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the stimulation of ROS production, including superoxide anions (O,"), hydrogen
peroxide (H;0,), and hydroxyl radicals ("OH). Furthermore, CP also depletes the
antioxidant defense mechanisms such as glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx). In addition, nitrative stress
is also involved in the renal damage through production of high levels of nitric oxide
(NO), possibly as a result of induced synthesis of nitric oxide synthase (iNOS),
leading to the continuous formation of peroxynitrite (ONOO-), which contribute to
CP-induced renal damage by reacting with O,"". Therefore, both reactive oxygen and
nitrogen species generation following CP treatment leads to significant damage to
cell structure and function, including lipid peroxidation, protein nitration, enzyme
inactivation, and DNA breaks. Eventually, this phenomenon leads to cellular
dysfunction and signaling for the activation of pro-apoptotic pathways, causing cell
death and kidney damage (Cetin et al., 2006; Peres & da Cunha, 2013) (P&l Pacher,

Joseph S. Beckman, & Lucas Liaudet, 2007).

1.5.4 Inflammatory Response

In addition to direct toxicity that exists following CP administration,
inflammation plays a pivotal role in renal injury due to several inflammatory
mediators. Different chemokines and cytokines are produced and released to the site
of renal tissue injury. CP activates phosphorylation and subsequent translocation of
nuclear factor kappa -B (NFkB) transcription factor to the nucleus that consequently
promotes the transcription of specific genes encoding inflammatory mediators and
causing immune, proliferative, anti-apoptotic, and inflammatory responses (Miller, et
al., 2010). This event leads to increased expression of tumor necrosis factor alpha

(TNF-0) in kidney tubular cells. TNF-a is the prototypical inflammatory cytokine that



12
plays an important role in the host-defense mechanisms against infectious diseases
and other chronic inflammatory diseases. Several studies have addressed the role of
TNF-a in the pathogenesis of CP-induced acute renal failure. In fact, treatment of
animals with specific TNF-a inhibitors or genetic ablation of TNF-o conferred
marked renal protection against CP-induced nephrotoxicity (Ramesh & Reeves,
2002). These observations revealed the important contribution of TNF-a in the
pathogenesis of CP-induced renal toxicity. Furthermore, several studies
independently have confirmed the above findings (Y. K. Kim et al., 2003; Tsuruya et

al., 2003).

TNF-a can stimulate renal injury and tubular cell death directly via TNF
receptor type 1 (TNFR1) and indirectly by evoking strong inflammatory response
through TNF receptor type 2 (TNFR2). Moreover, TNF-o/TNFR2 signaling
contributes to CP nephrotoxicity and may enhance the pro-apoptotic effects arising
from the activation of TNFR1. Additionally, TNF-a is responsible for the activation
of a large network of proinflammatory cytokines such as interleukins IL-1p, IL-4, IL-
6, transforming growth factor-f1 (TGF-B 1) and monocyte chemotactic protein-1
(MCP-1). Furthermore, TNF-a induces the expression of adhesion molecules, such as
intercellular adhesion molecule 1 (ICAM-1) and vascular cell adhesion molecule 1
(VCAM-1), resulting in the invasion of inflammatory cells in to the renal parenchyma

(Peres & da Cunha, 2013).

Mitogen-activated protein kinases (MAPK) are protein Kkinases that are
involved in directing cellular responses to a diverse range of stimuli, such as
mitogens, osmotic stress, heat shock and proinflammatory cytokines. Moreover,

MAPK’s regulate cell functions including proliferation, gene expression,
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differentiation, mitosis, cell survival, and apoptosis. Different stimulus such as
physical, biological or chemical, causes initiation of cellular stress, inflammatory
response and apoptotic pathways that eventually induced the production of c-Jun N-
terminal kinases (JNKs) and p38 MAPK kinases. In addition, a cascade of
extracellular-signal-regulated kinases (ERKS) is induced mostly by cell death and cell
survival growth factors. Therefore, different activation patterns of these three main
MAPK pathways (ERK, JNK, and p38) have been involved in the pathogenesis of
CP-induced nephrotoxicity (dos Santos, Carvalho Rodrigues, Martins, & dos Santos,
2012; Pabla & Dong, 2008). p38 MAPK activation leads to the synthesis of TNF-a in
CP-induced renal inflammation. It has been demonstrated that the activation of
MAPK p38 in neutrophils causes IxB (an inhibitor of NF-kf) degradation,
consequently promoting the activation and migration of NF-kB to the nucleus, which
culminates in the generation of pro-inflammatory cytokines including TNF-a.
Consequently, TNF-a and some other inflammatory mediators, form a loop feedback
which induces the transcription of genes of inflammatory mediators (Peres & da

Cunha, 2013; G. Ramesh & W. B. Reeves, 2005).

1.5.5 Apoptosis Pathways Activation

Nephrotoxic dose of CP has been shown to initiate several apoptotic pathways
in renal epithelial cell death via extrinsic and intrinsic pathways (Shiraishi et al.,
2000). CP recruits extrinsic pathway by activating death receptors such as TNF
receptors located in the basolateral membrane and their main ligands including Fas
and TNF-a, and the activation of these receptors increases the activity of caspase 8
and eventually resulting in the apoptosis. Intrinsic pathway or mitochondrial and

endoplasmic reticulum stress pathway enhances the pro-apoptotic proteins Bax and



14
Bak to undergo structural modifications and alter the integrity of the mitochondrial
membrane to cause the release of apoptogenic factors such as cytochrome C
(caspases activator) and apoptosis-inducing factor (AlIF), a caspase-independent cell
death promoter (Peres & da Cunha, 2013). Both pathways induces the activation of
specific proteases called executioner caspases (caspase-3 and caspase-7), resulting in
the characteristic morphological changes such as membrane degradation, cell
shrinkage, and DNA fragmentation, which are reminiscent of apoptosis (Pabla &
Dong, 2008; Peres & da Cunha, 2013; Sancho-Martinez, Prieto-Garcia, Prieto,

Lopez-Novoa, & Lopez-Hernandez, 2012).

Caspases are a family of cell death proteases that plays an important role in
the execution phase of apoptosis in the renal tubular epithelial cell death both in vivo
and in vitro (Jiang, Wang, Huang, Yang, & Dong, 2009). Activation of caspases
occurs after CP treatment of renal epithelial cells and inhibition of caspase activity
suppress its role in cell death induction. P53 is a tumor suppressor gene that causes
cell cycle arrest or apoptosis in response to DNA damage, hypoxia and oncogene
activation (Bassett, Wang, Rastinejad, & EI-Deiry, 2008). CP administration has been
reported to activate the p53 transcription. However, pharmacological inhibition of
p53 transcriptional activity or genetic ablation/repression reduces CP-induced caspase
activation, apoptosis, ameliorated CP-induced renal apoptosis, and renal tissue injury
(Wei et al., 2007). In sum, CP-induced cell injury and cell death involves number of
pathways including oxidative stress, pro-inflammatory cytokines generation, and

activation of intrinsic and extrinsic apoptotic pathways.
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1.6 Strategies for Ameliorating CP - Induced Nephrotoxicity

Vigorous hydration with saline and simultaneous administration of mannitol
before, during and after cisplatin administration have been shown to reduce the risk
for CP-induced nephrotoxicity (Ali & Al Moundhri, 2006; G. S. Oh, et al., 2014).
Amifostine (an organic thiophosphate) also reduces CP-induced nephrotoxicity.
Amifostine mechanism of renoprotection is purported through the scavenging of
oxygen free radicals, via generation of GSH (Ali & Al Moundhri, 2006; Asna et al.,
2005). In addition, erythropoietin has been shown to confer protection against CP-
induced nephrotoxicity (Yalcin et al., 2003). In addition to its essential role as
hematopoietic agent, erythropoietin inhibits apoptotic cell death, enhances tubular
epithelial regeneration and promotes renal functional recovery in hypoxic or ischemic

acute renal injury (Yalcin, et al., 2003).

Salicylates are anti-inflammatory agents used in the treatment of various
inflammatory ailments. Salicylates confer anti-inflammatory activity by inhibiting
cyclooxygenase activity and prostaglandin synthesis. Furthermore, high doses of
salicylates are able to stabilize the inhibitor of kappa-B (IxB) enzyme as well as
reduce NFkB transcriptional activity, that consequently attenuates TNF-o generation
and reduces renal inflammatory response during the CP-induced nephrotoxicity(G. S.
Oh, et al., 2014). (Ramesh & Reeves, 2004). However, these approaches have met
with limited clinical success, since CP-induced nephrotoxicity could not be
abrogated. Therefore, there is an urgent need to develop agents that can confer

renoprotection, without compromising the anti-cancer activity of CSP.
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1.6.1 Phytochemicals as Cytoprotective Agents for Mitigating CP — Induced
Nephrotoxicity

Phytochemicals are bioactive non-nutrient plant compounds that are widely
distributed in plant kingdom. Regular consumption of fruits and vegetables were
associated with reduced risk for the development of major chronic diseases such as
metabolic syndrome, cardiovascular and inflammatory diseases. Presently, more than
5000 phytochemicals were identified. Despite this development, their pharmacology
and health benefits are hitherto unknown (R. H. Liu, 2003). In fact, USFDA approved
anti-cancer drug paclitaxel and anti-malarial drug artemisinin are phytochemicals
derived from Taxus brevifolia and Artimesia annua (Morejohn & Fosket, 1991) (Tu,
2016). In addition, anti-diabetic drug belonging to the chemical class biguanide was
originally isolated from Galega officinalis (Witters, 2001). These developments
provide indication that phytochemicals have tremendous translational potential for
the treatment of various diseases. In this direction, several phytochemicals were
evaluated for cytoprotective effects against CP-induced nephrotoxicity (Ojha et al.,

2016).

In the present study, we have investigated the nephroprotective actions of
genipin (GP) in a murine model of CP-induced nephrotoxicity. GP is a phytochemical
extracted from the fruit of Gardenia jasminoides (Figure 1.4). This plant belongs to
the coffee family and it is native to the subtropical countries of Africa, Asia and
Pacific islands (Manickam, Sreedharan, & Elumalai, 2014). In traditional Chinese
medical practice, GP formulations is used for the treatment of inflammation
associated pain, hypertension, hepatic disorders (Ko & Moon, 2015). Recently, GP

chemo-preventive effects were also recognized (Ko & Moon, 2015).
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Structure of Genipin Gardenia jasminoides

Figure 1.4: Structure of genipin and its natural source

1.7 Aims and Objectives of the Study

GP is a terpinoid molecule and it is widely used in the pharmaceutical
industry as a cross-linking agent in the synthesis of various biopolymers, and used as
drug delivery agents. Because of natural availability and low cytotoxicity, GP is
pursued for the development of novel cross-linking agents. In addition, GP also
serves as backbone for the synthesis of various alkaloids during medicinal chemistry
research (Tsai, Tseng, Chen, & Tsai, 2002). Previous studies have indicated that GP
possesses anti-inflammatory and anti-oxidant properties (Koriyama et al., 2010).
Furthermore, GP has been shown to ameliorate hepatic ischemia reperfusion injury,
steatosis, autoimmune hepatitis and fibrosis in rodents (J. Kim, Kim, & Lee, 2013)
(Ma et al., 2012) (S.-J. Kim, Kim, Lee, Kwak, & Lee, 2010) (Inao et al., 2004).
Similarly, GP has been reported to attenuate myocardial tissue injury (Paul et al.,

2012) and suppresses neuro-inflammation (Koo et al., 2004). In addition, GP
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inhibited hyperglycemia-induced renal tissue injury by diminishing oxidative stress

and inflammation (Qiu et al., 2012).

However, there are no reports available on GP nephroprotective activity
against CP-induced renal toxicity. Hence, we have undertaken this study to determine
and investigate the GP nephroprotective actions, in murine model of CP-induced

nephrotoxicity. Specific objectives of this project are outlined below.

1. Investigate the GP nephroprotective effect against CP-induced nephrotoxicity
in mice.

2. Investigate the pre-treatment (prophylaxis) and post-treatment (therapeutic)
effects of GP against CP-induced nephrotoxicity.

3. Investigate the biochemical mechanisms governing GP nephroprotective
actions.

4. In specific, the role of oxidative stress, inflammation and cell death pathways

in ameliorating CP-induced nephrotoxicy will be determined.
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Chapter 2 : Materials and Methods

2.1 Animals and Drug Treatment

All animals experimentation protocols adhered to the National Institutes of
Health (Bethesda, MD, USA) guidelines for responsible use of laboratory animals
and were approved by institutional animal care and use committee of the United Arab
Emirates University. C57BL/6J (6-8 week-old male mice) were purchased from the
Jackson laboratory (Bar Harbor, ME, USA). Animals were maintained in
temperature-controlled facility, with 12-hr light/dark cycle and provided access to
water and food ad libitum. Genipin (GP) was obtained from Santa Cruz
biotechnology (Dallas, TX, USA). Cisplatin (CP) was purchased from Sigma
chemicals (St Louis, MO, USA). GP (1 — 10 mg/kg) was administered via
intraperitoneal injections (I.P) either 2hrs before or 12hrs after CP administration.
Animals were sacrificed 72hrs after single dose of CP (20 mg/kg; 1.P). Animals were
anesthetized with tribromomethanol (0.2 ml/10 gm body weight). Blood samples
were collected by retro-orbital puncture and later euthanized by cervical dislocation.
After ensuring the death of animals, they were dissected and kidneys were removed
and snap frozen in liquid nitrogen for biochemical investigations or placed in 10%
neutral buffered formalin (Electron microscopy sciences, Hatfield, PA, USA) for
histological evaluations. Unless specified, all fine reagents were obtained from Sigma

chemicals.

2.2 Determination of Renal Function

Serum levels of blood urea nitrogen (BUN) and creatinine (Cr) was

determiend using IDEXX VetTest chemistry analyzer (IDEXX Lab, Hoofddorp, The
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Netherlands). Test kits were procured from IDEXX lab and samples were analyzed

per the protocol supplied by the manufacturer (Partha Mukhopadhyay et al., 2010).

2.3 Determination of Serum Cystatin C

Levels of cystatin ¢ in serum samples were determined using commercially
available ELISA kit (R & D systems, MN, USA). Samples were subjected to ELISA
assay as per the protocol supplied with the kit. In brief, 50 uL of assay diluent was
added to the 96-well microtiter plate, followed by 50 pL of serum samples or
standards, and incubated for 2 hours at room temperature (RT). After washing, 100
uL of cystatin ¢ conjugate solution was added and incubated at RT for 2 hours.
Subsequent to washing, wells were probed with 100 uL substrate solution and
absorbance was determined at 450 nm using microtiter plate reader [Molecular

Devices, Sunnyvale, CA, USA]. Values are expressed as ng/ml.

2.4 Determination of Kidney Injury Molecule -1 (KIM-1) in Renal Tissues

Renal tissues were homogenized with tissue lysis buffer (Thermo Fischer
Scientific, Paisley, UK). Protein content in the homogenates was determined with
Lowry reagent (Bio Rad, CA, USA). Levels of KIM-1 in the renal tissues were
determined with the commercially available kit (R & D systems, MN, USA) and the
protocol was identical to that of cystatin C measurement. Values were expressed as

pg/mg protein.

2.5 Histological Evaluation of CP-Induced Renal Injury

After fixation of the renal tissues in 10 % neutral buffered formalin for 72

hours, samples were processed as follows:

1. 70 % ethanol for 1 hour
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2. 95 % ethanol for 1 hour
3. Absolute ethanol for 1 hour X 3 changes
4. Xylene 1 hour X 2 changes
5. First wax (Paraplast X-tra; Thermo Fischer Scientific, Paisley, UK) at
58°C for 1 hour
6. Second wax (Paraplast X-tra) at 58°C 1 hour
7. Processed samples were embedded in tissue cassettes and allowed to cool
down to RT.
8. 5 um paraffin sections were obtained using microtome (Thermo Fischer
Scientific, Paisley, UK). Sections are air dried and placed at hot plate at 58°C

for 2 hours. The sections were stored in slide boxes, until staining.

2.5.1 Periodic acid-Schiff Staining (PAS) of Paraffin Sections

Slides were placed in a rack, and deparaffinization was performed using glass

chamber as per the protocol provided below:

Solution Incubation time
Xylene 3 min
Xylene 3 min

Xylene : Ethanol (1:1) 3 min
100% Ethanol 3 min
100% Ethanol 3 min
95% Ethanol 3 min
70% Ethanol 3 min
50% Ethanol 3 min

After deparaffinization, slides are placed in distilled water, until further processing of
the sections. PAS staining of the renal sections was performed using the kit purchased

from American Master Tech (Lodi, CA, USA). The sections were immersed in 0.5 %
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periodic acid and incubated for 7 min and washed in running tap water for 1 min.
Next, sections were covered with Schiff solution and incubated for 15 min, followed
by washing in running tap water for 5 min. Sections were counterstained with
Mayer’s hematoxylin for 2 min and washed in running water for 1 min. Finally,
sections were dehydrated in absolute alcohol for 1 min, and xylene, and permanently
mounted with cover slips. Slides were air-dried and observed using light microscope
(Carl Zeiss, Germany). Tubular necrosis was characterized by the loss of proximal
tubular brush border, blebbing of apical membranes, epithelial detachment from
basement membrane or intraluminal hyaline cast formation (Partha Mukhopadhyay,

et al., 2010).

2.6 Determination of NADPH oxidase Activity in Renal Tissues

Renal tissues were washed in ice-cold phosphate buffered saline (PBS),
homogenized in buffer containing 20 mM KH,PO, (pH 7.0), protease and
phosphatase inhibitors cocktail tablet (Calbiochem) NADPH oxidase activity of the
renal homogenates was measured using the method described earlier (Abid, Spokes,
Shih, & Aird, 2007). In brief, photon emission from the chromogenic substrate
lucigenin as a function of acceptance of electron/O,"” generated by the NADPH
oxidase complex was measured every 15 seconds for 10 min in a luminometer
(Molecular Devices). The composition of NADPH oxidase assay buffer is: 250 mM
HEPES (pH 7.4), 120 mM NacCl, 5.9 mM KCI, 1.2 mM MgSO,, 1.75 mM CaCl;,
11mM glucose, 0.5 mM EDTA, 100 uM NADH and 5 uM lucigenin. The data were

converted to relative light units/min/mg of protein and expressed as % activity.
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2.7 Determination of Superoxide dismutase (SOD) Activity in Renal Tissues

SOD activities in renal tissues were determined using the assay kit obtained
from Trevigen, Inc. (Gaithersburg, MD, USA). Protocol for determining the enzyme
activity was supplied with kit. In this assay, O,"" generated from the conversion of
xanthine to uric acid and H,O, by xanthine oxidase (XOD), reduced WST-1
(colorless) to WST-1 formazan (chromogen), which absorbs light at 450 nm. SOD
present in the samples would reduce the O, concentration and inhibits the
generation of WST-1 formazan (chromogen). Therefore, the extent of reduction in the
production of WST-1 formazan is proportional to the SOD activity in the tissues. For
instance, higher SOD activity in the samples will result in diminished formation of

WST-1 formazan. Values were expressed as units/mg protein.

2.8 Determination of GSH content in Renal Tissues

GSH levels in the tissues were determined using the kit obtained from
Trevigen, Inc. (Gaithersburg, MD, USA). This kit uses the enzymatic recycling
method for the quantification of GSH. GSH reductase reduces the oxidized
glutathione (GSSG) to reduced GSG. As shown in Figure 2.1, the sulfhydryl group of
GSH reacts with 5,5° dithiobis-2-nitrobenzoic acid (DTNB) to generate yellow
chromogen -5-thio-2-nitrobenzoic acid (TNB), which absorbs at 405 nm. The rate of
TNB production is directly proportional to the concentration of GSH in tissues. GSH

content was expressed as umol / mg protein.
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Figure 2.1: GSH assay principle

2.9 Determination of 4-hydroxynonenal (4-HNE) in Renal Tissues

Lipid peroxides are unstable indicators of oxidative stress in cells that
decompose to form more complex and reactive compounds like malondialdehyde and
4-HNE. Determining the end products of lipid peroxidation is one of the most widely
accepted assays for oxidative damage. 4-HNE in the renal tissues were determined
using ELISA kit procured from Cell Biolabs, Inc (San Diego, CA, USA). The assay
was accomplished by following the protocol supplied with the kit. First, an HNE
conjugate was coated on an ELISA plate. The unknown HNE protein samples or
HNE standards are then added to the HNE conjugate reabsorbed ELISA plate. After
incubation for 1 hour at RT, an anti-4HNE polyclonal antibody was added, followed
by an HRP conjugated secondary antibody, and incubated for 1 hour at RT. After
washing of wells, substrate solution was added and absorbance was measured at 450

nm. 4-HNE content in the samples was expressed as nmol/mg protein.
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2.10 Determination of 3-nitrotyrosine (3-NY) in the Renal Tissues
Nitrotyrosine has been considered as footprint of peroxynitrite formation (P.
Pacher, J. S. Beckman, & L. Liaudet, 2007). 3-NY content in the renal tissue
homogenates was determined with the aid of ELISA kit procured from Hycult

Biotech (Frontstraat, Uden, Netherlands). Protocol is depicted below.

Y Microtiter wells coated with antibody

v

Diluted standard / samples 100 pl

v 60 min 20-25°C

Wash 4x
/(. Biotinylated tracer antibody 100 pl | : 2’: |
v 60 min 20-25°C
Wash 4x
ﬁ Streptavidin-peroxidase conjugate 100 pl | :‘: |
V60 min 20-25°C
O [ ]
Wash 4x X
O TMB solution 100 pl | $.|

v 30 min 20-25°C

Stop solution 100 pl

v

Measurement at 450 nm

Figure 2.2: Protocol for 3-NY determination



26

2.11 Determination of Pro-Inflammatory Cytokines in Renal Tissues

Levels of pro-inflammatory cytokines such as TNFa and IL-1f in renal tissue
homogenates were determined using commercially available ELISA kit (R & D
systems, MN, USA). In brief, 50 uL of assay diluent was added to the 96-well
microtiter plate, followed by 50 uL of serum samples or standards, and incubated for
2 hrs at room temperature (RT). After washing, 100 uL of cystatin ¢ conjugate
solution was added and incubated at RT for 2 hours. Subsequent to washing, wells
were probed with 100 uL substrate solution and absorbance was determined at 450
nm using microtiter plate reader [Molecular Devices, Sunnyvale, CA, USA]. Values

are expressed as pg / mg protein.

2.12 Determination of MAPK Activation
JNK and p38 MAPK activation in the renal tissues was determined with the
aid of commercially available kit procured from Cell signaling technology (Danvers,
MA, USA). Tissue homogenates 100 uL was added to microtiter wells and incubated
for 2hrs at 37°C. Contents of the wells were aspirated and washed four times with
wash buffer provided in the kit. Then 100 uL of detection antibody was added to the
corresponding wells and incubated for 1hr at 37°C. After repeating the washing step,

wells were probed with tetra methylene blue (TMB) substrate solution and

absorbance was measured at 450 nm.

2.13 Determination of Caspase 3 Activity

Caspase 3 activity in the renal tissue homogenate was determined using the kit
purchased from Promega (Madison, WI, USA). Caspase 3 is a protease that

specifically cleaves the aspartate residue of the sequence DEVD (Asp-Glu-Val-Asp).
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In this assay, the 100 uL of substrate solution (rhodamine Z-DEVD-R100) is mixed
with 100 pL of renal tissue homogenate in a fluorescence microtiter plate and
incubated for 1 hour at RT. Substrate is cleaved by caspase 3 in the samples and this
produces fluorescent rhodamine. Fluorescence is measured by excitation at 499 nm
and emission at 521 nm, using microtiter plate reader at fluorescence reading mode

[Molecular Devices, Sunnyvale, CA, USA].

2.14 Determination of Poly (ADP-ribose) polymerase (PARP) Activity

PARP activities in the renal tissues were determined using the reagents
obtained from Trevigen, Inc. This assay measures the incorporation of biotinylated
poly(ADP-ribose) on to the histone pre-adsorbed in 96-well microtiter strips. In brief,
50 uL/well of PARP buffer was added on to microtiter plate to rehydrate histones for
30 min at RT. Contents of the wells were aspirated and 25 uL of diluted renal tissue
homogenate and 25 uL assay buffer is added and incubated at RT for 60 min. This
was followed by washing and probing of wells with 50 pL of diluted streptavidin-
HRP conjugate and incubated at RT for 60 min. After washing if wells 50 uL of
substrate solution was added and incubated in dark for 15 min. The reaction was

arrested by adding 50 uL of 0.2M HCI and absorbance was measured at 450 nm.

2.15 Determination of DNA Fragmentation
The assay is based on quantitative sandwich ELISA using mouse monoclonal
antibodies against DNA and histones (Sigma Chemicals). This facilitates the specific
determination of mono and oligonucleosomes in the total tissue homogenates. 20 uL
of tissue homogenates were placed on to streptavidin-coated wells. 80 uL of anti-

histone-biotin and anti-DNA-peroxidase was added and incubated at RT for 2 hrs.
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Then unbound components were removed by washing and 100 uL of 2,2’-azino-di-

(3-ethylbenzthiazoline sulfonic acid(ABTS) solution was added and the absorbance

was measured at 405 nm.
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Figure 2.3: DNA fragmentation assay principle

2.16 Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) Staining in Paraffin Embedded Renal Sections

TUNEL staining was performed with the kit obtained from Sigma chemicals.
Cleavage of genomic DNA during apoptosis yields double-stranded, low molecular
weight DNA fragments as well as single strand breaks (nicks) in high molecular
weight DNA. These DNA strand breaks can be identified by labeling free 3’-OH
termini with modified nucleotides in an enzymatic reaction. Paraffin sections were
dewaxed as per the procedure described in section 2.5.1. Then slides were placed in
plastic coplin jar containing 50 ml 0.1 M citrate buffer pH 6.0 (Sigma chemicals) and
microwave irradiated (750 W) for 1 min. Slides were immediately cooled by adding
80 ml of distilled water and then transferred to coplin jar containing PBS. Sections
were then immersed for 30 min in Tris-HCI (0.1 M, pH 7.5) containing 3% bovine

serum albumin (BSA) at RT. After careful washing with PBS, 50 uL of TUNEL
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reaction mixture was carefully overlaid on to the sections and incubated at 37°C for
60 min in humidified side staining chamber (Electron microscopy sciences, Hatfield,
PA, USA). After washing of slides with PBS, sections were mounted in glycerol
medium and observed under fluorescence microscope using 515-565 nm filter
[Fluorescein isothiocyanate (FITC) filter; EVOS FL, Thermo Fischer Scientific,

Paisley, UK]. Images were acquired at final magnification of X100.

2.17 Statistical Analysis of the Data

Values expressed are mean £ SEM. One-way analysis of variance (ANOVA)
followed by Tukey’s post hoc test was performed. Probability values P < 0.05 were
considered as significant. Analysis was performed with Graph Pad prism V software

(La Jolla, CA, USA).
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Chapter 3 : Results

3.1 GP Treatment Attenuates CP-Induced Renal Tissue Injury

Animals were treated as described in the methods section (2.1) and sacrificed
after 72 hrs. Serum samples were subjected to the determination of clinical markers
for renal tissue injury. Specifically, levels of BUN and creatinine were determined.
As shown in the Figure 3.1, CP treatment resulted in significant renal tissue injury,
which was characterized by elevated levels of BUN (Figure 3.1A) and creatinine
(Figure 3.1B). However, GP elicited dose-dependent nephroprotective actions and
ameliorated CP-induced nephrotoxicity. The maximum nephroprotective activity of
GP was observed at 10 mg/kg. Therefore, in further experiments this concentration

was used in animal experiments.
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Figure 3.1: Effect of GP on CP-induced Renal Tissue Injury (serum creatinine and
BUN). GP at the indicated doses was administered to animals 2 hrs, prior to CP
administration and then sacrificed after 72 hrs. (A) Shows the serum levels of BUN
in the respective group of animals. (B) Shows the serum levels of creatine in the
respective group of animals. n=6/group; # P < 0.001 vs. Veh/Genipin; * P < 0.01 vs.
CP; @ P<0.001vs. CP
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3.2 GP Treatment Attenuates CP-Induced Renal Tissue Injury

We further evaluated the nephroprotective effect of GP against CP-induced
nephrotoxicity by determining the specific biomarkers of acute kidney injury such as
cystatin C and KIM-1 in serum and renal tissue samples. Our observations indicated
that CP induced significant elevations in the levels of cystatin C (Figure 3.2A) and
KIM-1(Figure 3.2B). Upon treatment with GP (10 mg/kg), the levels of cystatin C
and KIM-1 were reduced, indicating the amelioration of CP-induced nephrotoxicity

(Figure 3.2).
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Figure 3.2: Effect of GP on CP-induced Renal Tissue Injury on (Cystatin C and KIM-1). (A) Shows the
serum levels of cystatin-C as determined by ELISA (B) Shows the renal tissue levels of KIM-1 as

determined by ELISA. N=6/group; # P < 0.001 vs. Veh / GP; * P < 0.001 vs. CP



34

3.3 Effect of CP and/or GP on Renal Histology

The effects of different treatment modalities on renal histological features
were evaluated by PAS staining as described in the methods section. CP
administration induced severe and widespread tubular necrosis with dilatation,
marked degeneration, intraluminal epithelial anoikis and cast formation. Furthermore,
CP treatment is also characterized by infiltration of immune cells, which are
characteristic of inflammation. However, treatment of animals with GP significantly
improved the histological architecture by attenuating the tubular necrosis and

inflammation (Figure 3.3).
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Figure 3.3: Effect of CP and/or GP on Renal Histology. Shown are the representative
images of PAS stained paraffin embedded kidney sections from the respective group of
animals. Asterisk symbol denotes tubular necrosis with cast formation. Arrowhead
denotes tubular epithelial anoikis and dashed arrow indicated the inflammation foci.

Magnification is X 200





