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ABSTRACT

The present study was aimed at studying the effect of Tribulus terrestris on different parameters of oxidative stress and gene
expression profiles of antioxidant enzymes in renal tissues of male wistar rats after induction of hyperoxaluria. The animals were
divided into three groups. The animals in group | (control) were administered vehicle only. In group Il, the animals were treated
with ethylene glycol (hyperoxaluric agent) and those in group Ill were administered T. terrestris plant extract in addition to ethylene
glycol. All treatments were continued for a period of seven weeks. Ethylene glycol feeding resulted in hyperoxaluria as well as
increased excretion of calcium and phosphate. Serum creatinine, uric acid and blood urea nitrogen levels were also altered in
hyperoxaluric animals. Various oxidative stress parameters viz. lipid peroxidation and activity of antioxidant enzymes were used
to confirm the peroxidant state. Reverse transcription-polymerase chain reaction (RT-PCR) analysis was used to confirm whether
steady-state transcription level of different antioxidant enzymes was altered. T. terrestris significantly reduced the excretion of
oxalate, calcium, and phosphate along with decreased levels of blood urea nitrogen, uric acid and creatinine in serum. T. terrestris
also reduced hyperoxaluria- caused oxidative stress, and restored antioxidant enzyme activity and their expression profile in
kidney tissue. Histological analysis depicted that T. terrestris treatment decreased renal epithelial damage, inflammation, and
restored normal glomerular morphology.
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Introduction urinary stones. Urinary oxalate is directly related to diet,
but the majority of oxalate is produced via metabolism
Stone formation in the kidney is one of the oldest and the  of glyoxylic acid.” This occurs due to deficiency of
most widespread diseases known to man. It isa common  liver-specific peroxisomal enzyme alanine/glyoxylate
chronic disorder affecting 10-15% population worldwide.  aminotransferase.’®
Chemically, stones contain calcium, magnesium
ammonium phosphate, uric acid, and cysteine. Among  Studies have shown that renal cellular exposure to oxalate
these, calcium-containing stones constitute about 75% of  and/or calcium oxalate crystals leads to formation of
all urinary calculi and can exist as either calcium oxalate  ;agctive oxygen species and also development of oxidative
or calcium phosphate (Apatite), as well as a mixture of g0 followed by injury and inflammation.™ Moreover,
both."! Hyperoxaluria is one of the causes of oxalate appears to play a significant role in stone formation.
Stones in the urinary tract can be detected by X-ray,
Address for correspondence: intravenous pyelography, ultrasound, and computed
Dr. S. K. Singla, Department of Biochemistry, Panjab University, tomography (CT) scan. In addition to open surgery, non-
Chandigarh - 160 014, India. E-mail: pubiochem14@gmail.com invasive techniques, extracorporeal shock wave lithotripsy
(ESWL), and percutaneous nephrolithotomy are used
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for the management of stones in the upper urinary tract.
Quick Response Code: . .
Website: All these techniques cause undesirable effects such
www.indianjnephrol.org as hemorrhage, hypertension, tubular necrosis, and
subsequent fibrosis of the kidney leading to cell injury
DOI: and recurrence of renal stone formation.”® Since these
10.4103/0971-4065.83727 techniques only remove the stones but not their cause,
there is a need for alternative management of urolithiasis.
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Animal model studies show that treatments with
antioxidants and free radical scavengers reduce oxalate
or calcium oxalate-induced injury.™ Tribulus terrestris is
a natural herb, also known as Puncture vine or Gokhru,
used for treating several diseases and found in many
tropical and moderate areas of the world, including the US
and Mexico, Mediterranean region, and throughout Asia.
T terrestris is aphrodisiac, antihypertensive, diuretic, and
antiurolithiatic in nature.!®® In India, many Ayurvedic
practitioners use aqueous extract of this plant in the
treatment of kidney stones. From previous studies, it
was found that aqueous extract of T. terrestris produced
inhibitory effect toward calcium oxalate crystallization.™
Therefore, the present study was undertaken to observe
the effect of aqueous extract of T. terrestris on oxidative
stress in the kidney of rats, which was induced by ethylene
glycol with an aim to establish the mode of its action.

Materials and Methods

Tribulus terrestris was purchased from the local market
and authenticated with the specimens maintained at
University Institute of Pharmaceutical Sciences (UIPS),
Panjab University, Chandigarh. Fruits of the plant were
used in the present study. All reagents used were of
analytical grade of Merck (Germany) and SRL Chemicals
(India). A reverse transcription-polymerase chain reaction
(RT-PCR) kit was purchased from Invitrogen, USA.

The fruit of the plant was weighed and soaked in double
distilled water (5% w/v) overnight at 4°C. The extract
was filtered through muslin cloth and subjected to
centrifugation at 3,000 rpm for 10 minutes at 4°C in cold
centrifuge .The supernatant thus obtained was referred
to as aqueous extract. Male Wistar rats were divided into
groups I, II, and III, containing 10 animals each. Ethylene
glycol was used to induce hyperoxaluria in rats"® Group
I served as control and received regular rat feed and
drinking water ad libitum. Group II was administered
hyperoxaluric agent — 0.6% ethylene glycol (EG) for 7
weeks in drinking water. Group III was given 5% aqueous
extract of T. terrestris in addition to ethylene glycol.
The animals were acclimatized to standard laboratory
conditions and the animal care and experimental
protocols were in accordance with Institutional Animal
Ethics Committee (IAEC), Panjab University, Chandigarh.

All animals were kept in individual metabolic cages
and 24-h urine samples were collected one day before
sacrificing the animals. Urinary calcium,! phosphate, %
and oxalate!® levels were estimated. Blood was collected
from orbital sinus under anesthetic conditions and
animals were sacrificed by cervical decapitation. Serum

was separated by centrifugation at 3,000x g for 15
minutes and analyzed for creatinine,* urea nitrogen, "
and uric acid.n®!

A 10% kidney homogenate was prepared in 0.1M
Tris buffer (pH 7.4) and it was used for assaying lipid
peroxidation"”! and antioxidant enzymes viz glutathione
S-transferase (GST)!'®! and superoxide dismutase
(SOD).1!

For gene expression studies, total RNA was isolated from
rat kidney using Trizol reagent (Gibco BRL, UK). Single-
stranded complementary DNA (cDNA) was synthesized
from 1 ug mRNA using oligo(dT)12-18 as primers and
Avian Myeloblastosis Virus (AMV) reverse transcriptase.
The amplification of different antioxidant enzymes was
carried out by using specific primers, viz GST (forward
primer 5’-CTG CAG CTG GAG TAG AGT TT-3’; reverse
primer 5-TTG TAT TTG GTG GCA ATG TA-3’, 169 bp)
and SOD (forward primer 5-GCA GAA GGC AAG CGG
TGA AC-3’; reverse primer 5-TAG CAG GAC AGC AGA
TGA GT-3’, 446 bp).2>24 Glyceraldehyde-3- phosphate
dehydrogenase (GAPDH) was chosen as house-keeping
gene (forward primer 5-GAA CGG GAA GCT CAC TGG
CAT-3’; reverse primer 5-GTC CAC CAC CCT GTT GCT
GTA-3’, 197 bp). Fifty microliter of PCR reaction mixture
consisted of 25 ul of 2X reaction mix provided with the
superscript III first-strand synthesis system (Invitrogen),
1 ug cDNA, 1 ul each of 10-uM forward and reverse
primers, 1 ul of Taq mix enzyme, and RNAse-free water.
The RT-PCR conditions were as follows: (1) reverse
transcription, 30 min, 55°C; (2) initial activation step,
2 minutes at 94°C; (3) three-step cycling (34 cycles
for GAPDH, 30 cycles for SOD and GST), each cycle
consisting of denaturation for 45 sec at 94°C followed
by annealing for 45 sec at 64°C for GAPDH, 55.5°C for
SOD, 50°C for GST, and extension for 1 min at 68°C. The
resulting PCR products were resolved on 1% agarose
gels. The bands were identified based on the product size
using 100-bp ladder. The PCR products were quantitated
with densitometry scanning using Scion Image Software
(Scion Incorporation, USA). The values were expressed
as percentages with respect to control.

For histopathological studies, the kidneys were removed
and sections were fixed in 10% buffered formalin solution
(pH 7). The tissues were dehydrated and embedded with
paraffin wax (68°C). The paraffin sections were then cut
and finally stained with Delafield’s Hematoxylin and Eosin
(H and E) staining.

All data were expressed as mean+SD (n=10). Statistical
analysis was performed by using one-way analysis
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of variance (ANOVA) followed by post hoc test for
ascertaining significant difference. Statistical significance
of the results was calculated at P<0.05.

Results

To assess the induction of hyperoxaluria, urinary excretion
of oxalate was determined. Following the administration of
ethylene glycol, excretion of oxalate, calcium and phosphate
in urine increased significantly in group II as compared to
control [Table 1]. However, T terrestris treatment (group
Il significantly decreased the urinary oxalate, calcium,
and phosphate excretion as compared to that in group II.

A significant increase in creatinine, blood urea nitrogen,
and uric acid levels in the serum was also observed
in group II animals as compared to control [Table 2].
However, administration of T terrestris significantly
lowered the levels of creatinine, blood urea nitrogen,
and uric acid in group III animals. It is evident from
Table 3 that lipid peroxidation was increased significantly
in hyperoxaluric animals (group II). Lipid peroxidation
as measured by thiobarbituric acid reactive substances
(TBARS) such as malondialdehyde was found to
increase by 59.42%. However, a significant decrease was
observed in the malondialdehyde value after treatment
with aqueous extract of T. terrestris, as compared to
hyperoxaluria-induced animals. Figure 1 shows the gene
expression of SOD and GST measured by RT-PCR using
gene-specific primers. Ethylene glycol exposure decreased
the gene expression of both SOD and GST as assessed by
RT-PCR analysis [Figures 2a and 3a]. However, T terrestris
administration reversed the changes in gene expression
of both SOD and GST. As far as results of enzyme activity
are concerned, the activity of both SOD and GST enzymes
was significantly parallel to gene expression pattern
[Figures 2b and 3b].

Renal histology of urolithiatic animals [Figure 4b (i and
ii)] also showed distorted morphology in contrast to that
in the control group [Figure 4a]. The renal tubules lost
their intact structure and shrunken lumen was observed.
In addition to this morphological alteration, the histology
of animals in this group has marked inflammation and
hemolysis, as shown by arrows. The cells were distorted
and signs of edema could be observed at several instances
in their histology. However, the animals in group III
showed restored morphology as compared to those in
group II [Figure 4c]. The signs of inflammation were
reduced and no hemolysis and edema were observed. The
animals in this group showed normal size of glomerulus
although loss of intact renal tubules was still prevalent.

Discussion

Hyperoxaluria, defined as excessive urinary oxalate, is
a common abnormality found in patients with calcium
oxalate stones. In the present study, ethylene glycol
(EG) was used for producing hyperoxaluria in male
Wistar rats. The principal target organ following oral
exposure to EG is the kidney;* moreover, evidences
from previous studies indicated that administration of
EG caused renal stone formation by increasing
hyperoxaluria.l* Increased urinary calcium is a factor
favoring the nucleation and precipitation of calcium
oxalate or calcium phosphate from urine,™® and
subsequent crystal growth results in stone formation.
Increased urinary phosphate excretion along with
oxalate stress seems to provide an environment
appropriate for stone formation by forming calcium
phosphate crystals, which epitaxially induces calcium
oxalate deposition.'?”? But treatment with aqueous extract
of T terrestris restored the phosphate level, thus reducing
the risk of stone formation. Urolithiasis also decreases
the glomerular filtration rate due to obstruction in

Table 1: Alteration in the 24 h urinary excretion of oxalate, calcium, phosphate of ethylene glycol exposed (group ),
Tribulus terrestris-treated hyperoxaluric rats (group lll) (n=10)

Group | Group Il Group il
Oxalate (mg/dl) 0.51+0.03 1.78+0.56™* (+249%) 1.11£0.05** (+117%)
Calcium (mg/dl) 1.21+0.09 3.22+0.61** (+166%) 2.47+0.56* (+104%)
Phosphate (mg/dl) 3.45+0.18 5.23+0.36** (+51.59%) 4.45+0.33*** (+28.98%)

All values are mean+SD of 10 replicates. Values in brackets are % increase in (+) or % decrease (-) as compared to control group; **P<0.001; *P<.05 indicates
significant change in comparison with the control group; #P<.001; #P<.05 indicates significant change between groups Il and group Il

Table 2: Alteration in creatinine, blood urea nitrogen and uric acid levels in seum of ethylene glycol exposed
(group ll) and Tribulus terrestris treated hyperoxaluric rats (group lll) (n=10)

Group | Group I Group Il
Creatinine (mg/dl) 0.68+0.02 1.28+0.010** (+88%) 1.00+ 0.08**# (+47%)
BUN (mg/dl) 33.22+.477 64.71+0.34** (+94.5%) 44.07+ 1.44**# (+32.60%)
Uric acid (mg/dl) 1.49+.0.08 4.71+0.25™ (+216%) 3.06+0.23"*# (+105%)

All values are mean+SD of 10 replicates. Values in brackets are % increase in (+) or % decrease (-) as compared to control group; **P<0.001; *P<.05 indicates
significant change in comparison with the control group; *#P<.001; #P<.05 indicates significant change between groups Il and group IlI
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Table 3: Alterations in lipid peroxidation status in

the kidney of ethylene glycol exposed (group II) and
Tribulus terrestris treated hyperoxaluric rat (group Ill) n
mol MDA/mg protein (n=10)

Group | 10.85+0.61
Group I 17.31+2.56* (+59.42%)
Group Il 12.15+1.52** (+11.19%)

All values are mean+SD of 10 replicates. Values in brackets indicate increase
in (+) or decrease (-) compared to control group; *P<0.001 in comparison with
the control group; #P<.001 between groups Il and group IlI

L c Gpll Gplll
_ -
E o

Figure 1: Agarose gel electrophoresis of RT-PCR products from total
RNA isolated from different groups using Trizol. L- ladder, C- control, GP
Il- group I, GP llI- group Il
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Figure 3: (a) Densitometric scanning of GST following RT-PCR programme
using Scion Image Software in different groups. Values in bracket are %
increase (+) or decrease (-) with control group. Data are meanSD of ratios
of intensity of each gene divided by that of GAPDH gene (n=10). (b) Activity
of GST in different group of animals. Values in bracket are % increase (+)
or decrease (-) compared to control group. **P<0.001, *P=0.001 indicate
significant change in comparison with control group. #P<0.001, #P<0.05
indicate significant change between groups Il and Il

outflow of urine by stones in the urinary system. Due to
this, waste products, particularly nitrogenous substances
such as urea, creatinine, and uric acid are accumulated in
the blood.® Uric acid is also known to promote calcium
oxalate crystal growth because of a predominance of
uric acid crystals in calcium oxalate stones.? However,
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Figure 2: (a) Densitometric scanning of SOD following RT-PCR programme
using Scion Image Software in different groups. Values in bracket are %
increase (+) or decrease (-) with control group. Data are meantSD of ratios
of intensity of each gene divided by that of GAPDH gene (n=10). (b) Activity
of SOD in different groups of animals. Values in bracket are % increase (+)
or decrease (-) compared to the control group. **P<0.001, *P=0.001 indicate
significant change in comparison with control group. ##P<0.001, #P<0.05
indicate significant change between groups Il and Il

eosin (40x%). ‘a’ is the kidney of control rat showing normal structure; ‘b’
is the kidney section of urolithiatic rats, with arrows showing areas of
inflammation and hemolysis; ‘c’ is the kidney of group Ill (EG+ Tribulus
terrestris) rats showing near normal renal structure
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treatment with T. terrestris caused diuresis,® hastened
the process of dissolving the preformed stones, and
increased the excretion of urea, creatinine, and uric acid
as well as normalized the kidney functions.

We assessed the effect of hyperoxaluria on rat’s kidney
by estimating oxidative stress markers. According to
previous studies, oxalate is found to promote oxidative
stress by inducing production of free radical in renal
tissue.®! Lipid peroxidation is the process of oxidative
degradation of polyunsaturated fatty acids and causes
impaired membrane function and structural integrity.
In the present studies, lipid peroxidation was found
to be significantly increased during hyperoxaluria.
T. terrestris reduced the levels of free radicals
responsible for lipid peroxidation, and thus decreased
the level of malondialdehyde, end product of lipid
peroxidation. This shows that T. terrestris has the
potential of scavenging free radicals and reducing
oxalate-induced free-radical damage, which is also
evident from histological analysis. Our results revealed
that hyperoxaluria also reduced the SOD and GST
activities and their expression at the mRNA level in
kidney tissues. The rebalancing of elevated antioxidant
enzyme’s activity and their gene expression by
T. terrestris treatment further substantiated the
protective nature of this plant extract against free
radical-induced oxidative stress.

Oxalate-generated free radicals disrupt the structural
integrity of the membranes in renal epithelial cells.®?
It has also been observed that human kidney with acute
or chronic oxalosis shows inflammation and fibrosis.®*
Inflammation in kidney tissue has been found to recruit
macrophages to sites of crystal deposition, which reduced
renal crystal burden and acted as an early defense against
crystal deposition.®¥ In our studies, the damage to the
glomerulus and its capsule, inflammation, and hemolysis
following oxalate exposure was also more prevalent in
hyperoxaluric animals, which might have been caused by
high oxalate itself or its derivatives but T terrestris-treated
hyperoxaluric animals restored the normal morphology of
glomeruli. This can be explained by antioxidant properties
of T. terrestris, which reduce free radical damage caused
by oxalate.

Therefore, it is clear from the studies that T. terrestris
has the potential to normalize the peroxidant status and
gene expression of antioxidant enzymes viz SOD and
GST. In conclusion, T. terrestris, being an extraneous
antioxidant, reduced oxidative stress, maintained proper
renal functioning, and reduced renal injury.
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