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Abstract

Piroxicam is commonly used as anti-inflammatory and pain relieving drug;
however, its side effects include fluid retention, renal damage and heart fail-
ure. This study aimed at evaluating the nephroprotective role of different
doses of the tannin-rich extract of Chasmanthera dependens stem (TRECDS)
on piroxicam-induced nephrotoxicity in adult male Wistar rats. Thirty-two
adult rats were divided into four groups of eight rats per group and treated
orally for ten days. Rats in group one received 0.5 ml normal saline (0.9% v/v)
and served as normal control group. Rats in group two received 20 mg/kg
body weight piroxicam alone. Rats in groups three and four received 20
mg/kg body weight of piroxicam with concomitant administration of 200 and
400 mg/kg body weight of TRECDS. At the expiration of the experiment, rats
were sacrificed and the kidney was removed. Renal function was evaluated.
The results showed that administration of piroxicam alone caused a signifi-
cant elevation in the serum concentrations of albumin, creatinine, total pro-
tein, urea concentrations and the activity of renal nucleotidase with a reduc-
tion in the activity of glucose-6-phosphate dehydrogenase (G6PD) when
compared to normal control (p < 0.05). Furthermore, renal tissue from the
piroxicam alone treated group revealed a significant decrease in the activities
of renal superoxide dismutase, catalase, glutathione peroxidase and gluta-
thione-S-transferase as well as reduced glutathione with concomitant increase
in lipid peroxidation and hydrogen peroxide generation. In addition, histo-
logical assessment of the renal tissue showed noticeable damage in piroxicam
alone treated group. However, concomitant administration of TRECDS showed
a dose-dependent reduction in the concentrations and the activity of the kid-
ney markers with significant increase in the activities of G6PD and restores
the antioxidant status of the kidney. The results show the nephroprotective
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potential of TREDS against piroxicam-induced renal damage.
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1. Introduction

Piroxicam is one of the non-steroidal anti-inflammatory drugs commonly used
as anti-inflammatory antipyretic and analgesic drug; however, its side effects in-
clude fluid retention, renal damage [1] [2] and heart failure. The kidney is a
highly specialized organ that preserves the internal environment of the body by
selectively excreting or retaining various substances according to exact body
needs [3]. The capability of the kidney to concentrate the tubular fluid by re-
moving water and salts predisposes the kidney to toxic chemicals. The biotrans-
formation of chemicals to reactive and potentially toxic metabolites is a main
feature of renal toxicity [4]. Since the kidney not only excretes the metabolic
substances, but also toxic agents from the body coupled with factors like high
levels of toxins delivered to the kidney, large surface area of renal tubular epithe-
lium, specific transport mechanisms that mediate cellular uptake and normal
concentrating mechanism of kidney, make kidney particularly prone to actions
of nephrotoxic drugs.

The critical regulations of the body’s salt, potassium and acid content as well
as hormone synthesis are all functions of the kidney. In kidney damage, the kid-
ney fails to excrete the metabolic wastes from the body leading to their accumu-
lation and disturbance in the ionic and electrolyte balance. The kidney also
makes prostaglandins and the endogenous renal prostaglandins appear to play a
role in the regulation of renal hemodynamics [2], renal salt and water excretion
[5], and control of the level of activity of the renin-angiotensin system [6]. The
administration of non-steroidal anti-inflammatory drugs like piroxicam blocks
cyclooxygenase activity [7], an early step in the synthesis of prostaglandins. This
class of drugs, under certain circumstances, leads to sodium retention, hyperka-
lemia and several different forms of acute and chronic renal failure [2] [8].

The antioxidants status in humans reflects the vigorous balance between the
antioxidant defense and prooxidant conditions and has been proposed as a use-
ful tool in assessing the risk of oxidative damage [9] [10]. It has been shown that
animals possess effective mechanism to prevent the free radical induced tissue
damage via a set of endogenous antioxidant system and protein. When the bal-
ance between reactive oxygen species (ROS) production and antioxidant defense
is lost oxidative stress results; which through a series of events deregulates the
cellular functions leading to various pathological conditions [11].

The alternative use of ethnomedicinal plants above synthetic drugs is on the

increase in recent times due to their multiple therapeutic functions and less side
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effects [12] [13]. Extracts of these plants have been reported to show protective
effects against nephrotoxic agents [14]. These plants also contain some phyto-
chemical constituents that scavenged free radical generated in the body. It has
also been reported that these phytochemical constituents activate the RNA and
protein syntheses which are important in the repair of renal cells.

Chasmanthera dependens is widely distributed and commonly planted in
home gardens [15] (Mosango, 2008). Chasmanthera dependens is rich in alka-
loids and contains the quaternary protoberberine alkaloids and the non-phenolic
quaternary alkaloids, steroids, oleic acid, tannin and phenol [15]. Chasmanthera
dependens is widely used in traditional medicine but very few pharmacological
tests have been done. It is used topically on sprained joints and bruises [16], has
also been reported to possess analgesic and anti-inflammatory effects on labora-
tory animals [17] [18] and as a remedy for venereal discharges or as a general
tonic for physical or nervous weakness in inflammatory and exhausting diseases.

In this perspective, an effort to decipher nephroprotective activities of tan-
nin-rich extract of Chasmanthera dependens in systematic and mechanistic ways

is relevant.

2. Materials and Methods
2.1. Chemicals

Glucose-6-phosphate, adenosine monophosphate (AMP), trichloroacetic acid
(TCA), Reduced glutathione (GSH), thiobarbituric acid (TBA), bovine serum
albumin (BSA), Folin-Ciocalteau reagent, Ellman’s Reagent [5’-5’-dithiobis-(2-
dinitrobenzoic acid), DNTB), epinephrine, methanol, sodium hydroxide, glacial
acetic acid, thiobarbituric acid (TBA), 1-Chloro-2,4-dinitrobenzene (CDNB),
tris base, hydrogen peroxide, gum acacia, sulphosalicylic acid were purchased
from Sigma Aldrich Chemical Co. (St. Louis, MO, USA). Cholesterol kit, Glu-
cose-6-phosphate dehydrogenase (G6PDH), urea kit and creatinine kit from

Randox Chemicals. Others chemicals and reagents used were of analytical grade.

2.2.Drug

Piroxicam (manufactured by Hingbo Dahongying pharmaceutical Co. Ltd, Chi-
na), was purchased from the Pharmacy unit of Bowen University Teaching Hos-
pital (BUTH), Iwo, Osun State. The tablets were dissolved in appropriate volume
of sterile distilled water according to the required concentrations needed for

administration to the rats on the basis of their body weight.

2.3. Plant Materials

Chasmanthera dependens stems were collected in July 2017 from Iwo, Osun
state, Nigeria. Iwo is located on latitude 7.6292°N and longitude 4.1872°E. The
plant material was identified and authenticated by Mr. Esimekhuai DPO at the
Department of Botany of the University of Ibadan, Nigeria voucher specimen
(UIH-22478) was deposited at the University herbarium.
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2.4. Preparation of the Extract

The shade dried Chasmanthera dependens stems were pulverized into coarse
powders using an electric blender (Bajaj bravo 3 jars mixer grinder/blender, In-
dia), weighed and kept in air-tight container prior to extraction. 500 g of pow-
dered C. dependens was extracted with 2.5 Litres of 70% acetone and then
heated for 15 minutes. The flask was removed from the hot plate and filtered
with cheese cloth. In another flask, 2 Litres of 70% acetone was then used to
wash off the residue. The washed solution was combined with the filtrate. The
filtrate was subjected to extraction using diethyl ether, and this was repeated five
times, until a complete separation of diethyl ether and tannin extract. The tannin
extract was collected using a separating funnel. The collected tannin was evapo-
rated using rotary evaporator at 40°C. The tannin extract was then air dried to
obtain a solid mass of tannin-rich extract of Chasmanthera dependens stem
(TRECDs) and stored at —4°C until ready to use.

2.5. Experimental Animals Design

Thirty two adult male Wistar rats weighing (150 + 20 g) were purchased from
the Central Animal House, Faculty of Basic Medical Science, College of Medi-
cine, University of Ibadan, Nigeria. Animals were kept in a temperature-controlled
room (25°C * 2°C) with 12 h light and 12 h dark cycle. The rats were kept in
polypropylene cages under standard laboratory conditions and were fed with
standard rat’s pellet (Ladokun Feeds, Nigeria) with fresh water ad /ibitum. They
were acclimatized for 14 days. All the animals received humane care according
to the criteria outlined in the “Guide for the Care and Use of Laboratory Ani-
mals” prepared by the National Academy of Science and published by the Na-
tional Institute of Health [19]. The experiment was performed according to the
guidelines and approval of institutional animal ethics committee.

Rats were deprived of food for 24 hours but had free access to clean water
prior to the commencement of the experiment. The rats were divided into 4
groups of 8 rats in each group and treated orally once daily for ten days. Rats in
group one served as normal control and received 0.5 ml normal saline (0.9%
v/v), rats in group two received 20 mg/kg body weight piroxicam alone, rats in
group three received 20 mg/kg body weight of piroxicam with concomitant ad-
ministration of 200 mg/kg body weight of TRECDs and rats in group four re-
ceived 20 mg/kg body weight of piroxicam with concomitant administration of
400 mg/kg body weight of TRECDs. On the eleventh day, all the rats were hu-
mane sacrificed and blood was collected separately from each rat by retro-orbital
bleeding, dispensed into anti-coagulant free bottle and allow clotting at room
temperature (28°C) then centrifuged at 3000 g for ten minutes to obtain serum.
The serum obtained was stored at —20°C and used for evaluation of renal dys-
function markers. The kidney from each rat was also collected into separate
tube, rinsed with ice-cold saline, blotted and weighed then homogenized with
ice-cold 50 mM Tris-HCI buffer (pH 7.4) containing 1.15% potassium chloride
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using ultra homogenizer. The homogenate was centrifuged at 10,000 g for fifteen
minutes. The supernatant was collected into separate tubes, stored at —20°C and

used for the antioxidant assays.

2.6. Serum Biochemistry

The levels of serum urea, creatinine, albumin and Renal-5’-Nucleotidase were
estimated by Fawcett and Scott [20], Henry [21] and George et al. [22] were eva-
luated spectrophotometrically by an Ultrospec2000® spectrophotometer (Pharma-
cia Biotech, Uppsala, Sweden) in accordance with the methods provided by the
diagnostic kits (Randox Laboratories Limited, UK) respectively. Serum electro-
lytes (sodium, potassium, chloride, and bicarbonate ions) were determined by

flame photometry.

2.7. Biochemical Assay

Portions of kidney were weighed and homogenized in 50 mM Tris-HCI buffer
(pH 7.4) containing 1.15% potassium chloride. Following the centrifugation of
the homogenate at 10,000x g for 15 minutes at 4°C, the supernatant was col-
lected for the estimation of superoxide dismutase (SOD) activity by the method
of Misra and Fridovich [23]. Catalase (CAT) activity was assayed by using H,O,
as the substrate according to the method of Clairborne [24]. Protein concentra-
tion was determined by the method of Lowry ef al [25]. Glutathione (GSH) level
was estimated at 412 nm using the method described by Jollow ef al [26]. Activ-
ity of glutathione peroxidase (GPx) was determined by the method of Rotruck et
al. [27]. Glutathione-S-transferase (GST) was assayed by the method of Habig et
al. [28]. Hydrogen peroxide generation was assessed by the method of Wolff
[29]. Lipid peroxidation was quantified as malondialdehyde (MDA) according to
the method described by Farombi et al [30] and expressed as micromoles of

MDA per milligram protein.

2.8. Histopathology

Kidney biopsy was processed for histology according to Songur et al [31]. Brief-
ly, kidney specimens were fixed in 10% neutral buffered formaldehyde solution.
After dehydration procedures, the samples were blocked in paraffin. Sections of
4 - 5 pum were cut by a microtome and stained with hematoxylin and eosin (H &
E). All slides were coded before examination with light microscope and photo-
graphed using a digital camera by investigators who were blinded to control and

drug-treated groups.

2.9. Statistical Analyses

All the results were expressed as mean + SEM. Statistical analyses were carried
out using one-way analysis of variance (ANOVA) and Duncan’s multiple com-
parisons test using Statistical packages for social Scientists version 18.0 (SPSS

version 18.0). Value of p < 0.05 was considered statistical significant.

DOI: 10.4236/ajmb.2020.101003

33 American Journal of Molecular Biology


https://doi.org/10.4236/ajmb.2020.101003

T.S. Abiola et al.

3. Results

Protective effect of TRECDs on piroxicam-induced kidney dysfunction

To investigate the integrity of the kidney following piroxicam administration

to rats, the concentrations of biomarkers of renal dysfunction were determined.

The effects of piroxicam on Na*, K*, Ca**, PO’ , HCOj, CI, urea, creatinine,

albumin levels and renal-5’-nucleotidase activity in the rats are shown in Table 1

and Figure 1 respectively. The result indicated that piroxicam administration to

Table 1. Biomarkers of renal dysfunction in rats exposed to piroxicam and TRECDs.

Parameters Control Pirox Alone Pirox + TRECDs1 Pirox + TRECDs2
Na* (mmol/L) 118.12 + 0.14 145.68 + 0.98 128.03 + 0.19* 112.08 + 1.20**

K* (mmol/L) 4.21 £ 0.04 9.04 £ 0.79 2.18 +0.21** 3.98 £ 0.12**
Ca®* (mmol/L) 2.10 £ 0.02 4.67 £ 0.05 3.12 £ 0.25%% 2.22 +0.45*
HCO; (mmol/L) 12.05+0.16 23.25+0.26 9.06 + 0.17** 13.45 +0.78**
Cl” (mmol/L) 54.32 £0.24 78.64 + 1.06 65.12 + 1.23*% 56.19 + 0.98**
PO? (mmol/L) 3.32+£0.25 6.45 +0.21 4.23 +0.22*° 3.65+ 0.12**

Each represents mean + standard error of mean. *p < 0.05 is significant when compared with the piroxicam
alone group, “p < 0.05is significant when compared with the Pirox + TRECDsl group. *p < 0.05 is signifi-

cant when compared with the Pirox + TRECDs2 group.
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Figure 1. Effect of tannin-rich extract of Chasmanthera dependens stem on biomarkers
of renal dysfunction in rats exposed to piroxicam.
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rats caused a significant elevation in the concentration of serum albumin, creati-
nine, urea and renal-5’-nucleotidase activity and all the electrolytes levels when
compared with the control. However, concomitant administration of 200 and
400 mg/kg body weight of TRECDs restored the integrity of the kidney by de-
creasing the levels and the activity of all the tested parameters.

Effect of TRECDs on piroxicam-induced oxidative stress

Following administration of piroxicam, the antioxidant statuses of the kidney
of the treated rats was determined using a panel of assays including enzymatic
and non-enzymatic antioxidant levels along with hydrogen peroxide and lipid
peroxidation levels. Figure 2 and Figure 3 show the effects of piroxicam on the
renal antioxidant status in the experimental rats. Repeated exposure to pirox-
icam for 10 days caused a significant (p < 0.05) decrease in the activities of anti-
oxidant enzymes SOD, CAT, GPx and GST in kidney of the piroxicam alone
treated group when compared with the control animals. However, the significant
decrease in the level of GSH was accompanied by a significant increase in the le-
vels of H,O, generation and MDA levels, a biomarker of lipid peroxidation in a
dose-dependent manner in the renal tissues of rats following 10 consecutive days
of treatment with piroxicam when compared with the control values. But, con-
comitant administration of TRECDs with piroxicam reversed all these observa-
tions. Furthermore, administration of piroxicam for 10 days also decreased the
activities of G6PD.
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Figure 2. Effect of TRECDs on piroxicam-induced oxidative stress markers in kidney of rats.
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Figure 3. Effect of TRECDs on activity of GPx and levels of GSH, LPO and H,0, on pirox-
icam-induced kidney damage in rats.

4. Discussion

Kidney damage is associated with deterioration in renal function which could
lead to renal failure. The decrease in renal function evidenced by significant in-
crease in plasma levels of urea and creatinine in rats treated with piroxicam
alone was clearly demonstrated in the present investigation. While an increase in
serum urea may indicate decrease in reabsorption at the renal epithelium, an in-
crease in serum creatinine reflects impairment in the kidneys, especially for
glomerular filtration rate [4]. The increase observed in the serum level of creati-
nine and urea is in accordance with the report of [32]. The data on the renal func-
tion parameters observed in the present study following oral administration of pi-
roxicam to rats, corroborated the adverse effect of piroxicam on renal function.
However, administration of different doses of TRECDs produced a dose-dependent
decrease in the levels of these markers; this is in agreement with the work of
[33].

Albumin, a predominant protein filtered by the glomerulus in the kidney. The
presence of increased concentrations of albumin in the kidney indicates a dys-
functional glomerulus. The result of this study showed that the piroxicam alone

treated group had the highest concentration of albumin, this is in accordance
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with the report of [34] showing that piroxicam led to a reduction in GFR result-
ing in albumin retention in the nephrons. However, rats treated with 200 and
400 mg/kg body weight of TRECDs, there was a dose-dependent decrease in the
concentration of albumin this is also in agreement with the report of [35].

Glucose-6-phosphate dehydrogenase (G6PD) is the rate-limiting enzyme of
the pentose phosphate pathway and the main source of the essential cellular re-
ductant, NADPH. NADPH is required for many essential cellular processes such
as the antioxidant system, nitric oxide synthase, cytochrome p450 enzymes and
NADPH oxidase [36]. The decrease in the activity of G6PD in piroxicam alone
treated group is in accordance with the report of [37]. However, concomitant
administration of TRECDs revealed a dose-dependent increase in the activity of
G6PD.

Renal nucleotidase; a suitable marker enzyme for plasma membranes cleaves
phosphate group from purine nucleotides AMP and GMP to produce adenosine
and guanine. It regulates renal hemodynamics, GFR and renin release via specif-
ic receptors of the arteriolar walls [38]. In this study, renal nucleotidase activity
rapidly increased in the piroxicam alone treated group compared, this is in ac-
cordance with the report of [38]. Furthermore, rats treated with different doses
of TRECDs alongside piroxicam showed decreased activity of this enzyme, this is
in agreement with the report of [39].

Electrolytes are important ions in the maintenance of homeostasis, normal
functioning of neurotransmitters, acid-base balance, regulation of blood pres-
sure maintenance of healthy bones and teeth. Increase in these electrolytes in
renal tissues indicates renal dysfunction. Sodium is one of the most important
electrolytes in the body and a major extracellular cation. It is of important in
maintenance of blood pressure via the angiotensin-renin system. Potassium is a
major intracellular cation which is vital to the healthy functioning of all body’s
cells, tissues and organs. It is also essential for muscular function. A balance of
sodium and potassium is important for the body’s electrolyte functions. As an
electrolyte, bicarbonate is important for maintenance of acid-base homeostasis.
Disturbance of acid-base homeostasis is one of the biochemical features of kid-
ney damage.

The significant elevation in the serum Na~, K, HCOj, and CI levels in this
present study is of toxicological significance and may indicate a consequential
effect on the ion-dependent processes in the piroxicam-treated animals. Based
on the serum biochemical parameters presented in the present study, piroxicam
exposure induced renal damages in the treated rats. Administration of TRECDs
decreased the levels of these electrolytes in a dose-dependent manner and values
obtained were very close to the values obtained for the control group. From the
results it is clear that as the dose of TRECDs increases the level of protection of
the kidney integrity was increased.

It is well-known that as kidney function declines, there is a progressive dete-

rioration in mineral homeostasis, with a disruption of normal serum and tissue
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concentrations of phosphorus, calcium, and changes in circulating levels of
hormones [40]. Phosphorus is an essential mineral required for cell structure,
signaling, energy transfer, and other important functions. It serves as a reservoir
for temporary storage and transfer of energy and as an acid-base buffer, and
forms the structural components of cells (e.g. phospholipids, nucleotides, and
nucleic acids). Derangement in the concentration of phosphorus as a result of
drug intake could have adverse consequences on the skeletal, renal, and cardi-
ovascular systems. The disturbances of bone mineral metabolism have been
linked to increased risk of renal disease, end-stage renal disease (ESRD), cardi-
ovascular disease (CVD) and death.

From this study, there was a significant increase in the level of phosphate in
group of rats treated with piroxicam alone when compared with control group at
p < 0.05. This is in line with precipitation-calcification hypothesis; calcium
phosphate crystal deposition in the renal parenchyma may leads to inflamma-
tion, neprocalcinosis and kidney injury [41].

Animal studies demonstrate a direct relationship between phosphorus load
per nephron and renal parenchymal calcification and proximal tubular injury.
There is increasing evidence of extra skeletal calcification that may result from
the deranged mineral and bone metabolism in renal disease as seen in calcium
and phosphate concentration in serum and tissues [42]. The concentration of
calcium in kidney homogenate was significantly increased in piroxicam-alone
treated group (mean of 0.73 £ 0.29 mg/dl) compared with control group (0.25 +
0.12 mg/dl) at p < 0.05. However, this was reversed by administration of TRECD
showing that TRECDS is a remedy for mineral and bone disorders associated
with/as a result of Piroxicam induced nephrotoxicity.

In an attempt to explain the mechanism of action of piroxicam at subcellular
levels in the kidney, we investigated its influence on the renal antioxidant status.
Normally the deleterious effects of oxidative stress are counteracted by the natu-
ral antioxidant defense mechanisms to protect the biological system against
reactive oxygen species. Antioxidant statuses are regulated by multiple factors.
The oxidative status of the cell is the primary factor regulating gene expression
and the activity of antioxidant enzymes [43]. Superoxide dismutase (SOD), cata-
lase (CAT), glutathione peroxidase (GPx), and glutathione-S-transferase (GST)
are endogenous antioxidant enzymes responsible for the detoxification of delete-
rious oxygen radicals and their activities are used to assess oxidative stress in cells
[3] [44]. The first line of defense to the cells is provided by the existence of a mu-
tually supportive relationship between metalloenzymes SOD, which accelerates the
dismutation of endogenous cytotoxic superoxide radicals to H,0,, and CAT,
which converts the deleterious peroxide radicals into water and oxygen [45].

In the present study, the activities of renal SOD, CAT, GPx, and GST were
markedly decreased in rats that received piroxicam alone. The decrease in the
activities of these antioxidant enzymes indicate the damaging effect of oxidative

stress possibly generated during piroxicam metabolism. Glutathione plays a pi-
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votal role in the scavenging of hydroxyl radical and singlet oxygen directly as
well as in the detoxification of hydrogen peroxides and lipid hydroperoxides via
the activity of GPx. Further, GST is involved in the biochemical conjugation of
electrophilic oxidants with GSH to form water soluble compound products that
are readily excreted from the system [28] [46]. The observed decrease in the ren-
al GSH level in the present study may suggest an increased demand or overutili-
zation of GSH by the cell possibly to combat ROS generation in the pirox-
icam-treated rats. The deleterious chemical effects of H,0, molecules can be
grouped into the categories of direct activity, originating from their oxidizing
properties, and indirect activity in which they serve as a source for more delete-
rious species, such as hydroxyl radicals and hypochlorous acid [47]. Reactive
oxygen species attack cellular components containing polyunsaturated fatty acid
residues to produce peroxyl radicals which undergo a cyclization reaction to
form endoperoxides and eventually trans-4-hydroxy-2-nonenal and MDA [48].
The dose-dependent increases in the renal H,0, and MDA levels observed in
this study clearly demonstrate a state of stress in the tissues possibly induced by
piroxicam or its metabolites.

The histopathological report revealed that oral administration of piroxicam alone
produced remarkable damaging effect to kidney of the treated rats, hence support-
ing the observed biochemical observations. The piroxicam alone treated group
showed lesions as advanced degeneration of the proximal tubules depicted by mild
hemorrhage at interstitium in tubular epithelial cells with severe vacuolation and
renal tubular necrosis (red arrows). However, as the doses of the TRECDs increases

the architectural integrity of the kidneys was practically restored (Figure 4).

Figure 4. Influence of piroxicam on kidney morphology of control, piroxicam- and
TRECDs-administered rats. Representative photomicrographs of control (A) show nor-
mal renal architecture; (B) kidney histology revealed progressive degeneration of the
proximal tubules characterized by mild edema (arrow) at interstitium in tubular epithelial
cells in piroxicam alone treated group; (C) Pirox + 200 mg/kg TRECDs showed mild de-
generation of the proximal tubules; (D) Pirox + 400 mg/kg TREDs revealed restoration of
the kidney architecture.
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5. Conclusion

The present study clearly demonstrates that exposure to piroxicam is capable of
inflicting biological damage leading to the pathology of many conditions in-
cluding kidney damage. The differential detrimental effects of piroxicam on
kidney in rats are closely associated with biochemical changes including im-
pairment of function, metabolic disorders, oxidative stress, and histological alte-
ration. The data presented herein are novel and show, for the first time, that the
renal toxicity of piroxicam in the experimental rats is presumably by increased
generation of ROS which led to perturbation of antioxidant defense systems and
that tannin-rich extract of Chasmanthera dependens has the ability to reverse
the adverse effects of piroxicam. Hence, the extrapolation of the present animal
study to human indicates that piroxicam has potential health risk in exposed in-
dividuals and that tannin-rich extract of Chasmanthera dependens has the ca-

pacity to protect the kidney integrity against drug-induced damage.
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