, Devasagayam, T.P. A, &
Reddy, A.V.R. (2006). Evaluation of the antioxidant activity of wheatgrass
(Triticum aestivum L.) as a function of growth under different conditions.
Phytotherapy Research, 20, 218-227.

Mandavia, D. R, Patel, M. K, Patel, J. C,, Anovadiya, A. P, Baxi, S. N., & Tripathi, C.
R. (2013). Anti-urolithiatic effect of ethanolic extract of Pedalium murex
Linn. fruits on ethylene glycol-induced renal calculi. Urology Journal, 10(3),
946-952.

Manissorn, J., Fong-ngern, K, Peerapen, P, & Thongboonkerd, V. (2017). System-
atic evaluation for effects of urine pH on calcium oxalate crystallization,
crystal-cell adhesion and internalization into renal tubular cells. Scientific
Reports, 7(1798), 1-17.

Mekap, S. K., Mishra, S., Sahoo, S., & Panda, P. (2011). Antiurolithiatic activity
of Crataeva magna Lour. Bark. Indian Journal of Natural Products and
Resources, 2, 28-33.

Mohan, Y, Jesuthankaraj, G. N., & Thangavelu, N. R. (2013). Antidiabetic and
antioxidant properties of Triticum aestivum in streptozotocin-induced
diabetic rats. Advances in Pharmacological Sciences. https://doi.org/10.
1155/2013/716073

Nishikimi, M., Appaji Rao, N., & Yagi, K. (1972). The occurrence of superoxide
anion in the reaction of reduced phenazine methosulfate and molecular
oxygen. Biochemical and Biophysical Research Communications, 46(2),
849-854.

Ohkawa, H., Ohishi, N., & Yagi, K. (1979). Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Analytical Biochemistry, 95(2),
351-358.

Pandhare, R. B, Shende, R. R, Avhad, M. S, Deshmukh, V. K., Mohite, P. B.,
Sangameswaran, B, & Daude, R. B. (2021). Anti-urolithiatic activity of
Bryophyllum pinnatum Lam. hydroalcoholic extract in sodium oxalate-
induced urolithiasis in rats. Journal of Traditional and Complementary
Medicine. https://doi.org/10.1016/jjtcme.2021.06.002

Patel, M. K, Raval, S. K, Modi, R. J,, Sadhu, D. B, & Gehani, M. T. (2018).
Nephroprotective effect of herbal seed extracts of Vigna unguiculata
and Hordeum vulgare on serum biochemical changes on ethylene glycol
and ammonium chloride induced urolithiasis in female Wistar rats.
International Journal of Current Microbiology and Applied Sciences, 7(9),
2977-2985.

Patel, V. B, & Acharya, N. (2020). Effect of Macrotyloma uniflorum in ethylene
glycol induced urolithiasis in rats. Heliyon, 6(February), e04253. https://
doi.org/10.1016/j.heliyon.2020.e04253

Pawar, A. T, & Vyawahare, N. S. (2017). Protective effect of ethyl acetate fraction
of Biophytum sensitivum extract against sodium oxalate-induced urolithi-
asis in rats. Journal of Traditional & Complementary Medicine, 7(4), 476-486.

Peng, Z, Chen, W, Wang, L, Ye, Z, Gao, S., Sun, X., & Guo, Z. (2015). Inhalation of
hydrogen gas ameliorates glyoxylate-induced calcium oxalate deposition
and renal oxidative stress in mice. International Journal of Clinical and
Experimental Pathology, 8(3), 2680-2689.

Sailaja, B, Bharathi, K, & Prasad, K. V. S. R. G. (2012). Role of Tridax procumbens
Linn. in the management of experimentally induced urinary calculi and
oxidative stress in rats. Indian Journal of Natural Products and Resources,
3(4), 535-540.

Sathya, M., & Kokilavani, R. (2012). Effect of ethanolic root extract of Saccharum
spontaneum Linn. against calculi producing diet induced urolithiasis.
Asian Journal of Pharmaceutical and Biological Research, 2(2), 157-159.


https://doi.org/10.1155/2014/373295
https://doi.org/10.1155/2014/373295
https://doi.org/10.1155/2013/716073
https://doi.org/10.1155/2013/716073
https://doi.org/10.1016/j.jtcme.2021.06.002
https://doi.org/10.1016/j.heliyon.2020.e04253
https://doi.org/10.1016/j.heliyon.2020.e04253

Sayed The Journal of Basic and Applied Zoology (2023) 84:30

Sayed, A. A, Fahmy, S. R, Soliman, A. M., & Mohamed, D. M. (2020). Antineph-
rolithiatic activity of Ananas comosus extract against experimentally
induced renal calculi in rats. Pakistan Journal of Pharmaceutical Sciences,
33(4), 1679-1688.

Sekkoum, K, Cheritia, A, &Taleb, S. (2011). In Vitro effect of wheat bran (Triti-
cum aestivum) extract. Natural Product Communications, 6, 1-2. https://
doi.org/10.1177/1934578X1100601008

Shah, J. G, Patel, B. G., & Patel, R. K. (2012). Antiurolithiatic and antioxidant
activity of Hordeum vulgare seeds on ethylene glycol-induced urolithiasis
in rats. Indian Journal of Pharmacology, 44(6), 672-677.

Shah, R, Shidham, G, Agarwal, A, Albawardi, A., & Nadasdy, T. (2011). Diagnos-
tic utility of kidney biopsy in patients with sarcoidosis and acute kidney
injury. International Journal of Nephrology and Renovascular Disease, 4,
131-136.

Soundararajan, P, Mahesh, R. T, Ramesh, T., & Begum, V. H. (2006). Effect of
Aerva lanata on calcium oxalate urolithiasis in rats. Indian Journal of Experi-
mental Biology, 44, 981-986.

Sundaresan, A, Selv, A, & Manonmani, H. K. (2015). The anti-microbial proper-
ties of Triticum aestivum (wheat grass) extract. International Journal of
Biotechnology for Wellness Industries, 4, 84-91.

Swati, M., Gita, N,, Sujata, B, Farah, J,, & Preeti, M. (2010). Microbial etiology of
febrile neutropenia. Indian Journal of Hematology and Blood Transfusion,
26(2), 49-55.

Takawale, R.V, Kapase, C. U, & Bodhankar, S. L. (2012). Effect of Lagenaria sicer-
aria fruit powder on sodium oxalate induced urolithiasis in Wistar rats.
Journal of Ayurveda and Integrative Medicine, 3(2), 75-79.

Tefekli, A, & Cezayirli, F. (2013). The history of urinary stones: In parallel with
civilization. ScientificWorld Journal, 20, 423964.

Thamilselvan, S., Byer, K. J, Hackett, R. L, & Khan, S. R. (2000). Free radical scav-
engers, catalase, superoxide dismutase provide protection from oxalate
associated injury to LLC-PK1 and MDCK cells. Journal of Urology, 164(1),
224-229.

Tietz, N.W., Finley, P, Pruden, E., & Amerson, A. (1990). Clinical guide to labora-
tory tests (pp. 232-233). Saunders.

Touhami, M., Laroubi, A, Elhabazi, K, Loubna, F, Zrara, I, Eljahiri, Y, Oussama,
A, Grases, F, & Chait, A. (2007). Lemon juice has protective activity in a rat
urolithiasis model. BMC Urology, 7, 18.

Walters, R. (1992). The alternative cancer therapy book (pp. 299-308). New York:
Avery Publishing Group.

Yasir, F, & Wagar, M. A. (2011). Effect of indigenous plant extracts on calcium
oxalate crystallization having a role in urolithiasis. Urological Research, 39,
345-350.

Zarin, M. A, Tan, J. S, Murugan, P, & Ahmad, R. (2020). Investigation of potential
anti-urolithiatic activity from different types of Musa pseudo-stem extracts
in inhibition of calcium oxalate crystallization. Complementary Medicine
and Therapies, 20(317), 1-12.

Zhao, B, Su, B, Zhang, H., Liu, W, Du, Q, & Li, Y. (2019). Antiurolithiatic effect of
ferulic acid on ethylene glycolinduced renal calculus in experimental rats.
Tropical Journal of Pharmaceutical Research, 18(1), 109-115.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1177/1934578X1100601008
https://doi.org/10.1177/1934578X1100601008

	Antilithiatic effect of Triticum aestivum against sodium oxalate-induced lithiasis in rat model
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Preparation of Triticum aestivum extract
	Animals
	Calculi induction
	Experimental design
	Animal handling
	Assessment of urinary function parameters
	Assessment of serum kidney function biomarkers
	Preparation of kidney tissue
	Kidney homogenate analysis
	Kidney histological examination
	Statistical analysis

	Results
	Effect of TAEE on urinary output and pH of lithiatic rats
	Morphological appearance of urinary crystals
	Effect of TAEE on urinary excretion markers of lithiatic rats
	Effect of TAEE on serum kidney function markers of lithiatic rats
	Effect of TAEE on kidney oxidativeantioxidative markers
	Effect of TAEE on renal calculi deposition using histological evaluation

	Discussion
	Conclusions
	Acknowledgements
	References


