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Abstract

Morus alba L. (white mulberry) is a multifunctional plant traditionally used in Asian medicine,
increasingly recognized for its rich phytochemical profile and potential therapeutic applications. Its
leaves, fruits, and roots are rich in bioactive compounds such as flavonoids, phenolic acids, alkaloids
and polysaccharides, which exhibit antioxidant, anti-inflammatory, antidiabetic, and hypolipidemic
activities. Chronic kidney disease (CKD), a growing global health concern, is closely associated with
metabolic risk factors including diabetes, hypertension, obesity, and dyslipidemia. Recent studies
suggestthat Morus alba may contribute to renal protection by modulating theserisk factors and acting
directly on renal structures through anti-inflammatory, antioxidant, and gut microbiota-mediated
mechanisms. This review aims to summarize the current scientific evidence regarding the potential
nephroprotective effects of Morus alba, integrating data from in vitro, animal, and human studies.
The findings highlight the role of Morus alba in improving metabolic parameters, attenuating renal
inflammation and oxidative stress, and modulating the gut—kidney axis. Although promising, further
clinical research is required to clarify its mechanisms, safety, and long-term effectiveness as a

complementary dietary strategy for the prevention and management of CKD.

Resumen

Morus alba L. (morerablanca) es una planta multifuncional utilizada tradicionalmente enla medicina
asiatica y reconocida cada vez mas por su perfil fitoquimico y sus posibles aplicaciones terapéuticas.
Sus hojas, frutos y raices son ricos en compuestos bioactivos como flavonoides, acidos fenélicos,
alcaloides y polisacaridos, los cuales presentan actividades antioxidantes, antiinflamatorias,
antidiabéticas e hipolipemiantes. La enfermedad renal crénica (ERC), un problema creciente de salud
global, esta estrechamente relacionada con factores de riesgo metabdlicos como la diabetes,
hipertensidn, obesidad y dislipemia. Estudios recientes sugierenque Morus alba puede contribuirala
proteccidn renal mediante la modulacidn de estos factores de riesgo y a través de efectos directos
sobre las estructuras renales, mediante mecanismos antioxidantes, antiinflamatorios y mediados por
la microbiota intestinal. Esta revision tiene como objetivo resumir la evidencia cientifica actual sobre
los posibles efectos nefroprotectores de Morus alba, integrando resultados de estudios in vitro, en
animales y en humanos. Los hallazgos destacan su papel en la mejorade parametros metabdlicos, la
atenuacion del estrés oxidativo e inflamacién renal y la modulacién del eje intestino—rifién. A pesar
de sus prometedores efectos, se requieren mas estudios clinicos para esclarecer sus mecanismos de
accién, seguridad y eficacia a largo plazo como estrategia dietética complementariaenla prevencion

y manejo de la ERC.



1. Introduction

Chronic kidney disease (CKD) is a global health crisis, affecting approximately 9—13% of the global
population, and over25% of individuals aged 60 and older, with many cases likely underdiagnosis [1].
Itis more prevalentin menand particularly common among individuals with comorbid conditions like
obesity, hypertension, dyslipidemia, diabetes, and polypharmacy, where prevalence rates can reach
35-40% [2]. The burden of CKD is exacerbated by its high morbidity and mortality, particularly due to
cardiovascular disease, which places a significant strain on healthcare systems [1,2]. CKD accounts for
an estimated 7.6% of global mortality [1] and is projected to become one of the top five causes of
years of life lost by 2040 [3]. In Spain, CKD affects around 15% of the population, surpassing the global
average [4].

CKD is classified into six stages (G1-G5) based on estimated glomerular filtration rate (eGFR)
thresholds and/or albuminuria levels (A1-A3) [5]. Both eGFR reduction and albuminuria are strong
predictors of cardiovascular events and overall survival, and their coexistence considerably increases
risk [6]. Amongthe stages, G3—subdividedinto G3a and G3b (eGFR30-59 mL/min/1.73 m?)—isthe
most prevalent, representing over 90% of all CKD cases [7]. This stage increases the likelihood of
cardiovascular complications and progression to end-stage renal disease (ESRD), requiring costly
treatments such as dialysis or kidney transplantation, profoundly impacting patient well-being.
Therefore, early preventive and therapeutic interventions are essential [2].

Current treatment strategies primarily focus on controlling modifiable risk factors through lifestyle
changes, pharmacological therapy, and early diagnosis. Among these, nutritional managementis a
cornerstone in delaying CKD progression and improving patient outcomes [8,9]. Nutritional
requirements vary across CKD stages; however, dietary interventions often become overly restrictive,
particularly in stages G4—-G5, and sometimes even in earlier stages [10]. Traditional guidelines
recommend limiting protein, sodium, potassium and phosphorus intake. This often leads to the
avoidance of health-promoting foods such as vegetables, fruits, legumes, and nuts due to fears related
to their mineral content [10]. This paradoxically drives patients away from healthy dietary pattems
and may worsen CKD outcomes [11].

To address this paradox, the 2020 KDOQI guidelines recommend plant-based dietary patterns such as
the Mediterranean and DASH diets for patients with CKD stages 1 through 5 [10]. These diets
emphasize whole foods including vegetables, fruits, whole grains, legumes, and nuts, offering multiple
metabolic and cardiovascular benefits. A growing body of evidence indicates that such diets may not
only reduce CKD progression, but also lower mortality risk and improve renal outcomes even in

advanced stages [12-15].



Among various nutritional approaches, plant-derived compounds have attracted attention for their
potential renoprotective effects. One such plantis Morus alba (white mulberry), traditionally used in
Asian medicine and rich in flavonoids, anthocyanins, phenolicacids, polysaccharides, and the alkaloid
1-deoxynojirimycin (DNJ) [16]. These bioactive compounds may provide antioxidant, anti-
inflammatory, antidiabetic, and nephroprotective actions, as supported by both in vitro and in vivo

studies.

Given its diverse phytochemical profile, Morus alba has been studied for its potential
nephroprotective effect. Experimental evidence suggests that extracts from different parts of the
plant may contribute to improvements in metabolic parameters and renal outcomes across various
disease models [16]. These potential benefits may be related to a combination of antioxidant, anti-
inflammatory, antidiabetic, and lipid-lowering effects, as well as modulation of pathways implicated
in kidney damage progression [17]. Among these mechanisms, the regulation of inflammatory
responses has been particularly emphasized. Chronic low-grade inflammation is a key driverin the
progression of CKD, contributing to structural damage such as glomerular sclerosis and interstitial
fibrosis. Preclinical studies have reported that Morus alba extracts could downregulate the expression
of pro-inflammatory cytokines like tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), while
promoting anti-inflammatory mediators such as interleukin-6 (IL-6) [18].

Furthermore, Morus alba has attracted scientific interest forits potential antioxidant capacity, which
may be relevant in the context of chronic kidney disease. Its content in flavonoids and polyphenols
has been associated with possible protective effects against oxidative stress [19]. Although
mechanistic details remain underinvestigation, these compounds have been linked to improve ments
in redox balance and reductions in oxidative damage markersin animal models [20]. Such properties
suggest that Morus alba could be considered a potential candidate for supporting renal function in
conditions associated with oxidative stress [20].

The gut—kidney axis has also emerged as a relevant pathway in the progression of CKD. Dysbiosis, or
imbalance in gut microbiota composition, is increasingly recognized as a contributing factor to
systemic inflammation and uremic toxin production. Preliminary evidence suggests that Morus alba
may influence gut microbial composition in beneficial ways [21,22]. In animal models,
supplementation with Morus alba extracts has been associated with changes in gut bacterial
populations and metabolic activity, with potentialimplications for intestinal and systemichomeostasis
[22]. While more clinical researchis needed, these findings openthe possibility that Morus alba could
indirectly support kidney health through modulation of the gut microbiota [22].

However, the renoprotective mechanisms of Morus alba remain poorly understood. These likely

involve interactions with oxidative stress, systemic inflammation, and gut microbiota dysbiosis.



Clarifying these mechanisms is crucial to support its potential role as a complementary therapy to

improve renal function.

Objective

Thus, this review aims to summarize the current scientific evidence on the effects of Morus alba on
kidney health, with particular emphasis on its interaction with inflammation, oxidative stress, and gut
microbiota as the key underlying mechanisms. By synthesizing data from both animal and human
studies, this work seeks to explore the potential of Morus alba as a complementary dietary approach

for the prevention and management of chronic kidney disease.

2. Methodology
2.1. Information sources and Search strategy

A comprehensive review of the literature published from the earliest available online indexing year to
February 2025 was conducted by searching the MEDLINE-PubMed database and hand-searching the
reference lists of the retrieved papers. With the use of Title/Abstract and keywords, 4 search subsets
were used: the first subset included Morus alba-related keywords [Morus alba] OR [mulberry OR
mulberry extract OR mulberries]; the second subset coveredrenal-related keywords [Kidney Diseases
OR Renal Insufficiency OR renal disease OR kidney failure OR renal failure OR proteinuria OR
Glomerular Filtration Rate OR egfr OR gfr OR kidney function OR chronic kidney disease OR
Albuminuria OR cystatin ¢ OR uacr OR albuminuria creatinine ratio OR acr]; the third subset involved
inflammation and oxidative stress-related keywords [inflammation OR oxidative stress OR cytokines
OR proinflammatory cytokines OR anti-inflammatory agents]; and the fourth subset included
microbiota-related keywords [microbiome OR gut microbiome OR microbiote OR microbiota OR
gastrointestinal microbiota OR gastrointestinal microbiome OR mycobiome]. The search was limited

to studies published in English.

2.2. Eligibility criteria

The inclusion criteria of the literature were based on the PICO guidelines for evidence -based medicine
(participants, interventions/exposures, comparators, outcomes and study design) to identify studies
suitable for inclusion. The inclusion criteria were as follows: 1) participants: adults (>18 years old); 2)
exposure:any form of Morus alba (Mulberry’s) supplementation or extract; 3) outcomes of interest:
renal pathology, microbiota, inflammation, or oxidative stress markers.

Exclusion criteria included: 1) studies with no mulberry exposure; 2) reviews,comments, editorials, or

meeting abstracts. Other criteria were not applied due to the limited available evidence.



3. Chemical composition of Morus alba

Morus alba L., commonly known as white mulberry, is a plant that has garnered increasing scientific
attention due to its rich phytochemical profile and broad spectrum of bioactivities. Different parts of
the plant—Ileaves, fruits, bark, and roots—contain a variety of bioactive compounds, including
flavonoids, phenolic acids, alkaloids, anthocyanins, polysaccharides, phytosterols, and other
metabolites, which are responsible for its multiple pharmacological properties [17,23].

Among the most extensively studied phytochemicals in Morus alba are flavonoids, which are found
abundantly in both the leaves and fruits. Notable compounds such as quercetin, kaempferol, rutin,
and morin are known for their potent antioxidant, anti-inflammatory, and cytoprotective effects [23].
In addition to these common flavonoids, the plant also contains unique prenylated flavonoids,
including kuwanon G, morusin, and sanggenon C, mainly found in the root bark. These have
demonstrated antimicrobial, anticancer, and neuroprotective properties in various in vitro and in vivo
studies [17,23]. Other flavonoid, such as chalcones (e.g., morachalcone A, morachalcone B, and
chalcomoracin), are also considered promising bioactive molecules due to their anti-inflammatory and
antimicrobial actions [23].

Phenolicacids are anotherimportant group of compounds found in Morus alba, including chlorogenic
acid, caffeic acid, gallic acid, ferulic acid, and p-coumaric acid, which are predominantly foundin the
leaves and fruits [17,23]. These molecules function as efficient free radical scavengers, reducing
oxidative stress and modulating inflammatory pathways [24]. Their presence supports the traditional
use of Morus alba in treating chronic diseases related to oxidative damage [17].

A distinctive chemical constituent of Morus alba is the alkaloid 1-deoxynojirimycin (DNJ), which is
primarily concentrated in the leaves. DNJ acts as a potent a-glucosidase inhibitor, delaying
carbohydrate digestion and absorption, thereby improving postprandial glycemic control [23]. This
mechanism underpins the antidiabetic applications of Morus alba in both traditional and modem
therapeutic contexts. Other alkaloids, such as calystegines B2and C1, found in the root bark, have also
been reported to inhibit glycosidase activity, further enhancing the plant’s hypoglycemic potential
[17].

The fruits of Morus alba are a rich source of anthocyanins, particularly cyanidin-3-glucoside and
cyanidin-3-rutinoside, which contribute to the deep coloration of ripe berries [23]. These compounds
exhibit strong antioxidant activity and are implicated in cardiovascular and neuroprotective effects
[25]. The anthocyanin content increases with fruit maturity, and its bioactivity is influenced by

environmental conditions and harvesting time [26].



Polysaccharides extracted from different parts of the plant, including leaves and fruits, have shown
immunomodulatory and antioxidant properties. These complex carbohydrates enhance innate
immune responses and protect cells against oxidative damage [23]. Although the precise molecular
mechanisms remain under investigation, they represent a promising group of bioactive
macromolecules in Morus alba [17].

Additionally, the plant contains various fatty acids and phytosterols. The predominant fatty acids
found in the seeds and fruits include linoleic acid, oleic acid, and palmitic acid, which contribute to
lipid metabolism regulation and cardiovascular protection [17]. Phytosterols such as B-sitosterol
further supports its hypocholesterolemic properties [23]. Furthermore, other bioactive secondary
metabolites such as coumarins, stilbenes (e.g., resveratrol), terpenoids, and lectins have been
identified in different plant parts and are associated with anti-inflammatory, antimicrobial, and
metabolic regulatory effects [27].

Overall, the chemical complexity of Morus alba aligns with its broad therapeutic potential. The
synergistic interaction among its various phytochemicals likely contributes to its effectiveness in
modulating multiple physiological pathways, including oxidative stress, inflammation, glucose
metabolism, and gut microbiota composition. Given this multifaceted phytochemical profile, Morus
alba remains an key focus of current research aimed at identifying natural compounds with clinical

applicability.



Table 1. Main bioactive compounds identified in Morus alba and their reported biological

activities.
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4. Morus alba and principal risk factors for renal dysfunction

4.1. Diabetes and hyperglycemia

Diabetes mellitus is a chronic metabolic disorder characterized by elevated blood glucose levels due
to impaired insulin secretion, resistance to insulin, or both [33]. Type 2 diabetes mellitus (T2DM), the
most prevalent form, is a significant risk factor for the development of CKD, primarily through
prolonged hyperglycemia that causes glomerular and tubular damage via hemodynamic, oxidative,
and inflammatory pathways [34].

Morus alba (white mulberry) has shown promising hypoglycemic activity, largely attributed to its
content of 1-deoxynojirimycin (DNJ), a potent competitive inhibitor of a-glucosidase that slows
carbohydrate digestion and glucose absorption, therebyreducing postprandial glycemic peaks [35]. In
both preclinical and clinical studies, Morus alba leaf and root extracts have demonstrated the ability
to maintain B-cell function, reduce fasting blood glucose, HbA1c, and insulin levels [ 34,36].

Beyond enzymeinhibition, Morus alba enhancesinsulin sensitivity and modulates glucose transporter
expression, particularly GLUT4, improving peripheral glucose uptake through AMPK activation [37,38].
These effects contribute not only to glycemic control but also to renal protection, as chronic
hyperglycemia promotes oxidative stress, advanced glycation end-products (AGEs), and
inflammation—key mediators of diabetic nephropathy [34].

An experimental study in streptozotocin-induced diabetic rats revealed that Morus alba
polysaccharides exhibit hypoglycemic activity by significantly reducing serum insulin and glucose.
These findings suggestedthat Morusalba improved insulin sensibility and protectedthe pancreas [39].
Furthermore, histopathological benefits in pancreas tissues were observed. In human trials, Morus
alba supplementation improved postprandial glycemic response and reduced HbAlc in individuals
with impaired glucose tolerance, supporting its utility as a dietary adjunct in prediabetes and T2DM
management [40]. This same trial also showed animprovement in insulin resistance afterthe 12-week
intervention.

Given the strong association between hyperglycemia and renal deterioration, incorporating Morus
alba into dietary strategies may offer therapeutic value for preventing or delaying diabetic kidney

complications.



4.2. High blood pressure

Hypertension, is a major risk factor for heart disease, stroke, and is well-established as a key
contributorto the onsetand progression of CKD [41]. It occurs whenthe force of blood against artery
walls remains consistently high, often due to poor diet, lack of exercise, or genetic factors.
Hypertension is the second cause of end-stagerenal disease, after diabetes [42]. Persistenthigh blood
pressure leads to glomerular hyperfiltration, endothelial dysfunction, fibrosis, vascular remodeling,
and eventual nephron loss [43]. Recently, natural remedies, such as Morus alba have gained interest
for their potential role in managing hypertension.

Studies have shown that Morus alba can improve vascular health because of the presence of GABA in
water extracts from Morus alba leaves [44]. Morus alba also helps reduce oxidative stress and
inflammation, both of which contribute to hypertension. Some research suggests that mulberry
extracts can inhibit the angiotensin-converting enzyme (ACE), which plays a crucial role in blood
pressure regulation, similar to how pharmaceutical ACE inhibitors work [44].

Morus alba has demonstrated antihypertensive effects in experimental models, particularly in high-
fat diet-induced hypertensive rats. Administration of mulberry leaf extract significantly lowered
systolic and diastolic blood pressure, likely via enhancement of nitric oxide bioavailability and
attenuation of oxidative stress [45]. However, the mechanisms responsible for blood pressure
reduction in chronic diabetic rats remain unclear.

Although human clinical data on Morus alba for hypertension are currently limited, existing research
suggests that its inclusion in dietary strategies could benefit patients with CKD and comorbid

hypertension.

4.3. Obesity

Obesity is a chronic, multifactorial condition characterized by excessive adipose tissue accumulation,
which increases the risk of developing a wide range of comorbidities, including type 2 diabetes,
cardiovascular disease, metabolic bone disorder, anemia, and acid-base and fluid imbalance [33].
Importantly, obesity also significantly contributes to the development and progression of CKD [46].
The mechanisms linking obesity to renal damage include glomerular hyperfiltration, increased renal
plasma flow, insulin resistance, low-grade systemic inflammation, and ectopic lipid accumulation in
renal tissues, which can lead to glomerular hiperfiltration and tubular injury [46,47].

In this context, Morus alba has emerged as a promising candidate for mitigating obesity-related
metabolicdisturbances through its complex composition of flavonoids, polyphenols, alkaloids (notably

DNJ) and other bioactive compounds. In vivo studies in high-fat diet rats support its anti-obesity



effects, with mechanisms involving both inhibition of adipocyte hypertrophy and reducedbody weight

gain [48].

In adipocyte cell lines such as 3T3-L1, Morus alba leaf extract significantly inhibited adipogenesis, fat
accumulation, and the expression of adipogenesis-related factors [49]. These key factors included
CCAAT/enhancer-binding protein alpha (C/EBPa) and peroxisome proliferator-activated receptor
gamma (PPARy), which are essential for initiation and maintenance of adipogenesis [49].

In animal models, particularly rodents subjected to high-fat diets, supplementation with Morus alba
extracts has consistently resulted in reduced body weight gain, reduced blood glucose, decreased liver
fat, fewer immature adypocytes, and improved histological features of liver steatosis [48,50].
Mechanistically, these effects could be attributed to the activation of AMP-activated protein kinase
(AMPK), a cellular energy sensor that plays a central role in regulating lipid metabolism and energy
homeostasis. Activation of AMPK by Morus alba leads to increased fatty acid oxidation, inhibition of
lipogenesis, and improved mitochondrial function [50]. Additionally, anti-inflammatory effects in
adipose tissue have been observed, including decreased expression of proinflammatory cytokines,

which contribute to insulin resistance and metabolic dysfunction in obesity [48].

4.4. Dyslipidemia

Dyslipidemia refers to abnormal concentrations of lipids in the blood, including elevated levels of total
cholesterol, low-density lipoprotein (LDL), and triglycerides, or reduced levels of high-density
lipoprotein (HDL-C). Itis a key component of the metabolicsyndrome and a well-established risk factor
forcardiovasculardisease [51]. Inthe context of kidney health, dyslipidemia contributes to endothelial
dysfunction, vascular calcification, and glomerularinjury, thereby accelerating the progression of CKD
[47]. Furthermore, some studies have shown a positive linear correlation between CKD and total
cholesterol, triglycerides and LDL, as well as a negative correlation with HDL-C [52,53,54].

Morus alba has demonstrated consistent hypolipidemic effects by root or leaves extract in rats with
high-fat diet-fed [55]. In animal studies, mulberry extracts have been shown to reduce total
cholesterol, triglycerides, and LDL-C levels while increasing HDL-C [56,57]. Additionally, Morus alba
has been foundto significantly improve hepatic fatty degeneration [56]. Notably, Morus alba extract
inhibits de novo synthesis and promote cholesterol elimination in rats in induced nonalcoholic fatty
liver disease [58].

Clinical evidence also supportsthese findings. Ina randomized, double -blind, placebo-controlled trial
involving hyperlipidemic individuals, daily supplementation with Morus alba leaf extract for several

weeks resulted in significant reductions in total cholesterol, LDL-C, and triglycerides, along with a
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modestincrease in HDL-Clevels [59]. A systematic review of studies on Morus species, including Morus
alba, further corroborated the lipid-lowering effectsobserved in both human and animal models [ 60].
The antioxidant activity of Morus alba also contributes to cardiovascular protection by preventing LDL
cholesterol oxidation—a key step in the development of atherosclerotic plaques—and by reducing

markers of oxidative stress and inflammation.

5. Evidence about Morus alba and renal function

Recentexperimental studies have demonstrated that Morus alba and its bioactive components exert
direct protective effects on renal tissue, extending beyond their systemic impact on metabolic risk
factors. These studies have been conducted in vitro, as well as in animals models and humans trials
[61,62,63].

In a well-established model of renal fibrosis, Sang-Bai-Pi extract, along with its major component
regiafuran C, suppressed the TGF-B/Smad and Wnt/B-catenin signaling pathways. This treatment
reduced the expression of a-smooth muscle actin (a-SMA) and fibronectin, helping preserved renal
tissue integrity and histological structure, highlighting its antifibrotic potential in CKD [61].

The administration of Morus alba-derived alkaloids (SZ-A)in a model of diabetic nephropathy resulted
in improved glomerular morphology, including reduced blood urea nitrogen level (BUN) and serum
creatinine levels. SZ-A also downregulated key profibrotic and inflammatory mediators such as TGF-
B1, collagen IV, fibronectin, TNF-a, and IL-6, confirming its role in mitigating renal inflammation and
fibrosis [62].

In another model of induced renal fibrosis mice, Morus alba leaf extract combined with chlorogenic
acid reduced serum creatinine excretion and improved the urinary protein-to-creatinine ratio. This
treatment preserved Bowman’s capsule integrity, reduced tubular epithelial injury, and improved
glomerular architecture, reinforcing its protective role against obstructive renal injury [ 64].
Additional studies in diabetic mice studies showed that Morus alba reduced urinary albumin levels
and serum creatinine excretion compared with the control animals [65]. It also significantly increased
total urine volume, urine flow, and creatinine clearance, while preventing oxidative stress-induced
renal fibrosis [34,65]. These findings were accompanied by improvementsin blood glucose levels and
liver histopathological damage.

In a randomized controlled trial involving patients with diabetic nephropathy, Morus alba extract
supplementation improved oxidative stress and inflammatory markers, including glutathione,
malondialdehyde, and high-sensitivity C-reactive protein (hs-CRP) [63]. These results support the
clinical potential of Morus alba in modulating factors contributing to the progression of diabetic kidney

disease and underline the need for further research on its renal effects.
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Altogether, these studies provide compelling evidence that Morus alba exhibits direct renoprotective
mechanisms. By modulating fibrotic pathways (e.g., TGF-B signaling), reducing oxidative and
inflammatory damage, preserving glomerular architecture, and improving biochemical markers of
renal function, Morus alba emerges as a promising candidate in the management and prevention of
CKD. Importantly, these effects appear not merely secondary to glycemic or lipid control but rather

reflect targeted actions within renal tissue.

Table 2. Summary of Experimental and Clinical Evidence on the Renal Effects of Morus alba and Its

Bioactive Components

Model / Study Type Main Renal Effect Mechanism Involved Reference
HK-2 cells and male rats | W Renal fibrosis Inhibition of TGF-B/Smad and [61]
with induced renal WV a-SMA and fibronectin Wnt/B-catenin signaling
fibrosis expression
Male diabetic rats WV BUN Downregulation of profibrotic [62]
W Serum creatinine and inflammatory cytokines;
WV TGF-B1, collagen IV, cytokine—NO modulation
fibronectin, TNF-a, IL-6
Mice with induced renal | W Serum creatinine Activation of Nrf2/HO-1 and [64]
fibrosis VW Protein-to-creatinine ratio inhibition of NF-kB pathways
W Tubular damage
YV Glomerular injury
Streptozotocin-induced WV Urinary albumin Antioxidant action via [65]
diabetic nephropathy W Serum creatinine modulation of MDA and GSH
mice A 24-h urine volume and flow | levels
A\ Creatinine clearance
W Oxidative stress-induced
fibrosis
Diabetic mice W Urinary microalbumin TGF-B/Smad signaling [34]
VW Renal fibrosis pathway
Humans with diabetic W Serum triglycerides Improvement of oxidative [63]
nephropathy (RCT) W hs-CRP stress and inflammatory
WV Malondialdehyde (MDA) biomarkers
A\ Glutathione

The table includes in vitro assays, animal models, and human clinical trials assessing changes in renal function
markers, structural integrity, and molecular signaling pathways. W indicates a decrease; A indicates an
increase. Abbreviations: BUN, blood urea nitrogen; a-SMA, alpha-smooth muscle actin; TGF-B, transforming
growth factor-beta; NO, nitric oxide; MDA, malondialdehyde; GSH, glutathione; hs-CRP, high-sensitivity C-
reactive protein; PCR, protein-to-creatinine ratio.

6. Underlying mechanisms involved: inflammation, oxidative stress, and gut microbiota
Emerging studies have explored the role of Morus alba in the preserving kidney function, particularly

in models of diabetic nephropathy and renal fibrosis. Current evidence emphasizes its direct
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renoprotective effects through mechanisms involving modulation of gut microbiota, attenuation of
oxidative stress, and anti-inflammatory actions.

Mechanistic investigations in diabetic models have demonstrated that Morus alba modulates renal
oxidative stress and inflammatory pathways—most notably by activating Nrf2-dependent antioxidant
systems and downregulation of oxygen species (ROS)-producing enzymes [2]. Collectively, these
findings support the nephroprotective potential of Morus alba in diabetickidney disease and fibrosis.
Its multifactorial effects—including antioxidant, anti-inflammatory, and antifibrotic actions—
underscore its value as a promising candidate for complementary renal therapies, especially in

metabolic and inflammatory conditions.

6.1. Antioxidant activity and oxidative stress regulation

Oxidative stress is a central pathological mechanism in the development and progression of chronic
CKD, particularly in the context of metabolic disorders such as diabetes mellitus, obesity and
hypertension. It is characterized by an excessive generation of reactive ROS that surpasses the
neutralizing capacity of endogenous antioxidant systems, leading to cellular and molecular damage.
At the renal level, this redox imbalance contributes to lipid peroxidation, oxidative modification of
proteins, and DNA damage, which collectively promote glomerular and tubular injury, endothelial
dysfunction, inflammatory responses, and interstitial fibrosis—hallmarks of CKD pathophysiology
[19,31].

Morus alba has demonstrated notable antioxidant properties, largely attributed to its rich content of
bioactive phytochemicals. Key compounds such as flavonoids (including quercetin, rutin, and
isoquercitrin), anthocyanins, phenolicacids, and polysaccharides exert antioxidant effects via multiple
mechanisms: direct scavenging of ROS, inhibition of lipid peroxidation, metal ion chelation, and
enhancement of enzymatic antioxidant defenses [17,31]. Both in vitro and in vivo studies have
consistently reported increased activity of major antioxidant enzymes—including superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx)—following administration of
Morus alba extracts [30,61].

Robust evidence from experimental models supports the antioxidant-mediated renoprotective effects
of Morus alba. S Alanazi et al. [66], in a streptozotocin (STZ)-induced diabetic rat model, observed a
significantreduction in renal malondialdehyde (MDA) levels and a jointincrease in antioxidant enzyme
activity upon administration of Morus alba extract, indicating an improvement in oxidative status.
Similarly, Nguyen et al. [65] demonstrated that supplementation with mulberry leaf extract in mice
subjected to a high-fat diet resulted in reduced oxidative damage and improved renal

histopathological outcomes. These effects were mechanistically linked to activation of the nuclear
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factorerythroid 2-related factor 2 (Nrf2) pathway, a key regulator of antioxidant gene expression and
phase Il detoxification.

Beyond renal tissues, Morus alba has demonstrated systemic antioxidant effects. A recent
pharmacological investigation reported that anthocyanins isolated from Morus alba enhanced
intestinal epithelial barrier integrity and significantly reduced ROS and MDA levelsin a murine colitis
model, underscoring the systemic redox-modulating capacity of these compounds [67]. Additionally,
Morus alba polysaccharides have been shown to attenuate oxidative stress in STZ-induced diabetic
rats by increasing SOD, CAT, and GPx activities while reducing oxidative DNA damage [66]. These
effects were further associated with the activation of the AMP-activated protein kinase
(AMPK)/peroxisome proliferator-activated receptor gamma coactivator-1 alpha (PGC-1a) signaling
pathway, a critical regulator of mitochondrial biogenesis and metabolic homeostasis [37].

In summary, current evidence supports that Morus alba exerts antioxidant effects via both direct ROS
neutralization and modulation of intracellular signaling pathways. These findings suggest that Morus
alba may serve as a promising nutritional and therapeuticstrategy forthe prevention and mitigation
of oxidative stress-inducedrenal damage, particularly in individuals with metabolic comorbidities that

predispose to CKD.

6.2. Anti-inflammatory mechanisms

Chronic low-grade inflammation is a key driver in the development and progression of metabolicand
renaldiseases[1]. Recent studies have shown that Morus alba leaf extract significantly downregulates
inflammatory cytokines such as TNF-a and IL-6 in diabetic models, leading to improved insulin
sensitivity and reduced hepatic inflammation [68].

An in vivo study reported that aqueous extract of M. alba suppressed the TLR2/MyD88/NF-kB
signaling pathway, thereby reducing systemic inflammation in high-fat diet-induced type 2 diabetic
mice [69]. Moreover, polyphenols and polysaccharidesfrom M. alba modulate the gut microbiota and
reduce systemic inflammatory burden through microbiota—immune system interactions [22]. These
anti-inflammatory effects may contribute to slowing the progression of chronic kidney disease by
reducing renal inflammation and fibrosis [61].

Chronic low-grade inflammation is widely recognized as a major contributor to the initiation and
progression of CKD, promoting structural damage such as glomerular sclerosis, tubular atrophy, and
interstitial fibrosis, which are closely associated with functional decline [19]. Elevated levels of
inflammatory markers including TNF-a, IL-6, and C-reactive protein (CRP) have been associated with
worse renal outcomes and higher cardiovascular risk among individuals with CKD [ 19].

Morus alba appears to possess bioactive compounds—such as flavonoids (e.g., quercetin, rutin),

phenolic acids, and alkaloids like DNJ—that may exert anti-inflammatory effects relevant to renal
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health [16]. These compounds have been shown to modulate inflammatory signaling pathways,
particularly nuclearfactor kappa B (NF-kB) and mitogen-activated protein kinases (MAPKs), which are
key regulators of cytokine expression [70].

Experimental studies suggest that Morus alba extracts could reduce the expression of pro-
inflammatory mediators such as TNF-a, IL-6, and inducible nitric oxide synthase (iNOS) in both in vitro
and in vivo models [ 70]. Additionally, the suppression of the NF-kB pathway observed in animal models
may contribute to a reduced systemic inflammatory response, particularly under metabolic stress
conditions such as obesity or diabetes [71]. These findings point to a potential for Morus alba in
mitigating inflammation-associated renal damage by downregulating key pro-inflammatory signals
and supporting a more favorable inflammatory profile.

Giventhe centralrole of inflammation in CKD progression, these anti-inflammatory properties suggest
that Morus alba could representasupportive strategy to counteract chronic inflammatory activity in

renal tissue.

6.3. Modulation of gut microbiota

The gut—kidney axis is increasingly recognized as a key modulator of chronic kidney disease (CKD)
progression. Dysbiosis, or the imbalance in gut microbiota composition, has been associated with
increased production of uremic toxins, intestinal barrier dysfunction, and systemic inflammation, all
of which contribute to renal injury and functional decline [21].

Morus alba contains bioactive compounds—such as polyphenols, flavonoids, and polysaccharides—
that seem to interact with the gut microbiota in ways that may help restore microbial balance and
reduce inflammatory and metabolic disturbances. In a study using obese mouse models,
supplementation with Morus alba extract appeared to shift the microbial composition toward
beneficial species, increase the abundance of short-chain fatty acid (SCFA)-producing bacteria, and
improve energy expenditure [72]. Similar findings were reported by Li et al., who observed that a
mixture of Morus alba polyphenols and fiber enhanced brown adipose tissue activity and
simultaneously modulated the gut microbiota [22].

Recent findings suggest that Morus alba polyphenols and dietary fibers reshape the gut microbiota,
increasing microbial diversity and abundance of beneficial genera such as Lactobacillus and
Akkermansia [72]. These shifts in microbial communities were associated with reduced markers of
inflammation and improved intestinal barrier function. The production of SCFAs, promoted by these
changes, has been linked to improved mucosalintegrity and regulation ofimmune signaling pathways.
These effects may contribute indirectly to renal protection by limiting systemic inflammation and

oxidative stress—both key contributors to CKD progression [22].
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Although furtherstudies are needed to confirm the nephroprotective role of microbiota modulation,
current evidence suggests that Morus alba might act on the gut—kidney axis through microbiota-
mediated mechanisms that support renal health, especially in individuals with metabolic disorders

such as obesity or diabetes.

7. Conclusions and prospects

This narrative review provides a comprehensively synthesis to the current scientific evidence
regarding the potential renoprotective effects of Morus alba (white mulberry), with special emphasis
on its interaction with inflammation, oxidative stress, and gut microbiota—three interrelated
mechanisms increasingly recognized as key drivers in the onset and progression of CKD. The evidence
gathered suggests that Morus alba, owing to its diverse and bioactive phytochemical composition,
exerts both direct and indirect benefits on renal health. These effects span a broad spectrum of
metabolic and renal parameters, including improvements in glomerular structure, oxidative status,
and inflammatory signaling, as well as modulation of pathwaysimplicated in fibrosis and endothelial
dysfunction.

A central finding of this review is the potential of Morus alba to modulate major modifiable risk
factors for CKD, such as type 2 diabetes mellitus, sustained hyperglycemia, hypertension,
dyslipidemia, and obesity. These comorbidities not only contribute to the onset of CKD but also
exacerbate its progression and heighten the risk of cardiovascular events. Through a range of
mechanisms—including a-glucosidase inhibition, enhancement of insulin sensitivity, reduction of
systemic and renal inflammation, activation of mitochondrial biogenesis, and modulation of gut
microbial composition—Morus alba emerges as a promising candidate forintegrative and preventive

strategies targeting CKD and its associated complications (see Figure 1).
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Figure 1. Mechanistic pathways and metabolicrisk factors through which Morus alba may modulate
renal dysfunction

The hypoglycemic effect of Morus alba, particularly through its main alkaloid 1-deoxynojirimycin
(DNJ), has been well-documented in both preclinical and clinical settings. DNJ slows the digestion of
carbohydrates, blunts postprandial glucose excursions, and reduces glycation-mediated tissue
damage. In diabetic models, Morus alba extracts have shown the ability to attenuate hyperglycemia-
induced oxidative stress and inflammation in renal tissues, thereby protecting glomerularand tubular
structures. Additionally, studies have demonstrated improvements in serum creatinine and urea
levels, decreased urinary albumin excretion, and modulation of fibrotic markers, supporting its
potential nephroprotective effects.

Moreover, Morus alba displays anti-obesity and antihypertensive properties, which are of particular
relevance given their close association with renal injury. Obesity contributes to glomerular
hyperfiltration, lipotoxicity, and systemic inflammation, all of which compromise kidney function.
Experimental data show that Morus alba can inhibit adipogenesis, enhance fatty acid oxidation via
AMPK activation, and improve adipokine profiles (e.g., increasing adiponectin, reducing TNF-a). Its
flavonoids and polyphenols have been shownto suppress key regulators of lipid synthesis, while also
upregulating mitochondrial biogenesis and thermogenesis. In hypertensive models, Morus alba leaf

extract has been shown to lower blood pressure through nitric oxide-mediated vasodilation and
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inhibition of the renin—angiotensin—aldosterone system (RAAS), with additional reductions in vascular
oxidative stress and inflammation.

Another novel area of interest is Morus alba’s effect on the gut—kidney axis, a bidirectional
communication system wherein gut dysbiosis exacerbates systemic inflammation, uremic toxin
production, and renal deterioration. Preclinical studies indicate that Morus alba polyphenols and
polysaccharides may increase microbial diversity and promote the growth of beneficial genera such
as Akkermansia and Lactobacillus, while also enhancing the production of short-chain fatty acids
(SCFAs). These changes have been associated with reduced intestinal permeability, lower
endotoxemia, and improved systemic immune homeostasis —factors that collectively benefit renal
health.

Despite this broad array of positive findings, it is important to critically examine the limitations of the
existing evidence. First, the majority of data are derived from animal studies or in vitro experiments.
While these models provide mechanisticinsights, they cannot fully replicate the complexity of human
pathophysiology. Human clinical trials are still scarce, and among those available, most focus on
metabolic outcomes (e.g., glucose orlipid levels) rather than renal-specificendpoints. Moreover, the
heterogeneity in extract composition (due to differences in plant part used, geographic origin, and
preparation methods) poses challenges for reproducibility and dose standardization. The lack of
longitudinal studies and the absence of large, placebo-controlled trials in CKD patients further limit
our ability to draw definitive conclusions regarding clinical efficacy and safety.

In addition, the bioavailability and pharmacokinetics of Morus alba compounds remain insufficiently
understood. While many of its bioactive constituents show promising activity in vitro, their absorption,
metabolism, and distribution in human tissues require further investigation. Similarly, the potential
for herb—drug interactions, especially in polymedicated CKD patients, must be carefully considered.
Safety data, although reassuringin animal models, must be validated through long-term human trials,
especially in vulnerable populations such as those with advanced renal insufficiency.

From a clinical standpoint, the integration of Morus alba into therapeutic strategies for CKD would
ideally occur within dietary frameworks that align with nephrological guidelines. Plant-based diets
such asthe Mediterranean or DASH diets, which emphasize fruits, vegetables, legumes, whole grains,
and healthy fats, are associated with improvedrenal outcomes and reduced cardiovascular risk. Morus
alba could serve as a functional ingredient within these dietary patterns, offering an additional layer
of metabolic and inflammatory modulation. Its use could be particularly valuable in early CKD stages

or in patients with metabolic syndrome at risk of renal deterioration.
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Looking forward, future research should focus on:

e Conductingrandomized controlled trials in CKD patients to assess the efficacy of standardized
Morus alba preparations on renal function markers (eGFR, albuminuria, cystatin C) and clinical
outcomes.

e Exploring its role in combination therapies, including with antihypertensive or antidiabetic
medications.

e Investigating microbiota-mediated mechanisms using metagenomics and metabolomics to
better understand its impact on the gut—kidney axis.

e Evaluating the long-term safety and tolerability of chronic Morus alba supplementation.

e Defining optimal doses, treatment durations, and patient populations that may benefit the

most.

In summary, Morus alba emerges as a multifunctional plant with potential to contribute to CKD
prevention and management through its antioxidant, anti-inflammatory, antidiabetic,
antihypertensive, hypolipidemic, and microbiota-modulating properties. While the current body of
evidence is encouraging, it remains largely exploratory. Advancing from experimental promise to
clinical application will require robust, multidisciplinary research efforts aimed at validating its

efficacy, ensuring its safety, and establishing evidence-based guidelines for its use in nephrology.

19



References:

1

10.

11.

12.

13.

14.

15.

16.

Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe M, et al. Global, regional, and
national burden of chronic kidney disease, 1990—2017: a systematic analysis for the Global
Burden of Disease Study 2017. The Lancet. 2020;395(10225):709-33.

Sundstrom J, Bodegard J, Bollmann A, Vervloet MG, Mark PB, Karasik A, et al. Prevalence,
outcomes, and cost of chronic kidney disease in a contemporary population of 2:4 million
patients from 11 countries: The CaReMe CKD study. The Lancet Regional Health - Europe.
2022;20:100438.

Foreman KJ, Marquez N, Dolgert A, Fukutaki K, Fullman N, McGaughey M, et al. Forecasting
life expectancy, years of life lost, and all-cause and cause-specificmortality for 250 causes of
death:reference and alternative scenarios for 2016—40 for 195 countries and territories. The
Lancet. 2018;392(10159):2052-90.

Gorostidi M, Sdnchez-Martinez M, Ruilope LM, Graciani A, de la Cruz JJ, Santamaria R, et al.
Prevalencia de enfermedad renal crénica en Espaiia: impacto de la acumulacion de factores
de riesgo cardiovascular. Nefrologia. 2018;38(6):606—15.

National Kidney Foundation. K/DOQI clinical practice guidelines for chronic kidney disease:
evaluation, classification, and stratification. Am J Kidney Dis. 2002;39(2 Suppl 1):5S1-266.
Kovesdy CP. Epidemiology of chronickidney disease: an update 2022. Kidney Int Suppl (2011).
2022;12(1):7-11.

Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan CA, Lasserson DS, et al. Global Prevalence of
Chronic Kidney Disease — A Systematic Review and Meta-Analysis. PLoS One.
2016;11(7):e0158765.

Kim SM, Jung JY. Nutritional management in patients with chronic kidney disease. Korean J
Intern Med. 2020;35(6):1279-90.

NaberT, Purohit S. Chronic Kidney Disease: Role of Diet for a Reductionin the Severity of the
Disease. Nutrients. 2021;13(9):3277.

Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, CarreroJJ, Chan W, et al. KDOQI Clinical
Practice Guideline for Nutrition in CKD: 2020 Update. American Journal of Kidney Diseases.
2020;76(3):51-107.

Pérez-Torres A. Mundo vegetal y enfermedad renal crénica: ériesgo o beneficio? Enfermeria
Nefroldgica. 2022;25(2):110-2.

Mozaffari H, Ajabshir S, Alizadeh S. Dietary Approaches to Stop Hypertension and risk of
chronic kidney disease: A systematic review and meta-analysis of observational studies.
Clinical Nutrition. 2020;39(7):2035-44.

Caldiroli L, Molinari P, Abinti M, Rusconi C, Castellano G, VettorettiS. Can Mediterranean Diet
Have a Positive Impact on Kidney Health? A Pending Answer to a Long-Time Question.
Nutrients. 2022;14(20):4366.

Charkviani M, Thongprayoon C, Tangpanithandee S, Krisanapan P, Miao J, Mao MA, et al.
Effects of Mediterranean Diet, DASH Diet, and Plant-Based Diet on Outcomes among End
Stage Kidney Disease Patients: A Systematic Review and Meta-Analysis. Clin Pract.
2022;13(1):41-51.

Kelly JT, Palmer SC, Wai SN, Ruospo M, Carrero JJ, CampbellKL, et al. Healthy Dietary Pattems
and Risk of Mortality and ESRD in CKD: A Meta-Analysis of Cohort Studies. Clinical Journal of
the American Society of Nephrology. 2017;12(2):272-9.

Batiha GES, Al-Snafi AE, Thuwaini MM, Teibo JO, Shaheen HM, Akomolafe AP, et al. Morus
alba: a comprehensive phytochemical and pharmacological review. Naunyn Schmiedebergs
Arch Pharmacol. 2023;396(7):1399-413.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

He X, Fang J, Ruan Y, Wang X, Sun Y, Wu N, et al. Structures, bioactivities and future
prospective of polysaccharides from Morus alba (white mulberry): A review. Food Chem.
2018;245:899-910.

Gao X-h,ZhangS-d, Wang L-t, Yu L, Zhao X-I, Ni H-y, Wang Y-q, WangJ-d, Shan C-h, Fu Y-j. Anti-
Inflammatory Effects of Neochlorogenic Acid Extract from Mulberry Leaf (Morus alba L.)
Against LPS-Stimulated Inflammatory Response through Mediating the AMPK/Nrf2 Signaling
Pathway in A549 Cells. Molecules. 2020; 25(6):1385.

Duni A, Liakopoulos V, Roumeliotis S, Peschos D, Dounousi E. Oxidative Stress in the
Pathogenesis and Evolution of Chronic Kidney Disease: Untangling Ariadne’s
Thread. International Journal of Molecular Sciences. 2019; 20(15):3711.

Wang Y, Xiang L, Wang C, Tang C, He X. Antidiabetic and antioxidant effects and
phytochemicals of mulberry fruit (Morus alba L.) polyphenol enhanced extract. PLoS One.
2013;8(7):e71144.

Vaziri ND, Zhao YY, Pahl M V. Altered intestinal microbial flora and impaired epithelial barrier
structure and function in CKD: the nature, mechanisms, consequences and potential
treatment. Nephrology Dialysis Transplantation. 2016;31(5):737-46.

Li Q, Liu F, Liu J, Liao S, Zou Y. Mulberry leaf polyphenols and fiber induce synergistic
antiobesity and display a modulation effect on gut Microbiota and metabolites. Nutrients.
2019;11(5):1017.

Wang Y, Ai Q, Gu M, Guan H, Yang W, Zhang M, et al. Comprehensive overview of different
medicinal parts from Morus alba L.: chemical compositions and pharmacological activities.
Front Pharmacol. 2024;15:1364948.

Sato Y, Itagaki S, Kurokawa T, et al. In vitro and in vivo antioxidant properties of chlorogenic
acid and caffeic acid. Int J Pharm. 2011;403(1-2):136-138.2010.09.035

Kim HG, JuMS, Shim JS, et al. Mulberry fruit protects dopaminergicneuronsin toxin-induced
Parkinson's disease models. BrJ Nutr. 2010;104(1):8-16.

Nati¢ MM, Dabi¢ DC, Papetti A, et al. Analysis and characterisation of phytochemicals in
mulberry (Morus alba L.) fruits grown in Vojvodina, North Serbia. Food Chem. 2015;171:128-
136.

Yu JS, Lim SH, Lee SR, Choi Cl, Kim KH. Antioxidant and Anti-Inflammatory Effects of White
Mulberry (Morus albal.) Fruits on Lipopolysaccharide-Stimulated RAW 264.7
Macrophages. Molecules. 2021Feb;26(4):920.

Hu X-Q, Jiang L, Zhang J-G, Deng W, Wang H-L, Wei Z-J. Quantitative determination of 1-
deoxynojirimycin in mulberry leaves from 132 varieties. Ind Crops Prod. 2013;49:782—4.
Chen C, Mohamad Razali UH, Saikim FH, Mahyudin A, Mohd Noor NQI. Morus alba L. plant:
Bioactive compounds and potential as a functional food ingredient. Foods. 2021;10(3):689.
Hao J-Y, Wan Y, Yao X-H, Zhao W-G, Hu R-Z, Chen C, et al. Effect of different plantingareas on
the chemical compositions and hypoglycemic and antioxidant activities of mulberry leaf
extracts in Southern China. PLoS One. 2018;13(6):e0198072.

Matés JM, Pérez-Gémez C, Nunez de Castro|. Antioxidant enzymes and human diseases. Clin
Biochem. 1999;32(8):595—-603.

Sugiyama M, Katsube T, Koyama A, Itamura H. Effect of solar radiation on the functional
components of mulberry (Morus alba L.) leaves. J Sci Food Agric. 2016;96(11):3915-3921.
American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes
Care. 2013;36, S67-74.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

Zhang L, SuS, Zhu Y, Guo J, Guo S, Qian D, et al. Mulberry leaf active components alleviate
type 2 diabetes andits liver and kidney injury in db/db mice through insulin receptorand TGF-
B/Smads signaling pathway. Biomed Pharmacother. 2019;112(108675):108675.

LiQ, Wangy, DaiY, ShenW, Liao S, Zou Y. 1-Deoxynojirimycin modulates glucose homeostasis
by regulating the combination of IR-GIUT4and ADIPO-GLUT4 pathwaysin 3T3-L1 adipocytes.
Mol Biol Rep. 2019;46(6):6277—85.

Suthamwong P, MinamiM, OkadaT, Shiwaku N, UesugiM, Yokode M, et al. Administration of
mulberry leaves maintains pancreatic B-cell mass in obese/type 2 diabetes mellitus mouse
model. BMC Complement Med Ther. 2020;20(1):136.

MengQ, Qi X, FuY, ChenQ, ChengP, Yu X, et al. Flavonoids extracted from mulberry (Morus
alba L.) leaf improve skeletal muscle mitochondrial function by activating AMPK in type 2
diabetes. J Ethnopharmacol. 2020;248(112326):112326.

Cai S, Sun W, FanY, Guo X, Xu G, Xu T, et al. Effect of mulberry leaf (Folium Mori) on insulin
resistance via IRS-1/PI13K/Glut-4 signalling pathway in type 2 diabetes mellitus rats. Pharm
Biol. 2016;54(11):2685-91.

Jiao Y, Wang X, Jiang X, Kong F, Wang S, Yan C. Antidiabetic effects of Morus alba fruit
polysaccharides on high-fat diet- and streptozotocin-induced type 2 diabetes in rats. J
Ethnopharmacol. 2017;199:119-27.

Thaipitakwong T, Supasyndh O, Rasmi Y, Aramwit P. A randomized controlled study of dose-
finding, efficacy, and safety of mulberry leaves on glycemic profiles in obese persons with
borderline diabetes. Complement Ther Med. 2020;49(102292):102292.

Lauder L, Mahfoud F, Azizi M, Bhatt DL, Ewen S, Kario K, et al. Hypertension management in
patients with cardiovascular comorbidities. Eur Heart J. 2023;44(23):2066—77.

Arendshorst WJ, VendrovAE, Kumar N, GaneshSK, MadamanchiNR. Oxidative stressin kidney
injury and hypertension. Antioxidants (Basel). 2024;13(12).

Sun D, Wang J, Shao W, Wang J, Yao L, Li Z, et al. Pathogenesis and damage targets of
hypertensive kidney injury. J Transl Int Med. 2020;8(4):205-9.

Yang N-C, Jhou K-Y, Tseng C-Y. Antihypertensive effect of mulberry leaf aqueous extract
containing y-aminobutyric acid in spontaneously hypertensive rats. Food Chem.
2012;132(4):1796—801.

NaowabootJ, PannangpetchP, Kukongviriyapan V, Kukongviriyapan U, NakmareongSS, Itharat
A. Mulberry leaf extract restores arterial pressure in streptozotocin-induced chronic diabetic
rats. Nutr Res. 2009;29(8):602—8.

Nawaz S, Chinnadurai R, Al-Chalabi S, Evans P, Kalra PA, Syed AA, et al. Obesity and chronic
kidney disease: A current review. Obes Sci Pract. 2023;9(2):61-74.

Alicic RZ, Rooney MT, Tuttle KR. Diabetic kidney disease: Challenges, progress, and
possibilities. Clin J Am Soc Nephrol. 2017;12(12):2032—-45.

Lim HH, Yang SJ, Kim Y, Lee M, Lim Y. Combined treatment of mulberry leaf and fruit extract
ameliorates obesity-related inflammation and oxidative stressin high fat diet-induced obese
mice. ] Med Food. 2013;16(8):673—80.

Yang SJ, Park N-Y, Lim Y. Anti-adipogenic effect of mulberry leaf ethanol extract in 3T3-L1
adipocytes. Nutr Res Pract. 2014;8(6):613—7.



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Oh K-S, Ryu SY, Lee S, Seo HW, Oh BK, Kim YS, et al. Melanin-concentrating hormone-1
receptor antagonism and anti-obesity effects of ethanolic extract from Morus alba leaves in
diet-induced obese mice. J Ethnopharmacol. 2009;122(2):216—20.

Alloubani A, Nimer R, Samara R. Relationship between hyperlipidemia, cardiovascular disease
and stroke: A systematic review. Curr Cardiol Rev. 2021;17(6):e051121189015.

Zhang XL, WangBY, YangJ, etal. Serum lipids and risk of rapid renalfunction decline in treated
hypertensive adults with normal renal function. Am J Hypertens, 2019; 32, 393-401.

Wan EYF, Yu EYT, Chin WY, et al. Greater variability in lipid measurements associated with
kidney diseases in patients with type 2 diabetes mellitus in a 10-year diabetes cohort study.
Sci Rep, 2021; 11, 8047.

Kim Y, Lee S, Lee Y, et al. Predictive value of triglyceride/highdensity lipoprotein cholesterol
for major clinical outcomes in advanced chronic kidney disease: a nationwide
populationbased study. Clin Kidney J, 2021; 14, 1961-8.

Chan EW-C, Lye P-Y, Wong S-K. Phytochemistry, pharmacology, and clinical trials of Morus
alba. Chin J Nat Med. 2016;14(1):17-30.

Jo S-P, Kim J-K, Lim Y-H. Antihyperlipidemic effects of stilbenoidsisolated from Morus alba in
rats fed a high-cholesterol diet. Food Chem Toxicol. 2014;65:213—8.

Chen J, Li X. Hypolipidemic effect of flavonoids from mulberry leaves in triton WR-1339
induced hyperlipidemic mice. Asia PacJ Clin Nutr. 2007;16 Suppl 1:290-4.

HuY, XuJ,ChenQ, Liu M, WangSs§, Yu H, etal. Regulation effects of total flavonoidsin Morus
alba L. on hepatic cholesteroldisordersin orotic acid induced NAFLD rats. BMC Complement
Med Ther. 2020;20(1):257.

Aramwit P, Petcharat K, Supasyndh O. Efficacy of mulberry leaf tablets in patients with mild
dyslipidemia. Phytother Res. 2011;25(3):365-9.

NtaloukaF, Tsirivakou A. Morus alba: natural and valuable effects in weight loss management.
Front Clin Diabetes Healthc. 2024;5:1395688.

Wei Q-H, Pan Y-B, Tian L-L, Wang Y-S, Wang J-Y, Liu X, et al. Sang-Bai-Pi extract and its
constituent regiafuran C ameliorate renal fibrosis through TGF-B/Smad and Wnt/B-catenin
signaling pathways. Phytomedicine. 2025;136(156351):156351.

Li C, Liu Q, JiW, FuY, Cao H, Huan Y, et al. New anti-diabetic drug Morus alba L. (Sangzhi)
alkaloids (SZ-A) improves diabetic nephropathy through ameliorating inflammation and
fibrosis in diabetic rats. Front Med (Lausanne). 2023;10:1164242.

Taghizadeh M, Soleimani A, Bahmani F, Moravveji A, Asadi A, Amirani E, et al. Metabolic
response to mulberry extract supplementation in patients with diabetic nephropathy: A
randomized controlled trial. Iran J Kidney Dis. 2017;11(6):438—46.

Fauzi A, Titisari N, Noor MHM, Azlan A, Hamzah H. Therapeutic effect of Morus alba leaf
extract and chlorogenic acid on inhibiting the progression of kidney disease. Cogent Food
Agric. 2024;10(1).

Nguyen NK, Nguyen HTT, Mai TP, Trinh QV, Duong NT, Pham PX, et al. Protective effects of
Morus alba Linn leaf extract on streptozotocin-induced diabeticnephropathy in mice model.
Phytomed Plus. 2025;5(3):100819.

S Alanazi A, Anwar MJ, Alam MN. Hypoglycemicand Antioxidant Effect of Morus alba I. Stem
Bark Extracts in Streptozotocin-Induced Diabetes in Rats. J Appl Pharm. 2017;09(01).

Mo J, Ni J, Zhang M, et al. Mulberry Anthocyanins Ameliorate DSS-Induced Ulcerative Colitis
by Improving Intestinal Barrier Function and Modulating Gut Microbiota. Antioxidants (Basel).
2022;11(9):1674.



68.

69.

70.

71.

72.

Hung T-W, Yang M-Y, Yu M-H, Tsai I-N, Tsai Y-C, Chan K-C, et al. Mulberry leaf extract and
neochlorogenic acid ameliorate glucolipotoxicity-induced diabetic nephropathy in high-fat
diet-fed db/db mice. Food Funct. 2023;14(19):8975—86.

Tian S, Wang M, Liu C, Zhao H, Zhao B. Mulberry leaf reduces inflammation and insulin
resistance in type 2 diabetic mice by TLRs and insulin Signalling pathway. BMC Complement
Altern Med. 2019;19(1):326.

Lin Z, Gan T, Huang Y, Bao L, Liu S, Cui X, etal. Anti-inflammatory activity of mulberry leaf
flavonoids in vitro and in vivo. Int ] Mol Sci. 2022;23(14):7694.

Lee, M.R., Kim, J.E., Park, J.W. et al. Fermented mulberry (Morus alba) leaves suppress high
fat diet-induced hepatic steatosis through amelioration of the inflammatory response and
autophagy pathway. BMC Complement Med Ther. 2020;20(1):283.

He L, Xing Y, Ren X, Zheng M, Yu S, Wang Y, Xiu Z, Dong Y. Mulberry Leaf Extract Improves
Metabolic Syndrome by Alleviating Lipid Accumulation In Vitro and In Vivo. Molecules. 2022;
27(16):5111.



