7/31/23, 8:23 PM

Zingerone attenuates diabetic nephropathy through inhibition of nicotinamide adenine dinucleotide phosphate oxidase 4 - Sci...

Sman
& ScienceDirect
e |

Biomedicine & Pharmacotherapy
Volume 99, March 2018, Pages 422-430

Zingerone attenuates diabetic nephropathy through inhibition of
nicotinamide adenine dinucleotide phosphate oxidase 4

Show more

& Share 99 Cite

https://doi.org/10.1016/j.biopha.2018.01.051 7
Get rights and content 71

Abstract

Diabetes affects a large proportion of population wide across the world and kidney is a main target
organ of diabetic complications. Zingerone is a stable active component derived from dry ginger

rhizome. We investigated the effect of zingerone on diabetic nephropathy and explored the possible
mechanisms. We showed that zingerone decreased the levels of serum insulin, C-peptide and
glycosylated hemoglobin Alc. The levels of blood urea nitrogen (BUN), serum creatinine, urinary
albumin content and albumin/creatinine ratio (ACR) were reduced by zingerone. Moreover,
zingerone attenuated the pathological injuries of kidneys, reduced the surface area of Bowman'’s
capsule, Bowman'’s space, glomerular tuft, and decreased the expression of collagen IV and
fibronectin in kidneys in db/db mice. The high levels of triglyceride and cholesterol, and high
expression of TNFa and IL-6 were decreased by zingerone. Furthermore, zingerone decreased the
level of MDA and increased the content of glutathione (GSH). NADPH oxidase 4 (NOX4) expression
was significantly increased in kidneys of db/db mice and in HK-2 cells after exposure to high

glucose. Zingerone significantly decreased the expression of NOX4 in vivo and in vitro. Upregualtion
of NOX4 significantly inhibited zingerone-induced protective effects against the cytotoxicity of high
glucose. Downregulation of NOX4 was responsible for zingerone-exhibited pharmacological
activities and reduction of diabetic nephropathy. Overall, zingerone is a promising therapeutic
treatment to attenuate diabetic nephropathy.

Introduction

Diabetes affects a large proportion of population wide across the world [1,2]. The kidney has been
believed to be a main target organ of complications of diabetes [3]. Approximately, 40 percent of
patients suffer from diabetes may develop diabetic nephropathy, which is a major cause of end-
stage renal disease [4] and can result in disability and mortality of diabetic patients [5]. To date, the
molecular mechanisms underlying diabetic nephropathy are still not completely understood and the
therapy is limited [6]. Diabetic nephropathy is characterized by increase of lipid profile,
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inflammation, oxidative stress, accumulation of extracellular matrix (ECM) proteins and an
irreversible decline in renal function [7]. Therapeutic strategies are designed to target
hyperglycemia, hyperlipidemia, oxidative stress, inflammatory cytokines as well as genetic
disposition [8]. The most common way is to decrease blood glucose levels and lower hypertension
through blockage of the renin-angiotensin system [9,10]. However, the efficiency of these
approaches is not satisfied [11]. Therefore, new alternative treatments are urgently needed to
control the progression of diabetic nephropathy.

The herbal plant Zingiber officinale, commonly known as ginger, is consumed worldwide as a
natural dietary spice and flavoring agent [12]. Zingerone [4-(4-hydroxy-3-methoxyphenyl) butan-2-
one] is a stable active component derived from dry ginger rhizome (Fig. 1A) [13]. It has been
reported that zingerone exhibit various pharmacological activities such as anti-inflammatory, anti-
apoptotic, antioxidant, anti-cancer, lipolytic, and radioprotective effects [[14], [15], [16], [17], [18]].
Zingerone ameliorates lipopolysaccharide-induced acute kidney injury by inhibiting Toll-like
receptor 4 signaling pathway [19]. Zingerone also exhibits nephro-protective effect against CCly-
induced renal toxicity in Swiss albino mice [20]. The findings suggest that zingerone possesses a
potent nephro-protective effect. However, whether zingerone possesses biological effects on kidney
function under diabetic condition is not known.

The present study aimed to assess the possible effect of zingerone on diabetic nephropathy in db/db
mice and to explore the possible mechanisms. We found that zingerone could attenuate the
progression of diabetic nephropathy as reflected by amelioration of renal structural and functional
injuries. Zingerone exhibited anti-inflammatory, hypolipidemic, anti-oxidative activities in db/db
mice. Downregualtion of NADPH oxidase 4 (NOX4) was involved in the protective effect of zingerone
against diabetic nephropathy.

Section snippets

Reagents

Zingerone was obtained from Sigma-Aldrich Inc. (Saint Louis, MO, USA). 5-(and-6)-carboxy-2’, 7'-
dichlorodihydroflourescein diacetate (DCFDA) was obtained from Invitrogen. NOX4 antibody was
purchased from Cell Signaling Biotechnology (CST, USA). B-actin antibody was obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Secondary antibodies were obtained from Thermofisher
Scientific Biotechnology....

Animals and treatment

The animal procedures and experimental protocols have been approved by the Ethics Committee...

Zingerone attenuates glucose metabolic abnormality in db/db mice

Firstly, the effect of zingerone on glucose metabolism in db/db mice was examined. We found that
zingerone significantly reduced the body weight of db/db mice, with no significant effect on the
body weight of WT mice (Fig. 1B). Although fasting blood glucose level was not significantly altered
by zingerone, level of HbA1c in db/db mice was notably decreased (Fig. 1C and D). The high levels of
serum insulin and C-peptide were decreased by zingerone (Fig. 1E and F). We did not observed
marked...
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Discussion

Considering the fact that zingerone exhibits various pharmacological and biological activities, the
present study was performed to evaluate the possible effect of zingerone on diabetic nephropathy.
Although zingerone had no significant effect on blood glucose and glucagon level, it significantly
decreased the levels of HbA1lc, insulin, and C-peptide in db/db mice. The results indicated that the
effect of zingerone on renal function was not associated with changes of glucose level, but may be...

Conflict of interest

The authors declare that there are none conflict of interest....

References (35)

B. Satirapoj et al.
Comprehensive approach to diabetic nephropathy
Kidney Res. Clin. Prac. (2014)

H. Bergrem et al.
Diabetic nephropathy and end-stage renal failure: the Norwegian story
Adv. Ren. Replace Ther. (2001)

P. Maisonneuve et al.
Distribution of primary renal diseases leading to end-stage renal failure in the United
States, Europe, and Australia/New Zealand: results from an international comparative

study
Am. J. Kidney Dis. (2000)

K.K. Park et al.

Inhibitory effects of [6]-gingerol, a major pungent principle of ginger, on phorbol ester-
induced inflammation, epidermal ornithine decarboxylase activity and skin tumor
promotion in ICR mice

Cancer Lett. (1998)

M.K. Kim et al.
Modulation of age-related NF-kappaB activation by dietary zingerone via MAPK pathway
Exp. Gerontol. (2010)

B.N. Rao et al.

Radiomodifying and anticlastogenic effect of zingerone on swiss albino mice exposed to
whole body gamma radiation

Mutat. Res. (2009)

J. Song et al.

Zingerone ameliorates lipopolysaccharide-induced acute kidney injury by inhibiting toll-
like receptor 4 signaling pathway

Eur. J. Pharmacol. (2016)

A. Papadimitriou et al.

https://www.sciencedirect.com/science/article/abs/pii/S0753332217360018

3/6


https://www.sciencedirect.com/science/article/pii/S2211913214001004
https://www.sciencedirect.com/science/article/pii/S1073444901700015
https://www.sciencedirect.com/science/article/pii/S0272638600703167
https://www.sciencedirect.com/science/article/pii/S0304383598000810
https://www.sciencedirect.com/science/article/pii/S0531556510001130
https://www.sciencedirect.com/science/article/pii/S1383571809001673
https://www.sciencedirect.com/science/article/pii/S0014299915304209

7/31/23, 8:23 PM

Zingerone attenuates diabetic nephropathy through inhibition of nicotinamide adenine dinucleotide phosphate oxidase 4 - Sci...

Increase in AMPK brought about by cocoa is renoprotective in experimental diabetes

mellitus by reducing NOX4/TGFbeta-1 signaling
J. Nutr. Biochem. (2014)

J.L. Gross et al.
Diabetic nephropathy: diagnosis, prevention, and treatment
Diabetes Care (2005)

R. Patil et al.

Popular misconceptions regarding the diabetes management: where should we focus our
attention?

J. Clin. Diagn. Res. JCDR (2013)

v | View more references

Cited by (28)

Nutritional benefits of ginger for patients with non-communicable diseases
2022, Clinical Nutrition ESPEN

Show abstract \/

Phytomedicine as a source of SGLT2 inhibitors, GLP-1 secretagogues and DPP-1V

inhibitors for mitigation of Diabetic Nephropathy
2022, Phytomedicine Plus

Citation Excerpt :

...Chinese herbal medicines, Tong Xinluo (TXL) (Zhang et al., 2014a), Huangkui capsule (Han et al., 2019), and
herbal mixture, RPFC (Chen et al., 2017) (mixture of Radix puerariae and Fructus crataegi) are reportedly
inhibitors of tubuloepithelial epithelial-mesenchymal transition (EMT). Curcumin (Lu et al., 2017),
Epigallocatechin-3-gallate (Yang et al., 2016), Piperine (Samra et al., 2016), Gallic acid (Garud and Kulkarni,
2018), Luteolin (Wang et al., 2011), Baicalin (Yang et al., 2019), Loganin (Liu et al., 2015), Catapol (Chen et al.,
2020), Berberine (Qiu et al., 2017; Zhang et al., 2020b), Zingerone (Cui et al., 2018), Coumarin (Sen et al., 2019),
Ursolic acid (Xu et al., 2018a), Ellagic acid (Zhou et al., 2019), Puerarin (Xu et al., 2016), 6-Shogaol (Xu et al.,
2018b), Betanin (Sutariya and Saraf, 2017), Betulinic acid (Sutariya et al., 2017), Emodin (Tian et al., 2018),
Hispidulin (Wu et al., 2018) and Salvianolic acid (Hou et al., 2017) are some phytocompounds demonstrating a
range of activities including reductions in AGE products, reduction of inflammation, inhibition of podocyte
injury and apoptosis, reduced oxidative stress and endothelial cell dysfunction, inhibition of GMC expansion etc.
which ultimately reduce the harshness of DN (Table-2 and Fig. 2). Google Scholar, SciFinder, Scopus and PubMed

search engines were used to collect literature on DKD or DN and therapeutic targets in DN....

Show abstract \/

Therapeutic potential of ginger against COVID-19: Is there enough evidence?

2021, Journal of Traditional Chinese Medical Sciences

Citation Excerpt :

...Similarly, 6-gingerol prevents osteoclast differentiation and represses IL-1-induced PGE2 synthesis in mouse
osteoblasts.88 Moreover, zingerone restores the renal functions and declines the generation of TNF-q, IL-1, IL-6

https://www.sciencedirect.com/science/article/abs/pii/S0753332217360018

4/6


https://www.sciencedirect.com/science/article/pii/S0955286314000710
https://www.sciencedirect.com/science/article/pii/S2405457722002443
https://www.sciencedirect.com/science/article/pii/S2667031322000112
https://www.sciencedirect.com/science/article/pii/S2095754821000661

7/31/23, 8:23 PM

Zingerone attenuates diabetic nephropathy through inhibition of nicotinamide adenine dinucleotide phosphate oxidase 4 - Sci...

and ROS in animal models of nephropathy.89,90 In addition, zerumbone downregulates TNF-q, IL-1p, and IL-6
in an animal neuropathic pain model.91...

Show abstract \/

Improvement of Oral Bioavailability and Anti-Tumor Effect of Zingerone Self-
Microemulsion Drug Delivery System

2021, Journal of Pharmaceutical Sciences

Show abstract \/

Zingerone produces antidiabetic effects and attenuates diabetic nephropathy by reducing
oxidative stress and overexpression of NF-kB, TNF-a, and COX-2 proteins in rats

2020, Journal of Functional Foods

Citation Excerpt :

...Zingerone (4-(4-hydroxy-3-methoxyphenyl)-2-butanone; Fig. 1) is one of the major constituent of ginger root
(Zingiber officinale, Roscoe) with multiple biological activities. This natural polyphenol has slightly spicy
pungent odour but is considered harmless (Cui et al., 2018). Due to its potent anti-mitotic and anti-proliferative
ability, zingerone has shown inhibition of cellular growth and suppression of tumor development including
neuroblastoma cells, thereby suggesting that it may have promising anticancer therapy in humans (Ahmad,
Rehman, Amin, Arif, Rasool, Bhat, & Bilal, 2015)....

Show abstract \/

NADPH oxidase: A membrane-bound enzyme and its inhibitors in diabetic complications

2020, European Journal of Pharmacology

Show abstract

A1 | View all citing articles on Scopus

Recommended articles (6)

Research article

MiR-760 enhances TRAIL sensitivity in non-small cell lung cancer via targeting the

protein FOXA1
Biomedicine & Pharmacotherapy, Volume 99, 2018, pp. 523-529

Show abstract \/

Research article

Down-regulation of long non-coding RNA AFAP1-AS1 inhibits tumor growth, promotes

apoptosis and decreases metastasis in thyroid cancer
Biomedicine & Pharmacotherapy, Volume 99, 2018, pp. 191-197

Show abstract \/

Research article

miR-152 inhibits proliferation of human endometrial cancer cells via inducing G2/M
phase arrest by suppressing CDC25B expression

https://www.sciencedirect.com/science/article/abs/pii/S0753332217360018

5/6


https://www.sciencedirect.com/science/article/pii/S002235492100099X
https://www.sciencedirect.com/science/article/pii/S1756464620304230
https://www.sciencedirect.com/science/article/pii/S0014299920302983
http://www.scopus.com/scopus/inward/citedby.url?partnerID=10&rel=3.0.0&eid=2-s2.0-85041658832&md5=39e56e1bcc4541d92fc5e14f46895a8
https://www.sciencedirect.com/science/article/pii/S0753332217360791
https://www.sciencedirect.com/science/article/pii/S0753332217344554
https://www.sciencedirect.com/science/article/pii/S0753332217360730

7/31/23, 8:23 PM

Zingerone attenuates diabetic nephropathy through inhibition of nicotinamide adenine dinucleotide phosphate oxidase 4 - Sci...

Biomedicine & Pharmacotherapy, Volume 99, 2018, pp. 299-305

Show abstract \/

Research article

The Protective effect of P7C3 against DNA and neuron damage in rat pups with

congenital hypothyroidism
Biomedicine & Pharmacotherapy, Volume 99, 2018, pp. 499-503

Show abstract \/

Research article

Thymelaea lythroides extract attenuates microglial activation and depressive-like

behavior in LPS-induced inflammation in adult male rats
Biomedicine & Pharmacotherapy, Volume 99, 2018, pp. 655-663

Show abstract \v

Research article

Suppression of Capn4 by microRNA-1271 impedes the proliferation and invasion of

colorectal cancer cells
Biomedicine & Pharmacotherapy, Volume 99, 2018, pp. 162-168

Show abstract \/

View full text

© 2018 Elsevier Masson SAS. All rights reserved.

ELSEVIER

https://www.sciencedirect.com/science/article/abs/pii/S0753332217360018

@ oY &% Copyright © 2023 Elsevier B.V. or its licensors or contributors. &RELXTM
\.\%» ScienceDirect® is a registered trademark of Elsevier B.V.
el

6/6


https://www.sciencedirect.com/science/article/pii/S0753332217349375
https://www.sciencedirect.com/science/article/pii/S0753332217355579
https://www.sciencedirect.com/science/article/pii/S0753332217356342
https://www.sciencedirect.com/science/article/pii/S0753332217360018
https://www.elsevier.com/
https://www.relx.com/

