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ABSTRACT

Mercury generates free radicals and subsequently increases oxidative stress, which
leads to renal injury. Tribulus terrestris (TT) has good anti-inflammatory and antioxidant
properties. Hydroalcoholic extract of different dose of TT was evaluated against mercuric
chloride-induced nephrotoxicity. Rats (n = 6) were treated with TT at doses of 100, 200,
and 300 mg/kg. Drugs were administered orally for 7 days. Single dose of mercuric
chloride (5 mg/kg, intraperitoneal) on the 5" day caused significant elevation of blood
urea nitrogen, serum creatinine, malondialdehyde, liver fatty acid binding protein,
kidney injury molecule-1, and kidney mercury level and fall in glutathione, superoxide
dismutase, glutathione peroxidase, and histopathological changes in disease control
as compared to normal control group (P < 0.001). Dose of TT 200 and 300 mg/kg
significantly (P < 0.001) prevented the renal injury, and mercury accumulation in kidney
tissues significantly decreases in higher dose, i.e., 300 mg/kg as compared to control
group. Our result indicates that the treatment of TT exerted significant protection
against renal damage induced by mercuric chloride possibly due to its antioxidant and
anti-inflammatory properties and by decreasing the renal accumulation of mercury.
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extensive agriculture practices, vaccine preservatives, dental
amalgams, and by many other sources.!"

Mercury is a toxic heavy metal and has been shown to
induce various diseases associated with the nervous system,
kidneys, liver, and other organs. It has several resources to
come in contact with consumers such as environmental and
occupational. Environmental mercury is present in each
tropical level of the food chain, while occupational exposure
to mercury has been strengthened by industrial discharge,
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The primary target organ for inorganic mercury is the
kidney; hence, it is known as nephrotoxic agent.**) Because
of the high bonding affinity between mercury and sulfur,
mercury binds to metallothioneins and small molecular
weight thiols such as cysteinel*! and glutathione (GSH).F!

Herbal medicines demonstrate good compatibility with the
human body and have stood the test of time because of their
safety, efficacy, cultural acceptability, and few side effects.
Among those, Tribulus terrestris L. (TT, Zygophyllaceae) is an
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herb with a wide distribution in subtropical regions. TT is
used for kidney disorders by removing the gravel from the
urine and stone in the bladder.*"!

It has already been proven that TT plant extract has
antioxidative, apoptosis inhibitory, and vasodilator
properties, as well as protecting renal epithelial cells
against damages due to oxalates and ethylene glycol
consumption.”!” The aim of this study was to investigate
the protective effects of TT extracts against acute kidney
injury (AKI) induced by mercuric chloride.

MATERIALS AND METHODS

Experimental animals

The study was conducted at the Department of Pharmacology,
All India Institute of Medical sciences, New Delhi, India,
in August 2016 (document number 944/IAEC/16). The
animals were housed in clean polypropylene cages,
maintained on a 12-h light/dark cycle under controlled
temperature (25°C +2°C) and humidity (55% * 5%). Animals
were given continuous access to food and water.

Chemicals

The hydroalcoholic extract of TT was purchased from
Sunpure Pvt. Ltd., New Delhi. Mercuric chloride purchased
from Sisco Research Laboratories (SRL) Pvt. Ltd., Mumbai,
India. The rat kidney injury molecule (KIM)-1 and liver fatty
acid binding protein (L-FABP) ELISA kits were purchased
from Sincere Biotech Company, China. All other chemicals
were purchased locally and of highest purity grade.

Experimental procedure

Wistar rats (1 = 6/group) were randomly divided into six

groups as indicated below.

e Group 1 (normal control): Normal saline (1 ml/kg/day;
p-o.) for 7 days

* Group 2 (mercuric chloride control): Normal saline
(1ml/kg/day; p.o.) was given for 7 days, and on the 5" day
of treatment, a single injection of mercuric chloride at the
dose of 5 mg/kg intraperitoneal (i.p.) was given

e Group 3-5 (TT 100, 200, and 300 mg/kg/day
extract + mercuric chloride): The TT 100, 200, and
300 mg/kg/day; p.o. were administered to Wistar rats for
7 days, and on the 5 day, a single injection of mercuric
chloride at the dose of 5 mg/kg i.p. was given

*  Group 6 (TT per se): The TT a dose of 300 mg/kg/day
p-o. at the same ratio of each drug (100 mg) was
administered to rats for 7 days.

Estimation of renal function test

The blood urea nitrogen (BUN) and serum creatinine levels
had been measured using commercially accessible kits
as per the manufacturer’s instructions. Absorbance was
measured by a ultraviolet spectrophotometer at 510 nm for
creatinine and 340 nm for BUN.
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Measurement of oxidative stress markers

Kidney tissue homogenate (10%) was prepared as explained
above, and the parameters such as malondialdehyde (MDA),
superoxide dismutase (S5OD), GSH, and glutathione
peroxidase (GPx) were estimated as per the methods
described in literature.

Measurement of acute kidney injury and
histopathological assessment

These two measurements are done by according to our
previous publication.!!]

Measurement of mercury in kidney tissue by inductive
coupled plasma atomic emission spectroscopy

Five hundred milligrams of the tissue was placed in a
digestion vessel unit, and 3 ml of nitric acid and 1 ml of
hydrogen peroxide were added. The samples were placed
in a digester (Sineo Company) and scheme 2 was selected
where the temperature was increased incrementally up to
160°C. Finally, the digested samples were assessed using
inductively coupled plasma atomic emission spectroscopy.

Statistical analysis

All the data were represented as mean * standard error
of the mean. The data were analyzed using Wilcoxon
rank -sum test with direct comparison of respective groups.
The P < 0.05 was considered statistically significant. The
data were analyzed using the standard statistical software
for GraphPad Prism version 5.03 (San Diego, CA, USA).

RESULTS

Effect on renal function test

Mercuric chloride-induced Wistar male rats exhibited
significant (P <0.001) elevation of serum creatinine and BUN
when compared with normal Wistar male rats. Treatment
of TT at dose of 100/200 mg/kg reduced the elevated level
of serum creatinine and BUN as compared to mercuric
chloride-induced Wistar male rats in a dose-dependent
manner [Figure 1la and b]. However, the dose of TT at
300 mg/kg each significantly (P < 0.001) decreased the
serum creatinine levels as compared to mercuric chloride
control group.

Effect on oxidative stress

Wistar male rats from mercuric chloride-induced group
presented with significant increase in tissue MDA level
[Figure 2a], decrease in SOD enzyme activities [Figure 2b],
GSH content [Figure 2c], and GPx content [Figure 2d].
Earlier treatment with TT, Boerhavia diffusa, and Terminalia
chebula significantly suppressed renal MDA level (P <0.001)
and attenuated the depletion of antioxidant defense system
and significantly attenuated the decrease in of SOD activity
(P<0.001), GSH levels (P <0.001) and GPx activity (P <0.001)
comparison to mercuric chloride-treated group. However,
the highest dose of TT at 300 mg/kg each significantly
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(P<0.001) reduced the oxidative stress markers as compared
to mercuric chloride control group.

Effect on acute kidney injury

KIM-1 was measured to estimate the AKI in the proximal
tubule of kidney. Figures 3 and 4 represent the KIM-1
and L-FABP data. The KIM-1 and L-FABP levels
were significantly (P < 0.001) increased in mercuric

R
BUN (mg/dl)

3
=l
E
o
£
£
K]
4
5
£
2
o
n

o

(23 Mercury chloride control 3 Mercury chloride control

E3 Normal control

E2 Normal control
B TT 100 + Mercury chloride [ TT 200 + Mercury chloride
TT 300 + Mercury chiorideEJ TT 300 per se

B TT 100 + Mercury chloride [ TT 200 + Mercury chloride|
TT 300 + Mercury chloride TT 300 per se

Figure 1: Effect of Tribulus terrestris on kidney function tests serum
creatinine (a) and blood urea nitrogen (b) in different experiment
group in mercuric chloride-induced nephrotoxicity. Each bar
represents mean + standard error of the mean, (n = 6). Mercuric
chloride control: Mercuric chloride at 5 mg/kg TT. 100/200/300 +
mercuric chloride: Mercuric chloride at 5 mg/kg in combination of
TT at 100/200/300 mg/kg each, respectively. TT, at 300 mg/kg of
drug as per se group. a*** P <(.005 a*** P <0.001, a*** P<0.01
versus normal control, b** P <0.05, b** P <0.01, b** P <0.001 vs.
control and b*** P < (.05, b*** P < (.01, b*** P <0.001 versus
control. BUN: Blood urea nitrogen, TT: Tribulus terrestris

chloride-treated group as compared to normal control
group. The administration of TT at a dose of 100/200 mg/kg
was unable to reduce significantly the levels of KIM-1 and
L-FABP as compared to mercuric chloride control group.
However, the administration of TT at a dose of 300 mg/kg
significantly reduced the levels of KIM-1 and L-FABP.

Effect on histopathological structural changes

The dose of TT 100/200/300 mg/kg, respectively, showed
50%—75% intact/viable tubular epithelium and remaining
were necrotized representing grade 1 protection [Figure 5].

Table 1: The effect of Tribulus terrestris on
mercury accumulation in the kidneys of male
Wistar rats

Name of group Mercury
concentration (ug/g)

Normal control 0.09

Mercuric chloride control 27.21+0.22%

TT, 200 mg/kg/day + mercuric chloride 19.1£0.21*>

TT 200 mg/kg/day 0.13

The animals in Groups 2 and 3 were given 8 mg/kg intraperitoneally of mercuric
chloride on the 7' day of treatment. The animals in Group 1 received vehicle
(normal saline [1 ml/kg/day]; postoperative) on the 7 day of treatment. The
animals in Groups 3 and 4 were given TT, BD, and TC once a day for 7 days
whereas the animals in Groups 1 and 2 were given vehicle. The data are
expressed as the mean=SEM and n=6 for each treatment group. **P<0.05
versus normal control, **P<0.05 versus mercuric chloride control. TT: Tribulus
terrestris, BD: Boerhaavia diffusa, TC: Terminalia chebula, SEM: Standard error
of the mean
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Figure 2: Effect of Tribulus terrestris on (a) MDA level (b) SOD activity (c) GSH content (d) GPx level in different experiment group in
mercuric chloride (5 mg/kg, i.p., once) induced nephrotoxicity. Each bar represent mean + SEM., (n = 6). Mercuric chloride Control: Mercuric
chloride at 5 mg/kg. TT. 100/200/300 + Mercuric chloride: Mercuric chloride at 5 mg/kg in TT at 100/200/300 mg/kg, respectively. TT, at
300 mg/kg of drug as per se group. a*** P <0.005 a*** P<0.001, a*** P <0.0.01 vs. Normal control, b** P <0.05, b** P<0.01, b** P
<0.001 vs. control and b*** P<0.05, b*** P<0.01, b*** P<0.001 vs. control
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Figure 3: Effect of Tribulus terrestris on Kim-1 level level in different
experiment group in mercuric chloride (5 mg/kg, i.p., once) induced
nephrotoxicity. Each bar represent mean = SEM., (n=6). Mercuric
chloride Control: Mercuric chloride at 5 mg/kg. TT. 100/200/300 +
Mercuric chloride: Mercuric chloride at 5 mg/kg in TT at 100/200/300
mg/kg each, respectively. TT, at 300 mg/kg of drug as per se group.
a*** P<(0.005 a*** P<0.001, a*** P<0.0.01 vs. Normal control,
b** P <0.05, b** P <0.01, b** P <0.001 vs. control and b***
P<0.05 b*** P<0.01, b*** P<0.001 vs. control

Effect on mercury accumulation

Based on the results in Table 1 shows the data for mercury
accumulation in rat kidney tissue. Mercury was found to be
significantly accumulated in mercuric chloride control rats
as compared to normal control. However, TT (300 mg/kg)
significantly decreased the mercury concentration in kidney
tissue as compared to mercuric chloride control group.

DISCUSSION

Mercuric chloride is an unsafe environmental and
industrial toxin which initiates pernicious consequences
for different body tissues of people and animals. There are
many sources of mercury exposure, for example, inward
breath of mercury vapors, ingestion of contaminated
food/water, gold mining, the creation of lights/batteries,
through therapeutic medicines and dental amalgam
fillings.'? Kidneys are the principle focuses for inorganic
mercury and may prompt AKL!! The objectives of
mercury-actuated nephrotoxicity are thiol-containing
enzymes and antioxidants such as GSH.

In the present study, we determined the effect of TT on
mercuric chloride-induced nephrotoxicity in Wistar rats by
measuring renal function, acute kidney damage markers,
histopathological features, and levels of certain antioxidants
and activity of enzymes involved in the biosynthesis
of antioxidants. Overall, our results suggested that the
administration of TT had nephroprotective effects in rats
administered 5 mg/kg i.p. of mercuric chloride after 7 days
of treatment with TT.
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Figure 4: Effect of Tribulus terrestris on L-FABP level in different
experiment group in mercuric chloride (5 mg/kg, i.p., once) induced
nephrotoxicity. Each bar represent mean + SEM., (n = 6). Mercuric
chloride Control: Mercuric chloride at 5 mg/kg. TT. 100/200/300 +
Mercuric chloride: Mercuric chloride at 5 mg/kg in combination of
TT at 100/200/300 mg/kg each, respectively. TT, at 300 mg/kg of
drug as per se group. a*** P<(.005 a*** P<0.001, a*** P<0.0.01
vs. Normal control, b** P < 0.05, b** P <0.01, b** P <0.001 vs.
control and b*** P<(.05, b*** P<0.01, b*** P<0.001 vs. control

Clinically, it is well established that serum creatinine
and BUN levels are indicators of renal function."J The
normal reference values for BUN and creatinine earlier
reported in our laboratory ranged from 20 to 30 mg/dl and
0.4 to 0.6 mg/dl, respectively. In our results, the values of
BUN and creatinine indicative of severe kidney dysfunction
ranged from 60 to 80 mg/dl and 2 to 3 mg/dl, respectively.l™

Our results indicate that the administration of TT at
200 mg/kg each for 7 days significantly decreased the
mercuric chloride-induced increase BUN and serum
creatinine levels. The administration of lower doses
(100 mg/kgi.p.) of TT did not significantly decrease mercuric
chloride-induced nephrotoxicity based on serum creatinine,
SOD, GSH, and GPx.

We hypothesized that the nephroprotective efficacy of TT
could be due to their attenuation of renal oxidative stress.
Itis well established that increased oxidative stress induces
lipid peroxidation and depletion of antioxidants like GSH
and decreases the levels and activity of the enzymes SOD
and GPx, which play a role in oxidative defense.l'! Tissue
MDA and GSH levels and the activity of GPx and SOD have
been reported to be indicators of oxidative stress.”? MDA
levels have been reported to be positively correlated with
the magnitude of cellular toxicity.!"® In addition, GSH, GPx,
and SOD play a critical role in maintaining the oxidative/
antioxidant balance in cells.l"!

In this study, the administration of a single dose of

5 mg/kg i.p. of mercuric chloride significantly decreased
the levels of GSH, GPx, and SOD and increased the levels
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in proximal and glomerulus tubular cell: (a) Group 1 kidney shows
regular morphology with well-developed tubular and glomerulus
epithelial cell. (b) Group 2 kidney exhibits diffuse acute proximal
tubular necrosis, glomerular atrophy and degeneration of renal
tubular cells. (c and d) Kidney section from Groups 3 and 4 shows
mild inflammation and proximal tubule degeneration. (e) In kidney
section from Group 5, there was no inflammation and tubules appeared
nearly normal. (f) Group 6 exhibits normal structure of proximal
tubular cells and cortex

of MDA. Our findings are consistent with previous studies
indicating that the reactive oxygen species (ROS) are
involved in the pathogenesis of mercuric chloride-induced
nephrotoxicity.?” Our results indicated that the
administration of 100 or 200 mg/kg i.p. of TT significantly
attenuated the renal oxidative stress induced by mercuric
chloride as evidenced by the decrease in the levels of
creatinine and BUN and increase in the level of GSH, SOD,
and GPx. Consistent with our results, it has been reported
that TT significantly decreases apoptosis in mouse kidney."
TT has been reported to decrease ROS and increase the
removal of gravel from the urine and calculi from the
bladder of mice.” TT significantly enhances mitochondrial
function and inhibits the release of cytochrome c. Based
on the results of this study and others,?>*! we hypothesize
that the nephroprotective effects of the TT may be due to
antioxidant and anti-inflammatory efficacy.

In this study, a single administration of 5 mg/kg i.p. of
mercuric chloride on the 5" day of treatment significantly
increased the accumulation of mercury in animals as
compared to animals given vehicle only. The findings of
this study are consistent with literature showing that kidney
accumulates and retains mercury to a greater degree than
other organs.®?!1 The administration of 200 mg/kg i.p.
each of TT decreases (not significantly) the accumulation
of mercury compared to mercuric chloride control group.
However, it is possible that increasing the length of
treatment could produce a significant decrease in mercury
accumulation although this remains to be determined.

A number of studies indicate that increase in the level of the
proteins KIM-1 and L-FAB represent a biomarker for renal
damage.™ Furthermore, KIM-1 and L-FAB have predictive
value for AKI in patients undergoing cardiac surgery.*#
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In this study, mercuric chloride as previously reported®
significantly increased the expression of KIM-1 and L-FAB
in the glomeruli and renal tubules of Wistar rats. The
treatment of TT at dose of 200 mg/kg significantly decreased
the expression of KIM-1 and L-FABP. As previously
reported,®1 a single injection of 5 mg/kg i.p. of mercuric
chloride produced a number of renal morphological
changes.*

CONCLUSION

Our data suggest that the antioxidant efficacy of the
TT treatment plays a significant role attenuating the
nephrotoxic effects of mercuric chloride. Provided our
results can be extended to humans, they suggest that the
combination of TT could be used in the pharmacotherapy
of nephrotoxicity due to mercuric chloride and possibly
other heavy metals.
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