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ABSTRACT

Article type:

Objective(s): In this study, we investigated the protective effects of piperine on lead acetate-induced renal
damage in rat kidney tissue.
Materials and Methods: Forty male rats were divided into 5 groups: negative control (rats were given aquadest
daily), positive control (rats were given lead acetate 30 mg/kg BW orally once a day for 60 days), and the
treatment group (rats were given piperine 50 mg; 100 mg and 200 mg/kg BW orally once a day for 65 days,
and on 5th day, were given lead acetate 30 mg/kg BW one hr after piperine administration for 60 days). On day
65 levels of blood urea nitrogen (BUN), creatinine, malondialdehyde (MDA), Superoxide Dismutase (SOD), and
Glutathione Peroxidase (GPx) were measured. Also, kidney samples were collected for histopathological
studies.
Results: The results revealed that lead acetate toxicity induced a significant increase in the levels of BUN,
creatinine, and MDA; moreover, a significant decrease in SOD and GPx. Lead acetate also altered kidney
histopathology (kidney damage, necrosis of tubules) compared to the negative control. However,
administration of piperine significantly improved the kidney histopathology, decreased the levels of BUN,
creatinine, and MDA, and also significantly increased the SOD and GPx in the kidney of lead acetate-treated
rats.
Conclusion: From the results of this study it was concluded that piperine could be a potent natural herbal
product exhibiting nephroprotective effect against lead acetate induced nephrotoxicity in rats.
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Introduction

Lead acetate is a biotoxic environmental and
industrial pollutant, which accumulates in almost all
body tissues such as the liver, lung, bones, kidneys,
reproductive organs, and the immune system (1). The
physiological, biochemical, and behavioral effects of this
toxic lead in animals has been reported, including
disorders of central and peripheral nervous systems (2),
cardiovascular system (3), kidney (4), liver (5), and the
reproductive system (6).
The mechanism for lead nephrotoxicity is oxidative
stress and there is an imbalance between the scavenging
capacity of antioxidants and the generation of reactive
oxygen species (ROS) in the kidney (7,8). Recent studies
show ROS or free radicals such as superoxide ion (O2-),
hydroxyl radical (OH-), and nitrogen oxide (NO) have a
pivotal role in lead-induced nephrotoxicity (9, 10). MDA
may be used as an indicator of cell membrane damage
after exposure to ROS and free radicals.

The increase in MDA levels in kidney suggests that
antioxidant failure to inhibit ROS and formation of free
radicals can enhance lipid peroxidation causing
nephrotoxicity (11, 12). The MDA level is the direct
evidence of tissue injury processes caused by free
radicals (13, 14).
Mervat et al. (2012) have reported that antioxidant
activity or inhibition of generation of free radicals plays
a crucial role in protection against heavy metal inducednephrotoxicity (10). So, it has been claimed that
protective agents against free radicals, such as
antioxidants, may be useful therapeutics for heavy metal
toxicity in the kidneys.
Natural products or medicinal plants having
antioxidant properties for reducing free radical-induced
tissue damage has been reported. Medicinal plants have
advantages over the conventionally used drugs, which
are very expensive and known to have harmful side
effects for the treatment of various diseases (15).
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Many authors tried medical plant antioxidants like
quercetine, curcumin, and catechin against lead toxicity
(10,16,17). Several studies have shown that obtained
piperine from Piper longum L and Piper nigrum L has
remarkable biological activities such as antioxidant (18),
anti-inflammatory, analgesic (19), antihyper- tensive
(20), antitumoral (21), and antibacterial (22). In the
present study, the protective effects of piperine were
investigated on lead acetate-induced renal damage in rat
kidney tissue.

Materials and Methods

Chemicals
Lead acetate and piperine were purchased from
Sigma-Aldrich (USA; Cat No 6080-56-4 and 458-37-7,
respectively). Malondialdehyde assay kit was
obtained from NWLSS (USA; Cat. No. NWK-MDA01).
Determination of SOD and GPx tissue levels were
conducted using assay kits from Cayman Chemicals
(USA; Cat. No. 706002 and 703102, respectively).
Experimental animal
Male Wistar rats weighing approximately 200–
250 g (2.5–3 months old) were obtained from Gadjah
Mada University, Yogyakarta, Indonesia for
experimental purpose. They were housed in plastic
cages in an air-conditioned room with temperature
maintained at 26oC ± 2oC and 12 hr in alternating light
and dark cycles. The rats were given ad libitum feed
and drink water. This study was reviewed by the
Ethical Clearance Committee for Preclinical Research,
Institute of Tropical Disease, Airlangga University,
Indonesia and obtained ethical clearance under No.
190/ITD/12/2015.
Experimental design
The sample used 40 male rats divided into 5
groups: negative control (rats were given aquadest
daily), positive control (rats were given lead acetate
30 mg/kg BW orally once a day for 60 days), and the
treatment group (rats were given piperine 50 mg, 100
mg, 200 mg/kg BW orally once a day for 65 days, and
on the 5th day, were given lead acetate 30 mg/kg BW
one hr after piperine administration for 60 days). On
day 65, blood samples were taken by cardiac puncture
into tubes and centrifuged at 3000 rpm for 20 min,
and then serum levels of BUN, creatinine, MDA, SOD,
and GPx were measured. Kidneys were homogenized
in 50 mM sodium phosphate buffer (pH 7.4)
containing 0.1 mM ethylenediaminetetra- acetic acid
(EDTA) at 4 οC. The supernatant was separated by
centrifugation at 1000 rpm for 20 min at 4 οC. The
supernatant was used for the analysis of SOD and GPx.
Kidneys were fixed in formalin 10% for
histopathological study.
Biochemical assays
Serum biochemical marker activities of BUN,
creatinine, MDA, and enzymatic antioxidants (SOD
and GPx) were assessed in the kidney.
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Measurement of blood urea nitrogen was conduc ted by the diacetyl monoxime method (23). The
protein-free filtrate was made by adding serum and
an equal amount of trichloroacetic acid 10%, then the
mixture was centrifuged at 2000 rpm, and 0.5 ml
supernatant was taken and added to 3.5 ml of water,
0.8 ml diacetyl monoxime 2%, and 3.2 ml sulphuric
acid-phosphoric acid reagent (reagent was made by
adding 150 ml 85% phosphoric acid, 140 ml water,
and 50 ml of sulphuric acid). Furthermore, the
reaction mixture was incubated for 30 min in a boiling
water bath and then cooled to room temperature
using cold tap water. The spectrophotometer
absorbance was read at the wavelength of 480 nm.
Measurement of creatinine was conducted by the
alkaline picrate method (23). The protein-free filtrate
was made by mixing 1.0 ml serum, 1.0 ml sodium
tungstate (5%), 1 ml sulfuric acid (0.6 N), and 1 ml
water, and then centrifuged at 800 rpm for 5 min. The
supernatant was added to a mixture containing 1 ml
picric acid (1%) and 1 ml sodium hydroxide (0.75 N).
The spectrophotometer absorbance was read at the
wavelength of 520 nm.
Lipid peroxidation in the serum was estimated by
the formation of MDA and measured by the thiobarbituric reactive (TBARS) method (24). By adding150
μl serum sample into 1 ml trichloroacetic acid 17.5%,
1 ml TBA 0.66%, mixed by vortex, incubated for 15
min in a boiling water bath, and then cooled to room
temperature. Then 1 ml trichloroacetic acid 70% was
added and mixed at room temperature for 20 min,
centrifuged at 2000 rpm for 15 min; the supernatant
was taken out for reading with a spectrophotometer
at 532 nm.
Portions of the kidney were immediately washed
in ice-cold physiological saline and homogenized in
50 mM potassium phosphate (pH 7.4) to render 10%
homogenate. The homogenate was centrifuged at
4000 rpm at 4 °C for 15 min. The supernatant was
used for SOD and GPx analysis (25).
Histopathological study
The kidneys obtained from each group were kept
in 10% formalin solution. Then fixed kidneys were
embedded in paraffin and serial sections were cut for
histopathological examination and stained with
hematoxylin and eosin. The stained sections were
examined under a light microscope.
Statistical analysis
All data were expressed as means ± standard
deviation. One-way ANOVA was used for the analysis,
and LSD was performed to compare the groups (SPSS
version 17.0).

Results

Effects of piperine on lead acetate induced
changes in the serum BUN, creatinine, and MDA An
increase in the serum BUN and creatinine indicates
kidney damage. Analysis of BUN and creatinine was
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performed to evaluate piperine in lead acetate treated
rats. The positive control group (lead acetate treated
rats) showed significant (P<0.05) increase in serum
BUN, creatinine, and MDA levels compared with the
negative control group. In contrast, the groups
pretreated with piperine (200 mg/kg BW) showed
significantly (P<0.05) decreased serum BUN,
creatinine, and MDA levels in a dose-dependent
manner with respect to the positive control towards
normalization and close to the negative control group
(Table 1).
Effects of piperine on lead acetate induced changes
in SOD and GPx
Lead acetate enhances the intracellular formation
of ROS causing kidney damage. In the present study,
we analyzed the kidney levels of two antioxidants
(SOD and GPx). Positive controls (lead acetate treated
rats) showed significant (P<0.05) decrease in the
levels of SOD and GPx compared with the negative
controls. Groups pretreated with piperine (200
mg/kg BW but not 50 mg/kg BW and 100 mg/kg BW)
showed a significant (P<0.05) increase in the levels of
SOD and GPx compared with the lead acetate treated
rats towards the normal level and close to the
negative control (Table 2).
Table 1. Effects of piperine on lead acetate induced changes in the
serum blood urea nitrogen, creatinine, and malondialdehyde
Groups

Negative Control

Means ± Standard Deviation
Blood Urea
Creatinine Malondialdehyde
Nitrogen
(mmol/l)
(nmol/l)
(mmol/l)
8.21a ± 1.23 32.63a ± 4.85
5.83a ± 0.75

Positive Control

25.17b ± 2.41

65.33b ± 7.91

10.14b ± 0.87

Piperine 50
mg/kg BW

27.31b ± 4.63

68.30b ± 6.51

9.74b ± 1.12

Piperine 100
mg/kg BW

21.62b ± 3.92

61.20b ± 7.15

8.92b ± 0.89

Piperine 200
mg/kg BW

14.57c ± 4.23

41.80 c ± 5.15

6.12c ± 0.42

a,b,c Different superscripts within each column indicate significant
difference between the means (P<0.05)
Table 2. Effects of piperine on lead acetate induced changes in
superoxide dismutase and glutathione peroxidase
Groups

Negative Control
Positive Control
Piperine 50 mg/kg BW
Piperine 100 mg/kg BW
Piperine 200 mg/kg BW

Means ± Standard Deviation
Superoxide
Glutathione
Dismutase (U/mg) Peroxidase (U/mg)
36.32a ± 3.05
16.89b ± 1.72
17.43b ± 1.42
19.29b ± 2.89
28.37c ± 3.14

46.63a ± 6.31
28.35b ± 3.92
30.29b ± 4.13
32.81b ± 5.17
40.38d ± 3.55

a, b, c Different superscripts within each column indicate significant
difference between the means (P<0.05)
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Figure 1. Histological study of pretreatment with piperine on lead
acetate induced nephrotoxicity. Normal morphology of renal
sections in the negative control group (A). The lead acetate treated
group showed necrosis in tubules (indicated by arrows) (B). Rats
treated with piperine 50 mg/kg BW and 100 mg/kg BW showed
necrotic changes (C and D). Rats treated with piperine 200 mg/kg
showed regeneration in tubular epithelial cells (E). H&E ×400

Effects of piperine on lead acetate induced kidney
injury
Histopathological study was performed using light
microscopy. Microscopic examination of normal
kidney showing intact tubules and glomerulus. In the
lead acetate treated group, renal tissues showed
tubular necrosis of kidneys indicating cell damage.
Pretreatment with piperine 200 mg/kg BW but not 50
mg/kg BW or 100 mg/kg BW significantly prevented
histopathological changes towards normal (Figure 1).

Discussion

Lead is one of environmental contaminants and
industrial pollutants, producing severe organ damage
in animals and humans. Studies have shown that the
kidney is one of the primary targets in lead associated
toxicity (7, 26). Lead produces oxidative damage in
the kidney by enhancing lipid peroxidation and
causes kidney dysfunction and increases free radical
damage (14, 27). Antioxidant enzyme levels are used
as markers of oxidative stress in heavy metal toxicity.
Based on the present study lead-induced toxicity
might inhibit tissue activities of antioxidants SOD and
GPx. The examined tissues of rats indicate that the
decrease of SOD and GPx activities might result from
oxidative stress because these enzymes catalyze the
decomposition of ROS (9, 28). The levels of these
antioxidants might provide a clear indication of the
extent of cytotoxic damage that occurs in kidney
tissues. Therefore, some authors have postulated that
antioxidants should be one of the important
components of effective treatment of lead poisoning
(7, 26).
Recently, many natural products and herbs are
used for research; due to their high therapeutic
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potential and low price with little side effects
compared with synthetic drugs, the present study
investigated the nephroprotective effect of piperine.
Most of the scientific research has been focused on
phytochemical studies in order to find novel drugs.
Pharmacodynamic and pharmacokinetic studies are
scarcely available. From phytochemical studies, P.
longum and P. nigrum consist of more than 90%
piperine. These piperines are of great interest due to
phytochemical and pharmacological properties, such
as antioxidant (18), anti-inflammatory, analgesic
(19), antihypertensive (20), antitumoral (21), and
antibacterial activities (22).
The purpose of this study was to observe the
protective effects of piperine on renal damage of rats
that were given lead acetate. The lead acetate
significantly increased creatinine and BUN levels,
which can be an indicator of impaired renal function
in nephrotoxicity. The serum creatinine and BUN are
recommended for the assessment of kidney injury in
preclinical studies as it is considered a more specific
and sensitive indicator of kidney damage. Low levels
of serum creatinine and BUN are normally found in
the blood, but when the kidney is damaged or
diseased, creatinine and BUN levels go up. Most
increases in serum creatinine and BUN levels are
caused by kidney damage (29). The present study
showed increasing creatinine and BUN levels in the
kidney damaged rats that were given lead acetate in
comparison to the negative controls. A similar
observation was reported by Hussein et al. (8), who
reported that lead acetate treatment induced
significant elevation of serum creatinine and BUN
activities. Our results indicated that piperine has a
nephroprotective activity against lead acetateinduced nephrotoxicity, where the pretreated groups
with piperine 200 mg/kg b.w, showed an
improvement in the creatinine and BUN levels. This
might be through its direct action on free radicals of
lead acetate, protecting the kidney from cellular
damage by maintaining its membrane integrity.
MDA is the final product of lipid peroxidation and
the direct depletion of antioxidant reserves on lead
toxicity induces the oxidative stress (28). The present
investigation results show significantly increased MDA
levels in the kidneys of rats that were given lead
acetate in comparison to the negative controls. This
result suggested that lead acetate can increase the
oxidative stress in rats. Therefore, the significantly
decreased levels of MDA in the tissues of piperine
treated groups, as compared with the lead acetate
group, indicate attenuation of lipid peroxidation. It
has been reported that lead acetate induced oxidative
stress tissue injury through increased generation of
ROS and by causing direct depletion of antioxidant
reserves (7, 12). The consequences of oxidative stress
of lead acetate toxicity result in increased lipid
peroxidation that may cause more severe oxidative
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damage in the tissues (15, 18). The effect of piperine
as a powerful antioxidant and free radical scavenger
may decrease MDA levels in the kidney of lead-treated
rats. The administration of piperine at a dose of 200
mg/kg body weight decreased the MDA levels when
rats were given lead acetate. This means that piperine
minimized the toxic effect of lead acetate via its
antioxidant activity. The antioxidant protective
mechanism scavenges the free radicals and decreases
the oxidative stress, which is responsible for kidney
damage and thus inhibits the lipid peroxidation
(MDA). The results suggested that piperine could
inhibit oxidative stress by decreasing the MDA levels
in rats that were treated with lead acetate. A similar
result has shown that vitamin C and vitamin E
enhanced the antioxidant status and inhibited lipid
peroxidation (MDA) in rats with lead acetate induced
kidney injury. These findings indicate that the
antioxidant activity of vitamin C and vitamin E is
targeted primarily towards the lipid components of
cells. Antioxidants such as vitamin C and vitamin E
have been reported to inhibit free radical formation
and are effective in minimizing lipid peroxidation in
several different organs (15).
SOD and GPx are important antioxidant enzymes.
They have an important role against ROS. SOD is a
metalloenzyme that catalyzes superoxide radicals
(O2-) to oxygen and nonreactive compounds such as
H2O2. GPx is an intracellular antioxidant enzyme that
enzymatically reduces hydroperoxide and H2O2 to
limit its toxic effects. Furthermore, this enzyme can be
used to inhibit oxidative stress in cells. It has been
reported that lead binds to sulfhydryl proteins in
several enzymes such as SOD and GPx, which can alter
antioxidant activities by inhibiting functional SH
groups in these enzymes (7). The present study shows
that the activity of SOD and GPx in rat kidneys was
inhibited by lead acetate treatment. These results are
in accordance with previous research (14). This
suggested that lead acetate toxicity can inhibit the
activity of the antioxidant enzymes (SOD and GPx)
that can cause oxidative stress. The administration of
piperine decreased the accumulation of free radicals,
which might increase the activities of SOD and GPx in
the kidney of lead-treated rats. Piperine acts as a
scavenger for the oxygen-derived free radicals, thus
protecting against cellular damage.
Histopathological results showing structural
changes in the renal tissue of aminoglycoside metal
toxins such as lead acetate were reported by some
researchers. Histopathological view of renal sections
in the lead acetate treated group showed necrosis in
tubules, as compared to the negative control group.
Necrosis tubular epithelial changes were considerably mild in the groups treated with piperine 100
mg/kg while rats treated with 200 mg/kg piperine
showed regeneration in tubular epithelial cells. We
think that morphological changes in kidneys tended
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to be considerably mild in lead acetate plus piperine
treatment.

Conclusion

It could be concluded that piperine through its
antioxidant mechanisms as a scavenger for the oxygenderived free radicals protects from lead-induced kidney
damage in rats. Piperine can be a future natural product
for counteracting the lead acetate intoxication.
These results showed that piperine has a potential
nephroprotective effect in a dose-dependent manner
that minimizes or diminishes compounds with nephrotoxic effect induced by lead acetate toxicity.
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