Journal of Entomology and Zoology Studies 2020; 8(3): 589-596

Journal of Entomology and [oalogy Studies s

and

Zoology Stucizs

Available online at www.entomoljournal.com

E-ISSN: 2320-7078
P-ISSN: 2349-6800
www.entomoljournal.com
JEZS 2020; 8(3): 589-596
© 2020 JEZS

Received: 28-03-2020
Accepted: 30-04-2020

T Rajendrakumar

Department of Veterinary
Pathology, Veterinary College,
KVAFSU, Nandinagar, Bidar,
Karnataka, India

Suguna Rao

Department of Veterinary
Pathology, Veterinary College,
KVAFSU, Hebbal, Bangalore,
Karnataka, India

ML Satyanarayana
Department of Veterinary
Pathology, Veterinary College,
KVAFSU, Hebbal, Bangalore,
Karnataka, India

HD Narayanaswamy
Department of Veterinary
Pathology, Veterinary College,
KVAFSU, Hebbal, Bangalore,
Karnataka, India

SM Byregowda

Institute of Animal Health and
Veterinary Biological, KVAFSU,
Bangalore, Karnataka, India

Corresponding Author:

T Rajendrakumar

Department of Veterinary
Pathology, Veterinary College,
KVAFSU, Nandinagar, Bidar,
Karnataka, India

Effect of Andrographis paniculata on cisplatin
induced renal histopathology in Wistar albino rats

T Rajendrakumar, Suguna Rao, ML Satyanarayana, HD Narayanaswamy
and SM Byregowda

Abstract

The role of ethanolic extract of Andrographis paniculata [AP], in preventing cisplatin [CP] induced
histopathological changes in renal tissue was evaluated in 60 Wistar albino rats. Five equal-sized groups
of rats were used as control, recipient of CP alone, recipient of AP alone, pre recipient of AP for 15 days
prior to CP and concurrent treatment of AP with CP. CP was administered at 7.5 mg/kg body weight
intraperitoneally for single dose. AP was at the dose of 500mg/kg body weight by oral gavaging for 45
days. Histopathological examination of kidney was carried out on 7%, 14" 28" and 45" day. Results
documented that, CP produced severe congestion of tubular vessels, vacuolar degeneration, necrosis,
apoptosis of renal cells, distension of the tubules and inflammatory cell infiltration. The AP treatment
groups revealed improvement in the kidney architecture, while pretreatment of AP produced the much
earlier amelioration of the pathological changes. The study indicated that, prior administration of AP
inhibited the CP induced kidney injury and has good prophylactic effect.
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1. Introduction

Nephrotoxicity is one of the major kidney problems caused by drugs, diagnostic agents,
chemical reagents and heavy metals M. One such platinum chemotherapeutic drug is the
cisplatin and used in variety of malignancies. It kills malignant cells in all stages of life cycle
and hinders DNA synthesis and function through binding to DNA via formation of interstand
and intrastand crosslinks [@. Unfortunately, cisplatin administration was associated with
numerous side effects including nephrotoxicity, hepatotoxicity, myelosuppression,
neurotoxicity and ototoxicity (I, Of these, most clinically significant and common toxicity is
nephrotoxicity. The mechanism for cisplatin induced nephrotoxicity is not sufficiently
understand, but appears to involve inflammation, oxidative stress and apoptosis [*l. The clinical
usefulness of CP has been limited because of the nephrotoxic effect. Therefore, alleviating the
nephrotoxic effect of CP without inhibiting its antitumor effects, in different experiments were
carried out with radical scavengers and natural foods with antioxidant properties . In the
recent years, traditional medicine using herbal plants is considered as best therapeutic for renal
failure than conventional method.

Recently, several studies suggested that, combined chemotherapy with CP and plant extracts
can reduce the side effects and enhance the antitumor efficacy 1. One such plant is
Andrographis paniculata (AP) commonly known as Kalmegh, native of India and China has
been used for years in herbal medicine ['l. AP contains, therapeutically active principles like
andrographalide, neoandrographalide, deoxyandrographalide and didehydroandrographalidel®l.
AP has a broad range of pharmacological effects including anticancer, antihepatitis, anti-
inflammatory, antioxidant, antimicrobial, antimalarial and immunomodulatory effects I, AP is
locally and commonly available plant in India and the leaves were used for renoprotective
action [%, Thus, the aim of the present work to study the effect of CP on renal tissue of rat
histologically and on other hand to investigate the role of AP in experimentally induced
nephrotoxicity.

2. Materials and Methods

2.1 Drugs and chemicals: Cisplatin [Kemoplat] was procured from Fresenius Kabi India Pvt.
Ltd. Pune, India. and the ethanolic extract of Andrographis paniculata was obtained from
Himalaya Herbal Pvt Ltd. Bangalore, India.
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2.2 Animals: Sixty normal adult Wistar albino rats weighing
approximately  180-200 grams were procured from
commercial animal facility, Bangalore for the study. They
were maintained under standard laboratory conditions and fed
with ad libitum standard commercial rat feed and clean
drinking water. The duration of experiment was for a period
of 45 days and a prior permission was obtained from the
Institutional Animal Ethics Committee [IAEC] for the
conduct of the experiment (VCH/IAEC/2016/24 dated
29.12.2016).

2.3 Experimental design: The rats were maintained under
standard laboratory conditions for a period of 15 days for
acclimatization in the experimental animal house. The rats
were divided into five groups with twelve rats in each group.

Group I: Negative control - injected with 0.5ml sterile PBS
intraperitoneally on Day 1 and gavaged with PBS daily.

Group 11: Positive control- nephrotoxicity induced with
administration of cisplatin at 7.5mg/kg body weight
intraperitoneally for single dose.

Group Ill: Andrographis paniculata control-animals
supplemented with ethanolic extract of Andrographis
paniculata alone at the dose rate of 500 mg/kg body weight.

Group 1V: Supplemented with Andrographis paniculata
extract at the dose rate of 500mg/kg bodyweight 15 days prior
to induction of nephrotoxicity by CP.

Group V: Supplemented with Andrographis paniculata
extract at the dose rate of 500mg/kg bodyweight concurrently
with the administration of CP.

2.4 Histopathology: To study the progressive effects of the
treatments given to different groups, rats from each group
were sacrificed humanely under ketamine hydrochloride on
7t 14™ 28™ and 45" day of post induction of nephrotoxicity.
Further, the representative kidney tissues samples of 3-5 mm
thickness were collected and preserved in 10 per cent neutral
buffered formalin for 48hrs and the tissues were processed by
the routine paraffin embedding technique and sections of 4 p
thickness were cut using a microtome and subjected to routine
hematoxylin and eosin (H&E) staining 1.

3. Results

3.1 Normal control group (Group I) and AP control group
(Group III): The Kkidney showed apparently normal
microscopical architecture throughout the study period (Fig.
1, 2).

3.2 Cisplatin control group (Group II): In Kidney, the
cisplatin induced injury was observed mainly in the tubules of
corticomedullary junction involving proximal convoluted
tubules primarily and also distal tubules (Fig. 3). On 7" day of
the experiment, revealed moderate to severe congestion of
glomerular capillaries and inter tubular vessels in both cortex
and medulla (Fig. 4). Some of the glomeruli were atrophied
with reduction in glomerular tuft and increase in Bowman’s
space. The tubular changes were appreciable in the tubules of
distal cortical and corticomedullary junction. Varying
degenerative and necrotic changes were observed in many
tubules which included lining epithelial cell swelling, severe
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vacuolar degeneration and necrosis of cells with
desquamation (Fig. 5). The tubules that showed necrosis,
contained granular eosinophilic material with scattered
pyknotic nuclei in the lumen (Fig. 6). Several tubules also
showed a number of cells with apoptotic morphological
characteristics along with necrotic cells. The apoptotic cells
lining the tubules appeared highly eosinophilic with
condensed nuclei. Some cells also showed fragmentation and
irregular chromatin condensation.

On 14" day, there was a reduction in the severity of
congestion. The various microscopical changes observed in
the kidney were similar to those observed on 7" day. There
was an increase in the number of tubules affected in the
corticomedullary junction. Most of the tubules appeared
distended with total absence of lining cells (Fig. 7). A few
tubules showed eosinophilic necrotic debris with nuclear
remnants. Some also showed presence of apoptotic cells.
Glomeruli and upper cortical proximal tubules appeared
normal. There was also a mild infiltration of mononuclear
inflammatory cells in the interstitium (Fig. 8) as well as into
the lumen of the tubules. On 28" day of the experiment,
persistence of moderate degree of congestion was observed.
There was a progression in the severity of the tubular lesions
which included dilation of large number of tubules with
lesions similar to those observed on 14™ day. However, in
several tubules, loss of basement membrane was observed
along with total tubular necrosis. In addition, presence of
apoptotic cells and few tubules under regeneration were also
observed. On 45" day, there was total reduction in congestion
and was characterized by regeneration and fibrosis of the
affected areas (Fig. 9, 10). However, in some rats there was
persistence of cisplatin induced tubular injury along with
regeneration of tubules. In addition, mineralization was also
observed.

Fig 1: Kidney from Group | showing normal architecture at 7" day
of the experiment. H&E x100

Fig 2: Section of kidney from negative control rat (Group 1) showing
normal appearance of the kidney. H&E x40
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Fig 7: Section of kidney from a Group Il rat at 14" day showing
H&E x40 necrotic renal tubules with desquamated cells in the lumen. H&E
%400

Fig 4: Section of kidney from a Group Il rat at 7" day showing R >
severe congestion of the intertubular vessels and degeneration and PR LD S L SRR SRR TR “
necrosis of tubular epithelial cells. H&E x200 Fig 8: Section of kidney from a Group Il rat at 14™ day showing
interstitial mononuclear infiltration. H&E x200

SPRN Lt & 2%

Fig 5: Section of kidney from a Group Il rat at 7" day showing Fig 9: Section of kidney from a Group Il rat at 45" day showing
severe degeneration and necrosis of renal tubules. H&E %200 fibrosis and occasional regenerating tubules in the distal cortex
region. H&E %100

. X e . s Fig 10: Section of kidney from a Group Il rat at 45" day showing
congestion and eosinophilic granular necrotic material with scattered fibrosis and regenerating newly formed renal tubules lined by

pyknotic nuclei in the lumen of affected renal tubules. H&E x400 cuboidal epithelial cells without lumen formation. H&E x200

~591~


http://www.entomoljournal.com/

Journal of Entomology and Zoology Studies

3.3 Andrographis paniculata pre-treatment group (Group
IV): Microscopically on day 7™, there was mild congestion of
vessels in the kidney. Majority of the tubules appeared normal
in the architecture with only occasional tubules showed
vacuolar degeneration (Fig. 11). Some of the tubules at the
corticomedullary junction revealed distension with flattened
or low cuboidal lining epithelial cells. Occasional lining cells
showed apoptosis. There was infiltration of mononuclear cells
in large number in the interstitial space. On 14" day, also
there was mild degree of congestion and majority of the
tubules at corticomedullary junction appeared normal in
architecture with regenerated tubules (Fig. 12). Occasional
tubules  revealed vacuolar  degeneration,  necrosis,
desquamation, presence of apoptotic cells and eosinophilic
proteinaceous material in the lumen. Infiltration of large
number of mononuclear cells was observed in the interstitium
(Fig. 13) along with mild fibrous connective tissue
proliferation. On 28" day, the corticomedullary junction
showed presence of numerous regenerated tubules (Fig. 14)
along with infiltration of inflammatory cells and mild fibrous
connective tissue proliferation in the interstitium. The
regenerating tubules were lined by cuboidal epithelial cells
and were more basophilic. The adjacent tubules appeared
either normal or showed atrophic changes with pyknotic
nuclei and eosinophilic cytoplasm. On 45" day there was
persistence of the similar changes in the kidney of those
observed on 28™ day
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Fig 11: Section of kidney from a Group IV rat at 7" day showing
affection of renal tubules with mild degeneration and necrotic
changes. Lumen of occasional tubules are showing presence of
eosinophilic hyaline cast. H&E %200

¥
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m a Group IV rat at 14™ day showing

mild affection of kidney with occasional tubules dilated cystically
lined by flattened renal tubular cells.H&E %200
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infiltration of large number of mononuclear cells in the interstitium.
Note almost normal appearance of adjacent renal tubules.
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Fig 14: Section of kidney from Group IV rat at 28" day showing
numerous regenerated tubules along with degenerated and necrotic
adjacent tubules. H&E %200

3.4 Andrographis paniculata concurrent treatment group
(Group V): On 7™ day, the microscopical changes observed
in the kidney were similar to those observed in the cisplatin
control group (Group I1) which included moderate degree of
congestion, tubular degeneration and necrosis restricted to the
tubules of corticomedullary junction (Fig. 15), total
desquamation of cells into the lumen with or without retained
basement membrane, presence of apoptotic cells and mild
infiltration of mononuclear cells in the interstitial space.
Additionally, there was multifocal mineralization involving
necrotic tubules (Fig. 16). On 14™ day, there was an
appreciable reduction in the degree of congestion. There was
persistence of tubular changes and were similar to those
observed on 7" day, however, in a reduced intensity. The
affected areas showed regeneration of large number of tubules
lined by either flattened or low cuboidal epithelial cells. On
28™ day also, there was persistence of low grade of tubular
injury and mild to moderate degree of congestion. Most of the
tubules in the affected area revealed regeneration with
flattened, low cuboidal or cuboidal lining epithelial cells (Fig.
17). Many of the tubules also showed infiltration of
macrophages into the lumen. However, occasional tubules
showed degenerative and necrotic changes. On 45" day, there
was an appreciable reduction in the severity of congestion and
tubular changes. Majority of the tubules revealed regeneration
and lined by low cuboidal to cuboidal epithelial cells (Fig.
18). However, there was also persistence of tubules that were
distended, consisting of eosinophilic homogenous material.
There was infiltration of mononuclear cells and mild
connective tissue proliferation interstitially with macrophages
in the lumen of some of the tubules.
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Fig 15: Section of kidney from a Group V rat at 7" day showing
congestion and severely dilated tubules with flattened lining cells.
Note necrotic debris in the lumen. H&E x100
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Fig 16: Section of kidney from a Group V rat at 7" day showing
multifocal mineralization involving necrotic tubules. H&E x100

G

Fig 17: Section of kidney from a Group V rat at 28" day showing
occasional intertubular vessel congestion, distended tubules lined by
flattened low cuboidal epithelial cells. Also note necrotic debris and

desquamated cells in the lumen of tubules. H&E x400

regenerating tubules lined by low cuboidal to cuboidal epithelial
cells. H&E x400
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4. Discussion

Cisplatin is an effective chemotherapeutic agent for a wide
variety of tumors. The therapeutic effect of cisplatin is
pointedly enhanced by dose acceleration. However, high dose
therapy with CP is limited due to associated side effects such
as nephrotoxicity and hepatotoxicity 1. CP induced kidney
injury is mainly attributed to higher accumulation of CP in
tubular epithelial cells, oxidative stress, inflammation and
apoptosis [,

In the present study, single dose of CP (7.5mg/kg) treatment
showed, severe congestion of inter tubular vessels, vacuolar
degeneration and necrosis of tubular epithelial cells, apoptosis
of renal cells, distension of tubules with necrotic desquamated
cells during 7" day which progressed in severity on 14" and
28" day with infiltration of inflammatory cells in the
interstitium. On 45" day of the study, there was regeneration
and fibrosis of the affected areas along with some tubular
injury. The cisplatin induced lesions were observed at
corticomedullary junction mainly with upper cortex and
medullary junction. Similar morphological changes in the
kidneys in cisplatin toxicity have also been reported in earlier
studies 12231,

Cisplatin accumulates in greater amount in the kidney
compared to any other organs and it is excreted mainly
through kidney. The cisplatin concentration in the proximal
tubular epithelial cells is about 5 times the serum
concentration 2. This disproportionate distribution of
cisplatin in kidney tissue contributes to severe nephrotoxicity
associated with cisplatin treatment [2°1. In the present study,
cisplatin induced severe renal damage was restricted mainly
to the corticomedullary junction. Cisplatin enters renal tubular
cells by passive diffusion or transporter facilitated diffusion
through basolateral organic cation transporter (OCT) leading
to disproportionate drug accumulation. OCT2 is expressed
mainly in the S2 and S3 segments 61, OCT2 is a critical
transporter in cisplatin penetration and cytotoxicity in the
proximal tubules and affects accumulation of the drug in the
kidneys which could explain the drug’s organ, site and cell-
specific toxicity in the present study.

Extensive necrosis of the tubular epithelial cells observed in
the present study could be attributed to the cytotoxic effect of
the drug cisplatin. Once cisplatin is transported into the
tubular cells, highest concentration of cisplatin occurs in
cytosol, mitochondria, nuclei and microsomes 4. Then
cisplatin conjugates with glutathione and metabolized through
Gamma glutamy! transpeptidase and a cysteine —S-conjugate
beta —lyase dependent pathways to form a reactive thiol,
which serves as a potent nephrotoxin. Such highly reactive
cisplatin metabolite cross-links DNA and cause DNA damage
along with generation of ROS leading to necrosis and
apoptosis of renal tubular cells causing nephrotoxicity 2% 271,
Many earlier workers have observed increased oxidative
stress in kidney tissues following cisplatin administration with
increase in MDA levels and decrease in antioxidant enzymes
such as SOD and GPx which clearly indicate that, oxidative
stress is also an important cause of damage to renal tissue in
cisplatin nephrotoxicity 417181,

Another characteristic microscopic observation in the present
study was presence of apoptotic cells in the kidney. Apoptotic
cells and apoptotic bodies in cisplatin induced nephrotoxicity
have been described in earlier studies [** 15 171, Cisplatin, as
indicated earlier, cross links the DNA in several different
pathways and forms DNA adducts, causing G2 cell cycle
arrest and interferes with cell division by mitosis. The
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damaged DNA elicits DNA repair mechanisms, which in turn
activate apoptosis when repair proves impossible 28 21, |n
addition, apoptosis in cisplatin nephrotoxicity could be due to
increased oxidative stress with increased free radical injury,
reduction in the mitochondrion membrane potential and
proinflammatory cytokines or depletion of intracellular
antioxidants % 31, The increased oxidative stress may also
cause structural changes in nucleus by causing DNA
fragmentation and denaturation, which play a critical role in
the initiation of apoptosis 1.

In the present study during 45" day extensive fibrotic change
along with regenerative tubules was observed in the
corticomedullary junction replacing the injured tissue.
Cisplatin has been reported to induce fibrosis around the
affected tubules accompanied by infiltration of macrophages
and lymphocytes. The infiltrated macrophages play a role in
renal interstitial fibrosis by production of fibrogenic factors
TGF-betal and TNF alpha which mediate induction of
myofibroblastic cells capable of producing extracellular
matrix 331, In the present study inflammatory changes were
also observed in the kidney. Cisplatin has been reported to
induce a series of inflammatory changes that mediate renal
injury. Recent evidence indicates that inflammation has an
important role in the pathogenesis of cisplatin-induced renal
injury. Cisplatin increases degradation of inhibitor kappa beta
(IkB) in a time-dependent manner and increases nuclear
factor-kB (NF-kB) binding activity. These events lead to the
enhanced renal expression of TNF-a. Other cytokines, such as
transcribing  growth  factor-a  (TGF-a),  monocyte
chemoattractant protein-1 (MCP-1), intercellular adhesion
molecule (ICAM), hemeoxygenase-1, TNF receptor 1
(TNFR1), and TNF receptor 2 (TNFR2), are also increased in
kidneys by cisplatin. TNF-o induces apoptosis, produces
reactive oxygen species, and coordinates the activation of a
large network of chemokines and cytokines in the Kidney
which attract inflammatory cells ¢}

Microscopically, kidney of both the Andrographis paniculata
treatment groups (Group IV and V) revealed restoration of
almost normal architecture by 45" day of experiment. During
initial period of the experiment, changes in the kidney were
similar to that of cisplatin group in concurrent group (Group
V). However, in the pre-treatment group (Group IV) only
occasional tubules showed changes indicating protection
rendered by pre-treatment of Andrographis paniculata against
cisplatin injury. The various changes noticed in the kidney
were moderate degree of congestion, tubular degeneration and
necrosis restricted to the tubules of corticomedullary junction,
presence of apoptotic cells and mild infiltration of
mononuclear cells in the interstitial space along with mild
fibrotic and regenerative changes from 14™ to 28™ day in the
concurrent group (Group V). However, in pre-treatment group
(Group 1V) regeneration of the numerous tubules with mild
vacuolar degeneration and necrosis of tubular cells along with
interstitial infiltration were noticed. In comparison to Group
V, Group IV revealed better nephroprotective and early
restoration of normal architecture.

The nephroprotective effect of Andrographis paniculata has
been well established and reported in various earlier studies
against various chemical induced nephrotoxicity [10 37401 Pre-
treatment with leaf extracts (300mg/kg, for 10 days) of
Andrographis paniculata significantly prevented
histopathological changes in kidney induced by gentamycin in
Wistar albino rats towards normalcy and this inhibitory action
of Andrographis paniculata leaves extract against
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nephrotoxin is due to the presence of secondary metabolites
like flavonoid and polyphenolic compounds responsible for
the nephroprotective activity [8.  Andrographolide, of
Andrographis paniculata as indicated earlier, possess
antioxidant activity. Oxidative damage at the cellular level of
the renal cortex by gentamicin induced free radicals was
alleviated by the antioxidant and free radical-scavenging
properties of Andrographis paniculata signifying its possible
mechanism of renoprotection ¥ 41, Andrographis paniculata
extract also can attenuate the myeloperoxidase activity,
showing the anti-inflammatory effect of Andrographis
paniculata as reported in earlier study 2. In the present
study, cisplatin induced inflammation with infiltration of
macrophages and lymphocytes was reduced by Andrographis
paniculata in both Group IV and V rats. Ethanolic extract of
Andrographis paniculata decreased kidney injury molecule-1
(Kim-1) and increased nuclear factor erythroid 2-related
factor 2 (Nrf2) expression thereby ameliorated cisplatin
induced nephrotoxicity by inhibiting inflammatory and
oxidative stress response 0. Andrographolide, an active
biomolecule of AP, activate the Nrf2 and this plays a
predominant role in antioxidant protection against oxidative
damage *31. Once activated, Nrf2 translocate into nucleus and
binds to the antioxidant responsive element located in
promoter region of antioxidant and phase Il enzymes,
including HO-1, GSH, GPx, ROS, and glutamate cysteine
ligase, etc. to enhance antioxidant capacity and restore redox
homeostasis 141,

5. Conclusion

Findings of the present study concluded that, cisplatin when
administered at the dose of 7.5 mg/kg induced the
nephrotoxicity as evidenced by the histopathology. On the
other hand, AP treatment has beneficial and responsible for
nephroprotective properties. It is therefore, recommended this
to be useful co-treatment for cisplatin during treatment of
cancer.
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