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Different diseases and disorders that affect the kidneys include, but are not limited to, glomerulonephritis, diabetic
nephropathy, polycystic kidney disease, kidney stones, renal fibrosis, sepsis, and renal cell carcinoma. Kidney
disease tends to develop over many years, making it difficult to identify until much later when kidney function is
severely impaired and undergoing kidney failure. Epidemiological studies have suggested that a diet rich in fruits
and vegetables is associated with health benefits including protection against kidney disease and renal cancer.
Resveratrol, a polyphenol found in grapes and berries, has been reported to have antioxidant, anti-inflammatory,

antidiabetic, hepatoprotective, neuroprotective, and anti-cancer properties.
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| 1. Introduction

1.1. Kidney Function in Health and Disease

The kidneys are a pair of organs located below and posterior to the liver in the peritoneal cavity whose main
function is blood filtration and salt and water homeostasisiZ. The kidney is divided into three regions: the outer
cortex, medulla, and inner hilum. The renal cortex contains the functional unit of the kidney known as the nephron,
with approximately one million nephrons located within each kidney (Figure 1)2. Each nephron is responsible for
filtration as blood enters the kidney, which migrates through the length of the nephron where specialized regions
reabsorb water and small molecules before it is secreted as urine. The nephron can be further divided into the
renal corpuscle (Bowman'’s capsule) and renal tubulel2. Located within the Bowman'’s capsule is the glomerulus, a
filtering unit of blood vessels which is responsible for the majority of filtration within the kidney. Throughout all these
structures, the kidney is connected to a highly vascularized network of arteries, veins, and nerves, entering and
exiting at the renal hiluml2. In addition to filtration and reabsorption, the kidneys also produce hormones such as
renin, erythropoietin, and calcitriol/vitamin D3, that regulate blood pressure, help control red blood cell production,
and maintain bone metabolism and health[2l4],

Chronic kidney disease (CKD) is defined as kidney damage, or decreased kidney function present for longer than
three months. In addition, CKD requires an estimated GFR of less than 34.68 mL/min/m2 and abnormalities in
biopsy/renal imaging results®2. Kidney disease tends to develop over many years, making it difficult to identify until
much later when kidney function is severely impaired. Physiologically, CKD arises due to many pathological injuries

that destroys some of the nephrons, resulting in the nephrons overcompensating by hyperfiltration. Over time,
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glomerular hypertension, albuminuria, and loss of renal function developl8l. The increase in glomerular capillary
pressure leads to glomerular capillary wall destruction, dysfunction of podocytes that cover the capillaries, and
increased macromolecule permeability®Z. In conjunction, increased pro-inflammatory mediators are released that
stimulate the proliferation of fibrotic cells. In addition, accumulation of ECM molecules results in scar formation and
renal failurel@l8, Currently, treatment strategies exist for CKD, with all options aimed at relieving or preventing the

condition from worsening, including conservative care, medication, dialysis, or transplantation[g][l—ol.

CKD is not the only form of kidney disorder that can severely affect an individual, with many other disorders
severely afflicting the kidney and renal system, such as polycystic kidney disease (PKD), a genetic disorder, either
autosomal dominant or recessive, characterized by cyst formation in the kidneys[ll, Glomerulonephritis is term
used to describe a range of immune-mediated disorders resulting in inflammation of the glomerulus and other
regions of the kidney 2. The inflammation within the kidney disrupts blood filtration, leading to decreased
urination, high blood pressure, hematuria, and albuminuriaZ. Diabetic nephropathy characterized by glomeruli
damage and impaired blood filtration develops in more than 50% of people with type 2 diabetes mellitus (T2DM)
(131 |n addition, renal cell carcinoma (RCC), also known as cancer of the kidney, is the sixth and tenth most
common cancer in men and women, respectively, accounting for more than 140,000 deaths yearly and ranking as
the 13th most common cause of cancer death worldwide4l28l RCC originates in the lining of the proximal
convoluted tubule and encompasses approximately ninety percent of all kidney cancer cases in adults2€. RCC is
characterized by decreased kidney filtration, anemia, and increased blood pressure, resulting in complete kidney
failureZ. Current treatment strategies of RCC include surgery (partial or radical nephrectomy), chemotherapy,

immunotherapy, and radiation therapy8],

Glomerulus

Bowman's capsulbe

Loop of Henle —— B Collecting

Figure 1. The structure of the glomerulus and nephron.
1.2. Resveratrol

Resveratrol (RSV) (3,5,4'-trihydroxy-trans-stillbene) is a polyphenol belonging to the family of stilbenes, based on
shared common structure of two phenyl moieties connected by a two-carbon methylene bridgel22 [42]. RSV is
found in the skin of grapes, in berries, and peanuts, with considerably high levels in grape juice (0.19-0.96 mg/L),

and red wine (1.9 + 1.7 mg/L)[29[21l22] RSV has been studied for its pharmacological effects, including antioxidant,
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anti-inflammatory, immunomodulatory, hepatoprotective, anti-cancer, anti-atherosclerotic, and anti-diabetic
properties12[23][24][25][26][27][28]

The bioavailability of RSV is relatively low due to its low absorption, rapid metabolism, and elimination. A number of
past reviews have focused on resveratrol's bioavailability2222BE1] gnd interested readers are recommended to
consult these reviews[2JBYE |njtial studies in humans, showed low levels of unmetabolized RSV in the plasma
upon a single oral administration dose of 5 to 25 mgELB2IE3] Administration of 25 mg trans-RSV resulted in total
resveratrol peak blood concentration of 1.8-2 puM after 60 min[22l, This was similar to another study which showed
that increasing doses (500 mg to 5000 mg) of oral administered trans-RSV resulted in plasma levels of 0.3—-2.3 pM
within 50-90 minlZ,

| 2. Resveratrol’s Effects on Kidney Disease

2.1. In Vitro Studies: Effects of Resveratrol on Mesangial Cells

Glomerular mesangial cells occupy a central position in the renal glomerulus forming the central tuft-like structure
of the glomerular microvasculature, involved in the generation of inflammatory mediators (such as cytokines,
macromolecules and immune complexes), and are responsible for the contractile function. Mesangial cells contract
or relax to modify glomerular filtration locally in response to vasoconstrictive or vasorelaxant agents,
respectively®4, Mesangial matrix expansion and vaso-mediator release result in decreased glomerular surface
area and hemodynamics, reducing GFR. Mesangial cell function is affected by immunologic injury and metabolic

disease, resulting in impaired filtration[32!,

Overall, the studies show that the treatment of mesangial cells with RSV attenuated the basal, PDGF-, high
glucose- and TGF-B1-induced cell proliferation. In addition, RSV treatment reduced the high glucose- and TGF-1-
induced oxidative stress and inflammation, reduced mitochondrial superoxide and ROS production, and increased
MnSOD and mitochondrial complex Il activity. The production of the extracellular matrix protein, fibronectin, was
significantly inhibited by RSV treatment. RSV treatment significantly reduced the high glucose-induced effects by
regulating NF-kB, JNK, Akt, and p38 signaling (Table 1).

Table 1. Effects of resveratrol on kidney mesangial cells.

Resveratrol
Cell ) ) Effect Reference
Concentration/Duration
Rat primary mesangial cells
primaty 9 5075 UM; 24 h tNF-KB activation (6]

and LLCPK1 cells
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Resveratrol
Cell ) ) Effect Reference
Concentration/Duration
Rat primary mesangial cells 10 uM; 1 h 1Gentamicin-induced contraction (27]
IPDGF-induced cell proliferation
IPDGFR Y-751 phosphorylation
IPDGFR Y-761 phosphorylation
Rat mesangial cells 10puM; 1 h phosphony (28]
IPDGF-induced PI3K, Akt, ERK1/2,
c-Src activity
tPTP1B activity
IHigh glucose-induced
e ROS production
» Mitochondrial superoxide
Rat primary mesangial cells 10 uM; 6 h 1 MnSOD activity 9]
1 Mitochondrial complex 11l activity
1 AWm hyperpolarization
1 SIRT1 activity
; - ; (40]
CRL-2573 and primary 5-10 uM; 24 h | High glucose-induced

mesangial cells

Cell proliferation

» Fibronectin protein

« JNK and NF-kB activation

« NADPH oxidase activity
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Resveratrol
Cell ) ) Effect Reference
Concentration/Duration
* ROS production
tHigh glucose-induced AdipoR1
mRNA and protein
HBYZ-1 cells 20 uM; 72 h . (4]
tFOXO01 activity
IFOXO01 phosphorylation
IHigh glucose-induced
o Cell proliferation
Rat mesangial cells 25 uM; 48 h « PAI-1 protein 42]
e Ph-Akt
* NF-kB
tHigh glucose-induced
e p38 MAPK activation
CRL-2573 cells 10 pM; 48 h [43]
e TGF-B1 expression
» Fibronectin
: . (44]
SV40 MES 13 cells 10 uM; 46 h I TGF-B1-induced ROS production

1 TGF-B1-induced

« Mitochondrial membrane

potential

« ATP

1. Priya Vart; Morgan E. Grams; Measuring and Assessing Kidney Function. Seminars in
Nephrology 2016, 36, 262-272, 10.1016/j.semnephrol.2016.05.003.
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Resveratrol Js: The
Cell ) ) Effect Reference
Concentration/Duration -1469,

Complex I/1ll activity

iabetes
 NDUFB8 and ATP (3 protein
« SIRT1 ‘easure
e PGC-1a deacetylation

‘cel

Ruzicka; Kevin Burns; Braden Manns; Colin White; Francoise Madore; et al.Louise MoistScott

NFiRBrRIGEShBER dap Rl IR aRes hRAleXR R B ESIE PRRIHOPNESSDB ARG BRA factor; PI3K:
phosPHEINANY B ARRIARM, GRIMNMARINE. Resterovayinay hevsfRrrid Mendelssanteihad ¢ proto-
ondd§SielBGANDRERPRENEreslo FppeliFRr Lt GRIMAH I R RRRENOhNIERREPBINFHIddINgR defp.
malREBaNegRMRMciShIRAE: KNe Y HisRAsEx/gen i Mediaal ASRAC BRI UINANERBiIN A Enase;
NA%&%'*%%&SQ%HW@MM phosphate; FOXO01: forkhead box 01; PAI-1: plasminogen activator
IBhibEath#b HAARE I CegRRE VAR aPFOSih &N ass a dHA BEnKBRKIMEE! AIar Hn ARIRSI8UIAT P2 adenosine
tripfpseRaiRisRUGEE hMARE KiId) IR eXde it Biabated MBRit FS AntPCRRIYTaEURsP st aisaeliyated
reCRRIY GRTBIRIREREIVAIIN I8 HF A HNUMSIEEF2015, 6, 340, 10.3389/fimmu.2015.00340.

7 2-9/\ifr6 St diey: FHE A8 6 RS verdtrep Gis Remal Epithilikceenslisease: too much cellular
talk causes damage. Kidney International 2016, 91, 552-560, 10.1016/j.kint.2016.08.025.
Injury in renal epithelial cells results in renal dysfunction and necrosis associated with renal

B Ay A G e R G A R R P nE P Ema QPRI LN AP WY THerILRl
the " CAAPIRRCN GIOA GBI SHETORS 135G p-‘?&‘iﬁg OhGhaomakRiies Lralen- NERAtY fros
pro%’t?l |Solﬁ Zﬁﬂ%@[ggg’gg grq |§>’<i ghz g?\i?ylr%é 1aCc):t}\(/)l |gén%/g§%ﬁ%n RSV treatment prevented EMT
andditreynitifupred CtimlyriRBaak epadliawc &l Apartasistzydiceduicell dg RV Treatrasii. through
incHeasettaanirapopiEnicop citenitekielsexril semk e ddighneyaipopiodtiopat2 01l 2 xfie SHAR3 6 rite B8,
R Ski. 2@hB1in386t increased mitochondrial membrane potential and complex Il activity to attenuate the
1'6'.'@%8%%‘3 llﬂgss@r?qlhoonmaz{]sdgpa%g%%{lrﬁ %her%%i T%t(’jlr?e?disease: identification and management in

Tafiiqary care, r@g@g@gglcoﬁr}gng%%%\éﬁgf)éveﬁlsf’?esearch 2016, ume 7, 21-32, 10.2147/por.s97310.

11. Pui Yuen Lee; Liyanne F.M. Van De Laarschot; Jesus Banales; Joost P.H. Drenth; Genetics of

Resveratrol
Cell ) ) Effect Reference]Og'OOO
Concentration/Duration
Rodent glomerular epithelial cells 30 uM and 50 uM; 72 h LHigh glucose-induced ug  0140-67

» de novo protein synthesis
P y rnal of

« Acetylation of LKB1
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1 Resveratrol
Cell ] ) Effect Reference
Concentration/Duration alit
y
nal of
e Ph-elF4E protein
1 e elF4G, eEF2, and p70S6K A
protein
1 Renal
| Cisplatin-induced ).12688/
o Apoptosis
1 S2 an
e p53(S379) acetylation of
) o ) « PUMA-a and caspase-3 47
1 Mouse proximal tubular epithelial cells 100 uM; 30 min ] 2
protein
1 » Bax translocation ' Human
L/oxim.
1SIRT1 siRNA-acetylation
9 1Bcl-xL, Bax, and Bak protein yods
3337-
48
Human renal epithelial cells 0, 40 and 80 uM; 24 h L Oxalate-induced el
2 » Colonization a; Luisa
d
e Hyaluronan
2 e ROS production
, 10.101
 NADPH p22 and p47
MRNA
2 /2012,
e MCP-1 and osteopontin
RNA
2 a zo; P.
o TGFB1, TGF-RI/I ealthy
dicinal

» Malondialdehyde

25. Albino Carrizzo; Maurizio Forte; Antonio Damato; Valentina Trimarco; Francesco Salzano;
Michelangelo Bartolo; Anna Maciag; Annibale A. Puca; Carmine Vecchione; Antioxidant effects of
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Resveratrol logy
Cell ] ) Effect Reference
Concentration/Duration
Z vivo
1Sodium transport
2 25-400 pM: 30 min to - o €M Min
mpkCCDc14 cells 1GFP-AKT-PH redistribution [49] :
24 h ed liver
tAMPKa protein P53
2 \TGF-B1-induced Imam;
ress.
« Cellular proliferation 714287
NRK-52E cells 10 and 100 uM; 24 h o EMT (50]
2 lolecular
 EM synthesis
3 « Shh and Glil mRNA wdeux;
)09, 54,
IHigh glucose-induced
3 52011,
o EMT
3 HK-2 cells 5-20 uM: 4 h . ROS levels LU ray P.
L.William
« NOX1 and NOX4 protein
J
o ERK1/2 activation %
3 ro;
HK-2 cells 20 uM; 48 h EMT B
‘ICIO
\B-catenin nuclear >-dose
translocation )02/mnf
tE-cadherin and SIRT1 mRNA
4 .
M and protein Icyte.
3 linical

Journal of the American Society of Nephrology 2016, 11, 1664-1674, 10.2215/CJN.13791215.

36. Y. Uchida; H. Yamazaki; S. Watanabe; K. Hayakawa; Y. Meng; N. Hiramatsu; A. Kasai; K.
Yamauchi; Jian Yao; M. Kitamura; et al. Enhancement of NF-kappaB activity by resveratrol in
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Resveratrol 10.111
Cell ] ) Effect Reference
Concentration/Duration
g IMMP7, a-SMA, and COLIAL 2 M.
mRNA and protein ingial
3 \loxitalamate-induced ; Amrita
atrol
o Cytosolic DNA
3 fragmentation u,;
HK-2 cells 12.5 pM; 48 h b oG § _ 53]
o 8- ormation 395.-
e ROS production
4 eng;
tBcl-2 and survivin protein Lo
1 Caspase 3 activity VADPH
iemistry
1Cyst number
4 f
IMCP-1 protein and activity .59, 10.
0X161 and UCL93 human renal
epithelial cells; MDCK canine renal 2-50 uM; 48 h I TNF-a protein and activity (54]
4 epithelial cells Kong;
1CFB protein and activity with
f
1SOD?2 protein
b 1/28932
. [55]
HK-2 cells 20 um; 12 h 1Cell viability .
4 Jetic
1Ph-NFKB protein imental
y ITNF-q, IL-183, and IL-6 mRNA |
and protein
l
45, 1¢. Sinul, F.L., BUINYWIL, D.A.; AUNES, AU KNUNey _ ... __._, . ....._.._ _Jd, I, Lanza, R,

Eds.; Academic Press: London, UK, 2006; pp. 194-207.
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4 Resveratrol )an
Cell ] ) Effect Reference
Concentration/Duration ratrol
LIREL activation
4 <wang
LHigh glucose-induced .
2 Von Kim
oxidative stress .
ation of
MDA and ROS activity prenal.0
HK-2 cells 25 uM; 72 h ) [56]
1CAT and SIRT1 protein _
4 eok
1SIRT1 activity 3
79, 10.1
LAcetyl-FOXO3a protein
4 inger,
1Cadmium-induced apoptosis via
JS ONE
ImROS production
TCMK-1 cells 25 uM; 72 h (571
E tmSIRT3 protein and activity *hen:
tPGC-1a and SOD2 mRNA
493, 10.
HK-2 cells 5-20, 40 uM; 72 h 5-20 UM RSV: =
£ ‘hao;
I TGF-B-induced EMT ular
| Cytotoxicity
< 1SIRT1 and E-cadherin protein ates
1a-SMA and fibronectin protein 3537021
1Ph-Smad3
£ ; Chin-
ISIRT1-Smad3/4 st agent,
40 UM RSV: oroximal
10.389
() IJI l.viy.tuvu<.

54. Ming Wu; Junhui Gu; Shugin Mei; Dechao Xu; Ying Jing; Qing Yao; Meihan Chen; Ming Yang;
Sixiu Chen; Bo Yang; et al.Na QiHuimin HuRudolf P. WithrichChanglin Mei Resveratrol delays
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Resveratrol
Cell ] ) Effect Reference
Concentration/Duration
[N .
> 1Cytotoxicity ao,
ey
tmtROS release et 2017,

1Bax, fibronectin, and a-SMA
protein 1 Guan;

n

1Bcl-2 protein 126

LATP production

n

|_
IPGC-1a and TFAM protein ) via the

cations

2017, 486, 198-204, 10.1016/j.bbrc.2017.03.027.

S B uyENdAbsMeN e EnagkarijifiZ haks SH0RNESRIN A orY g X Ualkahadi difaWsltidsn BeRgatish factor 2;
0 70MBKNABS3BRAI JIBESHUSENERG: YRmEOoN g Mkt alMinaBingiddiResNaiAts! axRHsEonR-dependsmiic
psR0HrERnRtisomBERIERIOEE AtRtsid KIANRAYSHapaitstialfiskimindid uglsswitidrepairR (hiENeYEMT:
epiftEIRilen nRbybeRyaAc2e RS MDA 23R vhdRil ddhylddl Gr-Any mieshZshBial 2424 ription factor A; Bel-xL: B-

5% PRI TBHRIBRICRG IBS S AP BBIRSLY S BYHRSF S-RiARRIRMAHSURE AR SN s a-smooth
mugsis S8y ML BHPSRIOYDE208813 78 NVIINAPRY] fridasss MR rBRSBIBCH ISR Yipsse: MCP-L

monocyte chemoattractant protein 1; CAT: catalase; CFB: complement factor B; mROS: mitochondrial ROS; IL:

QRteﬁét%R%XﬁD%P&%#qu Mbh&%ﬂ%&h&“gi Wei-Dong Li; [Study of resveratrol suppressing

TGF-betal induced transdifferentiation of podocytes].. Zhongguo Zhong xi yi jie he za zhi

2.3 wnatrecstidies) Effdets’ ot ResVEratrs! Jon/Cel s 6T aseRunardsppasens’ Western medicine

2013, 33, 1677-1682.
Renal podocytes are cells that wrap around the capillaries of the glomerulus in the Bowman’'s capsule.

i s BRI el W AR bR & EIROIINHe WiAdouXIng: b RERYEERYR mesangial
ceIIg%erlé%{ﬁlé?esgﬁ)gnqgﬁmtﬁjrq&@rw MOgjise}ab;?cgi&ogg/.{%g tY(ie%tgtluR v;li-t%/I?EIQB.lLqomrleailijiget%%r%}ﬁ@el%gﬁit?arﬁ(g)r]: followed
wit " ERKP RATAL RIRIHE ST S RN PSRl YoM ABEy 23hsR0FR F48e A9 TSR,
ind%gf’i%r%areduced podocyte death and increased percentage of E-cadherin expressing cellst®Y, Additionally,

6xlHeisioR Bitlectine P-Gidoiry, RoDreguieldFhe higlocllanbdéisodRRFblive miotldidrie(NE&HIbproiefit levels
werkleghdioamy iof Beasasiophilert- 38970612 Byl 000 ERSBDRERTS B (8590086, /rBlicating preserved

6podocyte function®d. |n conjunction, treatment of podocytes with RSV resulted in aftenuation of the high glucose-
3. Yao-Cheng Lin; Morgane Boone; Leander Meuris; Irma Lemmens; Nadine Van Roy; Arne Soete;
induced mitochondrial stress, decreased mROS production and_increased_membrane otential, all involved'in
~ Joke Reumers; Matthieu Mo&e; Stephane Plaisance; Radoje T Drmanac; et al.Jason
diabetic nephropathy development™=. In addition, RSV treatment increased respiratory chain complex | and llI
ChenFranki SpelemanDiether LambrechtsYves Van de PeerJan TavernierNico Callewaert
activities, while release ofPro-a%optonc proteins (cytochrome C and diablo) from the mitochondria was reduced,
Genome dynamics_of the human embryonic kidney 293 lineage in response to cell blolo%y
suggesting improved mitochondrial functioning and reduced 7oodoc te damage. Additionally, SIRTI, PGC-1q,
manipulations. Nature Communications 2014, 5, 4767, 10.1038/ncomms5767. 1
nuclear respiratory factor 1 (NRF-1), and TFAM mRNA and protein levels were increased with RSV treatment&l,

https://encyclopedia.pub/entry/14105 11/34



Resveratrol in Kidney Disease | Encyclopedia.pub
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membliaity imeghitingreXtracehiafisig s egrdatedt proleinskaiaseiape resaaiiycantpleNECtosein levels,
suggepergmpretrceell Restdnnbtdaiy, 382 ehi€d1AvtotBoh0is/jcpente’0ddidie®13nd decreased mROS
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ctalihanefdagbfiubseraBavancaIN afinb ré&lsad?pudckdaree; Anil Chuturgoon; The Phytoalexin

Resveratrol Ameliorates Ochratoxin A Toxicity in Human Embryonic Kidney (HEK293) Cells.

Resveratrol
Cell ) } Effect Reference
Concentration/Duration

€ 1 high
/

LAlbumin permeability

1Podocyte death

€ lisease.
Mouse podocytes 2-5 pM; 30 min 1E-cadherin expression sa 10420.
€ ing Liu;
tP-cadherin, ZO-1, and NEPH1 protein
hao
1a-SMA protein
'1s00109
LHigh glucose-induced
7 ‘the
» Mitochondrial stress 81-983,
e« mROS production
5 /eratrol
Immortalized e Cyto C and diablo release )
10 uM; 48 h . (61] -
podocytes a. BMC
tComplexes | and Ill activities
7 tMitochondrial membrane potential
1SIRT1, PGC-1a, NRF1, TFAM mRNA and |
.12.02

protein

73. Munehiro Kitada; Shinji Kume; Noriko Imaizumi; Daisuke Koya; Resveratrol Improves Oxidative
Stress and Protects Against Diabetic Nephropathy Through Normalization of Mn-SOD

Dysfunction in AMPK/SIRT1-Independent Pathway. Diabetes 2011, 60, 634-643, 10.2337/db10-0
Z04gg@gonula occludens-1; NEPH1.: kin of IRRE-like protein 1; NRF1: nuclear respiratory factor 1.

2.4. In Vitro Studies: Effects of Resveratrol on Embryonic Kidney Cells
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BB LR AL BT LRGN AR B B8 rsan G s by e reRs e
N9, 9.SREA B3 e S5 ror AR EX7Y BRARRY NISTRROTA b DBNRIRRY R G R
acnéqﬂ?gth%rﬁ'!ae - rFénlél &ras shR/T'B qﬁtﬁ%%e{lj\é”ﬁég. 38?)?%/%?37\49 Ig}keéjl FOO%TEOfE?:%G,pﬁ%TIhéE,Ikil)
trarﬁﬁfwggﬂ% faEB\fE( %6significantly increased with RSV treatment. Importantly, inhibition of ERK or use of
dominant negafive Raf prevénted the RSV induced increased Egr-1 levels. These data suggest that RSV induces

e MypredSih dr Ehrlaimy ERKlan@Hai defvaltPNghdvide Yaagidssishdark; S. Chung; S. H. Koh; S. J.
Shin; B. S. Choi; et al.H. W. KimY. S. KimJ. H. LeeY. S. ChangC. W. Park Resveratrol prevents

Ochienatiipat¢itity and indphitsaxiestiagiad el ghucotortyuttian noamaedl depelad entitbalitive AddiRtiGg in
pro&GiRSile P& A Tailaxisdfiedty dbsotizee Didthetotograc20diRiosin aR0de i, ddl 100&4s60 RSOk 2R edon !,
77 BRI N M Earatoalt BUTRANS ADsT & M e FASR D AR Kmefioratior oF St epto SfseR:

when co-treated, with OTA, RSV..was unable. to .mitigate the increased ROS praduction®®. DNA damage was
induced diabetic nepphropathy lS:)y melatonin, quercetin, &Nd Tesveratrdlin rats, Hurman g g

ol Tosicology 261a" 1), T09-1P3° A5 £9716860:4 1 s fgggesting improved epithelum
preservation. Additionally, OTA-induced 8-oxoguanine glycosylase (OGG1) mRNA levels were significantly
lRefeRitngifprsYelaramkyivdiiaddyanga Vipakd: sashsduahe giuki s Ssipind iangvdiR Bdnificantly
incRed@tRdGE et igHHi RPN EARFRUIE SO PAREALE TIRMEDNRLRASYIRFaErobia GRidRiMiRg: RSV
tred¥RURE BRI RIQATINQIAGY N En T RRA-BAR, ddhmEdtAiMRdPdecidléd ROS production and increased

7NQIERNEGERP el Ji Hee Lim; Min Young Kim; Yaeni Kim; You Ah Hong; Sun Ryoung Choi; Sungjin
Chung; Hyung Wook Kim; Bum Soon Choi; Yong Soo Kim; et al.Yoon Sik ChangCheol Whee Park

TR A TR AL KURSRY S e SR s e S e e AR A0E JBEst

O S RSarOnal Megicine 50160 FA Fof Lol Roe S P38 b1 5odBY535ed Mah glucose-induced SIRT1

and thioredoxin (Trx) mRNA levels while Trx interacting protein (TXNIP) mRNA levels were reduced indicating

BfhpriRER iMacB RN adNERYeaG.RERN; Jiamei Lu; Jie Gao; Lifang Tian; Zhian Lv; Zhao Chen;
Jin Han; Lining Jia; et al.Li Wang Sirtl is essential for resveratrol enhancement of hypoxia-

Oveénallceekaustopiea gy dnditetiypectdiabheticanapivoipaiiayercefsaithitiogy\V rRésearabxanar Ragiaaluced
DN20iHa&E?ai3d 03 E8sdd) DNAGE =D . 2Rilcu02. @D Improved cellular activity and longevity. In addition, RSV
IR ARG Ay Aa RIS s STy e et G ate S B T BBt s SMa e &g VY and
deisavR DNRALIASGe AN actimiston 3 Bavan el gl cRigh ena prodits i Sl and ™
daTL?gﬁlgsa%ﬂgr@( kidneys. Toxicology and Applied Pharmacology 2017, 339, 97-109, 10.1016/j.taap.2

17.11,025.
Tab(?e 4, E]ffects of resveratrol on embryonic kidney cells.

82. Haiyan Guo; Linyun Zhang; Resveratrol provides benefits in mice with type |l diabetes-induced
Cell Resveratrol Concentration/Duration Effect Reference fjcine

HEK293 cells 20 uM; 24 h 1Egr-1 protein =

tEgr-1 reporter mRNA
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&8 Cell Resveratrol Concentration/Duration Effect Reference ) Li;

in rats.

tPh-ERK1/2 protein

S {MKP-1 activity renal
)9/0886
tElk-1 transcriptional activation potential
& ng; Ke-
LOTA-induced Rat
92.
» Oxidative stress
S ptic
o DNA damage )8.
HEK293 cells 25 uM; 24-48 h (6el
g « ROS production ro-

1OGG1 expression

1al of
tGSH levels
g rol
IHigh glucose-induced .
lind
Aging
c _ Denise
B-galactosidase mRNA
HEK293 cells 2.5,5,and 10 uM; 12-48 h (67]
TXNIP mRNA
C la;
1SIRT1 mRNA
I
1Trx mRNA
¢ o8 14"

ochigiryiasA | SRR IARIFAS e asft S Riasy Eri9 IKieFIdraaH AT, BYariare| I e, MessdrgsBaANYE: Trx
intempisHOeAh Wittmann Resveratrol improves insulin sensitivity, reduces oxidative stress and
activates the Akt pathway in type 2 diabetic patients. British Journal of Nutrition 2011, 106, 383-

2'53@,\lliH‘i(ﬁt‘f'/gERﬁjﬁffﬁgiﬁ86&&%_’“5‘"0' on Kidney Fibroblasts

98 dpay ditokiaatareBhtindabirEhioasstinb okse byyhkedNanias; Reskiedeate] EGhhlepnmergiis such as
fiorimertvesqigeaeto cardrerinaymeintalhbatdshomsieawsuitiiadRese FEMABIRaBIy FRIE4€S.10/Mh
dys@g[@,tqutf@ggjgm;_s_()@m@@.e to produce ECM components resulting in tubulointerstitial fibrosis and renal

ﬁ@gmg\[f—g]d £ ﬁ’l@ﬁs.sﬂé%ﬁ?ﬂ%%é@(ﬁ%@h%/@&%@)@%m@%ts of RSV treatment on kidney fibroblast cells62!,

Treatment of NRF-49F fibroblasts with RSV resulted in the attenuation of the high glucose-induced cell proliferation

and dose-dependently reduced ROS production. Additionally, RSV treatment increased phosphorylated AMPK and
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acetyl-CoA carboxylase (ACC) protein levels, while NOX4, a-SMA, and fibronectin protein levels were decreased
back to levels similar to control cells (Table 5)62. These data suggest that RSV treatment increased
phosphorylated AMPK and ACC reduces oxidative stress marker NOX4 activity and results in the reduction of ROS
production.

Table 5. Effects of resveratrol on kidney fibroblasts.

Cell Resveratrol Concentration/Duration Effect Reference

LHigh glucose-induced
o Cell proliferation
« Fibronectin protein
e 0a-SMA protein
NRF-49F cells 5,10,and 20 uM; 1 h * ROS production [69]
« NOX4 protein
tHigh glucose-induced
e Ph-AMPK

* Ph-ACC

ACC: acetyl-CoA carboxylase.

2.6. In Vitro Studies: Effects of Resveratrol on Renal Cancer Cells

Renal cancer accounts for more than 140,000 deaths/year, ranking as the 13th most common cause of cancer
death worldwide2423 Renal cancer is characterized by decreased kidney filtration, anemia, and increased blood
pressure, resulting in impaired functioning and complete kidney failureXd. Increased expression of vascular
endothelial growth factor (VEGF) is associated with poor prognoses and increased metastasisY. Treatment of
human renal cancer cells (786-0) with RSV resulted in reduced cell growth that was associated with reduced VEGF
MRNA and protein levelsZd, Signal transducers and activators of transcription (STAT) proteins are upregulated in
various malignancies, including renal cancer. Treatment of Caki-1 and 786-0 renal cancer cells with RSV promoted
cell apoptosis and reduced cell survival as seen by the reduced colony formationZ). RSV inhibited phospho-STAT3
(tyrosine 705 and serine 727), phospho-STAT5 (tyrosine 684 and tyrosine 699), and nuclear STAT3 and STAT5

protein levels, while protein tyrosine phosphatase (protein tyrosine phosphatase (PTP)e and Src homology- 2
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domain containing phosphatase (SHP-2)) mRNA and protein levels were increased”. Additionally, the protein
levels of phosphorylated upstream kinases (Janus kinase (JAK)1, JAK2, and Src) were significantly inhibited by
RSV. Bcl-2, bcl-xL, survivin, inhibitor of apoptosis (IAP)-1, and IAP-2 protein levels were reduced, while caspase-3
protein level and poly (ADP-ribose) polymerase (PARP) cleavage were increased by RSV treatment in both renal

cancer cell linesZ.

Treatment of ACHN and A498 renal carcinoma cells with RSV resulted in significantly impaired cell growth, cell-to-
cell contact, and migrationt”2. RSV treatment inhibited the formation of filopodia, which are actin-rich microspikes
that project out of the cell cytoplasm and are involved in migration. Additionally, RSV treatment reduced EMT
markers (N-cadherin and vimentin), transcriptional repressor (Snail), tumor metastasis markers (MMP-2 and MMP-
9), phosphorylated Akt, and ERK1/2 protein levels, while cell invasion suppressor marker (E-cadherin and tissue

inhibitors of metalloproteinase 1 (TIMP-1)) protein levels were increased[Z2l,

Overall, these studies suggest that treatment of renal carcinoma cells with RSV resulted in reduced cell
proliferation, survival, and migration. RSV treatment promoted cell apoptosis and pro-apoptotic protein expression.

These limited studies indicate protective effects of RSV against renal cancer (Table 6).

Table 6. Effects of resveratrol on renal cancer cells.

Resveratrol
Cell . . Effect Reference
Concentration/Duration

1Cell growth
0, 10, 20 and 40 uM; 24, 48
786-0 cells . (29

and 72 h .
IVEGF mRNA and protein
: . [71]
Caki-1 and 0, 10, 30 and 50 uM; 6 h tApoptosis
786-0 cells
ISurvival
I Migration

ISTAT3 and STATS5 activation

tPTPe and SHP-2 protein

1JAK1, JAK2, and c-Src protein

1Bcl-2, bel-xL, survivin, IAP-1, and IAP-2 protein
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Resveratrol
Cell ) } Effect Reference
Concentration/Duration
1Caspase-3 protein
1Cell growth
| Cell-to-cell contact
I Migration
ACHN and
50 uM: 12 h . . _ (22l
A498 cells |Filopodia formation

IN-cadherin, vimentin, snail, MMP-2, MMP-9,
ph-Akt and ph-ERK1/2 protein

tE-cadherin and TIMP-1 protein

VEGF: vascular endothelial growth factor; STAT: Signal transducers and activators of transcription; PTP: protein
tyrosine phosphatase; SHP-2: Src homology- 2 domain containing phosphatase; JAK: Janus kinase; IAP: inhibitor

of apoptosis; TIMP: tissue inhibitors of metalloproteinase 1.

2.7. In Vivo Animal Studies: Effects of Resveratrol on Diabetic Nephropathy

Diabetic nephropathy is a major complication of T2DM, that results in glomeruli damage and an inability to correctly
filter the blood22l. Multiple models of diabetic nephropathy including genetic models db/db and C57BL/KsJ db/+
mice and chemical-induced streptozotocin (STZ) administered rats and mice were utilized to determine the effects
of RSV treatment.

Overall, the studies suggest that treatment of animals suffering from diabetic nephropathy with RSV attenuates
hyperglycemia, hyperlipidemia and improves kidney structural integrity and kidney function. RSV administration
decreased urinary albumin and serum creatinine levels, indicating improved kidney functioning. In addition, renal
oxidative stress, inflammatory cell infiltration, cytokine production, and MDA content were reduced with RSV
administration, while antioxidant enzyme activity and SIRT1 expression were increased. These data show that

RSV treatment has protective effects against diabetic nephropathy (Table 7).

Table 7. Effects of resveratrol on diabetic nephropathy (animal studies).
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) Resveratrol
Animal ) ] Serum Effects Other Effects Reference
Concentration/Duration
tAlbuminuria
IMesangial expansion
1Glucose levels ) . .
LFibronectin accumulation
Hnsulin levels tMacrophage infiltration
db/db mice 0.3% diet; 8 weeks 23]
L Triglyceride levels .
e 10%” scavenging
LFFA levels .
tMnSOD activity
tMitochondrial biogenesis
MRNA
1Glucose levels
1SOD activity
LApoptosis rate of kidney cells
Male Wistar pop Y 4
5 mg/kg/day; 16 weeks | TBARS levels [z4]
rats -
LNF-kB activity
ITNF-a
LIL-6
tUrinary protein excretion
IRenal hypertrophy
. 1Glucose levels
Male Wistar . . . 75
. 20 mg/kg/day; 8 weeks IMesangial matrix expansion (5]
rats

LCreatinine levels

IMesangial cell hyperplasia

IGSTM expression
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) Resveratrol
Animal . )
Concentration/Duration

Serum Effects

Other Effects Reference

20 mg/kg/day; 12

weeks

db/db mice

No measured effects

IKidney albuminuria

IKidney NEFA and

triacylglycerol

IMesangial area

1Oxidative stress

I Type IV collagen

\TGF-B1

LF4/80 positive cells [76]
tPh-AMPK

1SIRT1 protein

IPI3K-Akt protein and activity
1Ph-FOX03a

IBAX protein

tBCL-2 production

IRenal and Urinary 8-OHdG

FVB mice 10 mg/kg/day; 12

weeks

No measured effects

42
LGlomerular area B2

LExtracellular matrix

LAlbumin levels

1Ph-Akt protein

LPAI-1 protein
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) Resveratrol
Animal . )
Concentration/Duration

Serum Effects

Other Effects Reference

LICAM-1 protein

IPCNA mRNA

Sprague— 200 mg/kg/day; 12

Dawley rats weeks

No measured effects

LGlomerular area

tMesangial cell expansion

LGlomerular basement

membrane thickness

1Collagen IV

LFibronectin

tAdipoR1 expression

MDA production

Male Wistar
10 mg/kg/day; 30 days
rats

1Glucose levels

LUrea nitrogen levels

1Glomeruli sclerotic changes
|Epithelial desquamation
I Tissue swelling

tIntracytoplasmic

vacuolization [77]
{Brush border loss

IKidney TGF-1

1SOD and CAT activities

IMDA levels
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. Resveratrol
Animal ) ] Serum Effects Other Effects Reference
Concentration/Duration
IGlomerulosclerosis
| Tubulointerstitial fibrosis
LAlbuminuria
tKidney SOD, Mn-SOD,
Catalase protein
IBUN levels LRenal MDA
40 mg/kg/day; 12
db/db mice gy (8]
weeks . .
|Creatinine levels La-SMA protein
LE-cadherin protein
ITGF-B, pSmad3, ph-Akt, ph-
ERK
LIGF-1R expression
tHRD1 expression
: . . : [79]
db/db mice 20 mg/kg/day; 12 | Triacylglycerol levels  1Glomerular matrix expansion
weeks

INEFA levels

tAdiponectin levels

LAlbuminuria

tAdipoR1 and AdipoR2

tPh-AMPK, SIRT1, total
FoxO1, total FoxO3a

tPGC-1a, ERR-10a, ph-ACC

ISREBP-1c

1Bax

tBcl-2
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. Resveratrol
Animal ) ] Serum Effects Other Effects Reference
Concentration/Duration
18-OHdG levels
|8-isoprostane levels
IMesangial area
tAlbuminuria
1 Collagen deposition
40 mg/kg/day; 12 69
db/db mice No measured effects (691
weeks IFSP-1, a-SMA, and
fibronectin protein
INOX4 protein
tPh-AMPK, ph-ACC
1Glucose levels
LCholesterol levels
L Triglyceride levels o
LAlbuminuria
IHbAIc levels
Sy ne tRenal 8-OHdG
5 mg/kg/day; 4 months - (9]
Dawley rats iCreatinine levels _
1SIRT1 mRNA and protein
LUrea nitrogen levels
tAtg5 and Atg7 mRNA
|Cycstatin C levels
ITNF-a, IL-6, IL-1B,
and IL-10 levels
. . . [56]
Male Wistar 30 mg/kg/day; 16 | Creatinine levels tRenal function
rats weeks

IKidney weight
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) Resveratrol
Animal . )
Concentration/Duration

Serum Effects

Other Effects Reference

tKidney SOD activity

IKidney MDA content

1CAT protein

ISIRT1 protein

1SIRT1 activity

LAcetylated-FOXO3a

Sprague-
20 mg/kg/day; 4 weeks
Dawley rats

1Glucose levels

1Creatinine levels

IKidney weight
LGlomerular thickening
tInterstitial fibrosis

|Epithelial cellular vacuolar

degeneration

IHyaline casts [43]
L Arteriolopathy

1Ph-p38 and p38 protein

ITGF-B1 protein

|Fibronectin protein

tUrinary albumin

Male Wistar 5 mg/kg/day; 45 days

rats

No measured effects

IRenal hypertrophy

IMesangial expansion

https://encyclopedia.pub/entry/14105

23/34



Resveratrol in Kidney Disease | Encyclopedia.pub

) Resveratrol
Animal . ] Serum Effects Other Effects Reference
Concentration/Duration
LFibrosis
1Oxidative damage
LKidney AGE accumulation
IDNA damage
14-HNE protein
1Caspase-3 protein
|Cleaved caspase-3 protein
LRenal cell apoptosis
1Glucose levels pop
1Apaf-1, caspase-3, caspase-
tInsulin levels P P P
8 and caspase-9 mRNA
C57BL/KsJ
_ 10 mg/kg/day; 8 weeks ~ {IL-1B, IL-17,1L-10 (82]
db/+ mice 1Ph-AMPK
and TNF-a levels
| Total thiol level
1IL-6 and VEGF
levels
1GSH level
CD-1 mice 30 mg/kg/day; 12 1Glucose levels LGlomerular thickening

weeks

1Cholesterol levels

LUrea nitrogen levels

IMesangial area

tPodocyte mitochondria

IRenal cell apoptosis

tNephrin, SIRT1, PGC-1q,
NRF1, TFAM protein

IKidney MDA content
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) Resveratrol
Animal ) ] Serum Effects Other Effects Reference
Concentration/Duration

1Kidney Mn-SOD activity

FFA: free-fatty acid; TBARS: thiobarbituric acid reactive substances; GSTM: glutathione S-transferase Mu; NEFA:
non-esterified fatty acid; 8-OHdG: 8-hydroxydeoxyguanosine; PAI: plasminogen activator inhibitor; ICAM:
intercellular adhesion molecule; PCNA: proliferating cell nuclear antigen; SOD: superoxide dismutase; Mn-SOD:
manganese superoxide dismutase; BUN; blood urea nitrogen; IGF-1R: insulin-like growth factor 1 receptor; HRD1:
3-hydroxy-3-methylglutaryl reductase degradation; ERR: estrogen-related receptor; SREBP: sterol regulatory
element-binding protein; FSP: fibroblast-specific protein; HbAlc: hemoglobin Alc; Atg: autophagy related; AGE:

advanced glycation end production; 4-HNE: 4-Hydroxynonenal; Apaf: Apoptotic protease activating factor.

2.8. In Vivo Animal Studies: Effects of Resveratrol on Renal Fibrosis

Renal fibrosis is often characterized by glomerulosclerosis and tubulointerstitium damage and is the final symptom
manifestation of CKDs. Additionally, renal fibrosis can be pathologically described with inflammatory infiltration, loss

of renal parenchyma due to tubular atrophy, capillary loss, and podocyte depletion@].

Overall, the studies suggest that administration of RSV to animal models of renal fibrosis reduced extracellular
matrix protein deposition, reduced tubulointerstitium damage, and mesangial cell proliferation. RSV reduced serum
creatinine levels and kidney oxidative stress, while kidney antioxidant enzymes (SOD, CAT, GPx, and GSH) were
increased. In addition, RSV treatment improved mitochondrial biogenesis, mitochondrial complex | and 1l activities,
and electron transport protein expression, while mPTP opening and fission protein expression were reduced. RSV
treatment also exerted anti-inflammatory effects, by reducing mRNA and protein expression of pro-inflammatory
signaling molecules and cytokines. These data demonstrate that RSV treatment exerts protective effects against

renal fibrosis (Table 8).

Table 8. Effects of resveratrol on renal fibrosis (animal studies).

) Resveratrol
Animal ) ) Serum Effects Other Effects Reference
Concentration/Duration
; ; 48]
Sprague—Dawley rats 10 mg/kg/day; 21 days MDA levels LUrine calcium oxalate

crystals

IHyaluronan protein

1Osteopontin protein
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Animal

Resveratrol
) ] Serum Effects
Concentration/Duration

Other Effects Reference

1GPx protein

1CAT protein

1SOD protein

Male Wistar rats

ICreatinine

8 mg/kg/alternating levels

days; 8 days .
4 4 LUrea nitrogen

levels

1Oxidative stress

IRenal tubular epithelial

cell necrosis

IMDA, BUN, CRE, and (84]
ROS levels

1SOD and GPx levels

1Selenium content

C57BL/6J mice

No measured
20 mg/kg/day; 14 days
effects

LExtracellular matrix

deposition

L Tubulointerstitium

damage

1Oxidative stress

|ICAM-1 mRNA =
ITNF-a mRNA
\TGF-B mRNA

LAcetyl-Smad3

LFibronectin
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. Resveratrol
Animal ) ] Serum Effects Other Effects Reference
Concentration/Duration
|Renal interstitial damage
L Tubular dilation and
atrophy
1Collagen deposition
o LInflammation cell
UUO-Sprague-Dawley 20 mg/kg/day; 7-14 |Creatinine o 50
infiltration (59]
rats days levels
L1a-SMA and type 11l
collagen mRNA and protein
tE-cadherin protein and
MRNA
I TGF-B1 expression
| Creatinine — )
Ta- rotein
I/R and UUO C57BL/6 levels b 52
_ 20 mg/kg/day; 6 weeks (52]
mice
t1COL1AL1 protein
IBUN levels
. . [86]
Sprague—-Dawley rats 50 mg/kg; 8 h |Creatinine LApoptosis
levels

LUrea nitrogen

levels

1SIRT1 activity and protein

1SIRT3 activity and protein

1SOD2 protein

LAcetyl-SOD2

1GSH and ATP content

1GSH/GSSG ratio
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. Resveratrol
Animal

Concentration/Duration

Serum Effects

Other Effects Reference

1CAT activity

ImPTP opening

1Cyst density

IMacrophage infiltration

IBUN levels N
l 5
) 200 mg/kg/day; 5 [54]
Male cystic (Cy/+) rats -
weeks |Creatinine
ITNF-a
levels
ICFB
1Ph-p65, ph-S6K and p50
tSurvival
|Cystatin C
IBUN levels
IKIM-1
|Creatinine
3 and 10 87]
Sprague—Dawley rats o levels LTNF-a
mg/kg/injection; 70 h
INitrogen LIL-1B
levels
1IL-6
IRenal injury index
Kunming mice 10 mg/kg/day; 1 week LBUN levels LApoptosis
| Creatinine LCaspase-3 activity
levels

|Bax protein

LERK1/2 protein
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Animal ) ] Serum Effects Other Effects Reference
Concentration/Duration
tRenal function
. | Tubular epithelial cell

| Creatinine o
injur

levels Jury

. 1Survival
LUrea nitrogen 55
Male AKI rats 30 mg/kg; 12 h (58]

levels .
1p-65 positive cells

ITNF-a, IL-13,
IRenal TNF-q, IL-1p3, IL-6

IL-6 levels
MRNA
|IRE1 protein
IMesangial cell
proliferation
LGlomeruli matrix
expansion
ITGF-B
tATP production

5/6 Nephrectomized No measured [44]

20 mg/kg/day; 4 weeks

Sprague—Dawley rats

effects

LROS production

tActivities of complex | and
1

tATP synthase B

1COX |, Opal, Mfn2

1Drpl
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) Resveratrol
Animal ) ] Serum Effects Other Effects Reference

Concentration/Duration
25 mg/kg RSV:
IRenal fibrosis
L Tubular lesion score
Interstitial collagen
deposition
La-SMA protein

25 and 100 mg/kg/day; LCreatinine 1Snail protein

C57BL/6 mice R P (58]
2 weeks levels

LFibronectin protein

1SIRT1

1Phospho-Smad3

100 mg/kg RSV:

tRenal fibrosis

1a-SMA and TFAM

CRE: creatinine; GPx: glutathione peroxidase; mPTP: mitochondrial permeability transition pore; KIM-1: kidney
injury molecule 1; IRE-1: Inositol-requiring enzyme 1; Opal: optic atrophy 1; Mfn2: mitofusin 2; Drpl: dynamin

related protein 1.

| 3. Effects of Resveratrol on Human Kidneys

Only two clinical studies exist measuring the effects of RSV in humans with kidney disease. In a randomized,
double-blinded pilot study by Saldanha et al. (2016), administration of RSV (500 mg/day) for 4 weeks to non-
dialyzed chronic kidney disease (CKD) patients (GFR between 15 and 60 mL/min/m?) resulted in no significant
effects. Antioxidant and anti-inflammatory marker levels were the same in RSV and placebo supplemented
participants(88l. It should be emphasized that administration of RSV (500 mg/day) for 4 weeks had low toxicity.
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In another randomized, double-blinded study by Lin et al., low-dose (150 mg/day) or high-dose (450 mg/day) of
RSV intake for 12 weeks by peritoneal dialysis (PD) patients resulted in significant improvements in mean net
ultrafiltration (UF) volume and ratel®. In addition, angiogenesis markers, VEGF, fetal liver kinase-1 (Flk-1), and
angiopoietin (Ang)-2 levels in peritoneal dialysate effluent (PDE) were significantly reduced in the high-dose RSV
group. The levels of angiopoietin receptor (Tie-2) and thrombospondin-1 (Tsp-1) in the PDE were increased with
RSV treatment8, These data suggest that RSV treatment has angiogenesis-ameliorating effects in PD patients
and improves ultrafiltration kidney function. It should be mentioned that in the study by Saldanha et al.l88
administration of 500 mg RSV/day for 4 weeks resulted in no significant effects, while in the study by Lin et al.[B
administration of 450 mg RSV/day for 12 weeks resulted in significant improvements and health benefits,
suggesting that longer duration of administration of a specific dose of RSV (450 or 500 mg/day) may be required to

see/elicit beneficial effects.

Other clinical studies exist showing beneficial effects of RSV administration in cardiovascular disease, diabetes
mellitus and cancer, however, the effect of RSV supplementation in kidney disease patients has not been
extensively studied®2R1, |n a randomized, double-blinded study by Brasnyo et al. (2011), oral administration of
RSV (10 mg/day) in type 2 diabetic (T2DM) individuals (following the WHO diagnostic guidelines), significantly
increased insulin sensitivity and reduced serum glucose and cholesterol levels®2. In addition, RSV treatment
significantly reduced serum creatinine levels and maintained GFR, suggesting improved kidney function®2. In a
similar randomized, open-label, controlled study, administration of RSV (250 mg/day) for 4 months in T2DM
patients (3 year duration of T2DM and minimum 6 months oral hypoglycemic treatment) resulted in significantly
improved lipid profile, with reduced total cholesterol and triglyceride levels3! [117]. Serum creatinine, urea nitrogen
levels, and total protein excretion were reduced with RSV treatment, suggesting improved kidney function[23!,
These studies®228] show that treatment of individuals with T2DM and impaired kidney function with RSV resulted

in improved glucose, insulin, and lipid homeostasis and better kidney function.

Although there are numerous studies measuring the effects of RSV in diabetes, the studies mentioned above were
performed in individuals with established CKD and diabetic nephropathy and show a kidney-protective effect of
RSV administration. These data highlight the importance of future clinical trials required to investigate the exact

effects of RSV in individuals with kidney disease (Table 9).

Table 9. Effects of resveratrol on human kidneys.

Patients Resveratrol Concentration/Duration Effect Reference
Nondialyzed CKD patients 500 mg/day; 4 weeks No significant effects (8]
; [89]
PD patients 150 and 450 mg/day; 12 weeks LUF volume and rate

|PDE VEGF, FIk-1 and Ang-2
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Patients Resveratrol Concentration/Duration Effect Reference

1PDE Tie-2 and Tsp-1

tKidney filtration
tInsulin sensitivity

T2DM patients 10 mg/day; 4 weeks 1Glucose levels 2]
(Lipid levels

LSerum creatinine

tKidney function
1Cholesterol levels
L Triglyceride levels
T2DM patients 250 mg/day; 4 months 23
1Serum creatinine

| Total protein excretion

tUrea nitrogen levels
ant; FIK-1:

fetal liver kinase 1; Ang: angiopoietin; Tie-2: angiopoietin receptor; Tsp-1: thrombospondin-1; T2DM: type 2
diabetes mellitus.

| 4. Effects of RSV at the Cellular/Molecular Level

Resveratrol has been found to affect a number of different signaling molecules in kidney cells (Figure 2). RSV
inhibited the PDGF28 and TGF-B1 response in mesangial®3#4l77 gnd epithelial4852l58] cells. It decreased
oxidative stress48IBABABGSIT6ITY 55 shown by decreased ROS and MDA levels and increased antioxidant
enzyme activity and improved mitochondrial biogenesis2244l58 (Figure 2). Activation of the energy sensor
AMPKMEI49[69[76] gn( increased SIRT1[44147I5261I76] ang pGC-1E26E1 jevels were seen with RSV treatment. The
deleterious effects of high glucose on kidney cells were diminished with RSV treatment3240B1EEI6L6769] (Figure
2).
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Figure 2. Effects of resveratrol on cellular signaling molecules. The figure was created based on the data of the
studies!S8I4ABSIBABIESITAIGIZT - AKT: protein kinase B; PDK: pyruvate dehydrogenase kinase; PIP3:
phosphatidylinositol-3,4,5-triphosphate; PIP2: phosphatidylinositol 4,5-bisphosphate; ERK: extracellular signal-
regulated kinase; PI3K: phosphoinositide 3-kinase; Grb: growth factor receptor-bound protein; PDGF: Platelet-
derived growth factor; EMT: extracellular matrix transition; JNK: c-Jun N-terminal kinase; AMPK: AMP-activated
protein kinase; SIRT: sirtuin; PGC: Peroxisome proliferator-activated receptor gamma coactivator; NF-kB: nuclear

factor kappa-light-chain-enhancer of activated B cells; TGF-3: transforming growth factor beta.

| 5. Conclusions and Future Directions

Overall, all available in vitro and in vivo animal and human studies examining the effects of RSV in kidney disease
indicate that it can reduce fibrosis, mesangial expansion, oxidative stress, and inflammatory cytokine levels, while
improving kidney structure and function. Treatment of renal mesangial, epithelial, and corpuscle cells with RSV
resulted in reduced structural changes and ROS production, while antioxidant and mitochondrial activities were
improved. In addition, RSV treatment reduced fibroblast proliferation and activation to improve kidney structural
maintenance. Renal cancer cells treated with RSV had reduced cell growth, cell-to-cell contact, and migration, and

increased apoptosis.

In in vivo animal models of diabetic nephropathy treatment with RSV showed improved glucose homeostasis,

reduced inflammation and increased antioxidant activity and kidney function. Animals with renal fibrosis
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administered RSV had reduced structural changes and inflammatory cell infiltration, cytokine expression, and

decreased tubulointerstitium damage and oxidative stress.

The limited human studies indicate a protective effect of RSV administration on chronic kidney disease with
increased kidney filtration rates and volume. The health benefits of RSV are widespread, and the low toxicity of the
molecule makes it a prime candidate for medicinal use against kidney disease. However, more research and

clinical studies are required to fully understand the effects of RSV on kidney disease.

Further investigation and clarification are required in the following areas: (1) dosage and bioavailability, (2)
metabolism, tissue distribution, and biological effects of RSV analogs and metabolites, and (3) signaling

mechanisms involved.

Only limited number of studies exist examining RSV administration in humans. More studies should be performed
to determine the optimal dosage and route of administration of RSV and analogs with higher biological activity.
RSV analogs (methylated and with other novel derivatives) may have great biological activity [54]. Most in vitro
studies and evidence have used RSV and not its metabolites. The potential biological activity of RSV metabolites

should be considered in future investigations.

Furthermore, future research should be conducted examining the exact signaling/cellular mechanisms affected by

RSV and contributing to the attenuation of kidney disease.

https://encyclopedia.pub/entry/14105 34/34



