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Abstract: Background: The blockade of the progression or onset of pathological events is essential
for the homeostasis of an organism. Some common pathological mechanisms involving a wide range
of diseases are the uncontrolled inflammatory reactions that promote fibrosis, oxidative reactions,
and other alterations. Natural plant compounds (NPCs) are bioactive elements obtained from natural
sources that can regulate physiological processes. Inflammation is recognized as an important factor
in the development and evolution of chronic renal damage. Consequently, any compound able to
modulate inflammation or inflammation-related processes can be thought of as a renal protective
agent and/or a potential treatment tool for controlling renal damage. The objective of this research
was to review the beneficial effects of bioactive natural compounds on kidney damage to reveal their
efficacy as demonstrated in clinical studies. Methods: This systematic review is based on relevant
studies focused on the impact of NPCs with therapeutic potential for kidney disease treatment in
humans. Results: Clinical studies have evaluated NPCs as a different way to treat or prevent renal
damage and appear to show some benefits in improving OS, inflammation, and antioxidant capacity,
therefore making them promising therapeutic tools to reduce or prevent the onset and progression
of KD pathogenesis. Conclusions: This review shows the promising clinical properties of NPC in
KD therapy. However, more robust clinical trials are needed to establish their safety and therapeutic
effects in the area of renal damage.

Keywords: natural plant compounds; kidney disease; renoprotective effects; bioactive compounds;
clinical studies

1. Introduction

Historically, natural plant compounds (NPCs) have been used as treatments and
their chemical structures could give rise to new therapeutic options [1]. NPCs are ac-
tive substances isolated from plants that can modulate several pathways, including the
epithelial-to-mesenchymal transition (EMT) via antioxidant, anti-inflammatory or anti-
fibrotic mechanisms [1]. Chronic kidney disease (CKD) is a recurrent public health problem
worldwide [2]. Several diseases (e.g., hypertension, diabetes, cancers, infection, drug-
induced nephrotoxicity) may disturb kidney function, eventually leading to CKD devel-
opment. Around the world, the prevalence of CKD is 13.4% (11.7-15.1%) and it has been
estimated that patients with end-stage renal disease (ESRD), which requires kidney substi-
tution therapy, number between 4.902 and 7.083 million, making it a leading cause of death
around the world [2,3]. The higher number of CKD patients over recent years has spurred
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great interest in searching for efficient approaches to avoid or decrease the development of
CKD and its progression to ESRD. Traditional treatments provide limited kidney protection,
so new therapeutic compounds are necessary. Currently, inflammation is recognized as a
key unfavorable pathway in the progression and development of CKD; consequently, new
anti-inflammatory compounds targeting or directed towards specific molecular signatures
may be promising therapeutic approaches for CKD. NPCs derived from herbs or medicinal
plants have become important in preclinical and clinical research for the development of
such targets. Several NPCs have been shown to have a renoprotective effect and improve
the outcomes of disorders present in various categories of CKD in clinical studies, mainly
through activating antioxidant defense systems and decreasing proinflammatory signaling
pathways (Table 1; Figure 1) [3]. This review collected comprehensive evidence of the
kidney-protective potential of bioactive plant compounds.
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Figure 1. Therapeutic effects of natural plant compounds on kidney disease. Some elements of this figure were taken from
the Mind the Graph platform, available at www.mindthegraph.com of access; 30 September 2021).
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Table 1. Clinical evidence suggesting the renoprotective effects of bioactive compounds.
Bioactive Compound Chemical Class and Natural Sources Study Type Mechanisms of Renoprotection Molecular Markers Refs.
Alliin Garlic (A”m’.“ satz?um L), Diallyl Clinical trial Anti-inflammation J IL-6, | CRP, and | ESR [4]
thiosulfinate
1 Serum adiponectin
.. . 1 Visceral body fat mass.
) L Clinical trial gypoh}lndem} N effffects 4 TG, | VLDL, | cholesterol, [5]
Astaxanthin (3,3 -d/lhy.droxy- Xanthophyll carotenoid; algae, shrimp, ypoglycemuc eftects J Systolic blood pressure
{3,B’-carotene-4,4'-dione) lobster, crab, salmon, and other organisms 1 BMR

.. . Antioxidation J} MDA and | IL-6
Clinical trial Anti-inflammation Downregulation of miR-146a (6]
Clinical studies Attenuate AKI Decreased BUN and Cr levels [7]

Baicalin Flavonoid; roots of Scu.tellarza baicalensis Antioxidation 1 GSH, 1 SOD

Georgi Clinical studies Anti-inflammation 1 aldose reductase (AR) activity. [8]

J NF-kB and VEGF

. . . Anti-inflammation J hs-CRP
Betalains /betacyanins Red beetroot (%;;acla;r;l){n?p untia stricta Clinical trial Antioxidation 1 Hey levels, | SBP, and | FBG [9]
y Anti-atherosclerosis } TC, | TG, | non-HDL-¢, and | LDL
Beta vulgaris (nitrate (NOg3) is reduced to
.. nitrite (NO;) in the oral cavity and is . Decreased renal resistive index J cDBP
Beetrootjuice converted to nitric oxide (NO) in the Pilot study Lowered peripheral blood pressure L RRI (10l
circulation
. Isoquinoline alkaloid; Coptidis rhizoma and .. . . L .
Berberine Cortex phellodendri Clinical trial Improved diabetic kidney disease L UACR and | serum Cys C [11]
} Urinal protein, | BUN, and | creatinine
Increased kidney function 1CysC,

Cordycepin Cordyceps militaris Clinical studies Improved redox properties JTG, {TC, | LDL-c, and 1 HDL-C [12]

Lipid-improving 1 MPO and MDA

1 NO and SOD




Molecules 2021, 26, 6096

40f21

Table 1. Cont.

Bioactive Compound Chemical Class and Natural Sources Study Type Mechanisms of Renoprotection Molecular Markers Refs.
. Antioxidant J NF-kB mRNA expression.
Pilot study Anti-inflammation J hs-CRP plasma levels [13]
Clinical trial Reduces serum lipids and uric acid | Serum urea and induced urinary excretion [14]
concentrations JTG, |TC, | LDL-c, and T HDL-C
. o 1 Lipid peroxidation
Pilot study Antioxidant 1 Antioxidant capacity [15]
) Anti-inflammation
Curcumin Curcuminoid; turmeric (Curcuma longa) Attenuated proteinuria | TGF-B, | IL-8
Clinical trial . . e [16]
Decreased hematuria and systolic } Creatinine
blood pressure
Clinical trial Slowed the progression of CKD | Proteinuria, hematuria, and systolic blood [17]
pressure
Decreased uremic pruritus in
Clinical trial ESRD patients J hs-CRP [18]
Anti-inflammation
Improved early outcomes in + Serum Cr
Curcumin/quercetin Bioflavonoids Clinical trial proy Y . Induction of HO-1 [19]
cadaveric renal transplantation
DGF lowered
Epigallocatechin-3-gallate (f)ll‘eei(t;i)ficcax)igmosrl\Zi,Zscl)Sf)’ ?j;;ﬁig Clinical trial Antiproteinuric effect J Albuminuria [20]
(EGCG) Polyp lea}zfes & Anti-apoptotic effect J Caspase 3
Improved diabetic markers in } AGEs formation
Epigallocatechin-3-gallate Amla extract (Emblica officinalis), the Clinical stud uremic patients 1 NOx 1]
(EGCG)/Amla extract (AE) 1:1 Indian gooseberry y Antioxidant effect | plasma FRAP
Anti-atherosclerosis HDL and LDL/HDL ratio improved
. Hydrolyzed to SEN by the intestinal .. . Anti-inflammation
Glucoraphanin (GR) microbiota Clinical trial Anti-OS 1 NQO1 and GST [22]
. ) .. Scavenging free radicals
Pomegranate extract Pomegranate (Punica granatum); Pilot study Antioxidant effect + levels of PON1 23]

polyphenols, alkaloids, and anthocyanins

Prevention of nephrolithiasis

1 SSCaOx
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Table 1. Cont.

Bioactive Compound Chemical Class and Natural Sources Study Type Mechanisms of Renoprotection Molecular Markers Refs.
Reduction of urine } FPG, | HbAlg, | insulin levels and |
Clinical trial albumin/ creatinine ratio HOMA-IR. [24]
Antioxidant effect 1 SOD, GSH-Px, CAT and NO
i itis vini Reduction of insulin resistance and T pAkt:Aktratio in platelets.
Resveratrol (RSV; Phytoalexin; red grapes (Vitis vinifera L.), Clinical study J Urinary ortho-tyrosine excretion [25]

peanuts (Arachis spp.), and berries oxidative stress 1 Insulin sensitivity

trans-3,5,4-trihydroxystilbene) (Vaceini :
accinium spp.

.. JUF volume and rate | PDE VEGEF, Flk-1 and Ang-2
Clinical study Ameliorating angiogenesis 1 PDE Tie-2 and Tsp-1 [26]
.. Improvement in endothelial Brachial flow-mediated dilatation (FMD);
Clinical study P function T |LDL-c ( ) [27]

Isothiocyanate (organosulfur compound);
cruciferous vegetables such as broccoli, Clinical trial Anti-inflammation J hs-CRP and | IL-6 [28]
brussels sprouts, and cabbages

Sulforaphane (1-isothiocyanate-
4-methylsulphinylbutane)

Abbreviations; IL-6, interleukin 6; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; TG, triglyceride; VLDL, very low-density lipoprotein; BMR, basal metabolic rate; MDA, malondialdehyde;
SOD, superoxide dismutase; GSH-px, glutathione peroxidase; AR, aldose reductase; VEGF, vascular endothelial growth factor; NF-«B, nuclear factor k-light-chain-enhancer of activated B cells; TGF-31,
transforming growth factor-31; hs-CRP, highly sensitive C reactive protein; Hcy, homocysteine; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; FBG, fasting blood glucose; LDL-c, low-density
lipoprotein cholesterol; non-HDL-c, non-high-density lipoprotein cholesterol; cDBP, central diastolic blood pressure; RRI, renal resistive index; Cys C, serum cystatin C; UACR, urine albumin/creatine ratio;
MDA, malondialdehyde; MPO, myeloperoxidase; NO, nitric oxide; IL-8, interleukin 8; HO-1, heme oxygenase-1; DGF, delayed graft function; AGEs, advanced glycation end products; NOx, nitrogen oxides;
FRAP, ferric reducing/antioxidant power; GST, glutathione S-transferase; NQO1, NAD(P)H: quinone oxidoreductase 1; PON1, serum paraoxonasel arylesterase activity; SSCaOx, supersaturation of calcium
oxalate; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin; HOMA-IR, homoeostasis model assessment of insulin resistance; CAT, catalase; pAkt, phosphorylated protein kinase B; Akt, protein
kinase B; PDE, peritoneal dialysate effluent; Tie-2, receptor de angiopoietin; Tsp-1, trombospondina-1; FMD, brachial flow-mediated dilatation; Flk-1, fetal liver kinase-1; Ang-2, angiopoietin-2.
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2. Methods

This systematic review is based on pertinent papers revealed by a selective search
using relevant keywords that were collected from databases such as Science Direct, EBSCO,
Scopus, and PubMed to analyze clinical trials focused on the potential impact of natural
bioactive compounds regarding their therapeutic efficacy as a treatment for renal diseases.
The principal objective of this review of the effects of bioactive natural compounds on
kidney damage was to reveal the efficacy demonstrated in clinical studies.

3. Results
3.1. Molecular Mechanisms Involved in Kidney Damage

Kidney damage is a global public health problem that has been growing worldwide.
Renal diseases involve acute kidney injury (AKI) and CKD, which can lead to ESRD.
Consequently, patients needing renal replacement therapy are estimated to number be-
tween 4.902 and 7.083 million [2,3]. The worldwide projected prevalence of CKD is 13.4%
(11.7-15.1%) [2]; likewise, in 2017, the global prevalence of CKD was 9.1%, i.e., approxi-
mately 700 million cases [29]. CKD is frequently asymptomatic with fast progression and is
commonly associated with hypertension [30] and Type 2 diabetes mellitus (T2DM). These
diseases are considered the leading causes of the development of CKD and ESRD [31].
Nevertheless, CKD is a chronic disorder characterized by albuminuria (>30 mg) for 24 h, a
reduced glomerular filtration rate (GFR) (<60 mL/min/1.73 m?) for more than 3 months,
and progressive glomerular, tubular, and interstitial damage [32-34]. The prognosis of
CKD is classified according to the GFR and albuminuria categories, GF grades (G1 to G5)
and albuminuria grades (A1l to A3) (Figure 2), ccording to the Kidney Disease: Improving
Global Outcomes guidelines (KDIGO 2012), [35].

GFR categories description and range (mL/min/1.73m?)

G1(<90) G5(<15)

Nermal or high Mildly decreased

Diabetes
Hypertension
Glomerulonephritis
Nephrolithiasis
Chronic infections
Autoimmune disease

Genetic risk facto

Environmental e
(herbal remedies

Normal to mildly increased

Mildly to moderately | Mildly to severely

decreased decreased Severely decreased Kidney failure

Risk factors

Chronic
kidney
disease ESKD
CVD
t Mortality

Persistent albuminuria categories

A2

Moderately increased Severely increased
(<30 mg/g) (30-300 mg/qg) (>300 mg/g)

Figure 2. Causes, definition and prognosis of chronic kidney disease classed by glomerular filtration rate and albuminuria.
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Categories are grouped by risk of progression, defined by a decline in GFR category. Adapted from the Kidney Disease:
Improving Global Outcomes (KDIGO 2012) categories of the National Kidney Foundation (NFK). ESKD, end-stage kidney
disease; CVD, cardiovascular disease; CKD, chronic kidney disease; GFR, glomerular filtration rate. Some elements of

this figure were taken from the Mind the Graph platform, available at www.mindthegraph.com. (Last date of access;

30 September 2021).

Numerous molecular signaling pathways are implicated in the onset and progression
of renal damage, including the renin-angiotensin system (RAS), which is the central regula-
tor of kidney fibrosis. Together, tissue and circulatory RAS are believed to be overstimulated
in the progress of kidney fibrosis stimulation. RAS increases levels of angiotensin II (Ang II),
which play a dominant role in kidney fibrosis by mediating the liberation of transforming
growth factor-f3 (TGF-f3) and starting inflammatory processes [36-39]. Likewise, Ang II and
inflammation may be the key factors in the glomerulotubular pathogenic response and have
been related to microalbuminuria and development of kidney damage [40]. In patients with
diabetes and severe hyperglycemia, many induced metabolic and hemodynamic disorders
occur, including the increased development of advanced glycation end products (AGEs),
augmented reactive oxygen species (ROS) generation, and initiation of the protein kinase
C (PKC) and polyol pathway, which are believed to induce the development and evolution
of diabetic nephropathy [39]. Anther molecular pathway contributing to kidney damage is
the formation of AGEs, which promote intracellular nitric oxide (NO) and ROS, and the
mitogen-activated protein kinase (MAPK) cascade. The creation of AGEs could induce
kidney damage by altering the role of proteins, oxidative stress (OS), pro-inflammatory
cytokines, and growth factors [41-43]. In addition, the AGE-RAGE interaction induces
activation of the nuclear factor kappa-light-chain-enhancer of triggered B cells (NF-kB) and
activation of MEK and MAP kinases, increasing intracellular OS by stimulating NADPH-
oxidase, an important regulator in superoxide radical generation [44,45]. Likewise, ROS
and free radicals may respond to membrane lipids, nucleic acids, and proteins, and start
to produce cellular injury. When ROS are created in excess quantities, OS, antioxidant
defense mechanisms, and cell damage can occur, which accelerates the progression of CKD.
Other pathways associated with CKD pathogenesis are stress stimuli and the activation of
profibrotic growth factors such as TGF-31, connective tissue growth factor (CTGF), and
hydrogen peroxide (H,O;). In addition, TGF-§3 has been demonstrated to increase ROS pro-
duction and to decrease the antioxidant system, thus inducing OS and/or redox imbalance.
Essentially, redox imbalance significantly helps TGF-3’s pathophysiologic properties such
as fibrosis [46,47]. TGF-f3 may drive towards kidney fibrosis through accumulation of the
extracellular matrix (ECM) and activation of epithelial dysfunction and pro-inflammatory
reactions. TGF-f3 is the most powerful stimulator of the EMT, and this can induce this
process in the epithelial cells of various organs in vivo and in vitro [48-51]. Signaling
pathways such as the MAPK, Smad, and PI3K pathways are related to the stimulation
of EMT by TGF-3 [52,53]. Essentially, ROS come from many sources, such as the mito-
chondria or NOXs, which have been exposed to TGF-f-induced EMT at the beginning of
fibrosis and cancer [49,50,54-56]. Recent evidence has shown the process of linking ROS
to TGF-fB-activated EMT in the context of fibrosis [48,49,57]. Rhyu et al. discovered that
NADPH oxidase-originated ROS are upstream signaling particles in TGF-f1-stimulated
fibronectin and production of the plasminogen activator inhibitor-1 (PAI-1). This step
happens throughout MAPK stimulation in the tubular epithelial cells [57]. Likewise, other
research has suggested that ROS play a significant role in TGF-B1-activated EMT, mainly
through MAPK stimulation [58,59]. These pathways overlap and interact with each an-
other, thereby altering their biological activities, which promotes the evolution of kidney
fibrosis and exacerbates kidney damage (Figure 3). Consequently, any pharmacologic
agents that are capable of preventing these disadvantageous pathways can be thought of
as renoprotective and a potential therapeutic approach in the control of kidney damage.
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Figure 3. Alterations related to kidney injury, including diabetes, hypertension, and vascular damage (CVD and CAD) and
the molecular mechanisms involved in inflammation, fibrosis, lipid disorders, and oxidative stress (highlighted in boxes).
Some elements of this figure were taken from the Mind the Graph platform, available at www.mindthegraph.com (Last date
of access; 30 September 2021).

3.2. Potential Renoprotective Effects of Some Natural Plant Compounds
3.2.1. Allicin (Diallyl Thiosulfinate)

The main bioactive constituents of garlic (Allium sativum L.) are organosulfur com-
pounds (OSCs). Among these compounds, the most plentiful sulfur composite contained in
fresh and dry garlic is alliin (S-allyl-1-cysteine sulfoxide) [60,61]. Alliin can rapidly change
into allicin (diallyl thiosulfinate) [61], which has been described as a major OSC and has
been reported to be one of the primary substances responsible for antiviral activity (33),
immunomodulatory, anti-inflammatory [62], antioxidant [63], and other pharmacological
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properties [61]. Alliin also contains non-sulfur constituents that probably have synergistic
or additive properties with OSCs [64].

A randomized double-blind clinical trial study evaluated the effect of garlic extract
on the serum inflammatory markers of 42 subjects undergoing peritoneal dialysis (PD),
a renal failure therapy. The patients received a dose of 400 mg of a standardized garlic
extract, which was made in the shape of tablets including 1 mg (1000 mcg) of alliin. The
dosing scheme in the cases group (garlic extract group) was twice a day for 8 weeks, while
the control group received standard treatments plus a placebo during the same period.
The results showed that in the patients who received the garlic extract, the inflammatory
markers IL-6, C reactive protein (CRP), and the erythrocyte sedimentation rate (ESR)
were all significantly reduced, while in the placebo group, a significant decrease was
only observed in IL-6. However, the assessment of these effects in larger trials is strongly
recommended [4].

3.2.2. Astaxanthin

Xanthophyll carotenoid colorant that has beneficial properties, including anticancer,
antioxidant, and anti-inflammatory properties. The most common source of astaxan-
thin (AST; 3,3'-dihydroxy-p,B’-carotene-4,4’-dione) as used in nutritional supplements
is obtained from Haematococcus alga [65]. The Food and Drug Administration (FDA) of
the United States of America has accepted astaxanthin as a nutraceutical [66]. Studies
in humans have discovered notable decreases in OS, dyslipidemia, and inflammatory
markers after oral administration of astaxanthin. A clinical evaluation of gastric inflam-
matory biomarkers was conducted in subjects with functional dyspepsia treated with
astaxanthin and revealed a significant increase in CD4+ cells and a decrease in CD8+T
cells in 21 patients with Helicobacter pylori (H. pylori) treated with 40 mg of astaxanthin
daily and 23 patients were administered a placebo, so the authors suggested that these
differences indicated a greater change to a humoral immune response instead of a cytotoxic
response [67]. Moreover, they explained that in animal models, where the diet can be
standardized without antioxidants, astaxanthin had a tremendous effect on inflammation
and on the density of H. pylori [68].

Likewise, a randomized placebo-controlled trial was conducted to investigate the
possible action of astaxanthin administration on lipid peroxidation, adiponectin levels,
glycemic control, anthropometric indices, and insulin sensitivity in subjects with T2DM,
which is a common cause and driver of kidney damage. In the study group, after 8 weeks
of 8 mg of astaxanthin administration, the serum adiponectin concentration increased
and there was a reduction in visceral body fat mass (p < 0.01), serum triglycerides, very-
low-density lipoprotein cholesterol (VLDLc) levels, and systolic blood pressure [5]. The
investigators suggested that astaxanthin may provide vascular benefits and reduce the
indicators of OS and inflammation [69]; however, their results showed that 12 mg oral
astaxanthin/day for 12 months had no great effect on arterial stiffness, OS, or inflammation
in renal transplant recipients [70]. Nevertheless, it has been proven in animal models that
astaxanthin has a protective effect on kidney damage by regulating inflammation (inducing
CD8+ T cells) [71] and oxidative stress-related NRF2/KEAP1 and ROS pathways [72].
Thus, although astaxanthin has demonstrated antioxidant, anti-inflammatory, and vascular-
protective effects on different pathologies, more studies would be interesting to elucidate
its capacity to improve CKD pathogenesis in human beings.

3.2.3. Baicalin

It is a flavone glycoside isolated from the roots of Scutellaria baicalensis. Clinical studies
with baicalin as an adjunctive treatment have targeted the protective functions in liver
fibrosis, ulcerative colitis, and diabetes mellitus [73,74]. Many studies have researched the
potential of baicalin in the management of subjects with early diabetic renal injury [75]. The
effect of baicalin was analyzed in subjects with diabetic nephropathy at a dose of 800 mg
three times per day, whereas the control group received a placebo. Both groups were treated
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and studied for 6 months. The results indicated that baicalin had the potential to decrease
the level of proteinuria and improve the kidney function of the diabetic subjects, since
after taking baicalin therapy, the superoxide dismutase (SOD) and glutathione peroxidase
(GSH-px) concentrations of patients were clearly elevated, and the aldose reductase (AR)
activity, NF-«B, and vascular endothelial growth factor (VEGF) content reduced consider-
ably. These results demonstrated that baicalin at a dose of 800 mg three times a day can
reduce renal vascular permeability, enhance the kidney function of subjects with diabetic
nephropathy, and delay the progress of diabetic nephropathy via the polyol pathway, and
the antioxidative stress, anti-inflammatory, and other pathways. Further studies are needed
to evaluate the nephroprotective effects of baicalin through other mechanisms [8].

A clinical study aimed to evaluate the actions of baicalin on AKI in pediatric sep-
sis. This clinical investigation included 50 pediatric patients with a diagnosis of sepsis,
25 of whom were given an adjunctive treatment of oral baicalin for 15 days and the other
25 patients received only standard therapies. Their results showed that neither the blood
urea nitrogen (BUN) nor the serum creatinine concentrations of the control group changed
significantly after basic therapy, but they decreased considerably in the baicalin adjunctive
therapy group. It can be assumed, based on these two indices, that the renal function
of the baicalin group improved, probably due to the baicalin adjunctive therapy. There-
fore, baicalin may decrease AKI in pediatric patients with sepsis. Although this study
demonstrated the protective effect of baicalin against AKI in this study group, shown as a
decrease in BUN and creatinine levels, the authors did not report the dose administered
and therefore the appropriate dosage and probable complications need to be evaluated in
subsequent studies [76].

3.2.4. Betalain

Another NPC with interesting properties in renal disease is betalain. Betalains are
divided into two groups: betacyanins, which produce red tones and are formed by con-
densation of a cyclo-DOPA (dihydroxyphenylalanine) structure with betalamic acid, and
betaxanthines, which produce yellow coloration and are synthesized from different amino
compounds and betalamic acid [77]. A pilot crossover clinical trial evaluated whether
dietary administration of a betalain-rich extract from red beetroot and a betacyanin-rich
extract of Opuntia stricta fruits had the ability to modulate genes/protein expression in
coronary artery disease (CAD) patients. CKD is a major risk factor for CAD. Patients with
CKD display a high prevalence of hypertension, and cardiovascular disease (CVD) is the
leading cause of morbidity and mortality in these patients. The high prevalence of tradi-
tional CAD risk factors, such as diabetes and hypertension, mean that such patients are also
exposed to other non-traditional uremia-related CVD risk factors, including inflammation,
oxidative stress, and abnormal calcium-phosphorus metabolism [78].

In a pilot randomized crossover trial, 48 male coronary artery disease patients received
about 50 mg of betalain or betacyanin daily for 2 weeks on three occasions separated by
washout periods. Patients were divided into three groups depending on the supplement:
a betalain-rich supplement of red beetroot (Beta vulgaris), a betacyanin-rich supplement
of prickly pear cactus (Opuntia stricta), and a placebo. The results showed that betalain
increased sirtuin-1 (SIRT1) and reduced lectin-like oxidized LDL receptor 1 (LOX1) and
highly sensitive C reactive protein (hs-CRP) in the peripheral blood mononuclear cells
(PBMCs) of patients. These results may be due to the reduction in OS and inflamma-
tion via the antioxidant and anti-inflammatory properties of betalains. Thus, betalains
may be promising alternatives for supplementing therapies in OS, inflammation, and
aging-associated diseases. However, additional analyses are necessary to gain a deeper
understanding of their specific physiological functions [9,79,80].

3.2.5. Beetroot Juice

It’s a source of concentrated inorganic nitrates. One study on CKD patients (CKD
Stage II-IV according to the K/DOQI (Kidney Outcomes Quality Initiative) guidelines) by
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Kemmner et al. suggested that the administration of beetroot juice with a nitrate load of
300 mg to nine patients increased nitric oxide (NO) concentrations and reduced the renal
resistive index (RRI), which are prognostic markers for cardiovascular mortality, compared
with a placebo [10]. This result was more evident among CKD patients with decreased
renal function and increased arterial stiffness, who had GFR values below the normal range.
This reduced value was mainly caused by diabetic or hypertensive renal impairment, both
of which are factors responsible for the subsequent outcome of kidney failure. Compared
with the controls, the serum creatinine, potassium, and GFR serum levels did not change
considerably after beetroot juice ingestion. The serum potassium concentration/level was
similar to the placebo group. The results established the improving action of Beta vulgaris as
a helpful therapeutic option on the indicators of renal function, decreasing the gradual rate
of kidney damage and subsequent mortality in high-risk groups involving hypertensive
and diabetic patients with nephropathy [10].

3.2.6. Berberine (BBR)

It is an isoquinoline alkaloid and is the main active compound isolated from Rhizoma
coptidis and Cortex phellodendri. New analyses have demonstrated that berberine has nu-
merous pharmacological benefits, such as lowering blood glucose, antioxidant activity,
blood lipid regulation, reduced inflammation, and elevated insulin sensitivity, thus improv-
ing insulin resistance [81,82]. Recently, it has been described as a potential anti-diabetic
nephropathy drug [83]. The urine microalbumin/creatinine ratio (UACR) and GFR are
significant indicators used for evaluating the status of diabetic nephropathy. A randomized
controlled clinical trial was conducted to look at the effects of berberine effects serum
Cys C and UACR in patients with T2DM. The researchers administered berberine at a
dose of 0.4 g three times per day for a period of 6 months. Their results showed that
berberine improved diabetic kidney disease by reducing UACR and serum Cys C in T2DM
patients, and the results were statistically significant. However, the authors mentioned
that the number of cases in their study was small and the observation period was not long
enough, so it is indispensable to verify the long-term efficacy and safety of berberine in the
progression of CKD [11]. Berberine has been shown to protect renal tubular cells against
hypoxia/reoxygenation injury via Sirt1 [84].

3.2.7. Cordycepin

It is a naturally derived active compound produced by Cordyceps militaris, belonging
to the Clavicipitaceae family. It is a fungus with a long history of common use in traditional
medicine and its specific compound, cordycepin, has several health-promoting properties,
including anticancer, anti-inflammatory, immunomodulatory, antidiabetic, and antiobesity
effects [85-87]. Furthermore, antidiabetic and nephroprotective effects have been attributed
to cordycepin in experimental studies [88]. In a clinical study with CKD patients, Cordyceps
militaris was administered at 100 mg daily and compared with a placebo (control group).
Cordyceps militaris decreased the protein concentration of TLR4, NF-kB p65, COX2, IL-13,
and TNF-o. Their results showed that eGFR was considerably improved compared with the
control group after 3 months of treatment. This showed that Cordyceps militaris improved
the eGFR of CKD patients, and the outcomes suggested that Cordyceps militaris ameliorated
kidney function and controlled blood levels of urinal protein, BUN, and creatinine. This
study provided support for the possibility that Cordyceps militaris controlled CKD evolution
by controlling the TLR4/NF-«B redox signaling pathway [12].

3.2.8. Curcumin

It is a component of turmeric (Curcuma longa). Curcumin (diferuloylmethane) has
been shown to be a TNF blocker in vitro and in vivo; nevertheless, only a limited number
of analyses have confirmed that curcumin is efficient at reducing TGF- 3, IL-8, and TNF-«
levels in preclinical [89] and clinical studies [90]. There are several causes involved in the
pathogenesis of diabetic renal damage, but TGF-3 is considered to be a key player in the
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progress of actions towards ESRD. In a randomized double-blind placebo-controlled study,
the effects of turmeric on TGF- 3, IL-8, and TNF-« levels, as well as proteinuria in the urine
and serum, were investigated in patients with T2DM nephropathy (n = 20) and a control
group (n = 20). Individually, the test group subjects were given one capsule containing
500 mg turmeric, 22.1 mg of which was the active component curcumin, administered with
each meal (three capsules daily) for 2 months. Their results demonstrated that serum TGF-3
and IL-8 values were considerably lower post-turmeric administration, and that short-term
turmeric supplementation can reduce proteinuria. Furthermore, they did not report any
adverse effects associated with turmeric intake during the 2-month trial duration [17]. The
increased ROS may induce IL-8 production and result in reduced glutathione levels, which
may be due to increased OS caused by inflammation in ESRD patients with and without
diabetes mellitus [91]. In addition, redox imbalance contributes importantly to TGF-3
production [47], which has long been considered a key mediator of renal fibrosis.

Another study suggested the possible efficacy and safety of turmeric in reducing
uremic pruritus (UP) and hs-CRP in ESRD patients. Nevertheless, the authors described
that a larger sample size and a longer therapy period would be required to additionally
confirm the long-term efficacy and safety of adding turmeric in the hemodialysis (HD)
population [18]. A review showed that curcumin, as an antioxidant, decreased renal
inflammation and could prevent the deleterious complications of diabetes [92]. It has been
shown that it is a secure auxiliary therapy for improving macroscopic proteinuria in T2DM
patients [93].

Other studies have also shown that curcumin was an effective adjuvant therapy for
decreasing macroscopic proteinuria, as was shown in a randomized double-blind clinical
trial performed on 46 patients with T2DM. In this study, the patients received 500 mg
(one capsule) of curcumin three times/day after meals for 16 weeks. [94]. The researchers
mention that the range of persistent proteinuria was closely associated with the level of
deterioration of creatinine clearance; curcumin reduced creatinine clearance, resulting
in slower kidney function impairment and, possibly, a reversal of fibrotic injury [94].
Supplementation with 6 g of turmeric augmented postprandial serum insulin levels but did
not seem to affect plasma glucose levels or the glycemic index in healthy persons. These
results suggest that turmeric might stimulate insulin secretion [95]. On the other hand, in
a pilot study, researchers demonstrated that curcumin reduced lipid peroxidation in the
plasma of individuals with non-diabetic or diabetic proteinuric CKD and enhanced the
antioxidant activity in subjects with diabetic proteinuric CKD, demonstrating that dietary
administration of turmeric has a potential antioxidant effect in patients with non-diabetic
or diabetic proteinuric CKD [15].

Additionally, a randomized placebo-controlled trial examined the effects of curcumin
and quercetin on early graft function in 43 dialysis-dependent cadaveric renal recipients.
A single capsule of curcumin (480 mg) and quercetin (20 mg) was administered to patients
for 1 month after the transplant operation. The instigators of this report concluded that
curcumin and quercetin may restore early outcomes in cadaveric kidney transplantation,
possibly through activation of heme oxygenase-1 (HO-1) [19]. A likely use of the advanta-
geous properties of these bioflavonoids is the activation of HO-1, an inducible enzyme that
produces carbon monoxide. Stimulation of HO-1 in organ transplantation has the capacity
to decrease ischemia-reperfusion (IR) damage and alloimmunity. Furthermore, curcumin
induced HO-1 mRNA in human proximal tubule renal cells [96], and this induction may be
dependent on the nuclear factor erythroid 2-related factor 2 (Nrf2) transcription factor [97].

In the same way, short-term turmeric administration may decrease hematuria, pro-
teinuria, and systolic blood pressure in subjects with relapsed or refractory lupus nephritis,
as established in a randomized and placebo-controlled trial of 24 patients with this biopsy-
proven pathology. Each patient in the test group was given one capsule for 3 months,
providing 500 mg turmeric, 22.1 mg of which was the active element curcumin (three
capsules daily). Nevertheless, long-term tests with higher doses of turmeric are required to
elucidate its outcomes on the renal function of such patients and the rate of development
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of CKD of different origins [17]. However, further research is recommended to evaluate
the short- and long-term safety and efficacy of curcumin in this study group [98].

3.2.9. Epicatechin-3-gallate, Epicatechin, Epigallocatechin

Polyphenolic constituents (from tea plant; Camellia sinensis) have high anti-inflammatory,
antioxidant, and antimutagenic properties in various biological systems. Polyphenols
display potential beneficial health properties for chronic diseases, including CKD [99].
The majority of ingredients in tea (among the 400 chemicals that have been identified) are
polyphenolic compounds, especially flavonoids originating from the tea plant (Camellia
sinensis), which is high in catechin (flavonoid subtype). Three major catechins found in
green tea have been described: epicatechin, epigallocatechin, and epicatechin-3-gallate
(EGCG). The most abundant and extensively investigated catechin is EGCG [99]. In recent
times, the potential use of EGCG in the treatment and prevention of numerous renal dis-
eases, which are often related to inflammation and oxidative stress, has been reviewed [100].

The antioxidant, anti-inflammatory, and antiapoptotic activities of EGCG hold strong
hope for its use as an alternative approach to the management or prevention of several
renal diseases. The beneficial effects of EGCG are mediated by the underlying molecular
mechanisms, mainly by direct inhibition of stress or stimulus-induced ROS overproduction;
in addition, it could impact the Nrf2-Keap1-Cul-3 complex, resulting in nuclear transloca-
tion of free Nrf2, subsequently binding to the antioxidant response element (ARE) inside
the promoter region of the cytoprotective genes and those encoding antioxidant enzymes,
which are likewise modulated by NF-kB signaling pathways. Nevertheless, the majority
of all studies using EGCG or green tea in kidney diseases have been in animal models
or cell cultures. Therefore, clinical studies are needed to obtain scientific support for the
renoprotective properties of EGCG on renal pathologies [101,102].

In other research, the authors evaluated the possibility of using a mixture of EGCG and
amla extract (AE) obtained from Emblica officinalis, an Indian gooseberry, in the treatment of
uremic subjects with T2DM. An EGCG/ AE tablet was administered orally (one tablet three
times a day) to uremic diabetic patients for 3 months, using a total daily dose of 300 mg of
EGCG and 300 mg of AE/day. The results showed that 1:1 EGCG/AE improved diabetic
biomarkers, antioxidant protection, and the atherogenic index in uremic diabetic subjects.
Based on these results, the researchers concluded that EGCG and AE has the potential for
adjuvant use in the treatment of diabetic patients in a uremic state [21,103].

3.2.10. Pomegranate (Punica granatum)

A fruit designated as “a medicine in itself” that has long been included in traditional
remedies for preventive and therapeutic purposes [83]. It has a high content of polyphe-
nols, alkaloids, and anthocyanins (flavonoid antioxidants), which are highly effective at
scavenging free radicals [104,105]. The nephroprotective effects of pomegranate extract on
calcium-containing lithiasis development in patients aged 18 to 70 years with recurrent
stone formation have been medically reviewed. Daily administration of pomegranate
extract stimulated a significant increase in serum paraoxonasel (PON1) activity, along
with a decrease in calcium oxalate supersaturation. PON1 is an anti-atherosclerotic com-
ponent associated with high-density lipoprotein (HDL). An important function of PON1
is to prevent the oxidation of both HDL and LDL [106]. Low levels of PON1 have been
associated with hypercholesterolemia, diabetes, and vascular diseases. Supported by the
aforementioned findings, the researchers suggest that this strategy could potentially control
the risk of kidney stone development [23].

3.2.11. Resveratrol

It is a phenolic substance (a non-flavonoid stilbene polyphenol), and the trans-isomer is
considered to be the most biologically active form. Numerous preclinical and clinical analy-
ses have recognized the anti-inflammatory, antidiabetic, hepatoprotective, neuroprotective,
anticancer, and antioxidant properties of resveratrol (RSV; 3,5,4'~trihydroxystilbene). Like-
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wise, supporting in vivo and in vitro tests of RSV in renal damage indicated that it can
decrease fibrosis, mesangial expansion, OS, and inflammatory cytokine levels, while im-
proving renal structure and function [107]. Furthermore, with the aim of evaluating the
actions of RSV administration on Nrf2 and NF-«kB expression in non-dialyzed patients with
CKD, the investigators performed a randomized double-blind crossover trial in 20 non-
dialyzed patients with CKD, and their results showed that RSV administration at a dose of
500 mg per day for a period of 4 weeks had no antioxidant or anti-inflammatory activity
in those subjects [108]. On the other hand, in another randomized double-blind trial,
peritoneal dialysis patients were administered a low (150 mg/day) or high (450 mg/day)
dose of trans-resveratrol over 12 weeks, resulting in an intensification in the average net
ultrafiltration (UF) volume and level. Moreover, angiogenesis biomarkers, VEGF, fetal
liver kinase-1 (Flk-1), and the angiopoietin (Ang)-2 rate in peritoneal dialysate effluent
(PDE) became markedly diminished in patients treated with a high dose of RSV, whereas
the levels of angiopoietin receptor (Tie-2) and thrombospondin-1 (Tsp-1) in the effluent
were augmented with RSV treatment. This information implied that RSV administration
had angiogenesis-enhancing results in PD patients and augmented ultrafiltration renal
function [26]. Moreover, RSV treatment significantly decreased serum creatinine concentra-
tions and preserved GFR, suggesting improved renal function. Therefore, the researchers
suggested that RSV lowered insulin resistance and OS and increased pAkt:Akt levels in
platelets and urinary ortho-tyrosine elimination [25].

Likewise, an analysis was conducted of 24 patients diagnosed with hypertension
between 45 and 65 years of age and with underlying endothelial damage who participated
in a randomized double-blind placebo-controlled crossover trial. Each patient was admin-
istered a single dose of trans-resveratrol (300 mg) or a placebo. Measurements of blood
pressure (BP), aortic systolic blood pressure (SBP), and brachial flow-mediated dilation
(FMD) were monitored before and 1.5 h after the intervention. The key results reported
were that FMD was considerably augmented in female but not male patients adminis-
tered trans-resveratrol. These results suggest that hypertensive patients with endothelial
dysfunction, mainly women and those with high LDL-c, showed an improvement in en-
dothelial function with a single dose of trans-resveratrol, although there were no significant
improvements in peripheral and central BP ranges [27,109].

Furthermore, in another randomized double-blind placebo-controlled clinical trial
conducted in 60 patients with a diagnosis of T2DM and albuminuria, resveratrol was
randomly administered at a dose of 500 mg per day or a placebo for a period of 90 days,
and losartan was additionally supplemented at dose of 12.5 mg per day to all research
subjects. Their results showed that the mean urine albumin/creatinine concentrations were
significantly reduced in the RSV group, and urinary albumin clearance, fasting plasma
glucose (FPG), insulin, homoeostasis model evaluation of insulin resistance (HOMA-
IR), and glycosylated hemoglobin (HbAlc) all decreased considerably in the RSV group
compared with the placebo group, while the antioxidant effect of RSV was estimated by
measuring serum levels of SOD]1, glutathione peroxidase (GSH-Px), and catalase (CAT).
Patients treated with RSV showed significant increases in serum levels of SOD1, GSH-Px,
CAT, and NO compared with the placebo, confirming its antioxidant actions. The authors
concluded that RSV could be effective as an adjunct to angiotensin receptor blockers (ARBs)
to diminish urinary albumin excretion in subjects with diabetic nephropathy [24].

As indicated, the health benefits of RSV seem to be extensive, with the reduced
side effects of RSV making it an interesting option for therapeutic use targeting renal
damage. However, further research and clinical trials are indispensable for completely
comprehending the actions of RSV on renal injury [107,110].

3.2.12. Sulforaphane

It is a bioactive component that is a precursor of glucosinolate in cruciferous veg-
etables, particularly in young broccoli sprouts (BS) [111,112]. The probable actions of
sulforaphane (SFN; 1-isothiocyanate-4-methylsulphinylbutane) in CKD involve the pre-
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vention or diminution of structural injury and alterations in renal function; the reduction
of proteinuria by moderating inflammation through increased mRNA expression of Nrf2,
NADPH quinone oxidoreductase 1 (NQO-1), HO-1, and SOD; and decreasing OS. More-
over, the results of many preclinical models of kidney disease suggest that SEN could act
on several pathways in kidney damage, particularly in ameliorating inflammation and OS,
and thus could represent a strategy of choice to improve the prognosis of CKD patients by
preventing the progression of CKD [113-115].

In the same way, BS supplements have long been commercialized for the promising
health benefits of SFN, which induces the NrF2 pathway and the downstream chemopro-
tective genes, including Phase 2 enzymes. Most commercially available BS supplements
contain BS packaged as glucoraphanin (GR), which is hydrolyzed to SFN by the intesti-
nal microbiota, which synchronously augments the serum activities of Phase 2 enzymes
such as NQO1 and glutathione S-transferase (GST), and also Nrf2 signaling, in several
human tissues. The researchers suggested that low doses (30 mg per day) of GF have
favorable chemoprotective actions in humans [99]. Likewise, the antioxidant effects are
attributed to SF, as shown in a randomized placebo-controlled double-blind trial in male
patients diagnosed with fatty liver. This research suggested that dietary supplementation
with BS extract including the SF precursor GR is likely to be successful in enhancing liver
function through reduction of the OS pathway [100]. In the same manner, a clinical study
was conducted to evaluate the anti-inflammatory effects of BS powder (BSP) with a high
sulforaphane content, in which the researchers analyzed the inflammatory biomarkers in
patients diagnosed with T2DM, who were randomly assigned to three treatment groups
for 4 weeks. The groups received either 10 g/d BSP (n = 27), 5 g/d BSP (n = 29), or a
placebo (1 = 25). The results showed that serum high-sensitive C reactive protein (hs-CRP)
and interleukin-6 (IL-6) were lower in Group A (10 g/d dose) compared with the control
group post-intervention. This indicated that sulforaphane-rich BSP had positive effects
on inflammatory biomarkers in patients with T2DM [28]. On the other hand, a clinical
study that assessed the actions of prolonged supplementation with BS on inflammatory
parameters (TNF-«, IL-6, IL-1§3, and CRP) in 40 healthy overweight subjects. The treatment
phase involved BS administration at a dose of 30 g per day for 10 weeks and the follow-up
phase was 10 weeks of the habitual diet and free ingestion of BS. The results showed that
IL-6 and CRP values reduced considerably and throughout the control phase and that the
inflammatory marker concentrations were kept low [116]. Additionally, the researchers
explored the anti-inflammatory effects of SF in a randomized controlled study in healthy
young people and demonstrated the effects of cruciferous vegetables with a high SF content
on specific serum inflammatory parameters, particularly the decrease in IL-6, CRP, and
soluble TNF receptor (sTNFRI), being careful to mention that these concentrations were
higher among persons with GSTM1-null genotypes [117].

4. Discussion

Renal disease usually develops over time, so it is not often diagnosed until sig-
nificantly later, when renal function is severely impaired. Pathophysiologically, CKD
is a consequence of numerous pathological lesions that abolish some of the nephrons;
subsequently, the nephrons overcompensate with hyperfiltration. Over time, glomeru-
lar hypertension, albuminuria, and loss of renal activity are established. The increased
glomerular capillary pressure triggers damage to the glomerular capillary endothelium,
impairment of the podocytes lining the capillaries, and increased permeability of the macro-
molecules. [118,119]. Additionally, increased pro-inflammatory moderators that induce
fibrotic cell proliferation are involved. Furthermore, the increase in ECM molecules gives
rise to the development of scarring and renal damage [120]. Currently, there are therapeutic
approaches to CKD, with all alternatives targeted at dismissing or preventing deterioration
of the disorder, including medication, conservative care, dialysis, and transplantation [121].

Research has recommended that diets rich in vegetables and fruits help to control
body weight and defend against chronic disorders, including metabolic and cardiovascular
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disease, cancer, and CKD [20,122,123]. Only a limited number of trials have analyzed
bioactive compound supplementation in humans. Further research must be undertaken to
establish the best dosage and method of administration of bioactive compounds [114,115].
Furthermore, future investigations should be directed towards analyzing the particular
signaling/cellular mechanisms modulated by bioactive compounds that contribute to
the prevention or attenuation of renal damage. Further investigations are also needed
to evaluate the pharmacokinetic parameters of bioactive compounds, such as the ideal
route of administration, dosage and bioavailability, metabolism, tissue distribution, and
clearance, and pharmacodynamic parameters, such as the molecular mechanisms of action
of bioactive compounds, to demonstrate their efficacy and safety in the short and long term
in clinical studies.

5. Conclusions

This review highlights the beneficial function of bioactive medicinal plant compounds
on improving renal function. All natural compounds explained in this report appear to
have some benefits in improving OS, inflammation, and antioxidant capacity. Several
NPCs reduce fibrosis due to hyperglycemia-induced OS, attenuate proteinuria, decrease
hematuria and systolic blood pressure, and exert anti-nephrotoxic effects, and thus they
are promising therapeutic tools to reduce or prevent the onset and progress of KD patho-
genesis. Natural bioactive compounds are considered to exert important actions within the
mechanistic pathways and to possess promising clinical properties; however, additional
investigations are necessary to obtain a deeper comprehension of their specific pathophysi-
ological functions, and the evaluation of these effects in larger trials is strongly suggested.
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