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Abstract

Background: The plants Cynodon dactylon (C. dactylon), Emblica officinalis (E. officinalis), Kalanchoe pinnata (K. pinnata),
and Bambusa nutans (B. nutans) have been reported to possess diuretic and antiurolithiatic potential against ethylene
glycol and ammonium chloride along with in vitro calcium oxalate (CaOx) crystal growth inhibition property. Our
previous research publications reported a rich presence of antioxidative phytocompounds like polyphenols and
flavonoids in ethyl acetate fractions of these plants. This present study aims to explore antiurolithiatic potential of C.
dactylon, E. officinalis, K. pinnata, and B. nutans ethyl acetate fraction following 7 days of sodium glyoxalate treatment
on mice.

Results: Sodium glyoxylate treatment caused significant (P < 0.01–0.001) reduction in the urine magnesium and
creatinine and elevation in oxalate, citrate, calcium, and phosphate levels. Ethyl acetate fraction of K. pinnata and B.
nutans showed a highly significant antilithiatic effect by increasing urine volume, normalizing disrupted urine
parameters, increasing LDH level, and decreasing kidney tissue oxalate content. E. officinalis and K. pinnata ethyl acetate
fraction treatment showed a pronounced reversal of tubular dilation and damage of epithelial cell in kidney tissue with
very less inflammatory cell infiltration.

Conclusion: The results signify the protective effect of K. pinnata and B. nutans ethyl acetate fraction rich with
polyphenol and flavonoid on glyoxylate induced oxidative cell damage and morphological changes in mouse kidneys.

Keywords: Bambusa nutans, Cynodon dactylon, Emblica officinalis, Flavonoid, Glyoxylate, Kalanchoe pinnata,
Nephrolithiasis, Polyphenol

Background
The plants Cynodon dactylon (Poaceae), Emblica officina-
lis (Euphorbiaceae), Kalanchoe pinnata (Crassulaceae),
and Bambusa nutans (Graminae) have well-known trad-
itional and Ayurvedic uses for diuretic potential, and diur-
etic effect is being screened and reported by us [1].
Diuretics effectively lowers urine calcium excretion and
reduces kidney stone recurrence as forced diuresis showed

acute symptomatic relief in patients of urolithiasis [2, 3].
Previously, we have reported the rich presence of antioxi-
dative phytocompounds like polyphenols and flavonoids
in ethyl acetate fractions of B. nutans shoot, E. officinalis
fruit, and K. pinnata leaf that also showed excellent
in vitro CaOx crystal growth inhibition [4]. Sohgaura et al.
(2019) reported excellent antiurolithiasis potential of K.
pinnata and E. officinalis along with the moderate protect-
ive effect of B. nutans and C. dactylon against urolithiasis
induced by ethylene glycol and ammonium chloride com-
bined treatment for 10 days [5]. These facts indicate the
whole spectrum of antiurolithiatic potential of the ethyl
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acetate fraction of the selected plants is worth to be ex-
plored. The study aims at the screening of C. dactylon
whole plant, E. officinalis fruit, K. pinnata leaf, and B.
nutans shoot extract ethyl acetate fraction rich in flavon-
oid and polyphenol for antinephrolithiasis potential
against glyoxylate administration.
Rodent models of CaOx urolithiasis are induced by ei-

ther ethylene glycol alone or in combination with ammo-
nium chloride. Ethylene glycol, glycolate, and glyoxylate
are the main precursors of oxalate. These can induce ex-
perimental urolithiasis on rats and mice when adminis-
tered by a suitable route [6]. In vivo, experimental
induction of nephrolithiasis on rats is commonly done
with calcium oxalate and other oxalate metabolic interme-
diates like glycolate and ethylene glycol [7–9]. The use of
the CaOx in vivo model on rats remains controversial in
concern to clinical manifestation [10]. Multifarious gene
manifestation was found related to urolithiasis.
Putative CaOx inhibitors like Tamm-Horsfall protein,

Heparan sulfate (HS)/heparan sulfate proteoglycan
(HSPG), and bikunin are upregulated during the inci-
dence of calcium oxalate nephrolithiasis in rat [11, 12].
Okada et al. reported successful formation and depos-
ition of CaOx crystal in mouse kidneys by intraabdom-
inal glyoxylate injection [6]. Subsequent morphological
observation and functional analysis of renal macrophages
and gene-related studies showed that the glyoxylate mice
model is excellent for mimicking clinical signs of
nephrolithiasis [13, 14]. Different established renal stone
induction models in rodents like rats and mice have re-
vealed that mice have a higher tolerance level than rats.
Sodium glyoxylate mice model was selected for further
evaluation of C. dactylon, E. officinalis, K. pinnata, and
B. nutans ethyl acetate fractions protective and beneficial
effects against nephrolithiasis.

Methods
Extraction of plant material
The plant material was made completely clean, dust free,
and allowed to get dried under the shade for 15 to 30
days. Dried plant parts were pulverized with a mechan-
ical pulverizer to form a coarse powder and stored in an
airtight container for further studies. Drying, processing,
and enrichment of ethyl acetate fraction from the hydro-
methanolic extract was performed as described previ-
ously [4].

Experimental animal
An in vivo study was performed with due permission
from the Institutional Animal Ethical Committee. The
experimental study procedure and protocol were
reviewed and approved by the Institutional Animal Eth-
ics Committee (IAEC). Laboratory animals were taken
care of as per the guidelines of the Committee for the

Purpose of Control and Supervision of Experiments on
Animals (CPCSEA). Laboratory breed adult albino mice
(25–30 g) of either sex were used. The mice were kept
in polypropylene cages with paddy husk bedding main-
tained in hygienic condition at 22 ± 2°C temperature
and 12-h light-dark cycle. The animals were fed with a
standard pallet balanced diet and water ad libitum. Dose
range 25, 50, and 100 mg/kg, p.o., was selected for E.
officinalis, K. pinnata, and B. nutans, whereas 100, 300,
and 500 mg/kg for C. dactylon based on the acute tox-
icity reported previously [1].

Study protocol
Glyoxylate-induced nephrolithiasis in mice was inducted,
as reported by Tzou et al. [13]. The mice were randomly
divided into fifteen groups comprising five animals in
each group containing both male and female mice. All
the animals of the respective groups had been treated as
per the protocol daily for 7 days with ethyl acetate frac-
tion (EA) of C. dactylon, E. officinalis, K. pinnata, and B.
nutans. The animals are grouped as follows:

Group 1: water for injection 0.2 ml/25 g (vehicle
control).
Group 2: Sodium glyoxylate 100 mg/kg, i.p. (negative
control).
Group 3: Sodium glyoxylate 100 mg/kg, i.p.+ 750 mg/
kg cystone (positive control).
Group 4: Sodium glyoxylate 100 mg/kg, i.p+ 25 mg/kg
EA K. pinnata
Group 5: Sodium glyoxylate 100 mg/kg, i.p+ 50 mg/kg
EA K. pinnata
Group 6: Sodium glyoxylate 100 mg/kg, i.p+ 100 mg/kg
EA K. pinnata
Group 7: Sodium glyoxylate 100 mg/kg, i.p+ 25 mg/kg
EA E. officinalis
Group 8: Sodium glyoxylate 100 mg/kg, i.p+ 50 mg/kg
EA E. officinalis
Group 9: Sodium glyoxylate 100 mg/kg, i.p+ 100 mg/kg
EA E. officinalis
Group 10: Sodium glyoxylate 100 mg/kg, i.p + 25 mg/
kg EA B. nutans
Group 11: Sodium glyoxylate 100 mg/kg, i.p+ 50 mg/kg
EA B. nutans
Group 12: Sodium glyoxylate 100 mg/kg, i.p+ 100 mg/
kg EA B. nutans
Group 13: Sodium glyoxylate 100 mg/kg, i.p+ 100 mg/
kg EA C. dactylon
Group 14: Sodium glyoxylate 100 mg/kg, i.p+ 300 mg/
kg EA C. dactylon
Group 15: Sodium glyoxylate 100 mg/kg, i.p + 500 mg/
kg EA C. dactylon
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Sodium glyoxylate (100 mg/kg, i.p. in water for injec-
tion) was injected daily for 7 days to promote hyperoxa-
luria and CaOx deposition in the kidneys of groups 2 to
15 mice. All animals were allowed regular free access to
food and water.

Collection and analysis of urine
Animals were individually kept in metabolic cages, and
24-h urine samples were collected on the 7th day after the
last dosing with free access to water. The urinary volume
was determined, and samples were analyzed for level of
oxalate, citrate, calcium, phosphates, magnesium, and cre-
atinine with the help of diagnostic kits (Span Diagnostics
Ltd., India, and Lab-Care Diagnostics Ltd., India) using
Autoanalyser (Star 21 Plus, Rapid Diagnostics, India).

Collection and analysis of kidney homogenate
The animals were sacrificed on the 8th day under ether
anesthesia by cervical decapitation. Dissected kidneys
were rinsed with phosphate-buffered saline (pH 7.4).
Homogenized in 5 ml buffer containing 100 mM potas-
sium phosphate (pH 7.0) and 2 mM ethylene diamine
tetraacetic acid (EDTA) per gram of tissue, centrifuged
at 10,000 rpm for 15 min at 4°C, and the supernatant re-
moved for assay. Kidney tissue homogenate was proc-
essed for estimation of oxalate, protein, and LDH
content. Proteins give an intensive violet-blue complex
with copper salts in an alkaline medium when iodide is
included as an antioxidant. Protein was estimated as the
intensity of the color formed, which is proportional to
the total protein concentration in the sample detected
spectrophotometrically at 540 nm [15]. Oxalate was
transformed into hydrogen peroxide by oxalate oxidase,
which on reacting to the Trinder system, produces a
blue-colored compound detected at 590 nm [16]. LDH
activity was determined spectrophotometrically at 565
nm with lactate as substrate based on the method
Wacker et al. with few modifications [17, 18].

Histopathology of the kidney
A part of the kidneys was fixed rapidly with 10% forma-
lin. Following dehydration in an ascending series of etha-
nol (70, 80, 96, 100%), kidney samples were cleared in
xylene and embedded in paraffin. Kidney tissue sections
of 5 μm were stained with hematoxylin-eosin and ob-
served for histopathological changes. A minimum of 10
fields was examined for each kidney slide for necrosis
and the presence of CaOx crystals and photographed
using an optical microscope at ×10 magnification [19].

Statistical analysis
The results were presented in terms of mean ± SEM. Ex-
perimental data were analyzed using one-way ANOVA
followed by Turkey-Kramer multiple comparisons using

the InStat-3 graph pad prism version. Differences be-
tween the values of the groups compared were consid-
ered significant at P < 0.05.

Result
Effect on urine parameters
Sodium glyoxylate treatment for 7 days promotes hyper-
oxaluria and CaOx deposition in the kidneys. Induction
of nephrolithiasis following sodium glyoxylate treatment
is confirmed by significant (p < 0.01–0.001) reduction in
the urine biochemical parameters like magnesium and
creatinine and urine volume elevation of oxalate, citrate,
calcium, and phosphate. C. dactylon ethyl acetate frac-
tion treated animals at 300 and 500 mg/kg doses showed
significant (P < 0.05–0.01) increase in urine volume and
decrease in oxalate, citrate, phosphates, and calcium. C.
dactylon significantly (P < 0.05–0.01) increases urinary
excretion of creatinine and magnesium at 500 mg/kg
dose. The 50 and 100 mg/kg doses of E. officinalis ethyl
acetate fraction showed a significant (P < 0.05–0.01) in-
crease in urinary magnesium and creatinine and a de-
crease in oxalate, citrate, calcium, and phosphates level.
Ethyl acetate fraction of K. pinnata has significantly

(P < 0.05–0.01) increased urine volume in treated ani-
mals at 50 and 100 mg/kg dose. Significant (P <
0.01–0.001) decrease in oxalate, citrate, phosphates,
and calcium level and increase in magnesium, creatin-
ine excretion was observed at both 50 and 100 mg/kg
doses. B. nutans ethyl acetate fraction treated animals
showed significant (P < 0.05) increase in urine volume
only at 100 mg/kg dose. B. nutans at 50 and 100 mg/
kg doses showed significant (P < 0.05–0.01) increase
in urinary excretion of magnesium and creatinine and
decrease in oxalate, citrate, calcium, and phosphates
level (Table 1).

Effect on kidney tissue
Glyoxylate-induced nephrolithiasis group showed a sig-
nificant (P < 0.001) increase in LDH and oxalate level,
whereas protein content was decreased in kidney hom-
ogenate. C. dactylon 500 mg/kg treated group showed a
significant (P < 0.05–0.001) decrease in LDH and oxalate
level along with an increase in protein level. E. Officina-
lis ethyl acetate fraction at 50 and 100 mg/kg treated
doses showed significant (P < 0.05–0.001) decrease in
LDH and oxalate level along with an increase in the pro-
tein level of kidney tissue homogenate. The effect of K.
pinnata ethyl acetate fraction was highly significant (P <
0.01–0.001) in decreasing LDH and oxalate level along
with an increase in protein level in kidney tissue hom-
ogenate at 50 and 100 mg/kg treated doses. Ethyl acetate
fraction of B. nutans 50 and 100 mg/kg treated groups
showed a significant (P < 0.05–0.001) decrease in LDH
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and oxalate along with an increase in protein level in
kidney tissue homogenate (Fig. 1).

Histopathology of the kidney
The photomicrograph of vehicle-treated animals showed
normal kidney architecture. Kidney tissue section of ani-
mals treated with glyoxylate for 7 days showed deposition
of microcrystals in tubules along with dilation, damage,
and degeneration of epithelial cell lining by infiltration of
inflammatory cells. Cystone 750 mg/kg treatment showed
dilation of the epithelial cell with significant reversal of
damage, degeneration, and crystal deposition. C. dactylon
ethyl acetate fraction-treated groups at 300 and 500 mg/
kg showed moderate reversal of these symptoms and less
deposition of microcrystal in tubules. E. officinalis ethyl
acetate fraction at 100 mg/kg dose showed a pronounced
reversal of glyoxylate induced tubules epithelial cell lining
dilation, damage, and degeneration with very less inflam-
matory cell infiltration. K. pinnata ethyl acetate fraction
treated groups at 100 mg/kg showed a prompt decrease in
tubular dilation and damage of epithelial cell in kidney tis-
sue, but the effect on the infiltration of inflammatory cells
and crystal deposition was moderate. B. nutans ethyl acet-
ate fraction treated groups at 100 mg/kg dose showed
moderate reversal of the pathological symptoms of glyoxy-
late induced cell damage and deposition of microcrystal in
tubules with the presence of cellular degeneration (Fig. 2).

Effect on different urine parameter ratios
Ratios of different urine parameters were determined as
an index of nephrolithiasis damage induced by glyoxylate
treatment. These values comparatively showed the pro-
tective response of C. dactylon, E. officinalis, K. pinnata,
and B. nutans ethyl acetate fractions. Vehicle control
group showed calcium/oxalate, calcium/creatinine, phos-
phate/creatinine, and magnesium/creatinine ratio as
1.13, 0.14, 0.33, and 0.31, respectively, which are in the
normal range. Glyoxylate treatment-induced nephro-
lithiasis disrupted these values with a decrease in
calcium/oxalate and magnesium/creatinine ratio and an
increase in calcium/creatinine and phosphate/creatinine
ratio. C. dactylon has efficiently normalized calcium/ox-
alate, calcium/creatinine, and phosphate/creatinine ratio
but not magnesium/creatinine ratio. E. officinalis has
effectively normalized all four types of urine parameter
ratios. K. pinnata and B. nutans have also normalized all
four ratios but negligible effect on magnesium/creatinine
ratio (Table 2).

Discussion
Several studies have highlighted the potential efficacy of
complementary and alternative medicine for the preven-
tion of chemical-related renal injury related to CaOx
crystal deposition induced kidney damage. Mice are fre-
quently used in all kinds of medical experiments. Mice
were considered unsuitable as experimental urolithiasis

Table 1 Urine biochemical parameter of glyoxalate induced nephrolithiatic mice treated with ethyl acetate fraction of C. dactylon, E.
officinalis, K. pinnata, and B. nutans

Treatment group
(mg/kg)

Urine volume
(mL/kg)

Oxalate
mmol/L

Citrate
mmol/L

Calcium
mg/dl

Phosphates
mmol/L

Magnesium
mmol/L

Creatinine
(mg/dl)

Vehicle control 14.79 ± 1.31 0.37 ± 0.04 1.92 ± 0.21 7.60 ± 0.82 0.96 ± 0.36 0.89 ± 0.014 51.65 ± 1.21

Negative control 9.31 ± 0.81** 0.95 ± 0.04*** 3.38 ± 0.33*** 12.59 ± 1.24*** 2.52 ± 0.45*** 0.27 ± 0.023*** 32.48 ± 1.22**

Cystone (750) 12.81 ± 1.22ns, a 0.41 ± 0.08ns, c 1.88 ± 0.23ns, c 6.34 ± 0.91ns, c 1.06 ± 0.07ns, c 0.80 ± 0.026ns, c 66.72 ± 2.25**, b

EACD (100) 10.80 ± 1.25*, ns 0.70 ± 0.03**, a 3.06 ± 0.24***, ns 10.19 ± 1.37*, a 2.10 ± 0.35**, ns 0.25 ± 0.024***, ns 41.42 ± 2.24*, ns

EACD (300) 11.12 ± 1.27ns, a 0.59 ± 0.06**, b 2.79 ± 0.21**, a 10.63 ± 0.75*, a 1.96 ± 0.29**, a 0.36 ± 0.017**, ns 46.72 ± 2.27ns, a

EACD (500) 11.80 ± 1.18ns, a 0.56 ± 0.07*, b 2.14 ± 0.25ns, b 9.59 ± 0.89*, b 1.35 ± 0.28*, b 0.42 ± 0.016**, a 52.36 ± 2.34ns, b

EAEO (25) 9.93 ± 1.08**, ns 0.88 ± 0.09**, ns 2.78 ± 0.24**, ns 10.89 ± 1.18*, a 1.90 ± 0.31**, a 0.39 ± 0.006**, ns 37.39 ± 1.19ns, ns

EAEO (50) 10.81 ± 1.27*, ns 0.60 ± 0.02*, b 2.46 ± 0.26*, a 8.67 ± 0.72ns, b 1.74 ± 0.29**, a 0.55 ± 0.025*, b 42.13 ± 2.28*, a

EAEO (100) 11.77 ± 1.30ns, a 0.54 ± 0.04*, b 2.08 ± 0.28ns, b 7.56 ± 0.66ns, b 1.28 ± 0.30ns, b 0.63 ± 0.028ns, b 47.27 ± 2.25ns, b

EAKP (25) 10.89 ± 0.92*, ns 0.83 ± 0.07**, ns 2.77 ± 0.21**, a 10.86 ± 1.79**, a 1.75 ± 0.44**, a 0.45 ± 0.021**, a 41.69 ± 1.16*, a

EAKP (50) 12.82 ± 1.31ns, a 0.64 ± 0.04**, b 2.08 ± 0.19*, c 8.78 ± 0.82ns, b 1.48 ± 0.33*, b 0.56 ± 0.019*, b 55.04 ± 1.22ns, c

EAKP (100) 13.55 ± 1.25ns, b 0.53 ± 0.06*, b 1.81 ± 0.22ns, c 7.23 ± 0.71ns, c 1.25 ± 0.30ns, b 0.68 ± 0.022ns, b 61.26 ± 2.20ns, c

EABN (25) 9.82 ± 0.86**, ns 0.85 ± 0.08**, ns 2.78 ± 0.24*, a 11.65 ± 1.28**, ns 1.95 ± 0.29**, a 0.49 ± 0.026*, ns 44.49 ± 1.28*, ns

EABN (50) 10.84 ± 1.38*, ns 0.76 ± 0.03n*, a 2.29 ± 0.21*, b 10.57 ± 0.71*, a 1.61 ± 0.31*, a 0.54 ± 0.018*, a 51.56 ± 1.24ns, b

EABN (100) 11.29 ± 1.37ns, a 0.60 ± 0.04ns, b 2.08 ± 0.20ns, b 9.28 ± 0.84ns, b 1.32 ± 0.30ns, b 0.62 ± 0.020ns, b 62.50 ± 2.21ns, b

All the values are mean ± SEM of five animals per group
EACD ethyl acetate fraction of C. dactylon, EAEO ethyl acetate fraction of E. Officinalis, EAKP ethyl acetate fraction of K. pinnata, EABN ethyl acetate fraction of
B. nutans
***P< 0.001, **P< 0.01,*P < 0.05, and ns not significant compared to vehicle control values. cP< 0.001, bP< 0.01, aP< 0.05, and ns not significant compared to
negative control values
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model because hyperoxaluric stress does not seem to in-
duce kidney stones in mice as it commonly does on rats.
CaOx crystal deposition and renal oxidative stress induc-
tion were done in mice by intra-abdominal injection of
glyoxylate (100 mg/kg/d) for 5 days [20]. This model has
successfully replicated nephrolithiasis by the deposition
of calcium oxalate crystal in mouse kidneys. Khan and
Glenton have successfully induced hyperoxaluria by diet-
ary administration of ethylene glycol combined with
glyoxylate or hydroxyl proline in normocalciuric and hy-
percalciuric mice for 4 weeks. All mice developed cal-
cium oxalate nephrolithiasis with kidney epithelial injury
following treatment with glyoxylate. Results confirm that
to create calcium oxalate nephrolithiasis in mice, hyper-
oxaluria along with hypercalciuria is required. Male
mice, particularly on glyoxylate, had more renal injury
and inflammatory cell migration into the interstitium
around the crystal deposits [21]. Glyoxylate is metabo-
lized to glycine by alanine glyoxylate aminotransferase
(AGT) or to glycolate by glycolate reductase. Glycolate
is further oxidized to oxalate by LDH [22]. In the case of
deficiency of AGT and/or glycolate reductase, these two
enzymes increased glyoxylate is finally oxidized to oxal-
ate, which is responsible for massive hyperoxaluria
leading to nephrocalcinosis [23]. These glyoxylate me-
tabolites seem to modify normal tubular epithelium into
a crystal-binding epithelium [24]. Conversion of glyoxy-
late to glycine is vitamin B6 dependent; thus, dietary
vitamin B6 deficiency can also induce hyperoxaluria and
hypocitraturia [25].
The kidney damage induced by glyoxylate was im-

pressively alleviated after treatment with ethyl acetate

fraction of C. dactylon, E. officinalis, K. pinnata, and
B. nutans and cystone as positive control based on
the results shown by mice urine biochemical param-
eter analysis, antioxidant enzyme LDH level in the
kidney and histopathology. Ethyl acetate fraction of K.
pinnata and B. nutans showed a highly significant
antilithiatic effect by increasing urine volume and
normalizing disrupted urine parameters, increased
LDH, and kidney tissue oxalate content. Different
urine parameter ratios were determined as an index
of nephrolithiatic damage induced by glyoxylate
treatment and to compare the protective response
showed by the ethyl acetate fractions of C. dactylon,
E. officinalis, K. pinnata, and B. nutans. Glyoxylate
treatment-induced nephrolithiasis has disrupted these
values with a decrease in calcium/oxalate and magne-
sium/creatinine ratio and an increase in calcium/cre-
atinine and phosphate/creatinine ratios. E. officinalis
ethyl acetate fraction has effectively normalized all
four types of urine parameter ratios. Ethyl acetate
fraction of K. pinnata and B. nutans has also normal-
ized all four ratios but with nominal effect on magne-
sium/creatinine ratio, whereas ethyl acetate fractions
of C. dactylon has efficiently normalized calcium/oxal-
ate, calcium/creatinine, and phosphate/creatinine ratio
but not magnesium/creatinine ratio. Consistent with
the previous study reports, the glyoxylate-treated mice
kidney showed widespread tubular injury. K. pinnata
treated groups showed a prompt decrease in tubular
dilation and damage of the epithelial cell, whereas B.
nutans showed moderate reversal of the pathological
symptoms of glyoxylate induced cell damage.

Fig. 1 Kidney tissue parameters of glyoxalate induced nephrolithiatic mice treated with ethyl acetate fraction of C. dactylon, E. officinalis, K. pinnata,
and B. nutans. EACD ethyl acetate fraction of C. dactylon, EAEO ethyl acetate fraction of E. Officinalis, EAKP ethyl acetate fraction of K. pinnata, EABN
ethyl acetate fraction of B. nutans
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Fig. 2 (See legend on next page.)
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Recent studies have highlighted the therapeutic efficacy
of E. officinalis, B. nutans, C. dactylon, and K. pinnata in
CaOx crystal dissolution and growth inhibition. Phyto-
chemical analysis revealed the highest flavonoid and poly-
phenol content in K. pinnata and lowest flavonoid
content in B. nutans, though it has good polyphenol con-
tent. The study showed excellent CaOx crystal growth in-
hibition potential of B. nutans shoot followed by E.
officinalis fruit and K. pinnata leaf. Kidney tubular cell in-
jury related to CaOx crystal formation is linked to crystal
aggregation and crystal-cell interactions. The reactive oxy-
gen species lead to oxidative damage in tubular cells and
further promote CaOx crystal formation [26]. Glyoxylate-
treated mouse kidneys showed decreased superoxide dis-
mutase and increased malondialdehyde. Many studies
demonstrated that the accumulation of reactive oxygen
species is intimately associated with renal tubular cell in-
jury and the process of calcium crystallization [27]. Mito-
chondria are major sources of intracellular reactive
oxygen species because they are sites of aerobic metabol-
ism. Niimi et al. reported that reactive oxygen species gen-
eration is induced via the mitochondrial collapse in renal
tubular cells exposed to calcium oxalate monohydrate
crystals [28]. The internal structure of mitochondria in
renal tubular cells underwent destruction and vacuoliza-
tion, with decreased microvilli density in glyoxylate-
treated mouse kidneys crystal-forming area. CaOx crystal
formation overlays with glyoxylate administration induced
cell injury and morphological changes in the renal tubular
epithelial cells of mice [29]. It seems coadministration of

antioxidant rich fractions of K. pinnata, B. nutans, and E.
officinalis can regulate crystallization modulators’ expres-
sion, suppress inflammation, and upregulate the anti-
inflammatory factor involved in CaOx crystal deposition.
The resistance mice show against kidney stone induc-

tion suggested that mice have a greater intrinsic ability to
prevent stone formation following hyperoxaluric stress
than rats. The differing response between mice and rats
towards hyperoxaluric stress can be correlated to the fun-
damental molecular mechanism of kidney stone formation
[6]. Crystal formation in mice could not be induced either
by ethylene glycol or glycolate individual administration.
The conversion of renal tubule retentive crystals into con-
crete stones is an important step in kidney stone forma-
tion containing osteopontin as a major component of the
stone matrix. Mice showed a dramatic increase in osteo-
pontin expression, a major stone-related protein, following
glyoxylate administration. Osteopontin plays a crucial role
in the morphological conversion of calcium oxalate crys-
tals to stones in mouse kidneys [30]. In concert with all
four plants previously reported beneficial role against
ethylene glycol induced nephrolithiasis, these plants had
also significantly protected mice from glyoxylate induced
nephrolithiasis. Ethyl acetate fraction of K. pinnata and E.
officinalis was most effective against ethylene glycol in-
duced nephrolithiasis on rats, whereas K. pinnata and B.
nutans were highly effective on mice glyoxylate nephro-
lithiasis. Among the four plants, K. pinnata ethyl acetate
fraction had the highest content of total flavonoid and
polyphenol, whereas B. nutans had the lowest flavonoid

(See figure on previous page.)
Fig. 2 Kidney histopathology of glyoxylate-induced nephrolithiatic mice treated with ethyl acetate fraction of C. dactylon, E. officinalis, K. pinnata, and
B. nutans. a Drinking water ad libitum (vehicle control). b Sodium glyoxylate 100 mg/kg, i.p. (negative control). c Cystone 750 mg/kg (positive control).
d C. dactylon ethyl acetate fraction 100 mg/kg. e C. dactylon ethyl acetate fraction 300 mg/kg. f C. dactylon ethyl acetate fraction 500 mg/kg. g E.
officinalis ethyl acetate fraction 25 mg/kg. h E. officinalis ethyl acetate fraction 50 mg/kg. i E. officinalis ethyl acetate fraction 100 mg/kg. j K. pinnata
ethyl acetate fraction 25 mg/kg. k K. pinnata ethyl acetate fraction 50 mg/kg. l K. pinnata ethyl acetate fraction 100 mg/kg. m B. nutans ethyl acetate
fraction 25 mg/kg. n B. nutans ethyl acetate fraction 50 mg/kg. o B. nutans ethyl acetate fraction 100 mg/kg

Table 2 Effect of ethyl acetate fraction of C. dactylon, E. officinalis, K. pinnata, and B. nutans on different urine parameter ratios of
glyoxalate induced nephrolithiatic mice

Dose (mg/kg) Ethyl acetate fraction of C.
dactylon

Ethyl acetate fraction of E.
officinalis

Ethyl acetate fraction of K.
pinnata

Ethyl acetate fraction of B.
nutans

Ca/
Ox

Ca/
Cr

PO4/
Cr

Mg/
Cr

Ca/
Ox

Ca/
Cr

PO4/
Cr

Mg/
Cr

Ca/
Ox

Ca/
Cr

PO4/
Cr

Mg/
Cr

Ca/
Ox

Ca/
Cr

PO4/
Cr

Mg/
Cr

Vehicle control 1.13 0.14 0.33 0.31 1.13 0.14 0.33 0.31 1.13 0.14 0.33 0.31 1.13 0.14 0.33 0.31

Negative
control

0.07 0.38 1.39 0.14 0.07 0.38 1.39 0.14 0.07 0.38 1.39 0.14 0.07 0.38 1.39 0.14

Cystone (750) 1.03 0.09 0.28 0.21 1.03 0.09 0.28 0.21 1.03 0.09 0.28 0.21 1.03 0.09 0.28 0.21

Low dose 0.80 0.24 0.91 0.10 0.68 0.29 0.91 0.26 0.72 0.26 0.75 0.19 0.76 0.26 0.78 0.19

Median dose 1.00 0.22 0.75 0.13 0.80 0.20 0.74 0.23 0.76 0.19 0.48 0.18 0.77 0.20 0.56 0.18

High dose 0.95 0.18 0.46 0.14 0.77 0.16 0.48 0.24 0.75 0.11 0.36 0.20 0.85 0.14 0.38 0.17

All the ratios were calculated converting the individual values in mg/dl unit
Ca/Ox calcium/oxalate, Ca/Cr calcium/creatinine, PO4/Cr phosphate/creatinine, and Mg/Cr magnesium/creatinine ratio
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content through its polyphenol content was rich with ex-
cellent in vitro CaOx crystal growth inhibition potential
[4]. B. nutans is reported to contain a rich presence of
phenolic acids, such as ferulic acid and p-coumaric acid
[31]. Bogucka-Kocka et al. reported a rich quantity of feru-
lic and caffeic acid in K. pinnata leaf [32]. The results sig-
nify that K. pinnata and B. nutans may have a modulating
effect on the downregulation of osteopontin protein ex-
pression in mouse kidneys.
Peng et al. identified fifteen urinary metabolites as po-

tential biomarkers related to amino acid metabolism, en-
ergy metabolism, and fatty acid metabolism after
glyoxylate treatment on mice. Peng et al. reported a de-
crease in propionyl carnitine level accompanied by in-
creased levels of sebacic acid and 3-hydroxysebacic acid,
implying a decline in fatty acid transport and fatty acid β-
oxidation in case of renal CaOx deposition [6]. Sebacic
acid and 3-hydroxysebacic acid are medium-chain dicar-
boxylic acids derived from the ω-oxidation of fatty acids
[33]. Propionylcarnitine is a short-chain acyl derivative of
l-carnitine. Carnitine is an essential factor in regulating
substrate flux and energy balance across cell membranes,
possibly preventing cell injury [34]. Deoxyribonucleic acid
(DNA) damage is the key feature of oxidative stress, and
folic acid metabolism, purine metabolism, and pyrimidine
metabolism were related to DNA injury and repair. Glyox-
ylate treatment decreases p-aminobenzoic acid, 1,3-
dimethyluracil, 7-methylguanine, and deoxyuridine mono-
phosphate [6]. Glyoxylate also disrupts tryptophan metab-
olism in kidney diseasing production of protective
xanthurenic acid. Xanthurenic acid is a scavenger of per-
oxyl radicals in vitro and is a powerful antioxidant inhibit-
ing lipid peroxidation [35]. This implies that the ethyl
acetate fraction of K. pinnata and B. nutans can attenuate
mitochondrial and DNA injury related to glyoxylate
metabolism.

Conclusion
This study substantiates the antilithiatic effect of flavon-
oid and a polyphenol-rich fraction of K. pinnata and B.
nutans against glyoxylate induced metabolic implications
and CaOx crystal growth. Although the complex mech-
anism of glyoxylate-induced CaOx crystal deposition is
not clearly elucidated, the present study provides two
potential plants K. pinnata and B. nutans, with beneficial
effects against nephrolithiasis on mice. The effect of K.
pinnata and B. nutans can further be explored on down-
regulation of osteopontin, mitochondrial, and DNA
damage related to glyoxalate induced nephrolithiasis in
mice to elucidate the detailed mode of action.
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