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Abstract:

Heavy metals are environmental pollutants that can harm animals and humans even at low
concentrations. Cadmium (Cd) is known for its serious health effects on different organs and
its toxicity is associated with oxidative stress (OS) and inflammation. Farnesol (FAR), a
sesquiterpene alcohol found in many vegetables and fruits, possesses promising anti-
inflammatory and antioxidant activities. This study evaluated the effect of FAR on Cd-induced
kidney injury, pinpointing its effect of the redox status, inflammation, fibrosis and necroptosis.
Rats in this study received FAR for 14 days and Cd on day 7. Elevated serum creatinine, urea
and uric acid, and several kidney histopathological alterations were observed in Cd-
administered rats. Cd increased MDA, decreased antioxidants, downregulated PPARy and
upregulated NF-«xB p65, IL-6, TNF-a, and IL-1p. Necroptosis mediators (RIP1, RIP3, MLKL,
and caspase-8) and a-SMA were upregulated, and collagen deposition was increased in Cd-
administered rats. FAR ameliorated kidney injury markers and tissue damage, attenuated OS,
suppressed NF-xB and inflammatory mediators, and enhanced antioxidants. In addition, FAR
suppressed RIP1, RIP3, MLKL, caspase-8, and a-SMA, and enhanced kidney cytoglobin and
PPARy. In conclusion, FAR protects against Cd nephrotoxicity by suppressing OS,
inflammatory response and necroptosis, effects associated with enhanced antioxidants,
cytoglobin, and PPARY.

Keywords: Heavy metals; Nephrotoxicity; Oxidative stress; Inflammation; Farnesol;

Necroptosis.

1. Introduction

Heavy metals (HMs) are chemical elements with specific characteristics and have been
classified as environmental pollutants [1]. HMs, including cadmium (Cd) can accumulate
within the body and cause damage to different organs, resulting in serious health problems [1].
Cd can reach and accumulates in the body of animals and humans through different sources,
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including oil extraction, mining, welding, stone quarrying, cigarette smoking, contaminated
water and others [2-5]. The use of nanomaterials containing Cd in different applications
represents another source of this HM [6]. Exposure to Cd can negatively impact different
organs and cause dysfunction of the kidney, liver, heart, bone and nervous system [2, 3, 7, 8].
The hazardous effects of Cd and its direct cytotoxic effects on different organs has led to its
classification as a category I human carcinogen [9]. Despite the lack of Cd-specific transport
channels, it enters the body cells through channels of other essential elements with which it
shares similar physical and chemical properties [10]. The toxic effects of Cd are linked to the
increase in reactive oxygen species (ROS) generation and oxidative stress (OS), inflammation
and cell injury [11, 12]. Different ROS, including superoxide (*O) and hydroxyl (*OH) radicals
have been reported to increase following Cd exposure [13, 14]. The Cd-mediated ROS can
attack and damage different cell components and macromolecules, such as DNA, proteins and
lipids, culminating in cell death [13, 14]. Besides elevated ROS, Cd is implicated in the
depletion of cellular antioxidants, mainly reduced glutathione (GSH) and its toxicity is
associated with inflammation as reported in different studies [8, 15]. Both OS and inflammation
can provoke a programmed form of necrotic cell death called necroptosis [16].

Kidney injury is among the hazardous consequences of exposure to Cd and other HMs [17,
18]. There is a well-characterized relationship between kidney injury and occupational as well
as environmental exposure to HMs [17]. Cd-induced kidney injury depends on many factors,
including the route of ingestion, age, sex, dose and the length of exposure [19]. Following its
absorption by pulmonary or intestinal cells, Cd enters the systemic circulation and is finally
deposited mainly in the liver and kidney [20, 21]. Therefore, the kidney is a target organ for
HM toxicity due to its efficacy in reabsorption and concentration of divalent metals [22]. Acute
exposure to Cd results in acute kidney injury (AKI) in which the ionized form of Cd reduces

glucose and phosphate tubular transport, inhibits mitochondrial respiration, damages proximal



tubule (PT) cells membrane and causes cell death [22, 23]. About 50% of the total body Cd
accumulates in the cells of PTs, resulting in disrupted reabsorption and proteinuria [24].
Mitochondrial dysfunction and OS represent the main mechanisms underlying toxicity and
kidney injury induced by Cd [25]. Therefore, attenuation of OS and its related inflammatory
response can protect the kidney against the toxic effects of Cd.

Natural products from plants have shown beneficial effects on diseases associated with OS and
inflammation, including kidney disorders [26, 27]. Neutralization of free radicals, inhibition of
inflammatory response and cytoprotection are among the main mechanisms underlying the
benefits of natural products [26-28]. Farnesol (FAR) exhibited promising biological and
pharmacological effects in several ailments affecting the nervous system, kidney, liver, and
other organs [29, 30]. It is a sesquiterpene found in the essential oils of several aromatic plants
such as cyclamen, citronella and ambrette seeds [31]. In food industry, FAR is employed as a
flavoring agent [32]. It showed radical-scavenging, anti-microbial, anti-tumor and anti-
inflammatory efficacies as demonstrated in many in vivo and pre-clinical studies [29-31, 33].
The anti-inflammatory and antioxidant efficacies of FAR were demonstrated in our previous
studies in rat models of hypercholesterolemia [30] and chlorpyrifos (CPF) nephrotoxicity [26].
Other studies revleaed the benefical effect of FAR against OS and hepatocyte injury in mice
challanged with acetaminophen (APAP) [34]. Despite these demonstrated effects of FAR in
several disorders, its ability to prevent Cd nephrotoxicity has not yet been elucidated. In this
study, the effects of FAR on Cd-induced OS, inflammation, and necroptosis in rat kidney were

investigated.

2. Materials and Methods

2.1. Experimental design and treatments

Twenty-four male Wistar rats (190 £ 10 g) were included to study the nephroprotective effect
of FAR. The rats were kept under standard laboratory temperature and humidity on a 12 h dark
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light cycle and provided free access to water and food. The study included four experimental
groups (n = 6). Groups | and Il received 0.5% carboxymethyl cellulose (CMC) and 10 mg/kg
FAR (Sigma, USA) [26] via oral gavage for 14 days and intraperitoneal (i.p.) injection of 0.9%
saline on day 7. Groups 1l and 1V received 0.5% CMC and FAR (10 mg/kg) via oral gavage
for 14 days and a single i.p. injection of CdCl (1.2 mg/kg) [35] (Sigma, USA) on day 7.

FAR and CdCl, were administered in 0.5% CMC and 0.9% saline as vehicles, respectively. 24
h after the last treatment, the rats were anesthetized with ketamine/xylazine and blood was
collected via cardiac puncture. After dissection, kidney samples were fixed in 10% neutral
buffered formalin (NBF) and another set of samples was stored in RIPA buffer with proteinase
inhibitors at -80°C. Other samples were used for biochemical assays following homogenization
in cold Tris-HCI buffer (10 mM, pH =7.4).

2.2. Biochemical assays

Creatinine, urea and uric acid in serum, malondialdehyde (MDA), superoxide dismutase
(SOD), GSH, and catalase (CAT) in kidney homogenate were measured using Bio-diagnostic
(Egypt) kits. Interleukin-1beta (IL-1B), IL-6, tumor necrosis factor (TNF)-a were assayed using
ELISA kits (ELabscience, China).

2.3. Histopathology and immunohistochemical investigations

Following fixation of the kidney samples in 10% NBF for 24 h, the samples were dehydrated
in ethyl alcohol series, cleared in xylene, infiltrated in pure soft paraffin, and embedded in
paraffin. Five-um sections were prepared using a microtome and stained with H&E, periodic
acid-Schiff (PAS), and Sirius red. Other sections were processed for staining with anti-
peroxisome proliferator activated receptor (PPAR)-y, anti-nuclear factor-kappaB (NF-«B) p65,
anti-INOS, and anti-cytoglobin (Biospes, China). In brief, paraffin was removed and the
sections were rehydrated and treated with 0.05 M citrate buffer (pH 6.8) and 0.3% H>O,. After

blocking and incubation with 1" antibodies overnight at 4°C, the sections were washed,



incubated with 2% antibodies (Biospes, China), followed by DAB in H20.. Counterstaining
with hematoxylin was carried out and color intensity was measured in captured images (6/rat)
using ImageJ (NIH, USA).

2.4. Western blotting

Kidney samples in RIPA buffer were homogenized, centrifuged and protein in the supernatant
was assayed using Bradford reagent. Forty g protein was electrophoresed on SDS-PAGE and
the separated protein was transferred onto PVDF membranes. After blocking in 5% bovine
serum albumin (BSA), the membranes were propped with antibodies for alpha-smooth muscle
actin (a-SMA), mixed lineage kinase domain-like protein (MLKL), receptor interacting protein
kinase (RIP)-1, RIP3, caspase-8, and B-actin (Biospes, China) overnight at 4 °C. Following
incubation with secondary antibodies and washing, the bands were developed, and the band
intensity was determined using ImageJ (NIH, USA).

2.5. Statistical analysis

The results are expressed as mean £ SEM. Group comparisons were carried out using one-way
ANOVA and Tukey’s tests on GraphPad 8. A P value <0.05 was considered significant.

3. Results

3.1. FAR attenuates Cd-induced kidney dysfunction and tissue injury

To evaluate the protective effect of FAR against kidney injury induced by Cd, we determined
the levels of circulating creatinine, urea and uric acid and carried out histopathological
examinations. Cd caused kidney dysfunction and injury as shown by significant elevation of
serum creatinine, urea and uric acid (Fig. 1A-C) in rats (P<0.001). FAR remarkably
ameliorated creatinine, urea and uric acid in Cd-administered rats (P<0.001). Examination of
H&E- and PAS-stained kidney sections showed standard histological structure of renal cortex
and positive PAS staining alongside brush border of PTs and basement membrane of proximal

and distal tubules in control and FAR-treated rats (Fig. 2). Cd provoked necrotic areas, dilation



of interglomerular space, vacuolation of glomeruli with distributed RBCs, severe degeneration
with desquamation of tubular epithelial lining, pyknotic nuclei of lining epithelium, hyaline
cast in the tubular lumen, interstitial hemorrhage, and declined PAS staining (Fig. 2). Treatment
with FAR resulted in substantial tissue restoration revealed by numerous normal size renal
corpuscles with  few vacuolations and RBCs, normally assembled tubules with few
degenerative changes and apoptotic nuclei, and some inflammatory cells encircling renal
corpuscles (Fig. 2).

3.2. FAR mitigates Cd-induced kidney OS and inflammation

Changes in MDA, antioxidants, NF-«kB and pro-inflammatory mediators were determined in
the kidney of rats to evaluate the protective effect of FAR against Cd-induced OS and
inflammation. Cd administration increased kidney MDA (Fig. 3A) and decreased GSH (Fig.
3B), SOD (Fig. 3C) and CAT (Fig. 3E) in rats (P<0.001). FAR effectively decreased kidney
MDA and restored GSH and enzymatic antioxidants in Cd-administered rats. IHC revealed
upregulated immunostaining of NF-kB p65 in the kidney of rats that received Cd (P<0.001;
Fig. 4A-B). Likewise, iINOS (Fig. 4A-B) and the cytokines TNF-a, IL-1p and IL-6 (Fig. 5A-
C) revealed a remarkable increase in Cd-treated rats (P<0.001). FAR ameliorated kidney NF-
kB p65, iNOS, TNF-a, IL-1p and IL-6 in Cd-challenged rats.

3.3. FAR attenuates Cd-induced kidney fibrosis and necroptosis

The ability of FAR to mitigate Cd-induced fibrosis and necroptosis in the kidney of rats was
evaluated through assessment of the expression of a-SMA, RIP1, RIP3, MLKL and caspase-3,
and Sirius red staining of collagen. a-SMA (Fig. 6A-B) was upregulated significantly in Cd-
administered rat kidney which showed increased collagen disposition resulting in interstitial
fibrosis (Fig. 6C). Normal and FAR-treated rats showed minimal collagen fiber amount
between renal tubules and around renal corpuscles (Fig. 6C). FAR decreased a-SMA and

collagen deposition in the kidney of Cd-administered rats. Moreover, Cd upregulated kidney



RIP1, RIP3, MLKL and caspase-3 as demonstrated in Fig. 6A, D-G (P<0.001), and effect that
was ameliorated in FAR-treated rats.

3.4. FAR upregulates kidney PPARY and cytoglobin in Cd-administered rats

The effects of Cd and/or FAR on the expression of PPARy and cytoglobin in the kidney of rats
were determined using IHC staining. Cd-administered rats showed suppressed kidney PPARy
(Fig. 7A-B) and cytoglobin (Fig. 7A, C) as compared to control rats (P<0.001). Treatment with
FAR upregulated kidney PPARy and cytoglobin in Cd-administered rats. Of note, FAR had no

effect on all measurements when supplemented to normal animals.

4. Discussion

Kidney injury is one of the main health issues related to exposure to Cd [17]. Cd enters the
body and accumulates within the cells resulting in dysfunction and damage to cell organelles
and macromolecules [36]. Although the underlying mechanism is not fully understood, OS has
been demonstrated to be central in Cd nephrotoxicity [36]. Owing to its promising antioxidant
properties, this study investigated the potential of FAR to prevent OS, inflammation and
necroptosis in the kidney of Cd-administered rats.

Cd caused kidney injury evidenced by both biochemical and histopathological findings.
Circulating creatinine, urea and uric acid were increased following Cd administration,
indicating kidney dysfunction and damage as previously reported [37]. Elevated creatinine is
an indicator of disrupted glomerular filtration, an effects that provokes the accumulation of
various toxicants within the kidney [38]. In line with the biochemical data, examination of the
kidney sections revealed serious tissue damage manifested by necrotic areas, interstitial
hemorrhage, dilated interglomerular space, interstitial fibrosis, and severe degeneration of
renal tubules. Desquamation and pyknotic nuclei of epithelial lining and hyaline casts were
observed in PTs. In the kidney, approximately half of total body Cd accumulates in the PTs
and this accumulation suppresses reabsorption and provokes proteinuria [24]. Following its
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glomerular filtration, Cd is reabsorbed by the epithelium of PTs and its entry into the cells has
been proposed to occur via voltage-dependent Ca?* channels, organic cation transporter and
several receptors [36]. In addition, the transport of Cd-metallothionein (MT) complexes to the
kidney boosts Cd accumulation in the tubular cells. Once absorbed by pulmonary or intestinal
cells, Cd enters the systemic circulation and reaches hepatocytes where it induces MT synthesis
and the formation of Cd-MT complexes [39]. These complexes are transported to the kidney
where Cd is released and facilitates the formation of more Cd-MT complexes [39]. Inhibition
of the multidrug and toxin extrusion protein which eliminates cationic drugs and toxins by Cd
contributes to its accumulation in kidney cells and their subsequent dysfunction and injury [40].
FAR mitigated Cd-induced kidney damage manifested by decreased creatinine, urea, and uric
acid, and amelioration of histopathological alterations. These data demonstrated the
nephroprotective efficacy of FAR and run in parallel with our recent study showing the ability
of FAR to prevent CPF nephrotoxicity [26]. FAR decreased creatinine and urea and prevented
kidney tissue injury induced by CPF [26]. In addition, FAR protected rat kidney against injury
induced by Fe-NTA [33]. Given the central involvement of OS and its related inflammatory
response in the toxicity of Cd [11] and the demonstrated antioxidant and anti-inflammatory
efficacies of FAR [26, 31], the nephroprotective role of FAR could be directly ascribed to
mitigation of OS and inflammation. In this study, elevated kidney MDA and declined GSH,
SOD and CAT demonstrated OS in Cd-challenged rats. These data are consistent with our
previous and other investigators findings of Cd-induced OS not only in the kidney but in
different tissues of rodents [8, 41]. Reduced antioxidants and promoted LPO have been
associated with ROS produced as a result of Cd exposure [11]. ROS are not produced directly
by Cd via redox reactions but «Oz, *OH, H20: are generated indirectly through Fenton-type
reactions and other reactions provoked via Cd-mediated liberation of unbound iron [13, 14,

42]. ROS damage cell macromolecules, resulting in cell death, and <O> can react with NO to



generate peroxynitrite that oxidizes DNA and increases ROS [43]. Cd-induced OS is also
related to its direct binding to the sulfhydryl groups on GSH and other proteins, leading to
depletion of antioxidants [1], and mitochondrial dysfunction that further increases ROS
generation [44]. Mitochondrial dysfunction is a key factor in kidney cell death because it is the
second organ after the heart with the highest number of mitochondria and oxygen consumption
[45]. Moreover, Cd negatively impacts the activity SOD by disturbing its catalytic function
[46] and CAT by interacting to its catalytic center [47].

Besides OS, the role of inflammation in Cd toxicity has been acknowledged [48]. Excess ROS
and OS provoked by Cd induce an inflammatory response by eliciting many molecules,
including NF-kB. Activation of this transcription factor promotes the expression of many
cytokines and therefore the development of an inflammatory response. Cd is among the
environmental agents known to promote the release of inflammatory mediators [48]. In
accordance, Cd upregulated NF-xB and its regulated inflammatory mediators IL-6, IL-1p,
TNF-a, and iINOS, demonstrating an inflammatory response. In this context, Cd induced
inflammation in rat kidney [37, 49], murine hepatocytes [48] and human hepatoma cell line
HepG2 [50]. In these studies, Cd promoted inflammation by upregulating IL-6, IL-1pB, TNF-a,
and INOS [37, 49]. The produced cytokines along with ROS promote cell death via a
programmed form of necrotic cell death called necroptosis [16, 51]. Here, Cd caused
necroptosis as shown by upregulated RIP1, RIP3, MLKL and caspase-8. Necroptosis is
inflammation-driven type of cell death that results in morphological changes similar to
apoptosis [52]. RIP3 is a serine/threonine kinase that is central in necroptosis via its association
with RIP1 to form necrosome that recruits MLKL. This results in plasma membrane disruption
and endogenous molecules are released outside the cell [53]. IL-1B and TNF-a are necroptosis-
inducing factors [54], and ROS are a driving force for necroptosis [55]. TNF-a induces

mitochondrial ROS generation resulting in enhancement of necrosome formation [56].
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Moreover, RIP1 can sense ROS through cysteine residues modification of and subsequent
phosphorylation on S161 resulting in efficient recruitment of RIP3 and necrosome formation
[57]. Therefore, attenuation of OS and inflammation is effective in inhibition of necroptosis.

FAR prevented kidney OS, inflammation and necroptosis in Cd-administered rats, findings that
explain the observed nephroprotection. Treatment with FAR remarkably suppressed LPO, NF-
kB, pro-inflammatory mediators, RIP3, RIP1, MLKL and caspase-8. These findings
demonstrated the potent efficacy of FAR against Cd-induced kidney OS, inflammatory
response and necroptotic cell death. We have previously reported the ability of FAR to prevent
OS and inflammation associated with hypercholesterolemia [30] and exposure to the pesticide
CPF [26]. Other studies have demonstrated the beneficial effect of FAR against inflammation
and OS in other organs [58-60]. In murine asthma, FAR mitigated inflammation via TNF-a
suppression in the lung [58]. FAR prevented LPO and inflammation and enhanced antioxidants
in the lung of rats following exposure to cigarette smoke extract [59], and downregulated TNF-
a, IL-6, and iINOS levels in mice with gliosis [61]. Furthermore, FAR prevented early
tumorigenesis and oxidative damage in the kidney of Fe-NTA-induced rats [33], and
downregulated inflammatory genes in primary human renal epithelial cells [62]. Our findings
added support to the efficacy of FAR to mitigates OS and inflammation. In addition, our study
introduced new information that FAR can prevent necroptosis associated with Cd
nephrotoxicity. Furthermore, we investigated the effect of FAR on PPARYy and cytoglobin in
the kidney of Cd-administered rats. PPARY is a transcription factor that suppresses OS,
inflammation and fibrogenesis when activated [63]. Cd administration suppressed kidney
PPARYy in rats, an effect that was prevented in FAR-supplemenetd rats. PPARY activation
enhances antioxidant enzymes and suppress inflammation by preventing NF-xB activation.
PPARYy controls the transcriptional activity of NF-xB, reduces p65 nuclear translocation and

inhibits IxBo degradation [64, 65]. PPARy activation suppressed fibrogenesis in different
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organs by downregulating the TGF-/Smad signaling and expression of a-SMA [66]. This
explained the ability of FAR to suppress a-SMA and fibrosis in the kidney of Cd-administered
rats. The positive effect of FAR on PPARy has been scarcely reported. Torabi and Mo [67]
demonstrated PPARy upregulation in FAR-treated pre-adipocytes, and Vivas et al [68] reported
the role of PPARY upregulation in mediating the effect of FAR on the maturation of human
dendritic cells. Our data supported the positive effect of FAR on PPARY and pointed to its
involvement in the protective effect of FAR on Cd nephrotoxicity. The observed potent
efficacy of FAR on Cd-induced OS could also be connected to its ability to upregulate
cytoglobin, a new information introduced in this study. Cytoglobin is a defensive protein found
within the cells and functions to scavenge ROS and prevent OS, thereby maintaining cellular
redox balance [69]. Studies revealed that cytoglobin suppression promotes cell injury via
oxidative DNA damage whereas its upregulation suppressed ROS and prevents cell death [69,
70]. Interestingly, Zweier et al [71] reported the SOD activity of cytoglobin and its mediated
effective suppression of «O,, NO and peroxynitrite formation. Furthermore, cells and organs
lacking cytoglobin exhibited a high susceptibility to fibrogenesis and inflammation following

exposure to radiation [69].

5. Conclusion

The findings of this study introduced novel information on the protective role and possible
underlying mechanism of FAR on Cd nephrotoxicity. Cd induced kidney tissue injury,
inflammation, OS, fibrogenesis and necroptosis and declined PPARy and cytoglobin in rats.
FAR prevented kidney injury by attenuating OS, inflammation, and necroptosis, and
enhancement of PPARY and antioxidants. Therefore, FAR effectively protected the kidney of

rats against Cd toxicity and could be invaluable to protect individuals at risk of Cd toxicity.

12



Nevertheless, further studies to elucidate the underlying mechanisms and clinical trials are

recommended.
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Figure 1. FAR ameliorated serum creatinine (A), urea (B), and uric acid (C) in Cd-administered
rats. Data are mean = SD, (n = 6). ***P<0.001 versus Control. ###P<0.001 versus Cd.
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Figure 2. Photomicrographs show the nephroprotective effect of FAR on histopathological
alterations induced by Cd. H&E: Kidney sections from control (a) and FAR-treated (b) rats
showing normal renal corpuscles (rectangle), Bowman’s capsule (arrow), glomeruli (curve
arrow), and proximal (wave arrow) as well as distal (arrowhead) convoluted tubules.; Cd-
administered group (c) showing necrotic areas (star), dilated interglomerular space (rectangle),
vacuolated glomeruli with distributed RBCs (arrow), severe tubular degeneration with
desquamation of epithelial lining (curvy arrow), pyknotic nuclei (wave arrow), hyaline cast
(arrowhead), and interstitial hemorrhage (arrow with tail); and Cd-administered rats treated
with FAR (d) showing substantial tissue restoration revealed by normal size renal corpuscles
with few vacuolations and RBCs (curvy arrow), while other corpuscles were small in size and
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showed dilated interglomerular space (rectangle), mostly normal renal tubules (wave arrow)
but some appeared degenerated with apoptotic nuclei (arrow), and some inflammatory cells
encircling renal corpuscle (arrowhead). (x400, Scale bar= 50 um). PAS: Kidney sections from
control (a) and FAR-treated (b) rats showing positive PAS staining alongside brush border of
proximal convoluted tubule (arrowhead) and basement membrane of proximal and distal
convoluted tubules (arrow); Cd-administered group (c) showing noticeable decline in PAS
staining along vacuolated glomerulus (curvy arrow), brush border of proximal convoluted
tubule (arrowhead), and basement membrane tubules (arrow); and Cd-administered rats treated
with FAR (d) showing marked increase in staining intensity. (x400, Scale bar= 50 pum).
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Figure 3. FAR decreased kidney MDA (A), and increased GSH (C), SOD (D), and catalase (E)
in Cd-administered rats. Data are mean = SD, (n = 6). **P<0.01, and ***P<0.001 versus
Control. ###P<0.001 versus Cd.
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Figure 4. FAR downregulated kidney NF-kB p65 (A,B) and iNOS (A,C) in Cd-administered
rats. Data are mean = SD, (n = 6). *P<0.05 and ***P<0.001 versus Control. ###P<0.001 versus
Cd.
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Figure 5. FAR decreased kidney TNF-a (A), IL-1B (B), and IL-6 (C) in Cd-administered rats.
Data are mean £ SD, (n = 6). *P<0.05 and ***P<0.001 versus Control. ###P<0.001 versus Cd.
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Figure 6. FAR attenuated fibrosis and necroptosis in kidney of Cd-administered rats. (A, B)
FAR decreased kidney a-SMA in Cd-administered rats. (C) Sirius red-stained kidney sections
from control (a) and FAR-treated (b) rats showing little collagen fiber interstitial between renal
tubules and encircle renal corpuscle (arrows); Cd-administered group (c) showing high amount
of collagen (arrow); and Cd-administered rats treated with FAR (d) showing noticeable decline
in collagen fibers (arrow). (x200, Scale bar= 100 pm). (A, D-G) FAR downregulated RIP1 (D),
RIP3 (E), MLKL (F) and caspase-8 (G) in Cd-administered rat kidney. Data are mean + SD,
(n =6). **P<0.01 and ***P<0.001 versus Control. ###P<0.001 versus Cd.
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Figure 7. FAR increased kidney PPARy (A,B) and cytoglobin (A,C) in Cd-administered rats
(A-B). Data are mean = SD, (n = 6). *P<0.05, **P<0.01 and ***P<0.001 versus Control.
###P<0.001 versus Cd.
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