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Abstract

Chronic kidney disease (CKD) is becoming a major public health problem worldwide. This study aimed to explore whether
peanut skin extract (PSE) has protective effects against high-fat and high-fructose (HF) diet-induced kidney injury. Rats
were fed HF diet in the whole experiment, while rats in PSE-treated groups were supplemented with PSE. Finally, PSE
reduced kidney tissue weight, perinephric fat weight, and levels of serum ammonia, creatinine, and urea nitrogen, along
with decreases of renal IL-1p and TNF-« level. Histological examination indicated that PSE alleviated renal tubular dilata-
tion, and degeneration and partial exfoliation of renal tubular epithelial cells. In addition, PSE decreased serum and urinary
uric acid level, together with reductions of XOD production and XOD activity both in serum and liver, and down-regulated
expressions of renal NLRP3 and ERS proteins. Thus, PSE may be a potential functional food for protecting against renal

injury in high energy intake.

Keywords Peanut skin - Chronic kidney disease (CKD) - Xanthine oxidase - High fat diet

Introduction

Nowadays, red and processed meat, and soft drinks are pop-
ularly consumed in many countries. With the increase in the
consumption of these food, not only obesity, type 2 diabetes,
nonalcoholic fatty liver disease (NAFLD), and cardiovascu-
lar disease (CVD) have truly become big epidemic problems
around the word, but also the prevalence of chronic kidney
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disease (CKD) is increasing in recent years (Asghari et al.,
2018). The major risk factor for the development of CKD is
associated with obesity induced by the intake of a large num-
ber of saturated fat, fructose and cholesterol in these food
(He et al., 2021). Considerable number of cross-sectional
studies have suggested that a high fat and high sugar dietary
pattern is directly associated with the progression of CKD in
human (Hossein-Rouhani et al., 2019), and more evidences
from animals have indicated that the overconsumption of
diet containing abundant saturated fat, fructose and cho-
lesterol can induce renal injuries (Thongnak et al., 2020).
Long term and excessive intake of these food can lead to
deposition of these component in our body, and thereby,
disturb the normal metabolism, ultimately resulting in the
development and progression of CKD. Since the sharp rise
in the prevalence of CKD, and CKD can develop end-stage
renal disease, there is a cause for great concern, and need
for protection against the disease. It is noteworthy that die-
tary polyphenol-rich food has been proved to be beneficial
for the prevention of CKD (Kataoka et al., 2022).

Peanut skin (the seed coat of peanuts) is a by-product of
peanuts (Arachis hypogaea Linn.), and generally consider a
waste product. Notably, it often acts as a traditional medicine
for treating diseases in some area around the world. Not
only peanut skin contains protein, fat, and carbohydrate, but
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also it is rich in phenolics (Mingrou et al., 2022). The total
phenolics of peanut skin extract (PSE) was reported to be
9-15% of the dry skin (Nepote et al., 2002; Yu et al., 2005),
which includes phenolic acids, resveratrol, catechins, epicat-
echins, procyanidin dimers, procyanidins trimers, tetramers,
and oligomers with higher degree of polymerization (Min-
grou et al., 2022). Study have indicated that phenolics in
PSE shows strong antioxidant effect (Yu et al., 2006, 2010;
Yu et al., 2005). Additionally, animals experimental studies
support a role of PSE in hepatoprotective effect, antibacte-
rial activity, and anti-melanogenesis (Helmy et al., 2017;
Ibrahim and Al-Azawi, 2018; Yu et al., 2010; Tatsuno et al.,
2012). Particularly, recent studies on animals have shown
that PSE exerts anti-diabetes, anti-obesity, and hypolipi-
demic effects (Elhardallou et al., 2015; Kang et al., 2014;
Xu et al., 2022; Bansode et al., 2012; Toomer et al., 2019).
These advance studies might suggest the potential role of
PSE in the protection against high-fat diet-induced renal
injury. Therefore, the objective of the present study was to
investigate the protective effects of PSE against renal injury
in a high-fat and high-fructose (HF) diet-fed rats.

Materials and methods
PSE preparation

The peanut skin was obtained from the Bozhou Xingrui
Trade Co., Ltd. (Anhui, China). The preparation of PSE was
referenced by the method described previously (Yu et al.,
2005): briefly, the ultrasound-assisted method was used to
extract the components of the skin using 30% ethanol (mate-
rial/solvent = 1:5, w/w) at a room temperature; The solvent
were removed by evaporation under reduced pressure at
50 °C, and then, PSE was collected for further experiment.

Animal and treatment

Twenty-four healthy adult male Sprague—Dawley rats
(200 +30 g) were obtained from Beijing Vital River Labo-
ratory Animal Technology Co., Ltd. (Beijing, China). Rats
were housed at a 12 h/12 h light/dark cycle at 23 °C, and
30-70% humidity. The experimental procedures were car-
ried out in accordance with the National Institutes of Health
guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978). Use of the rats was
approved by both Shaanxi Normal University, and the local
animal Ethics Committee. After 1 week of acclimation, all
rats were divided into 4 groups with 6 animals per cage,
as follows: control group, HF group, HF + PSE (0.5 mg/
mL) group, and HF + PSE (1 mg/mL) group. The dosage
of PSE used in this study was selected based on a previous
study (Xu et al., 2022). During the 12 weeks of experimental
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period, the experiment was carried out by the following
procedure: rats in the control group received standard diet
(standard diet: 53% carbohydrate, 23.9% protein and 5% fat)
without PSE supplementation; rats in the HF group were
fed HF diet (HF diet: 76.3% standard diet, 10% lard, 10%
fructose and 3% cholesterol) without PSE supplementation;
rats in these two HF + PSE treated groups were fed HF diet,
and supplemented with PSE in the drinking water (0.5 mg/
mL, and 1 mg/mL). At the end, rats were fasted for 12 h, and
urine was collected in this period, and then anesthetized. The
blood was collected from heart by using syringe. Serum was
obtained by centrifugation at 4 “C. Renal tissues and liver
tissue were collected, and weighed. One part of renal tissues
was fixed in 4% paraformaldehyde solution for histological
examination. The other part of renal tissues, and liver tissues
were stored at -80°C for biochemical analyses.

Histological examination

Renal tissues were treated with paraformaldehyde solution
for 48 h, and then the paraffin-embedded renal tissues were
cut at 4 pm, and stained with hematoxylin and eosin (H&E)
staining solution (Servicebio Technology Co., Ltd., Wuhan,
China) according to the operating instructions. The sever-
ity of histological alterations in renal tissues was examined
under a light microscope (Thermo Fisher, USA).

Analyses of biochemical parameters

Serum uric acid, ammonia, creatinine, and urea nitrogen,
and urinary uric acid were analyzed with commercially
available kits (Solarbio, Beijing, China). Renal tumor
necrosis factor-o (TNF-a) and interleukin 1 (IL-1p) were
measured by using ELISA kits (Solarbio, Beijing, China).
Urinary pH value was determined by a BPHPOCKET pH
meter (BELL Analytical Instruments Co., Ltd., Daliang,
China). Xanthine oxidase (XOD) activity both in serum and
liver were detected by commercially available kit (Solarbio,
Beijing, China).

Western blotting analysis

Primary antibody against XOD, NOD-like receptor thermal
protein domain associated protein 3 (NLRP3), immunoglob-
ulin heavy chain binding protein (GRP78), inositol-requir-
ing enzyme 1 (IRE1), and PKR-like ER kinase (PERK)
were obtained from Sino Biological (Sino Biological, Inc.,
China). Protein was obtained by homogenizing the tissues in
RIPA buffer, and quantified with a BCA assay kit (Solarbio,
Beijing, China). Then, the sample was separated by 10%
SDS-PAGE, and electrophoretically transferred to PVDF
membranes. After blocking with 5% skim milk in TBST
buffer, the membranes were probed with primary antibodies
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(Dilution 1:1000). After removing unbound primary anti-
body with TBST buffer, the membrane was incubated with
the secondary horseradish peroxidase-conjugated antibodies
(dilution 1:2000). The signal was detected with a Ultra High
Sensitivity ECL kit (Med Chem Express, Shanghai, China).
Quantitation of protein expression was evaluated by the
ImagelJ software version k1.47 (NIH, Bethesda, MD, USA).

Statistical analysis

All results are presented as mean + standard error of mean
(SEM). Statistical significance were performed using one-
way ANOVA for multiple group comparison followed by
Tukey’s test with GraphPad Prism 5 software (GraphPad
software, San Diego CA, USA). P<0.05 was considered
statistically significant.

Results and discussion

PSE improves body weight gain, fat tissue weight,
and renal functional parameters

Obesity is a major risk factor for the development of renal
injury (Hall, et al., 2004). Studies on animals have indicated
that excessive consumption of the HF diet cause obesity. In
the present study, there is no significant difference in energy
intake among all groups (Table 1). Moreover, although
changes in the absolute body weight among all HF diet-fed
groups showed no significant difference, the average body
weight gain of rats (compared to the body weight at week 0)
in the PSE treated-rats at dose of 1 mg/mL showed signifi-
cant decrease compared with rats in the HF group. Addition-
ally, as shown in Table 1, the perinephric fat weight, and
the relative perinephric fat weight in the HF group showed
significant increases. However, the perinephric fat weight,
and the relative weight in the PSE-treated group showed

significant decreases (Table 1). The above data suggest that
PSE shows anti-obesity effect, which is consistent with the
previous study (Kang et al., 2014).

It is well known that excessive consumption of HF diet
lead to obesity-associated liver injury. Mounting evidence
connects liver injury to kidney injury in high energy intake,
where the liver injury can affect the development of renal
injury through regulating some cell proteins, such as insulin-
like growth factor-1 and syndecan-1 (Musso et al., 2015).
Serum ammonia is a strong sensitive test of liver failure (Hu
et al., 2020). In this study, rats from the HF group showed
a higher level of serum ammonia than rats in the control
group, whereas PSE reversed this alteration, suggesting
that PSE may has hepatoprotective effect in HF diet-fed rats
(Fig. 1A). In fact, previous study has demonstrated that PSE
shows protective effect against liver injury in a high fat diet-
fed animal (Toomer et al., 2019). Based on these studies,
PSE might contribute to inhibiting the development of renal
injury in HF diet-fed rats.

To evaluate the renal function in HF diet-fed rats, the
kidney weight, serum urea nitrogen and creatinine were ana-
lyzed. Commonly, long term intake of HF diet causes obe-
sity, along with the significant increases in kidney weight,
and serum urea nitrogen and creatinine (Ren, et al., 2018;
Kaur, et al., 2016). Urea nitrogen and creatinine are valu-
able screening tests in evaluating renal disease, in which
they essentially reflect renal function (Walker et al., 1990).
In this study, the consumption of the HF diet significantly
increased the absolute kidney weight, relative kidney weight,
and levels of urea nitrogen and creatinine in rats from the
HF group (Table 1 and Fig. 1B, C), suggesting the reduction
of renal function. However, these indicators in rats supple-
mented with PSE trend to obvious decreases compared with
rats in the HF group (Table 1 and Fig. 1B, C), indicating that
PSE might improve renal function.

In addition, numerous studies have indicated that a
higher uric acid concentration shows both in humans and

Table 1 Changes in body weight, perinephric fat weight, kidney weight, food intake, and energy intake in HF diet-fed rats

Group Control HF HF+PSE (0.5 mg/mL) HF+PSE (1 mg/mL)
Final body weight (g) 224.1+9.55b 268.7+10.75 a 248.7+17.87 ab 231.2+16.20 ab
Final body weight gain (g) 30.26+9.21 ¢ 77.79+7.58 a 62.74+14.50 ab 38.89+15.18 be
Perinephric fat weight (g) 0.94+0.13 ¢ 325+030a 2.52+0.38b 2.12+0.15b
Relative perinephric fat weight 0.92+0.09b 1.26+0.15a 1.03+0.12 ab 0.98+0.13b
(/body weight)

Kidney weight (g) 1.76 +0.13 b 229+0.13 a 1.89+0.13 ab 1.95+0.09 b
Relative kidney weight 0.64+0.03b 0.80+0.03 a 0.70+0.03 ab 0.70+0.03b
(/body weight)

Food intake (g/rat/day) 11.25+0.00 a 10.07+0.64 b 10.09+0.51b 9.84+0.69b
Energy intake (kcal/rat/day) 41.13+£0.00 a 40.44+2.57 a 40.51+£2.03 a 39.49+2.77 a

Values are shown as mean+ SEM (n=6). Different letters have significant differences, p <0.05
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Fig. 1 PSE decreased serum parameters in HF diet-fed rats. (A) Serum ammonia, (B) creatinine, and (C) urea nitrogen. Results are presented as
mean=+ SEM (n=6). Different letters have significant differences, p <0.05

animals with high energy consumption (Chengfu, et al.,
2015; Kaur, et al., 2016). Not only the high serum uric
acid concentration is a valuable indicator in reflecting the
renal function, but also it is a major risk factor for the
development of kidney injury (Su et al., 2020). It is well
known that both a high uric acid concentration and a low
pH value can result in the formation of urate crystal on
renal tubular epithelial cells, which can stimulate renal
inflammatory response, leading to the progression of renal
tubular epithelial cells damages (William Poore et al.,
2020). In this study, the significant increases in serum uric
acid, and urinary uric acid, and a lower urinary pH value
showed in rats from the HF group (Fig. 2A—C). However,
PSE supplementation increased urinary pH value, but no
significant difference showed between the HF group and
the PSE-treated groups. Moreover, PSE supplementation
decreased serum and urinary uric acid concentration (
Fig. 2A-C). These results indicate that PSE might pre-
vent against the risk of the urate crystal formation on renal
tubular epithelial cells, and thereby, reducing the damages
in renal tubular epithelial cells. According to all the above
results, PSE might improve renal dysfunction in HF diet-
fed obese rats.

@ Springer

PSE alleviates renal injuries, and pro-inflammatory
response

To further examine the morphological changes in renal tis-
sues among all groups, the renal tissues were stained with
H&E. Many studies have suggested that people with obesity
shows some morphological changes in kidney (Hossein-
Rouhani et al., 2019), and more evidences from animals
indicated that long term intake of high-fat diet can induce
pathological alterations in renal tissue (Thongnak et al.,
2020). Clearly, renal tissues stained with H&E showed that
excessive consumption of the HF diet caused renal tubular
dilatation, and degeneration and partial exfoliation of renal
tubular epithelial cells (Fig. 3A), which is consistent with
the previous reported study (Thongnak et al., 2020).
Notably, dietary polyphenol-rich foods are beneficial for
the prevention of renal injury (Kataoka et al., 2018). PSE
contains a large number of phenolic compounds, such as
catechins, epicatechins, procyanidin B2, and procyanidin
A2. A paper has well reviewed phenolic compounds in PSE
(Mingrou et al., 2022). Importantly, studies also have indi-
cated that phenolic compounds in PSE exerts anti-diabetes,
anti-obesity, and hypolipidemic effects, and are powerful
weapons against oxidative stress (Mingrou et al., 2022). In
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Fig.2 PSE decreases the level of uric acid in HF diet-fed rats. (A) Serum uric acid, (B) urinary pH value, and (C) urinary uric acid. Results are
presented as mean+ SEM (n=6). Different letters have significant differences, p <0.05

this study, as shown in Fig. 3A, PSE supplementation alle-
viated renal tubular dilatation, and degeneration and partial
exfoliation of renal tubular epithelial cells, suggesting that
PSE supplementation truly alleviates renal injuries, which
might be benefit from the effects of those phenolic com-
pounds in PSE.

IL-1p and TNF-a are two important pro-inflammatory
cytokines, which play a central role in the progression of
renal injury (Andronovici et al., 2022). TNF-a exhibits both
the pro-inflammatory and immunoregulatory properties.
IL-1B, a member of IL-1 cytokine family, is a pleiotropic
and immunoregulatory cytokine. The increases in the secre-
tions of IL-1P and TNF-a can stimulate the production of
other cytokines, leading to inflammatory cells recruitment,
and increase of ROS generation, where they are all risk fac-
tors for exacerbating renal injury. In our study, rats fed the
HF diet without the treatment showed the increases in the
levels of renal IL-1p and TNF-a (Fig. 3B, C). However, PSE
decreased the levels of renal IL-1p and TNF-a (Fig. 3B, C).
Interestingly, some active compounds in PSE, such as res-
veratrol, have a strong ant-inflammatory effects (Mingrou
et al., 2022), suggesting that the protective effect of PSE
against kidney injury might be associated with those active

compounds on the inhibition of TNF-« and IL-1 production
in HF diet-fed rats.

PSE inhibits XOD activity and expression

XOD is a key enzyme for purine metabolism, which cata-
lyzes the generations of uric acid and ROS. Notably, studies
have revealed that the increase of uric acid level, and the
XOD activity are closely associated with the progression
of kidney injury (Su et al., 2020; Liu et al., 2015). Since
liver is a primary organ for XOD production, in addition
to serum XOD activity, the hepatic XOD activity was also
determined in this study. Compared with rats in the control
group, serum and hepatic XOD activities in rats from the HF
group significantly increased (Fig. 4A, B). However, PSE
supplementation lead to the significant decreases in serum
and hepatic XOD activities (Fig. 4A, B). Further experiment
indicated that PSE supplementation reduced XOD expres-
sion both in serum and liver, compared with rats in the HF
group (Fig. 5A-C). Therefore, the decreases in the serum
and urinary uric level by PSE treatment might be closely
associated with the inhibition of XOD activity, and/or XOD
production.
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PSE decreases NLRP3 expression, and endoplasmic
reticulum stress (ERS)

One of important reasons for the renal injury induced by
high uric acid concentration has been proved to be involved
in NLRP3 inflammasome. NLRP3 inflammasome has been
indicated to a higher expression in patients with uric acid
nephropathy (Hu et al., 2019). High uric acid level can
lead to the activation of NLRP3 inflammasome, resulting
in secretion of IL-1f, causing the development of renal
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parenchymal cells damages (Mulay, 2019). However, the
inhibition of NLRP3 inflammasome contributes to the
reduction of renal damage (Krishnan et al., 2019). In the
present study, compared with rats in the control group, the
renal NLRP3 expression in rats from the HF group was up-
regulated, whereas PSE supplementation down-regulated
renal NLRP3 expression (Fig. 6A, B).

Moreover, the increase of uric acid concentration was
proved to be associated with the occurrence of ERS (Li
et al., 2013). Study has indicated that ERS participates in
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both acute and chronic renal damages (Cybulsky, 2017).
GRP78 is one of important ERS biomarkers. Upon ERS,
ERS proteins, including IRE1 and PERK, is divorced
from GRP78, which can lead to a up-regulation of GRP78
(Hotamisligil, 2010). At the same time, the divorced IRE1
and PERK are activated, and thereby, can result in the acti-
vation of IkB/NF-xB and IKK signaling pathways, insulin
resistance, NLRP3-mediated crosstalk, increases of mito-
chondrial ROS, ultimately accelerating the progression of
cell damages (Hotamisligil, 2010). In this study, although
there is no significant difference in the expression of renal
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PERK, the expressions of renal GRP78 and IRE1 in rats
from the HF group were up-regulated (Fig. 6A and C). How-
ever, compared to rats in the HF group, PSE supplementa-
tion down-regulated the expressions of GRP78 and IRE1
(Fig. 6A and C), indicating that PSE supplementation might
decrease ERS in the HF diet-fed rats, which contributes to
the inhibition of renal injury progression.

In conclusion, PSE showed strong protective effects
against renal injury in HF diet-fed rats. In addition, PSE sup-
plementation decreased the expressions of NLRP3 inflam-
masome and ERS proteins, which might be associated with
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the effects of PSE on the decreases of XOD activity, and
uric acid production. According to the results, PSE may be
a potential functional food for protecting against renal injury
in HF diet consumption.
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