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ABSTRACT  

Hesperidin and hesperetin, two flavonoids with potential therapeutic value, have been extensively studied in the 

context of diabetes management. The main objective of this research is to ascertain their potential as therapeutic 

options for managing diabetes and its complications. The present study utilized a systematic review methodology 

and comprehensively explored relevant literature from databases, including PubMed, Scopus, and Web of Science, 

from inception until July 2023. The review summarized the outcomes related to the molecular, cellular, and met-

abolic effects of hesperidin and hesperetin in diabetes and its complications. Hesperetin exhibits a potential treat-

ment for preventing diabetes and its associated complications through modulation of inflammatory cytokine re-

lease and expression via the pathway of signaling through Toll-like receptor/Myeloid differentiation factor 88/Nu-

clear factor-kappa B. Hesperidin shows promise as a biomolecule for treating diabetic neuropathy, primarily 

through activation of nuclear factor erythroid 2-related factor 2 (Nrf-2), as an antioxidant-response element sig-

naling, leading to neuroprotective effects. Both compounds demonstrated the ability to normalize blood glucose 

levels and reduce serum and liver lipid levels, making them potential candidates for managing hypoglycemia and 

hypolipidemia in diabetes. Hesperidin also showed potential benefits against diabetic nephropathy by suppressing 

transforming growth factor-β1-integrin-linked kinase-Akt signaling and enhancing renal function. Furthermore, 

hesperidin's antioxidant, anti-inflammatory, and anti-depressant effects in diabetic conditions expanded its poten-

tial therapeutic applications. This systematic review provides substantial evidence supporting the consideration of 
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hesperidin and hesperetin for diabetes and its complications. It offers exciting possibilities for developing novel, 

cost-effective treatment options to enhance diabetes management and patient outcomes. 

 

Keywords: Hesperidin, hesperetin, diabetes, diabetes complications, inflammation, oxidative stress 

 

 

Abbreviations 

 
5-HT 5-hydroxytryptamine 

8-OhdG 8-hydroxy-20-deoxyguanosine 

AchE Acetyl Cholinesterase 

ACVRL1 Activin A receptor-like type 1 

ADAM9 A disintegrin and a metalloproteinase 9 

AGEs Advanced glycation end products 

AIP Atherogenic index of plasma 

ALP Alkaline phosphatase 

ALT Alanine aminotransferase 

AMPK AMP (adenosine monophosphate)  

Activated protein kinase 

Ang-1 Angiopoietin-1 

AR Aldose reductase 

ARE Antioxidant-response element 

AST Aspartate aminotransferase 

b.w. Body Weight 

BDNF Brain-derived neurotrophic factor 

BUN Blood urea nitrogen 

CAT Catalase 

CD Cyclodextrin 

CES Cholesterol ester synthetase  

CHOP CCAAT-enhancer-binding protein 

(C/EBP) homologous protein 

ChREBP carbohydrate response element-binding 

protein 

CK Creatine kinase 

CK-MB Creatine kinase myoglobin binding 

CNS Central nervous system 

CoIV Type IV collagen 

COX-2 Cyclooxygenase-2 

CREB cAMP response element-binding  

protein 

CRP C-reactive protein 

DA Dopamine 

DAP Diastolic arterial pressure 

DM Diabetes mellitus 

DN Diabetic nephropathy 

DNP Diabetic neuropathy 

ECs Endothelial cells 

eIF2-α Eukaryotic initiation factor 2 subunit  

alpha 

EPM Elevated plus maze  

ER Endoplasmic reticulum 

ERK Extracellular signal−regulated kinase 

FBG Fasting blood glucose 

FBS Fasting blood sugar 

FGF-23 Fibroblast growth factor-23 

FINS Fasting insulin 

FN Fibronectin 

FST Forced swimming test 

GDM Gestational diabetes mellitus 

GK Glucokinase 

Glo-1 Glyoxalase 1 

GOT Glutamate oxaloacetate transferase 

GPx Glutathione peroxidase 

GR Glutathione Reductase 

GRP78 Glucose-regulated protein 78 

GSH Glutathione 

GSH-Px Glutathione peroxidase 

GSI Gonadosomatic index 

GSK-3β Glycogen synthase kinase-3β 

GST Glutathione-S-transferase 

H&E Hematoxylin and eosin 

HAEC Human aortic endothelial cell 

HbA1c Glycated hemoglobin 

HBT Hole board test 

HDL High-density lipid-protein 

HDP Hydroxyproline 

HG High glucose 

HMG-CoA 

reductase Hydroxymethylglutaryl-CoA reductase 

HO-1 Heme oxygenase-1 

HOMA-IR Homeostasis model of insulin resistance 

I/R Ischemia and reperfusion 

ICAM-1 Intercellular adhesion molecule-1 

ICR mice Institute of Cancer Research mice 

IL-1β Interleukin-1 beta 

IL-6 Interleukin-6 

ILK Integrin-linked kinase 

iNOS inducible nitric oxide synthase 

IP Intraperitoneal injection 

IR Insulin receptor 

IRS-1 Insulin receptor substrate 1 

ISO Isoproterenol 

ITGAV Integrin α-V 

JNK Jun N-terminal kinases 

Kv Voltage-dependent K+ 

LCAT Lecithin Cholesterol acyl transferase 

LDH Lactate dehydrogenase 

LDL Low-density lipid-protein 

LPL Lipoprotein lipase 

LPO Lipid peroxidation  

LPS Lipopolysaccharide 

LVEDP Left ventricular end-diastolic pressure 

LVEF Left ventricular ejection fraction 

LVFS Left ventricular fractional shortening 

MafA v-maf musculoaponeurotic fibrosar-

coma oncogene family protein A 

MAO Monoamine oxidase 

MAP Mean arterial pressure  

MBT Marble burying test 

MCEW Mean cauda epididymis weights 

MCP-1 Monocyte chemoattractant protein-1 

MDA Malondialdehyde 
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MI Myocardial infarction 

MPO Myeloperoxidase 

MTW Mean testis weights 

MyD88 Myeloid differentiation factor 88 

N2a Neuro 2A 

NE Norepinephrine 

NF-κB Nuclear factor kappa B 

NIC Nicotinamide 

NO Nitric oxide 

Nox2 NADPH oxidase 2 

NP-SH Nonprotein sulfhydryls 

Nrf2 Nuclear factor erythroid 2-related factor 

2 

OFT Open field test 

OGTT Oral glucose tolerance test 

PARP Poly (ADP-ribose) polymerase 

PAS Periodic acid-Schiff 

PC Protein carbonyl 

PCCB Propionyl CoA carboxylase β 

PCNA Proliferating cell nuclear antigen 

PDK1 Phosphoinositide-dependent kinase 1 

PDX-1 Pancreatic-duodenal homeobox-1 

PERK Protein kinase R-like endoplasmic retic-

ulum kinase 

PGE2 Prostaglandin E2 

PKA Protein kinase A 

PPAR Peroxisome proliferator-activator recep-

tor 

QFA Quzhou Fructus aurantii 

QUICKI Quantitative insulin sensitivity check 

index 

RAGE Receptor for advanced glycation end 

products 

RCA Rat coronary artery 

RCASMC Rat coronary arterial smooth muscle 

cell 

RNA pol II RNA polymerase II 

ROS Reactive oxygen species 

SAP Systolic arterial pressure  

SIRT Sirtuin 

SMAD Suppressor of Mothers against 

Decapentaplegic 

SOCS-3 Suppressor of cytokine signaling-3 

SOD Superoxide dismutase 

STZ Streptozotocin 

T2DM Type 2 diabetes mellitus 

TAC Total antioxidant capacity 

TBARS Thiobarbituric acid reactive substances 

TC Total cholesterol 

TG Triglycerides 

TGFBR2 Transforming growth factor-β receptor 

type 2 

TGF-β1 Transforming growth factor-β1 

TLR Toll-like receptor 

TNF-α Tumor necrosis factor-alpha 

TRPM2 Transient receptor potential melastatin 

2 

TUNEL Terminal deoxynucleotidyl transferase 

dUTP nick end labeling 

TXNIP Thioredoxin-interacting protein 

VCAM1 Vascular cell adhesion molecule 1 

VEGF Vascular endothelial growth factor 

VEGFR Vascular endothelial growth factor  

receptors 

VLDL Very low-density lipid-protein 

XO Xanthine oxidase 

α-KL Alpha-klotho 

α-SMA Alpha-smooth muscle actin  

γ-GCS Gamma-glutamylcysteine synthetase 

 

 

INTRODUCTION  

Diabetes, a chronic condition resulting 

from insufficient insulin production or utiliza-

tion, presents a major global health challenge, 

with potential complications such as cardio-

vascular diseases (Gholoobi et al., 2021), 

nerve damage, kidney damage, lower-limb 

amputation, and eye diseases (Rakhshandeh 

et al., 2022). Type 1 diabetes, prevalent in 

childhood, necessitates lifelong insulin ther-

apy for survival (Vanderniet et al., 2022). On 

the other hand, type 2 diabetes, responsible 

for over 90 % of global cases, offers the po-

tential for prevention and delay (Majety et al., 

2023). Prediabetes identifies individuals at 

higher risk for type 2 diabetes and related 

complications (Roohbakhsh et al., 2020). Ad-

ditionally, gestational diabetes poses risks to 

both mothers and babies during pregnancy 

and birth (Sweeting et al., 2022). 

Approximately 537 million adults aged 

20-79 live with diabetes, accounting for about 

10.5 % of this age group worldwide. Disturb-

ingly, projections indicate a steady rise in 

prevalence, with estimates forecasting 643 

million affected individuals (11.3 %) by 2030 

and a further escalation to 783 million 

(12.2 %) by 2045 (Russo et al., 2023). Undi-

agnosed diabetes presents a significant chal-

lenge, affecting around 240 million people 

globally, with higher prevalence in countries 

with low- and middle-income (Yoshida et al., 

2023). Proper management of diabetes is cru-

cial to prevent complications and improve 

overall health (Akhlaghipour et al., 2023).  

Hesperidin and hesperetin (Figure 1), two 

potent bioactive compounds inherent to citrus 

fruits, display impressive antioxidant capabil-

ities and wield a diverse range of biological  
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effects, holding substantial promise for both 

preventing and treating various diseases 

(Franke et al., 2018; Iskender et al., 2017; 

Khorasanian et al., 2023). Hesperidin, identi-

fied as hesperetin 7-rhammnoglucoside, rep-

resents a glycoside variation of hesperetin and 

is a notable flavanone present in significant 

quantities within fruits such as tangerines, 

lemons, oranges, limes, and grapefruits 

(Askari et al., 2020; Rahmani et al., 2023). 

The hesperidin content ranges from 20–60 mg 

in oranges, 8–46 mg in tangerines, 4–41 mg 

in lemons, and 2–17 mg in grapefruits per 100 

mL of juice. The peel's outer and soft middle 

layers contain more hesperidin than hand-

squeezed juice, making commercial juices 

with peel components a rich source (Ghadiri 

et al., 2021). Additionally, hesperidin is pre-

sent not only in citrus fruits but also in mint 

plants, honeybush, and flavored tea (Garg et 

al., 2001; Pyrzynska, 2022). These encom-

pass the modulation of oxidative stress, re-

duction of inflammation, facilitation of nitric 

oxide synthesis, control of hypertension, 

combatting infections, and regulation of 

apoptosis (Buzdağlı et al., 2022). Its multifac-

eted impact positions hesperidin as a compel-

ling candidate for addressing conditions such 

as cardiovascular disorders, metabolic syn-

drome, non-alcoholic fatty liver disease 

(NAFLD), and insulin resistance (Khorasa-

nian et al., 2023; Shams-Rad et al., 2020). 

Meanwhile, hesperetin, another notewor-

thy flavanone, is notably present in citrus 

fruits such as grapes, lemons, and oranges, 

primarily appearing as hesperidin in the peel 

of Citrus aurantium L. (Evans et al., 2022). 

Upon ingestion, hesperidin undergoes con-

version into its bioactive form, hesperetin, a 

pivotal transformation that underscores its po-

tential applications. Noteworthy advantages 

of hesperetin include ease of extraction, con-

sistent and stable biological activity, and a 

spectrum of benefits ranging from antioxidant 

potency and cardiovascular modulation to 

safeguarding the nervous system, mitigating 

allergic responses, inhibiting microbial activ-

ity, and even showing potential anti-cancer 

properties (Kumar et al., 2017). 

This systematic review analyzes the liter-

ature to provide a comprehensive overview of 

the therapeutic potential of hesperidin and 

hesperetin in diabetes management. By ex-

ploring their molecular, cellular, and meta-

bolic effects, the review aims to enhance un-

derstanding of their pharmacological proper-

ties and implications for diabetes treatment. 

The synthesis may guide the development of 

targeted interventions to improve diabetes 

management and patient outcomes. 

 

METHODS 

The research question for this systematic 

review is to assess the molecular, cellular, and 

metabolic effects of hesperidin and hesperetin 

use in diabetes. The systematic review proto-

col was developed to outline the objectives 

and methods of the review, including the se-

lection criteria for studies. Databases includ-

ing Scopus, PubMed, and Web of Science 

from Incept to July 2023 were utilized to con-

duct a comprehensive literature search. The 

search terms and keywords used to identify 

relevant studies included hesperidin, hes-

peretin, Diabetes, Diabetic, Complications of 

Diabetes Mellitus, Diabetes Complication, 

Diabetes Complications, Diabetes Mellitus 

Complication, Diabetes Mellitus Compli-

Figure 1: Molecular 
configuration of hes-
peridin and hes-
peretin 
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cations, Diabetes Mellitus Experimental, Dia-

betes Mellitus Lipoatrophic, Diabetes Melli-

tus Type 1, Diabetes Mellitus Type 2, Diabe-

tes-Related Complications, Diabetes Gesta-

tional, Diabetes-Related Complication, Dia-

betes-Related Complications, Diabetic Angi-

opathies, Diabetic Cardiomyopathies, Dia-

betic Coma, Diabetic Complication, Diabetic 

Complications, Diabetic Foot, Diabetic Ke-

toacidosis, Diabetic Nephropathies, Diabetic 

Neuropathies, Diabetic Retinopathy, Diet Di-

abetic, Donohue Syndrome, Fetal Macro-

somia, Gastroparesis, Glucose Intolerance, 

Glycation End Products Advanced, Hyper-

glycemic Hyperosmolar Nonketotic Coma, 

Latent Autoimmune Diabetes in Adults, Pre-

diabetic State, Scleredema Adultorum, and 

Wolfram Syndrome. 

The method of choosing studies relied on 

predetermined criteria for inclusion and ex-

clusion. The research was incorporated if it 

explored the impacts of hesperidin and hes-

peretin within the diabetes context, involving 

molecular, cellular, or metabolic outcomes. 

The inclusion criteria encompassed studies 

published in English, original research arti-

cles, and those available in full text. Exclu-

sion criteria involved studies that were review 

articles, book chapters, those written in lan-

guages other than English, and those with no 

access to full-text articles.  

The initial search yielded a total of 305 ar-

ticles. After removing duplicates (235), non-

English articles (2), book chapters (2), and re-

view articles (7), there were 59 articles re-

maining. After screening titles and abstracts 

for relevance, 16 articles were deemed irrele-

vant and excluded. Additionally, 1 article 

could not be accessed in full text. Finally, 42 

articles met our inclusion criteria and were in-

cluded in the final review (Figure 2). Data 

was extracted from each included study using 

a standardized data extraction form. The ex-

tracted information included study character-

istics (e.g., authors, publication year, research 

structure), number of participants, traits of the 

participants, treatments (amount and length of 

hesperidin and hesperetin application), out-

comes assessed (molecular, cellular, and met-

abolic effects), and any relevant findings or 

results. Due to the heterogeneity of study de-

signs and outcomes, a narrative synthesis ap-

proach was used to summarize the findings. 

The results were categorized based on the mo-

lecular, cellular, and metabolic effects of hes-

peridin and hesperetin in diabetes. 

 

 

Figure 2: The flowchart of the study
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RESULTS 

The main anti-diabetic mechanisms and 

effects of hesperidin and hesperetin are illus-

trated in Figure 3. 

 

In vitro models of diabetes mellitus  

Lee and coworkers investigated the anti-

inflammatory effects of hesperetin, specifi-

cally in the inflammation associated with dia-

betes. THP1 macrophages were used to simu-

late diabetic conditions at the cellular level. 

They were exposed to lipopolysaccharide 

(LPS) under hyperglycemic conditions, and 

the researchers examined how hesperetin in-

fluenced various aspects of inflammation. 

The findings indicated that hesperetin, across 

concentrations spanning 0 to 100 μM over 48 

hours, had no detrimental effects on cell 

viability, indicating its safety. Under hyper-

glycemic conditions with LPS stimulation, 

the levels of pro-inflammatory cytokines tu-

mor necrosis factor-α (TNF-α) and interleu-

kin-6 (IL-6) increased. However, hesperetin 

treatment effectively reduced these eleva-

tions, indicating its potential to alleviate in-

flammation in diabetes (Lee et al., 2021). 

Furthermore, hesperetin inhibited key sig-

naling pathways involved in inflammation, 

specifically Toll-like receptor (TLR) path-

ways, including TLR2/4 and myeloid differ-

entiation factor 88 (MyD88). Additionally, 

hesperetin suppressed the expression and nu-

clear translocation of nuclear factor-κB (NF-

κB), further attenuating the inflammatory re-

sponse. Moreover, hesperetin upregulated the 

expression of sirtuin (SIRT)3 and SIRT6 

 

 
Figure 3: The anti-diabetic effects of hesperidin and hesperetin



EXCLI Journal 2023;22:1235-1263 – ISSN 1611-2156 

Received: September 09, 2023, accepted: November 14, 2023, published: December 04, 2023 

 

 

1241 

proteins, known for their roles in cellular 

stress response and anti-inflammatory activi-

ties. Concentrations ranging from 10 to 50 

μM ensured significant anti-inflammatory ef-

fects without compromising cell viability. In 

conclusion, these results imply that hesperetin 

shows potential as a viable treatment option 

for handling inflammation linked to diabetes, 

presenting a novel avenue for addressing dia-

betic complications through its anti-inflam-

matory properties (Lee et al., 2021). 

In another study, the researchers aimed to 

explore the safeguarding impacts of hes-

peretin and naringenin on pancreatic β cells 

when exposed to elevated glucose levels. 

They conducted experiments using a cell line 

derived from pancreatic β cells known as 

INS-1 as an in vitro model. The cells were in-

vestigated to assess their impact and received 

therapeutic intervention using 100 μM hes-

peretin for 24 hours. The outcomes indicated 

that hesperetin and naringenin successfully 

protected pancreatic β cells against apoptosis 

triggered by elevated glucose levels. This pro-

tective effect was not solely reliant on their 

direct antioxidant capacity. Instead, the com-

pounds were found to inhibit histone acetyla-

tion, specifically H3K18 and H3K27, in a 

dose-dependent manner. Notably, high glu-

cose exposure enhanced histone acetylation in 

pancreatic β cells (Wang et al., 2021). 

Moreover, naringenin and hesperetin 

were found to suppress the expression of Thi-

oredoxin-interacting protein (TXNIP), an es-

sential regulator of high glucose-induced pan-

creatic β cell apoptosis, by preventing the at-

tachment of carbohydrate response element-

binding protein (ChREBP) to the Txnip pro-

moter region. The study also revealed that 

naringenin and hesperetin inhibited histone 

acetylation through AMP (adenosine mono-

phosphate) activated protein kinase (AMPK)-

mediated p300 inactivation. By enhancing 

AMPK activity, these compounds reduced 

p300's acetylating activity, decreasing histone 

acetylation and TXNIP expression. In conclu-

sion, the results highlighted the potential of 

naringenin and hesperetin as protective agents 

for pancreatic β cells under high glucose con-

ditions. Using 100 μM hesperetin in the in 

vitro experiments provided valuable insights 

into its protective effects on pancreatic β cells 

when exposed to high glucose levels for 24 

hours (Wang et al., 2021). 

Chae and Shin investigated the potential 

of different concentrations of hesperidin to 

ameliorate insulin resistance provoked by in-

flammation within the adipose tissue. The re-

search utilized cells of the RAW 264.7 line-

age and mature adipocytes of the 3T3-L1 cell 

line, which received prior treatment with var-

ious doses of hesperidin (5, 50, and 250 μM 

for RAW 264.7 cells and 50 and 100 μM for 

differentiated 3T3-L1 adipocytes) before ex-

posure to inflammatory stimuli (TNF-α or 

LPS). The findings demonstrated that hesper-

idin effectively suppressed the synthesis of in-

flammatory markers such as IL-6, TNF-α, and 

nitric oxide (NO) in a dose-dependent manner 

in RAW 264.7 cells. Additionally, hesperidin 

suppressed TNF-α-induced production of IL-

6 and prostaglandin E2 (PGE2) in 3T3-L1 ad-

ipocytes while upregulating the mRNA levels 

of adiponectin and peroxisome proliferator-

activator receptor (PPAR)-γ, crucial compo-

nents affecting insulin sensitivity. These find-

ings suggest that hesperidin may hold prom-

ise in mitigating inflammation-mediated insu-

lin resistance in adipose tissue (Table 1) 

(Chae and Shin, 2012). 

 

Animal models of diabetes mellitus  

The promising anti-diabetic effects of 

hesperidin and hesperetin have been re-

ported in different animal models of diabetes 

mellitus, including streptozotocin (STZ)-in-

duced diabetes mellitus (Table 2). 
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Table 1: Protective effects of hesperidin and hesperetin against in vitro models of DM 

Com-
pound 

Study  
design 

Study model Results Reference 

Hes-
peretin 

0–100 μM;  
48 h 

Human monocyte cell 
line THP-1 macro-
phages + LPS and 

hyperglycemic condi-
tions 

↓ TNF-α, IL-6; activation of TLR2/4 and 
MyD88; NF-κB and Acetyl-NF-κB 

↑ SIRT3 mRNA 

Lee et al., 
2021 

Hes-
peretin 

100 μM for 24 
hours 

Rat insulinoma INS-1 
cell line cultured with 

glucose 

↓ ROS levels, Cleaved caspase-3, 
Cleaved caspase-9, Cleaved PARP Glu-
cose, Cleaved caspase-3/7, acetylation 

of H3K18 and H3K27, mRNA and protein 
of TXNIP expression, apoptosis (%), 

ChREBP occupancy, RNA pol II occu-
pancy, p300 activity 

↑ Phosphorylation of AMPK 

Wang et 
al., 2021 

Hesper-
idin 

• RAW 264.7 
cells: 

5, 50, 250 μM; 1 
h 

• Differentiated 
3T3-L1 cells: 

50, 100 μM; 1 h 

RAW 264.7 cells 
& 

Differentiated 3T3-L1 
adipocytes 

• RAW 264.7 cells: 
↓ IL-6, TNF-α, NO 

• Differentiated 3T3-L1 adipocytes: 
↓ IL-6, PGE2 

↑ Expression of adiponectin and PPAR-γ 
mRNA 

Chae and 
Shin, 2012 

Abbreviations: AMPK, AMP(adenosine monophosphate) Activated protein kinase; Bax, B-cell lymphoma protein 2 (Bcl-2)-asso-
ciated X; Bcl, B-cell lymphoma protein; cAMP response element-binding protein; DM, Diabetes mellitus; EPM, Elevated plus 
maze; HBT, Hole board test; IL-6, Interleukin-6; LPS, Lipopolysaccharide; MafA, v-maf musculoaponeurotic fibrosarcoma onco-
gene family protein A; MyD88, Myeloid differentiation factor 88; NF-κB, Nuclear factor kappa B; PARP, Poly (ADP-ribose) poly-
merase; PGE2, Prostaglandin E2; PKA, Protein kinase A; RNA pol II, RNA polymerase II; ROS, Reactive oxygen species; SIRT, 
Sirtuin; TLR, Toll-like receptor; TNF-α, Tumor necrosis factor-alpha; TXNIP, Thioredoxin-interacting protein; 8-OHdG, 8-hydroxy-
20-deoxyguanosine.  
 

Table 2: Protective effects of hesperidin and hesperetin against animal models of DM 

Com-
pound 

Dose Study model Results Reference 

Hes-
peridin 

100 mg/kg; 
orally for 15 
days, daily 

STZ-induced 
DM among 

male Wistar al-
bino rats 

↓ Blood glucose, AST, ALT, urea, MDA, 
liver NF-kB, kidney NF-kB 

↑ SOD, CAT, liver SIRT-1, kidney SIRT-1 

Iskender et al., 
2017 

Hes-
peretin 

50 mg/kg/day; 
orally for six 

weeks 

Diabetic db/db 
mice 

↓ Glucose intolerance, FBG level, islet cell 
apoptosis (caspase-3, caspase-9, PARP), 

TUNEL positive β-cells, acetylation of 
H3K18 and H3K27, TXNIP expression, 

p300 activity 
↑ Serum insulin levels, islet size, and 

mass, MafA, phosphorylation of AMPK 

Wang et al., 
2021 

Hes-
peridin 

50 mg/kg; orally 
for 30 days, 

daily 

STZ-induced 
DM in white 

male albino rats 
(Rattus norvegi-

cus) 

↓ HbA1c %, total cholesterol, triglycerides, 
LDL-cholesterol, VLDL-cholesterol, Free 
fatty acid, HOMA-IR, liver HMG-CoA re-

ductase activity, AST, LDH, CK-MB, 
TC/HDL, LDL/HDL, serum resistin 

↑ Insulin, liver glycogen, muscle glycogen, 
HDL-cholesterol, serum adiponectin 

Ahmed et al., 
2012 

Hes-
peretin 

10 mg/kg/day; 
intraperitoneally 

for six weeks 

STZ-induced 
DM in male 
Wistar rats 

↓ Serum glucose level, serum total choles-
terol, LDL-cholesterol 

Roghani et al., 
2010 

Hes-
peretin 

40 mg/kg; orally 
for 45 days, 

daily 

STZ-induced 
DM in male al-
bino Wistar rats 

↓ Gluconeogenic enzymes, Plasma glu-
cose, total cholesterol, triglycerides, free 

fatty acids, phospholipids, ALT, AST, ALP, 
urea, creatinine, uric acid 

↑ Plasma insulin, glycolytic enzymes, He-
patic glycogen, SOD, GST, CAT, GPx 

Revathy et al., 
2018 
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Com-
pound 

Dose Study model Results Reference 

Hesper-
idin 

10 mg/kg; 
orally for four 
weeks, daily 

STZ-induced 
(T1D) in male 

Wistar rats 

↓ Blood glucose, G6Pase, serum TG, TC, 
LDL, VLDL, liver TG, liver TC 

↑ Insulin, GK, adiponectin, HDL, HDL/TC 

Akiyama et al., 
2010 

Hesper-
idin 

100 mg/kg; 
orally for two 
weeks, daily 

STZ-induced 
DM in Sprague-

Dawley adult 
male rats 

↓ BUN, creatinine, Serum glucose, AST, 
ALT; FGF-23 levels in serum and renal tis-
sue; MDA levels in serum, renal, and liver 

tissue 
↑ Concentrations of α-KL in the serum, kid-

ney, and liver tissue 

Dokumacioglu 
et al., 2019 

Hesper-
idin 

100 mg/kg; 
orally for four 
weeks, daily 

STZ-induced 
DM in Sprague-

Dawley male 
rats 

↓ Fasting blood glucose, Bax, cleaved 
caspase 3, TNF-α, MDA, cleaved PARP 
proteins, ER stress marker GRP78, and 

CHOP proteins in the pancreas 
↑ Body weight, pancreatic and serum insu-
lin, food intake, pancreatic PDX-1 protein, 

GPx, SOD, Bcl-xL protein 

Hanchang et 
al., 2019 

Hesper-
idin 

1.25, 2.5, 5 
mg/kg; po for 
19 days, daily 

STZ-induced 
GDM in preg-
nant Swiss al-

bino Wistar rats 

↓ Blood glucose, serum AGEs, placental 
weight, placental index, total cholesterol, 
triglycerides, LDL, VLDL, HbA1c, FINS, 
free fatty acid, serum C-peptide; expres-
sion levels of placental, heart, and off-

spring brain genes 
↑ Parental weight, fetuses’ weight, HDL, 
hepatic glycogen, SOD, GSH, GPx, CAT 

Wang et al., 
2019 

Hesper-
idin 

100 mg/kg; 
orally for eight 
weeks, daily 

STZ-induced 
DM in adult 

male Wistar rats 

↓ Blood glucose, gastric ulcer index, gas-
tric free and total acidity, gastric ulceration 

and inflammatory cell infiltrates, gastric 
NO; expression of iNOS, CD45, COX-2, 

NF-κB, and TNF-α 
↑ Serum insulin, body weight, gastric pH, 
PPAR-γ gastric expression; Relative ex-
pression of Nrf2 and HO-1; gastric GSH, 

SOD, and catalase 

Elshazly et al., 
2018 

Hesper-
idin 

25, 50, 100 
mg/kg; orally 
for 30 days, 

daily 

STZ-induced 
DM in male al-
bino Wistar rats 

↓ Food and water intake, blood glucose, 
HbA1c; activities of Glucose-6-phospha-

tase, fructose-1,6-bisphosphatase and gly-
cogen phosphorylase 

↑ Body weight, insulin, total Hb; activities of 
hexokinase, glucose-6- phosphate, liver 

and muscle glycogen, liver weight 
H & E staining of pancreas tissue: Well-

granulated and prominent hyperplasticity of 
islets 

Sundaram et 
al., 2019 

Hesper-
idin 

100 mg/kg; 
orally over a 
period of four 
weeks, daily 

STZ-induced 
DM in male al-
bino Wistar rats 

↓ Blood glucose, total cholesterol, triglycer-
ides, LDL, VLDL 

↑ Final body weight, HDL 

Rekha et al., 
2019 

Hesper-
idin & 
hes-

peretin 

1 % hesperidin 
& 4.6 % CD-
hesperetin 

for four weeks 

Male Goto-Ka-
kizaki rats with 
type 2 diabetes 

• Hesperidin: 
↓ Blood glucose, insulin, Hepatic glucose-6-
phosphatase, serum TG and TC, liver TG 

and TC, HMG-CoA reductase 
↑ Adiponectin, HDL/TC, PPAR-alpha and 

gamma, LDL receptor 

• CD-hesperetin: 
↓ Body weight, blood glucose, insulin, He-
patic glucose-6-phosphatase, serum TG 

and TC, liver TG and TC, HMG-CoA reduc-
tase 

↑ Adiponectin, HDL/TC, PPAR-alpha and 
gamma, LDL receptor 

Akiyama et al., 
2009 
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Com-
pound 

Dose Study model Results Reference 

Hesper-
idin 

50, 100 μM; 
1 h 

IL-6-induced im-
paired insulin sen-

sitivity in liver 
Hepa-lclc7 cells 

↓ Expression of CRP and SOCS-3 mRNA, 
production of IL-6 

↑ Expression of IRS-1 protein 

Chae and Kim, 
2012 

Hes-
peridin 

100 mg/kg; 
orally for 
35 days, 

daily 

Alloxan-induced 
DM in Sprague-

Dawley male rats 

↓ Blood glucose, HOMA-IR, blood glu-
cose level during OGTT; activity of 

phosphoenolpyruvate carboxykinase 
and glucose-6-phosphatase 

↑ Activity of hepatic glucokinase, insu-
lin sensitivity 

Peng et al., 
2021 

Abbreviations: AGEs, Advanced glycation end products; ALT, Alanine aminotransferase; ALP, Alkaline phosphatase; AMPK, 
AMP(adenosine monophosphate) Activated protein kinase; AST, Aspartate aminotransferase; Bax, B-cell lymphoma protein 2 
(Bcl-2)-associated X; Bcl, B-cell lymphoma protein; BUN, Blood urea nitrogen; CAT, Catalase; CD, Cyclodextrin; CHOP, CCAAT-
enhancer-binding protein (C/EBP) homologous protein; CK-MB, Creatine kinase; COX-2, Cyclooxygenase-2; CRP, C-reactive 
protein; db/db, C57BLKS/Leprdb; DM, Diabetes mellitus; ER, Endoplasmic reticulum; FBG, Fasting blood glucose; FGF-23, Fi-
broblast growth factor-23; FINS, Fasting insulin; GDM, Gestational diabetes mellitus; GK, Glucokinase; GPx, Glutathione peroxi-
dase; GRP78, Glucose regulated protein 78; GSH, glutathione; GST, Glutathione-S-transferase; H&E, Hematoxylin and eosin; 
HbA1c, Glycated hemoglobin; HDL, High-density lipid-protein; HMG-CoA reductase, Hydroxymethylglutaryl-CoA reductase; HO-
1, Hemeoxygenase-1; HOMA-IR, Homeostasis model of insulin resistance; IL-6, Interleukin-6; iNOS, inducible nitric oxide syn-
thase; IRS-1, Insulin receptor substrate 1; LDH, Lactate dehydrogenase; LDL, Low-density lipid-protein; LPS, Lipopolysaccharide; 
MafA, v-maf musculoaponeurotic fibrosarcoma oncogene family protein A; MDA, Malondialdehyde; NF-κB, Nuclear factor kappa 
B; NO, Nitric oxide; Nrf2, Nuclear factor erythroid 2-related factor 2; OGTT, Oral glucose tolerance test; PARP, Poly (ADP-ribose) 
polymerase; PDX-1, Pancreatic-duodenal homeobox-1; po, per os; PPAR, Peroxisome proliferator-activator receptor; SIRT, 
Sirtuin; SOD, Superoxide dismutase; SOCS3, Suppressor of cytokine signalling 3; STZ, Streptozotocin; T1D, Type 1 diabetes; 
TC, Total cholesterol; TG, Triglycerides; TNF-α, Tumor necrosis factor-alpha; TUNEL, Terminal deoxynucleotidyl transferase 
dUTP nick end labeling; TXNIP, Thioredoxin-interacting protein; VLDL, Very low-density lipid-protein; α-KL, Alpha-klotho.  

 

Protective effects of hesperidin and  

hesperetin against streptozotocin (STZ)- 

induced diabetes mellitus  

Ahmed and coworkers investigated the ef-

fects of hesperidin and naringin on rats with 

type 2 diabetes induced by a high-fat diet and 

STZ. The rats were given a daily oral dose of 

50 mg/kg body weight of either hesperidin or 

naringin for 30 days. The findings revealed 

that hesperidin and naringin effectively re-

duced elevated glucose levels, lactate dehy-

drogenase (LDH), glycated hemoglobin 

(HbA1C), creatine kinase-myoglobin binding 

(CK-MB), and aspartate aminotransferase 

(AST) levels while elevating insulin levels in 

the blood and boosting glycogen content in 

the liver and muscles of rats with insulin re-

sistance due to diabetes. Moreover, these 

compounds positively influenced lipid pro-

files, serum adiponectin, and resistin levels. 

The study also highlighted the potential of 

hesperidin and naringin to act as anti-hyper-

glycemic and antidyslipidemic agents, with 

favorable effects on cardiac function in dia-

betic rats. In conclusion, the oral administra-

tion of hesperidin and naringin significantly 

improved various markers of diabetes and 

cardiac function in diabetic rats (Ahmed et al., 

2012). Similarly, hesperetin treatment (10 

mg/kg for six weeks) strikingly mitigated se-

rum glucose levels, serum total cholesterol 

levels, and low-density lipid-protein (LDL) 

levels in STZ-induced diabetic rats compared 

(Roghani et al., 2010). 

In another study, STZ-induced diabetic 

rats were treated with hesperetin at 40 mg/kg 

body weight for 45 days. Hesperetin supple-

mentation led to a notable decrease in blood 

glucose levels and a substantial enhancement 

in plasma insulin and glycogen levels. Fur-

thermore, it restored the functioning of he-

patic glucose metabolic enzymes and posi-

tively influenced lipid profiles. Hesperetin 

also exhibited antioxidant properties, increas-

ing the levels of antioxidant enzymes both in 

the bloodstream and pancreas. Additionally, 

the therapy alleviated kidney and liver tox-

icity indicators and preserved the normal his-

tological structure of the kidney, liver, and in-

sulin-producing β-cells. The findings suggest 

that hesperetin effectively alleviates hyper-

glycemia and dyslipidemia in diabetic rats 

through its antioxidant properties (Revathy et 
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al., 2018). Furthermore, hesperidin (a diet 

containing 10 mg/kg) remarkably alleviated 

blood glucose levels by affecting glucose-reg-

ulating enzymes and normalized lipid and ad-

iponectin concentrations in rats with experi-

mentally induced marginal type 1 diabetes us-

ing STZ. However, there were no significant 

changes in bone tissue, bone parameters, or 

bone metabolic markers due to hesperidin ad-

ministration in the STZ-injected diabetic rats 

(Akiyama et al., 2010). 

Iskender et al. examined the impact of 

hesperidin (100 mg/kg body weight for 15 

days) on STZ-induced diabetes in rats. In dia-

betes, antioxidant enzyme activities, namely 

superoxide dismutase (SOD), sirtuin (SIRT) 

1, and catalase (CAT) decrease, resulting in 

the induction of oxidative stress and subse-

quent cellular damage. The diabetic group ex-

hibited stimulated levels of oxidative stress 

markers, malondialdehyde (MDA), and nu-

clear factor kappa B (NF-kB) in the kidney 

and liver. The administration of hesperidin 

notably propagated antioxidant SIRT1, SOD, 

and CAT activities in kidney tissues, indicat-

ing a potential restoration of the body's anti-

oxidant defense mechanism. In addition, hes-

peridin also attenuated oxidative stress by de-

creasing NF-kB and MDA levels in the liver 

and kidney. In conclusion, the study revealed 

that hesperidin supplementation in diabetic 

rats enhanced antioxidant activities and re-

duced oxidative stress markers in liver and 

kidney tissues (Iskender et al., 2017). 

Hesperidin administration (100 mg/kg for 

two weeks) significantly increased concentra-

tions of alpha-klotho (α-KL) in renal tissues, 

serum, and liver, indicating a positive effect 

in countering the decrease observed in the 

STZ-induced diabetic group. In contrast, lev-

els of fibroblast growth factor-23 (FGF-23), 

which were elevated in the kidney, and serum 

of diabetic rats, significantly decreased with 

hesperidin treatment. Additionally, hesperi-

din administration was associated with a no-

table reduction in serum glucose, blood urea 

nitrogen (BUN), AST, creatinine, and alanine 

aminotransferase (ALT) levels in diabetic 

rats, signifying its potential to ameliorate 

diabetic complications in the liver and kid-

neys. The findings suggest that hesperidin ex-

hibits promising potential as an alternative 

treatment for diabetic complications, possibly 

mediated by modulating the α-KL/FGF-23 

pathway (Dokumacioglu et al., 2019). 

Additionally, Hanchang et al. explored 

the potential protective effects of hesperidin 

(100 mg/kg over four weeks) on pancreatic β-

cells in STZ-induced diabetic rats. The ad-

ministration of hesperidin strikingly reduced 

levels of fasting blood glucose and intake of 

food while increasing the weight of the body, 

levels of insulin in the serum and pancreas, 

and the pancreatic-duodenal homeobox-1 

(PDX-1) expression. Hesperidin also demon-

strated antioxidant effects by enhancing SOD 

and glutathione peroxidase (GPx) activities 

and reducing nitrotyrosine and MDA levels. 

Additionally, it reduced TNF-α concentra-

tion. It suppressed endoplasmic reticulum 

(ER) stress markers (Glucose-regulated pro-

tein 78 (GRP78) and CCAAT-enhancer-bind-

ing protein (C/EBP) homologous protein 

(CHOP) proteins) while influencing apopto-

sis-related proteins favorably. In conclusion, 

hesperidin holds promise in protecting pan-

creatic β-cells and enhancing their function in 

diabetes via its anti-apoptotic, anti-inflamma-

tory, and antioxidative mechanisms while 

mitigating oxidative and ER stress (Hanchang 

et al., 2019). 

Wang and coworkers investigated the pro-

tective effects of hesperidin (1.25, 2.5, and 5 

mg/kg/day) against gestational diabetes 

mellitus (GDM) induced by STZ in rat mod-

els. The results revealed significant improve-

ments in various GDM-related parameters 

with hesperidin treatment. Placental and fetal 

weight, blood glucose levels, lipid profile, 

glycogen levels, and serum insulin levels 

were all positively affected dose-dependent. 

Additionally, hesperidin showed a partial re-

duction in fetal developmental defects com-

pared to the GDM group. Hesperidin's protec-

tive effects were linked to its modulation of 

the advanced glycation end products 

(AGEs)/receptor for the advanced glycation 

end products (RAGE) signaling pathway, 
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which is critical in GDM-related complica-

tions. Moreover, it demonstrated antioxidant 

properties, elevating SOD, glutathione 

(GSH), GPx, and CAT levels, suggesting en-

hanced protection against oxidative stress. 

Furthermore, gene expression analysis indi-

cated that hesperidin downregulated key 

genes associated with diabetes and hypergly-

cemia, such as Nicotinamide adenine dinucle-

otide phosphate (NADPH) oxidase 2 

(NOX2), RAGE, monocyte Chemoattractant 

Protein-1 (MCP-1), p65, and vascular Cell 

Adhesion Molecule-1 (VCAM-1), potentially 

mitigating GDM-related complications. In 

conclusion, hesperidin showed promise in 

protecting fetal development in GDM-in-

duced pregnant rats by positively impacting 

various parameters and the AGEs/RAGE sig-

naling pathway. Its antioxidant activity and 

gene expression modulation suggest its poten-

tial therapeutic value in managing GDM and 

improving neonatal outcomes (Wang et al., 

2019). 

Another study involved inducing type 2 

diabetes in rats using STZ and nicotinamide, 

followed by an 8-week treatment with hesper-

idin (100 mg/kg/day) alone or in combination 

with omeprazole or GW9662, which acts as 

an antagonist for peroxisome proliferator-ac-

tivated receptor-γ (PPAR-γ). Subsequently, 

the acute gastric injury was induced through 

cold restraint stress. The results demonstrated 

that hesperidin treatment significantly im-

proved glycemic control, effectively reducing 

gastric acidity and ulcer indices and amelio-

rating histopathological changes in gastric 

mucosa, comparable to omeprazole's effects. 

Moreover, hesperidin exhibited potent antiox-

idant properties by reducing oxidative stress 

markers and enhancing the antioxidant capac-

ity, along with notable anti-inflammatory ef-

fects by decreasing inflammatory markers. 

Furthermore, the study found that hesperidin 

increased the expression of PPAR-γ in gastric 

tissues, suggesting the involvement of PPAR-

γ activation in mediating these protective ef-

fects. However, when GW9662, a PPAR-γ 

antagonist, was co-administered with hesper-

idin, it attenuated the beneficial effects of 

hesperidin, supporting the notion that the pro-

tective impact of hesperidin against gastric ul-

cers is indeed mediated through PPAR-γ acti-

vation. In conclusion, the findings demon-

strate the potential therapeutic value of hes-

peridin in managing stress-induced gastric ul-

cers in diabetic individuals. Hesperidin's abil-

ity to modulate oxidative stress and inflam-

mation through PPAR-γ activation makes it a 

promising candidate for further exploration as 

a treatment option for gastric ulcers in the 

context of diabetes (Elshazly et al., 2018). 

Hesperidin (25, 50, and 100 mg/kg b.w.) 

led to a decline in fasting plasma glucose lev-

els in rats that were made diabetic through the 

use of STZ, and this decrease varied accord-

ing to the dosage. Besides its role in decreas-

ing plasma glucose levels, hesperidin also el-

evated hemoglobin and insulin levels while 

decreasing glycosylated hemoglobin, indicat-

ing improved glycemic control. Moreover, 

hesperidin positively influenced key enzymes 

involved in carbohydrate metabolism. In the 

liver, activities of glucose-6-phosphate dehy-

drogenase and hexokinase were notably en-

hanced, leading to an augmentation in glucose 

utilization. Conversely, the activities of fruc-

tose-1, 6-bisphosphatase and glucose-6-phos-

phatase were decreased, leading to reduced 

glucose production and enhanced glycogen 

synthesis. Moreover, the application of hes-

peridin prevented the loss of weight among 

rats with diabetes and enhanced the glycogen 

content within the liver. This improvement 

was attributed to increased glycogen synthase 

and glycogen phosphorylase activities, essen-

tial enzymes regulating glycogen storage and 

release. Hesperidin demonstrated remarkable 

anti-hyperglycemic activity, promoting better 

glucose control and ameliorating diabetes-in-

duced alterations in glucose-metabolizing en-

zymes (Sundaram et al., 2019). 

Additionally, hesperidin (100 mg/kg  over 

a duration of four weeks) markedly dimin-

ished blood glucose, total cholesterol, triglyc-

erides, high-density lipid-protein )HDL(, 

LDL, and Very low-density lipid-protein 

)VLDL( levels in STZ-induced diabetes 

mellitus (DM). It demonstrated anti-hyper-
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glycemic and hypo-lipidemic effects without 

causing body weight loss. Moreover, hesperi-

din exhibited antioxidant properties and had 

no adverse effects on cardiovascular risk 

markers. These findings suggest that hesperi-

din could be a safe and effective treatment for 

managing DM in rats, offering potential ben-

efits for diabetic and dyslipidemic conditions 

(Rekha et al., 2019). 

Protective effects of hesperidin and hes-

peretin against other models of DM 

Akiyama and coworkers focused on eval-

uating the impacts of two types of hesperetin 

glycosides, specifically cyclodextrin (CD)-

clathrated hesperetin and hesperidin, on glu-

cose and lipid metabolism in weanling rats of 

the Goto-Kakizaki (GK) strain, which exhibit 

type 2 diabetes. The researchers observed that 

both CD-hesperetin and hesperidin positively 

impacted the metabolism of glucose through 

influencing the enzymes involved in glucose 

regulation. Additionally, they found that these 

compounds decreased levels of lipids in the 

liver and serum, indicating the potential ef-

fects of reducing lipid levels. Hesperidin, de-

rived from citrus fruits, is known for its vari-

ous health benefits, including anti-inflamma-

tory, anti-carcinogenic, antioxidant, and lipid-

lowering properties. It has been reported to re-

duce cholesterol levels in the blood and liver. 

The study showed promising results, suggest-

ing that hesperidin and CD-hesperetin could 

be therapeutic agents for managing diabetes 

and dyslipidemia. A comparison between na-

tive hesperidin and CD-hesperetin high-

lighted the potential advantages of CD-clath-

rated hesperetin, as it exhibited higher water 

solubility and increased serum levels of hes-

peretin. These findings have created new 

paths for potential clinical applications of hes-

peridin and CD-hesperetin in managing type 

2 diabetes and related lipid disorders 

(Akiyama et al., 2009).  

 

Effects of hesperidin and hesperetin on  

insulin resistance and secretion 

Hesperidin was investigated for its poten-

tial to mitigate insulin resistance induced by 

IL-6 in hepatocytes. The study utilized the 

Hepa-lclc7 cell line and treated the cells with 

hesperidin at 50 and 100 μM concentrations 

before exposing them to IL-6. The experi-

mental results revealed that hesperidin effec-

tively restored the reversed reduced insulin 

receptor substrate 1 (IRS-1) protein expres-

sion caused by IL-6, indicating a positive 

modulation of insulin receptor signaling in the 

liver cells. Additionally, hesperidin demon-

strated the ability to downregulate the expres-

sion of suppressor of cytokine signaling-3 

(SOCS-3) and C-reactive protein (CRP) 

mRNA, both of which play pivotal roles in in-

sulin resistance, and it also exhibited inhibi-

tory effects on IL-6 production induced by 

LPS. In conclusion, hesperidin remarkably 

ameliorates hepatic insulin resistance induced 

by IL-6 in hepatocytes. The restoration of 

IRS-1 expression and the downregulation of 

insulin resistance markers highlight the po-

tential of hesperidin as a promising therapeu-

tic intervention to counter the negative impact 

of liver insulin resistance caused by IL-6. 

These findings open avenues for further in-

vestigation into the mechanistic basis of hes-

peridin's anti-diabetic properties and its po-

tential translational applications in managing 

insulin resistance in liver cells (Chae and 

Kim, 2012). 

Wang and coworkers conducted a study to 

explore the protective effects of naringenin 

and hesperetin on diabetic db/db mice. Hes-

peretin was administered at 50 mg/kg/day 

daily for six weeks to the diabetic db/db mice. 

The results showed that hesperetin, similar to 

naringenin, effectively protected pancreatic 

islets in diabetic mice. It led to the rescue of 

islet destruction, an increase in islet size and 

mass, improvement in glucose tolerance, ele-

vation of insulin concentrations in the serum, 

and reduction in levels of fasting blood glu-

cose in the db/db mice. These findings under-

score the potential benefits of flavanones, di-

etary supplements containing compounds like 

naringenin and hesperetin, as well as phyto-

medicine abundant in flavanones for safe-

guarding β cells in the pancreas during late-

stage diabetes (Wang et al., 2021). 
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Additionally, Peng and coworkers 

demonstrated hesperidin's preventative influ-

ence on type 2 diabetes mellitus (T2DM) 

within a rat model displaying insulin re-

sistance induced by alloxan and a high-fat diet 

(HFD). Rats received an oral dosage of 100 

mg/kg of hesperidin for 35 days. Results 

showed that hesperidin improved fasting se-

rum glucose without altering insulin levels, 

indicating improved insulin sensitivity and 

prevention of insulin resistance and diabetes. 

Oral glucose tolerance test results also 

demonstrated the hesperidin treatment for 

preventing impaired glucose tolerance. Hes-

peridin was found to regulate glycolysis and 

gluconeogenesis in the liver, enhancing glu-

cokinase activity while reducing the activity 

of glucose-6-phosphatase and phosphoe-

nolpyruvate carboxykinase. It also increased 

glucose uptake in rat adipocytes. These find-

ings suggested that hesperidin activates the 

insulin receptor (IR)/phosphoinositide-de-

pendent kinase 1 (PDK1) pathway, improving 

insulin sensitivity. The study concludes that 

hesperidin has a significant preventative im-

pact on insulin resistance caused by a high-fat 

diet through the activation of the IR/PDK1 

pathway. It may offer a natural approach to 

enhance metabolic well-being and mitigate 

diabetes-related risks, providing a potential 

diabetes prevention option without significant 

side effects (Peng et al., 2021). 

 

Protective effects of hesperidin and  

hesperetin countering the complications of 

diabetes  

Diabetes mellitus (DM) is a chronic disor-

der that can be complex and may cause vari-

ous complications, which include neuropathy, 

nephropathy, retinopathy, testicular altera-

tions, psychiatric effects, cardiovascular com-

plications, and Diabetic skin ulcers. In this 

context, DM is recognized as a silent destruc-

tor of health. Interestingly, protective proper-

ties of hesperidin and hesperetin countering 

some complications of DM have been noted 

(Table 3).  

 

Table 3: Protective effects of hesperidin and hesperetin against DM complications 

Com-
pound 

Dose Study model Results Reference 

Hes-
peridin 

50 and 150 
mg/kg; 

orally for 10 
weeks 

STZ-induced dia-
betic neuropathy in 
Sprague-Dawley 
adult male rats 

↓ Immobility time in FST, serum corti-
costerone, OFT Latency to center; AGEs, 
RAGE protein, RAGE mRNA, ROS, and 
MDA in the amygdala and hippocampus 

↑ OFT time, EPM latency, EPM time; Glo-1 
activity, Glo-1 protein, Glo-1 mRNA, SOD, 
GSH and Nrf2 protein in the amygdala and 

hippocampus; γ –GCS mRNA and protein in 
the hippocampus 

Zhu et al., 
2020 

Hes-
peridin 

5, 10, 20 μM 
for 48 hours 

Mouse N2a + hy-
perglycemic condi-

tions 

• 5 μM: ↓ LDH 

• 10 μM: ↓ LDH, RAGE protein 
↑ Cell viability, Glo-1 protein 

• 20 μM: ↓ LDH, RAGE protein 
↑ Cell viability, Glo-1 protein 

Zhu et al., 
2020 

Hes-
peridin 

10, 20, 40, 
60, 80, 100 
μM for three 

days 

SH−SY5Y neuronal 
cells + hyperglyce-

mic conditions 

↓ 8−oxoG in cells, phosphorylation of his-
tone H2A.X; phospho−PERK, phos-

pho−eIF2-α and CHOP; ER calcium, Mito-
chondrial calcium, caspase−9 and 
caspase−3, Bcl−2 and Bax, phos-

pho−JNK/JNK, Phospho−ERK/ERK2 
↑ Cell viability (%) 

Lim et al., 
2022 
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Com-
pound 

Dose Study model Results Reference 

Hes-
peridin 

100 mg/kg; 
orally for 14 
days, daily 

STZ-induced dia-
betic neuropathy in 

rats 

↓ Blood glucose, thermal hyperalgesia, 
histopathological sciatic nerve damage, fi-
brinogen immunoactivity, type-4 collagen, 

TRPM2 channel, ROS, PARP1 

Bayir et al., 
2023 

Hes-
peridin 

50 mg/kg; orally 
for four weeks, 

daily 

STZ-induced dia-
betic neuropathy in 

male Wistar rats 

↓ TBARS, PC, XO 
↑ NP-SH, GSH, GST, GR, AChE, Na+/K+ 

ATPase 

Ashafaq et 
al., 2014 

Hes-
peretin 

50, 150 
mg/kg/day; 

orally for ten 
weeks 

STZ-induced dia-
betic nephropathy 
in Sprague-Dawley 

adult male rats 

↓ Urine protein, BUN, the uric acid level in 
serum and urine, AGEs levels in the renal 
cortex, RAGE, IL-1β, TNF-α, PAS-posi-

tive area (%), CoIV, FN 
↑ Glo-1 activity, protein and mRNA; p-Nrf2 

in cytoplasm, γ-GCS protein, GSH 
Positive effect on renal morphology of dia-

betic rats 

Chen et al., 
2019 

Hes-
peretin 

40, 80 mg/kg; 
for four weeks, 

daily 

STZ-induced dia-
betic nephropathy 
in male ICR mice 

↓ TC, LDL, blood glucose, IL-1β, IL-6, 
TNF-α, TGF-β1, ILK, Akt phosphorylation, 

α-SMA expression 
↑ CAT, GSH-Px, SOD, renal nephrin ex-

pression 

Zhang et al., 
2018 

Hes-
peretin 

40 mg/kg/day; 
orally for five 

weeks 

STZ-induced dia-
betic nephropathy 
in male Wistar rats 

↓ Urea, creatinine, BUN, ALP, total pro-
tein, albumin, globulin, TBARS, IL-6, TNF-

α, TGF-β, GSK-3β 
↑ Na+, K+, TAC, GSH, CAT 

Amelioration in the renal histological alter-
ations 

Abdou and 
Abd Elkader, 

2022 

Hes-
peridin 

200 mg/kg; 
orally for four 
weeks, daily 

STZ-induced dia-
betic nephropathy 
in Sprague-Dawley 

adult male rats 

↓ Urea, creatinine, MDA, TGF-β, 8-OHdG, 
histopathological damages 

↑ SOD, GPx, CAT, GSH 

Kandemir et 
al., 2018 

Hes-
peridin 

100, 200 
mg/kg/day; 
orally for 12 

weeks 

STZ-induced dia-
betic retinopathy in 
Sprague-Dawley 

male rats 

↓ Blood glucose, blood-retinal barrier 
breakdown; AGEs, ICAM-1, TNF-α, retinal 
VEGF, IL-1β, and; AR activity, expression 
of VEGF and ICAM-1 in the retina, MDA 

↑ SOD, retinal thickness 

Shi et al., 
2012 

Hes-
peridin 

200 mg/kg; 
orally over a pe-

riod of four 
weeks, daily 

STZ-induced dia-
betic testicular 

damage in Spra-
gue-Dawley adult 

male rats 

↓ Dead sperm, abnormal sperm, detached 
head of sperm (%), MDA, 8-OHdG level 
↑ Sperm motility (%), GSH, SOD, CAT, 

GSH-Px 

Aksu et al., 
2021 

Hes-
peridin 

200 mg/kg; 
orally for ten 
days, daily 

STZ-induced dia-
betic testicular 

damage in Spra-
gue-Dawley adult 

male rats 

↓ Blood glucose, Tunica albuginea thick-
ness, Basement membrane thickness, 

morphological abnormalities in the sper-
matozoa 

↑ Body weight, testicular weight, GSI (%), 
Tubular Diameter, Germinal epithelial 

height, Number of PCNA-positive 
Nuclei, Percentage area positively stained 

with Bcl-2, number of normal spermato-
zoa 

Abd Elsamie 
et al., 2021 

Hes-
peridin 

25, 50, 100 
mg/kg/day; for 
21 days, orally 

STZ-induced dia-
betic psychiatric 

damage in male al-
bino Wistar rats 

↓ Blood glucose level, immobility duration, 
MDA, IL-6 

↑ Body mass, spontaneous locomotor ac-
tivity, GSH, BDNF, Norepinephrine, Dopa-

mine, Serotonin 

El-Marasy et 
al., 2014 

Hes-
peridin 

50, 150 
mg/kg/day; 

orally for ten 
weeks 

STZ-induced dia-
betic psychiatric 
damage in rats 

↓ Frequency of hole exploration in the 
HBT, Quantities of marbles interred within 

the MBT 
↑ Proportions of entries into the open arms 
and duration of time spent within the open 

arms in the EPM; expression of CREB, 
PKA, BDNF, as well as synaptic proteins 
found in the hippocampus and amygdala 

Zhu et al., 
2023 
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Com-
pound 

Dose Study model Results Reference 

Hes-
peretin 

5 μM for 48 
hours 

Diabetic human 
aortic endothelial 

cells  

↓ Cell apoptosis, ACVRL1, ADAM9, 
ITGAV, PCCB, TGFBR2 

Yi et al., 
2023 

Hes-
peridin 

100 mg/kg; 
orally for 28 
days, daily 

STZ-NIC-induced 
diabetic cardiovas-
cular complication 
in Sprague-Dawley 

rats 

↓ Serum glucose, HbA1c, heart weight, 
serum creatine kinase, glutamate oxalo-
acetate transferase, myocardial infarct 

size, myocardial glycogen, and nitrite level 
Histopathological alteration (reduction in 

necrosis with less fragmentation of fibers) 

Kakadiya 
and Shah, 

2010 

Hes-
peridin 

100 mg/kg; 
orally for 28 
days, daily 

STZ-NIC-induced 
diabetic cardiovas-
cular complication 
in Sprague-Dawley 

rats 

↓ Serum glucose, HbA1c, MDA, nitrite 
↑ GSH, SOD, CAT 

Jagdish et 
al., 2010 

Hes-
peridin 

30 mg/kg/day; 
orally for 12 

weeks 

STZ-induced DM 
in Sprague-Dawley 

adult male rats 

↓ Blood glucose, HbA1c, mRNA expres-
sion of TNF-α, IL-1β, ICAM-1 and VCAM-
1 in the myocardium; mRNA expression of 

collagen I and III; NF-κB activation 
↑ LVEF, LVFS 

Yin et al., 
2017 

Hes-
peretin 

100 mg/kg/day; 
orally for eight 

weeks 

STZ-induced dia-
betic cardiovascu-
lar complication in 
Sprague-Dawley 

male rats 

↓ Plasma glucose, contractile hypersensi-
tivity in diabetic RCAs 

↑ Body weight, relaxant responsiveness in 
diabetic RCAs, Kv currents in diabetic 
RCASMCs, Kv1.2 channel expression 

within diabetic RCASMCs 

Liu et al., 
2020 

Hes-
peridin 

100 mg/kg/day; 
orally for 14 

days 

STZ-induced dia-
betic cardiovascu-
lar complication in 
male albino Wistar 

rats 

↓ Blood glucose, LVEDP, MDA, troponin-
1, Bax expression 

↑ SAP, MAP, DAP, ±LVdP/dtmax, SOD, 
CAT, GSH, CK-MB, LDH, Bcl-2, and 

PPAR-γ expressions 
Normalizes histopathological and ultra-

structural changes 

Agrawal et 
al., 2014a 

Hes-
peridin 

100 mg/kg; 
orally for 14 
days, daily 

STZ-induced dia-
betic cardiovascu-
lar complication in 
male Wistar rats 

↓ LVEDP, MDA, TNF-α, infarct area, Bax 
proteins, and TUNEL-positive cells 

↑ MAP, ±LVdP/dtmax, CK-MB, LDH, 
SOD, CAT, GSH, BCL-2, expression of 

PPAR-gamma 

Agrawal et 
al., 2014b 

Com-
pound 

Dose Study Model Results Reference 

Hes-
peridin 

100 mg/kg; 
orally for 28 
days, daily 

STZ-induced dia-
betic cardiovascu-
lar complication in 
Sprague-Dawley 

rats 

↓ Serum glucose, HbA1c, total choles-
terol, triglycerides, LDL, CES, systolic and 

diastolic blood pressure 
↑ LCAT, LPL 

Kakadiya et 
al., 2010 

Hes-
peridin 

10, 20, 40, 60, 
80 mg/kg; orally 

for 20 days, 
daily 

STZ-induced dia-
betic skin ulcer in 
adult male Spra-
gue-Dawley rats 

↓ Glucose, water and food intake, HbA1c, 
wound area, MDA, MPO, HOMA-IR, TNF-

α, IL-6 
↑ Body weight, insulin, wound contraction 
rate, GSH, SOD, HDP, VEGF expression, 

Relative VEGFR1, and VEGFR2 level 

Wang et al., 
2018 

Hes-
peridin 

25, 50, 100 
mg/kg; orally for 
21 days, daily 

STZ-induced dia-
betic skin ulcer in 
Sprague-Dawley 

male rats 

↓ Serum glucose, food, and water intake, 
MDA, NO 

↑ Body weight, insulin, %wound closure, 
SOD, GSH, hydroxyproline; hydroxypro-

line; Levels of mRNA expression for Tie-2, 
VEGF, TGF-β, Ang-1, and Smad 2/3 
Ameliorated histopathology damages 

Li et al., 
2018 

Hes-
peridin 

50 mg/kg; orally 
for 30 days, 

daily 

STZ-induced dia-
betic skin ulcer in 
adult male albino 

rats 

↓ Epidermal thickness, the percentage 
area of collagen fibers 

Yassien and 
El-Ghazouly, 

2021 

Abbreviations: AChE, Acetyl Cholinesterase; ACVRL1, Activin A receptor-like type 1; ADAM9, A disintegrin and a metalloprotein-
ase 9; AGEs, Advanced glycation end products; Akt, also known as Protein kinase B (PKB); ALP, Alkaline phosphatase; Ang-1, 



EXCLI Journal 2023;22:1235-1263 – ISSN 1611-2156 

Received: September 09, 2023, accepted: November 14, 2023, published: December 04, 2023 

 

 

1251 

Angiopoietin-1; AR, Aldose reductase; Bax, B-cell lymphoma protein 2 (Bcl-2)-associated X; Bcl, B-cell lymphoma protein; BDNF, 
Brain-derived neurotrophic factor; BUN, Blood urea nitrogen; CAT, Catalase; CES, Cholesterol ester synthetase; CHOP, CCAAT-
enhancer-binding protein (C/EBP) homologous protein; CK-MB, Creatine kinase; CoIV, Type IV collagen; DAP, Diastolic arterial 
pressure; DM, Diabetes mellitus; eIF2-α, Eukaryotic initiation factor 2 subunit alpha; EPM, Elevated plus maze; ER, Endoplasmic 
reticulum; ERK, Extracellular signal−regulated kinase; FN, Fibronectin; FST, Forced swimming test; Glo-1, Glyoxalase 1; GPx, 
Glutathione peroxidase; GR, Glutathione Reductase; GSH, glutathione; GSH-Px, Glutathione peroxidase; GSI, Gonadosomatic 
index; GSK-3β, Glycogen synthase kinase-3β; GST, Glutathione-S-transferase; HAEC, Human aortic endothelial cell; HbA1c, 
Glycated hemoglobin; HDL, High-density lipid-protein; HDP, Hydroxyproline; HOMA-IR, Homeostasis model of insulin resistance; 
ICAM-1, Intercellular adhesion molecule-1; ICR mice, Institue of Cancer Research mice; IL-1β, Interleukin-1 beta; IL-6, Interleukin-
6; ILK, Integrin-linked kinase; ITGAV, Integrin α-V; JNK, Jun N-terminal kinases; Kv, voltage-dependent K+; LDH, Lactate dehy-
drogenase; LDL, Low-density lipid-protein; LCAT, Lecithin Cholesterol acyl transferase; LPL, Lipoprotein lipase; ±LVdP/dtmax, 
maximal positive and negative rate of developed left ventricular pressure; LVEDP, Left ventricular end-diastolic pressure; LVEF, 
Left ventricular ejection fraction; LVFS, Left ventricular fractional shortening; MAP, Mean arterial pressure; MDA, Malondialde-
hyde; MPO, Myeloperoxidase; N2a, Neuro 2A; NF-κB, Nuclear factor kappa B; NIC, Nicotinamide; NO, Nitric oxide; NP-SH, 
Nonprotein sulfhydryls; Nrf2, Nuclear factor erythroid 2-related factor 2; OFT, Open field test; PAS, Periodic acid-Schiff; PARP, 
Poly (ADP-ribose) polymerase; PC, Protein Carbonyl; PCCB, Propionyl CoA carboxylase β; PCNA, Proliferating cell nuclear an-
tigen; po, per os; PERK, Protein kinase R-like endoplasmic reticulum kinase; PPAR, Peroxisome proliferator-activator receptor; 
RAGE, Receptor for advanced glycation end products; RCA, Rat coronary artery; RCASMC, Rat coronary arterial smooth muscle 
cell; ROS, Reactive oxygen species; SAP, Systolic arterial pressure; SMAD, Suppressor of Mothers against Decapentaplegic; 
SOD, Superoxide dismutase; STZ, Streptozotocin; TAC, Total antioxidant capacity; TBARS, Thiobarbituric acid reactive sub-
stances; TC, Total cholesterol; TGF-β, Transforming growth factor-β; TGFBR2, Transforming growth factor-β receptor type 2; Tie-
2, also known as TEK gene; TNF-α, Tumor necrosis factor-alpha; TRPM2, Transient receptor potential melastatin 2; TUNEL, 
Terminal deoxynucleotidyl transferase dUTP nick end labeling; VCAM1, Vascular Cell Adhesion Molecule 1; VEGF, Vascular 
endothelial growth factor; VEGFR, Vascular endothelial growth factor receptors; XO, Xanthine Oxidase; 8-OHdG, 8-hydroxy-20-
deoxyguanosine; α-SMA, Alpha-smooth muscle actin; γ-GCS, Gamma-glutamylcysteine synthetase 

 

Diabetic-induced neuropathy  

Zhu and coworkers investigated the neu-

roprotective impacts of hesperidin on Neuro 

2A (N2a) cells exposed to high glucose (HG). 

They found that hesperidin effectively pro-

tected N2a cells from HG-induced damage. 

N2a cells were exposed to HG conditions, and 

hesperidin was administered at different 

doses (5, 10, and 20 μM) for 48 hours. HG 

reduced cell viability and increased LDH re-

lease, indicating cell injury. However, hesper-

idin treatment at 10 and 20 μM restored cell 

viability and decreased LDH release. Moreo-

ver, hesperidin activated the nuclear factor 

erythroid 2-related factor 2 (Nrf2)/antioxi-

dant-response element (ARE) signaling path-

way, as evidenced by increased Nrf2 expres-

sion, reversed reductions in glyoxalase 1 

(Glo-1) levels, and increased receptor for ad-

vanced glycation end products (RAGE) levels 

induced by HG. The neuroprotective effects 

of hesperidin were hindered when ML385 in-

hibited Nrf2. The findings suggest that hes-

peridin shields N2a cells from injury induced 

by HG through the activation of the 

Nrf2/ARE signaling pathway. Different doses 

of hesperidin (5, 10, and 20 μM) effectively 

provided neuroprotection against high glu-

cose conditions in N2a cells (Zhu et al., 

2020). 

Diabetic neuropathy poses a significant 

challenge in diabetes management. Lim et al. 

investigated how hesperidin protects neuronal 

cells from apoptosis due to high glucose lev-

els. SH-SY5Y neuronal cells were exposed to 

high glucose levels-induced oxidative stress 

associated with neurodegenerative diseases. 

Hesperidin exhibited no toxicity at doses be-

low 40 μM, and 20 μM was chosen as the op-

timal concentration. It effectively reduced re-

active oxygen species (ROS) levels induced 

by high glucose and inhibited intracellular 

ROS increase dose-dependently. Hesperidin 

protected against glucose-induced DNA dam-

age, suppressed endoplasmic reticulum (ER) 

stress, and exhibited anti-apoptotic effects. It 

reversed changes in pro- and anti-apoptotic 

protein levels, inhibited apoptotic effectors 

caspase-9 and caspase-3, and mitigated apop-

totic body formation. In conclusion, hesperi-

din's potent antioxidant properties safe-

guarded neuronal cells from high glucose-in-

duced oxidative injury, ER stress, and apop-

tosis. It also promoted cellular survival by in-

hibiting Jun N-terminal kinases (JNK) and ex-

tracellular signal−regulated kinase (ERK) 

signaling pathways induced by oxidative 

stress, suggesting its potential as a treatment 

for diabetic neuropathy (Lim et al., 2022). 

Bayir and coworkers explored the poten-

tial of hesperidin in alleviating diabetic 
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neuropathy and elucidating the role of the 

transient receptor potential melastatin 2 

(TRPM2) channels in this process. The hes-

peridin groups received a daily intragastric 

dose of 100 mg/kg for a period of 14 days. 

The findings indicated that hesperidin treat-

ment in rats with diabetes effectively reduced 

STZ-induced thermal hyperalgesia and hy-

perglycemia. Additionally, histopathological 

analysis of the sciatic nerve revealed reduced 

damage with hesperidin treatment. Immuno-

histochemical analysis showed that treatment 

with hesperidin resulted in decreased immune 

activity of the TRPM2 channel, type 4 colla-

gen and fibrinogen induced by STZ (Bayir et 

al., 2023). 

Additionally, the study investigated the 

activation of the TRPM2 channel in the mech-

anism underlying sciatic nerve injury of dia-

betic neuropathy rat model using the ELISA 

method. Based on the findings, it appears that 

hesperidin has a regulatory impact on in-

creased reactive oxygen species (ROS), Poly 

(ADP-ribose) polymerase (PARP) 1, and ac-

tivation of the TRPM2 channel in the sciatic 

nerves of rats modeled with diabetic neuropa-

thy. Based on the findings, it seems that the 

treatment of hesperidin may alleviate neurop-

athy caused by diabetes through decreasing 

the activation of TRPM2 channels (Bayir et 

al., 2023). 

Another study investigated the therapeutic 

potential of hesperidin for use in the context 

of alleviating oxidative stress and its associ-

ated complications in the central nervous sys-

tem (CNS) regarding the context of STZ-in-

duced diabetes mellitus in rats. Rats devel-

oped diabetes mellitus through STZ induc-

tion, followed by oral administration of hes-

peridin (50 mg/kg body weight) once daily for 

four weeks. The results demonstrated that 

STZ-induced DM led to elevated markers of 

oxidative stress and reduced antioxidant ac-

tivity in the brain. However, treatment with 

hesperidin effectively mitigated these altera-

tions, highlighting its remarkable antioxidant 

and neuroprotective effects in the CNS. The 

findings indicate that hesperidin may hold 

promise as a potential therapeutic approach to 

combat oxidative stress-related CNS compli-

cations in diabetes (Ashafaq et al., 2014). 

Diabetic-induced nephropathy 

Chen and coworkers evaluated the protec-

tive effects of hesperetin against diabetic 

nephropathy (DN). DN is a common compli-

cation that can occur with diabetes and in-

volves the enzyme Glo-1 and alpha-carbonyl 

aldehydes. The researchers focused on under-

standing the underlying mechanisms of hes-

peretin's actions, particularly its impact on the 

Nrf2/ARE/Glo-1 pathway. The study in-

volved administering doses of hesperetin (50 

and 150 mg/kg) or tert-butylhydroquinone 

(TBHQ), an Nrf2 inducer, orally to diabetic 

rats for ten weeks. The results revealed signif-

icant improvements in renal function and 

structural changes in diabetic rats treated with 

hesperetin. Hesperetin upregulated Glo-1, ef-

fectively countering the advanced glycation 

end products (AGEs)/receptor for the ad-

vanced glycation end products (RAGE) axis 

and reducing inflammation. Also, hesperetin 

increased Nrf2 and p-Nrf2 levels and induced 

γ-glutamylcysteine synthetase, a gene regu-

lated by the Nrf2/ARE pathway (Chen et al., 

2019). 

Furthermore, hesperetin treatment re-

duced glomerular mesangial matrix expan-

sion and decreased fibronectin (FN) and type 

IV collagen (CoIV) levels in the kidney. Ul-

trastructural improvements further supported 

its positive effects. Hesperetin also decreased 

the formation of AGEs and reduced pro-in-

flammatory cytokine levels. In conclusion, 

this study highlights the potential renoprotec-

tive impacts of hesperetin against DN in rats, 

achieved through modulation of the Nrf2/ 

ARE/Glo-1 pathway and suppression of 

AGEs and inflammation (Chen et al., 2019). 

Similarly, the treatment of hesperetin (at a 

dosage of 40 and 80 mg/kg for four weeks) 

effectively lowered levels of fasting blood 

glucose and enhanced the ability to tolerate 

glucose in mice that are diabetic due to STZ 

administration. Moreover, hesperetin exhib-

ited significant kidney-protective effects by 

mitigating abnormalities in serum, liver, and 

kidney-related parameters. Notably, the com-
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pound reversed irregular distortions in the 

basement membrane of glomeruli and re-

duced the expansion of mesangial regions in 

the kidneys, thus preserving renal integrity. 

Furthermore, hesperetin plays a crucial role in 

the regulation of renal function. It increased 

the expression of renal nephrin, a protein es-

sential for maintaining podocyte function 

while decreasing the renal alpha-smooth mus-

cle actin (α-SMA) expression associated with 

kidney fibrosis. The protective effects of hes-

peretin were also attributed to its ability to 

suppress the presence of transforming growth 

factor-β1 (TGF-β1) and its subsequent influ-

encers, Akt and integrin-linked kinase (ILK), 

in terms of their expression. This signaling 

pathway is recognized for its participation in 

advancing diabetic nephropathy (DN). Over-

all, the study highlights the potential thera-

peutic benefits of hesperetin in managing DN 

and safeguarding kidney health in diabetic in-

dividuals. Based on the results, it appears that 

hesperetin could be used as a promising natu-

ral compound for developing novel treat-

ments to combat the debilitating effects of di-

abetic kidney disease (Zhang et al., 2018). 

Abdou et al. sought to explore the effects 

of hesperetin (40 mg/kg) in diabetic nephrop-

athy (DN) induced by STZ using male albino 

rats. They demonstrated that the STZ-induced 

diabetic rats exhibited impaired kidney func-

tion, oxidative stress, and inflammation, as in-

dicated by increased concentrations of urea, 

creatinine, BUN, inflammatory cytokines, 

and decreased levels of antioxidants. How-

ever, hesperetin treatment remarkably ame-

liorated these deleterious effects. Notably, 

hesperetin administration led to significant 

improvements in renal function, with a 

marked reduction in oxidative stress markers 

like Thiobarbituric acid reactive substances 

(TBARS), restoration of antioxidant levels 

such as total antioxidant capacity (TAC) and 

GSH, and enhanced enzymatic activity of 

CAT. Furthermore, hesperetin treatment ef-

fectively downregulated the expression of 

Glycogen synthase kinase-3β (GSK-3β), a 

key enzyme implicated in diabetic complica-

tions, offering protective effects against DN. 

The histopathological examination of renal 

tissue confirmed that hesperetin mitigated di-

abetes-induced damage, supporting its role in 

preserving kidney integrity. Overall, the com-

prehensive findings highlight the potential of 

hesperetin as a therapeutic agent to counter 

DN. Its multifaceted effects encompassing 

antioxidant, anti-inflammatory, and anti-dia-

betic properties make it a promising candidate 

for preventing and managing the complica-

tions associated with DN (Abdou and Abd 

Elkader, 2022). 

Additionally, Kandemir and coworkers 

explored hesperidin's hypoglycemic and anti-

oxidant effects (200 mg/kg per day; orally 

over a period of four weeks) in the context of 

DN induced by STZ in rats. Diabetic rats ex-

hibited increased urea, creatinine, and MDA 

levels and reduced antioxidant enzyme activ-

ities. Moreover, TGF-β1 level and 8-hydroxy-

20-deoxyguanosine (8-OHdG) expression, 

indicative of DNA damage, were elevated, 

and histopathological changes in renal tissue 

were observed. Hesperidin treatment signifi-

cantly attenuated these adverse effects, lower-

ing serum urea and creatinine levels, decreas-

ing MDA, and restoring antioxidant enzyme 

activities and GSH levels. Additionally, hes-

peridin reduced TGF-β1 and 8-OHdG levels, 

mitigating histopathological renal changes. 

Collectively, it may be suggested that hesper-

idin may hold promise as a potential treatment 

for DN (Kandemir et al., 2018). 

Diabetic-induced retinopathy 

Shi and coworkers investigated the poten-

tial effects of hesperidin on retinal and plasma 

abnormalities in streptozotocin-induced dia-

betic rats. Diabetic retinopathy is a complex 

condition involving increased production of 

AGEs and elevated aldose reductase (AR) ac-

tivity, leading to oxidative stress and inflam-

mation. The researchers administered two 

doses of hesperidin (100 and 200 mg/kg) 

orally to diabetic rats for 12 weeks. The re-

sults demonstrated that hesperidin treatment 

attenuated blood-retina breakdown (BRB) 

and increased retinal thickness. Additionally, 

hesperidin significantly reduced blood glu-

cose levels, AR activity, and concentrations 
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of vascular endothelial growth factor (VEGF) 

in the retina, intercellular adhesion molecule-

1 (ICAM-1), AGEs, IL-1β, and TNF-α. More-

over, hesperidin administration diminished 

levels of plasma MDA along with elevated 

activity of superoxide dismutase (SOD) in 

rats with diabetes. Based on these findings, it 

seems that hesperidin exerts beneficial effects 

through anti-angiogenic, anti-inflammatory, 

and antioxidative mechanisms. Furthermore, 

hesperidin's restraining impact on the accu-

mulation of AGEs and the involvement of the 

polyol pathway in the retina may contribute to 

its potential in preventing diabetic retinopathy 

and improving metabolic health (Shi et al., 

2012). 

Diabetic-induced testicular alterations 

The addition of health could be advanta-

geous in shielding diabetic rats from the de-

cline in sperm quality and DNA damage in 

their testes induced by diabetes mellitus. In 

this regard, Aksu et al. evaluated various 

sperm parameters and oxidative stress mark-

ers in STZ-induced DM. In the DM group, 

sperm motility, mean cauda epididymis 

weights (MCEW), and DNA damage signifi-

cantly decreased, while abnormal and dead 

sperm percentages significantly increased 

compared to the control group. Mean testis 

weights (MTW) showed no difference among 

the groups. The DM group also exhibited 

higher levels of MDA and 8-hydroxy-20-de-

oxyguanosine (8-OHdG), indicating in-

creased oxidative stress. However, hesperidin 

treatment improved sperm motility and re-

duced DNA damage and MDA levels, though 

8-OHdG levels remained higher than in the 

control and hesperidin groups. Intracellular 

antioxidant defense compounds (GSH, GPx, 

CAT, and SOD) were increased by hesperidin 

treatment, suggesting a potential protective 

effect against oxidative stress induced by DM 

(Aksu et al., 2021). 

Another study also assessed the potential 

of hesperidin in mitigating testicular altera-

tions induced by diabetes in rats. The male re-

productive organs are adversely affected by 

diabetes mellitus, leading to testicular atrophy 

and consequent infertility, mainly attributed 

to the harmful impact of hyperglycemia and 

oxidative stress. Throughout the experiment, 

diabetic rats were administered hesperidin 

orally at 200 mg/kg per day over a period of 

ten consecutive days after confirming hyper-

glycemia. The outcomes of this intervention 

were notably positive. Hesperidin effectively 

reduced blood glucose levels, reinstated nor-

mal body and testicular weights, and signifi-

cantly ameliorated the histopathological 

changes in the testicular tissues (Abd Elsamie 

et al., 2021). 

Moreover, it played a vital role in restor-

ing normal germinal epithelium and spermat-

ogenesis, rectifying the morphological abnor-

malities observed in spermatozoa due to dia-

betes. Although insulin also exhibited some 

improvements in the adverse effects of diabe-

tes, the results indicated that hesperidin was 

even more potent in counteracting the toxic 

impact of diabetes on the testes compared to 

insulin treatment. These promising findings 

suggest that hesperidin holds substantial ther-

apeutic potential as a valuable agent in ad-

dressing diabetic complications in the male 

reproductive system, particularly testicular 

dysfunction (Abd Elsamie et al., 2021). 

Diabetic-induced psychiatric effects 

El-Marasy and coworkers investigated the 

anti-depressant impacts of orally adminis-

tered hesperidin on STZ-induced diabetic 

rats. Diabetic rats experienced significant 

body mass loss and elevated blood glucose 

levels compared to normal rats. Hesperidin 

administration at 25.0 mg/kg/day resulted in a 

significant gain in body mass, while 50 

mg/kg/day and 100 mg/kg/day reduced body 

mass loss and caused a considerable loss in 

body mass, respectively. Similarly, fluoxetine 

(5 mg/kg/day) reduced body mass loss. Hes-

peridin administration at different doses 

markedly lowered blood glucose concentra-

tions in rats with diabetes. Locomotor activity 

was reduced in all groups, with no significant 

difference compared to normal rats. Hesperi-

din and fluoxetine treatments significantly de-

creased immobility duration in diabetic rats. 

Diabetic rats had increased MDA brain levels, 

while hesperidin and fluoxetine administrat-
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ion showed varying effects on MDA levels. 

Brain levels of GSH, IL-6, brain-derived neu-

rotrophic factor (BDNF), norepinephrine 

(NE), 5-hydroxytryptamine (5-HT), and do-

pamine (DA) were also altered in diabetic rats 

with different hesperidin and fluoxetine ad-

ministration responses. Overall, the study 

highlights the potential of hesperidin in miti-

gating diabetic effects on body mass, blood 

glucose levels, immobility duration, oxidative 

stress, and neurotransmitter levels in rats (El-

Marasy et al., 2014).  

Another study also explored the neuropro-

tective effects of hesperidin (50 mg/kg and 

150 mg/kg for ten weeks) in diabetic rats with 

depression-like behaviors. The researchers 

also used an Nrf2 inducer called tert-butylhy-

droquinone (TBHQ) (25 mg/kg) as a compar-

ison. The findings revealed that hesperidin 

exhibited anti-depressant and anxiolytic ef-

fects in diabetic rats. It reduced immobility 

time in the forced swimming test and in-

creased time spent in open areas during be-

havioral tests. Moreover, hesperidin en-

hanced the activity of Glo-1, a critical detoxi-

fying enzyme. It inhibited the AGEs/RAGE 

axis and oxidative stress in the brain. Also, 

hesperidin increased the levels of Nrf2, a piv-

otal element in cellular protection against ox-

idative stress. This study suggests that hesper-

idin may hold promise as a potential therapeu-

tic agent for mitigating depression-like be-

haviors in diabetic individuals. The observed 

neuroprotective effects of hesperidin are 

linked to its ability to regulate critical molec-

ular pathways involved in oxidative stress and 

neuroprotection (Zhu et al., 2020). 

Similarly, Zhu et al. explored the anxiety-

reducing impacts of hesperidin on behavior 

related to anxiety in rats with diabetes. They 

explored the fundamental mechanisms in-

volving the pathway of protein kinase A 

(PKA)/cAMP response element-binding pro-

tein (CREB). Rats exhibiting diabetes in-

duced by STZ were subjected to oral admin-

istration of hesperidin (50 and 150 mg/kg) 

over a period of ten weeks. Anxiety-like be-

haviors were assessed using various tests. The 

results showed that hesperidin supple-

mentation produced anxiety-reducing effects 

in rats with diabetes, evidenced by improved 

behavior in elevated plus maze, hole board, 

and marble-burying tests. Hesperidin also in-

creased the expression of CREB, BDNF, 

PKA, and the synaptic proteins within the hip-

pocampus and amygdala of rats with diabetes, 

thus restoring the equilibrium within the path-

way involving PKA/CREB/BDNF. In vitro 

experiments further verified that the protec-

tive effects of hesperidin were facilitated 

through the mediation of the PKA/CREB/ 

BDNF pathway. The study suggests that hes-

peridin may have therapeutic potential for 

treating anxiety-like behaviors associated 

with diabetes by modulating the PKA/CREB/ 

BDNF pathway (Zhu et al., 2023). 

Diabetic cardiovascular complications 

Yi and coworkers investigated the impact 

of a combination of trans-resveratrol (tRES) 

and hesperetin on endothelial cells (ECs) de-

rived from healthy and type 2 diabetic donors. 

After subjecting the ECs to tRES+ hesperetin 

treatment for 48 hours, a comprehensive pro-

teomic analysis identified 179 proteins with 

significant differences between diabetic and 

healthy ECs, and 81 proteins displayed sub-

stantial changes following tRES+ hesperetin 

treatment in diabetic ECs. The altered pro-

teins in diabetic ECs were associated with di-

verse cellular functions, including cytoplas-

mic and membrane localization, nucleus and 

cytoskeleton organization, and involvement 

in various biological processes and molecular 

activities. Among the identified proteins, 16 

displayed reversed differences between dia-

betic and healthy ECs after tRES+ hesperetin 

treatment. These 16 proteins were found to be 

associated with essential cellular processes 

such as angiogenesis, blood vessel develop-

ment, endothelial tube morphogenesis, and 

response to hypoxia (Yi et al., 2023). 

Further functional validation experiments 

revealed that tRES+ hesperetin treatment ef-

fectively targeted key proteins, including ac-

tivin A receptor-like type 1 and transforming 

growth factor β receptor 2 (TGFBR2), critical 

in regulating angiogenesis. These results indi-

cate that the tRES+ hesperetin combination 
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profoundly influences the protein profiles of 

diabetic ECs, potentially mitigating the ad-

verse effects of diabetes on endothelial func-

tion. Taken together, hesperetin may offer po-

tential avenues for future therapeutic inter-

ventions to combat diabetic endothelial dys-

function (Yi et al., 2023) . 

Kakadiya et al. evaluated the impact of 

hesperidin on cardiovascular complications in 

rats with diabetes provoked by STZ and nico-

tinamide administration. The rats received 

treatment with oral hesperidin at a dosage of 

100 mg/kg administered daily for a duration 

of 28 days, subsequent to diabetes and myo-

cardial infarction induction. The findings in-

dicated that rats with diabetes induced by 

STZ-nicotinamide displayed elevated levels 

of serum HbA1c, creatine kinase (CK), gluta-

mate oxaloacetate transferase (GOT), glyco-

gen, and nitrite, along with a significant de-

crease in myocardial infarct size. However, 

the administration of hesperidin resulted in 

substantial reductions in HbA1c, glucose lev-

els, nitrite, CK, and glycogen compared to the 

diabetic control group. Additionally, the his-

topathological analysis revealed that hesperi-

din treatment in diabetic rats led to reduced 

necrosis and fragmentation of muscle fibers, 

indicating a potential protective effect on the 

heart. In conclusion, the study suggests that 

hesperidin may alleviate cardiovascular com-

plications in rats with type 2 diabetes. Hesper-

idin positively affected serum enzymes and 

myocardial tissue parameters, reducing myo-

cardial infarct size and improving cardiac tis-

sue appearance (Kakadiya and Shah, 2010). 

Similarly, another study aimed to assess 

the antioxidative impacts of hesperidin on 

myocardial infarction induced by isopro-

terenol in both non-diabetic and diabetic rats. 

After inducing diabetes using STZ and nico-

tinamide, rats were treated with hesperidin 

(100 mg/kg, p.o) for 28 days before causing 

myocardial infarction with isoproterenol. Di-

abetic rats treated with STZ-nicotinamide 

showed elevated serum HbA1c levels and el-

evated generation of MDA/lipid peroxidation 

(LPO) and nitrite content within the heart tis-

sue. Moreover, critical oxidative stress 

biomarkers, including reduced GSH, CAT, 

and SOD, exhibited reduced activity com-

pared to control rats. However, treatment with 

hesperidin showed significant improvements. 

It effectively restored GSH levels, enhanced 

CAT and SOD activity, and reduced nitrite 

levels and lipid peroxidation in comparison to 

diabetic reference groups. This study pro-

poses that hesperidin may effectively allevi-

ate oxidative stress in the heart during isopro-

terenol-induced myocardial infarction in type 

2 diabetic rats (Kakadiya et al., 2010). 

Additionally, in characterizing type 2 dia-

betes, STZ-nicotinamide administration in-

duced severe hyperglycemia and increased 

HbA1c levels in rats. Notably, hesperidin 

treatment, either alone or in combination, re-

sulted in notable decreases in HbA1c levels 

and glucose compared to diabetic control sub-

jects. Hesperidin demonstrated promising an-

tioxidant properties, making it a potential 

therapeutic option for managing oxidative 

stress in the heart during diabetic myocardial 

infarction. Furthermore, the positive effects 

on glucose, HbA1c, and anti-oxidant levels 

suggest the promising effects of hesperidin 

against diabetes-induced myocardial infarc-

tion (Kakadiya et al., 2010). 

Liu and coworkers investigated the poten-

tial vasomotor effects of hesperetin (100 

mg/kg/day for eight weeks) on the coronary 

arteries of rats impaired by diabetes or ele-

vated glucose concentrations. The results 

demonstrated chronic hesperetin treatment re-

lieved the heightened contractile sensitivity 

and reduced vasodilator responsiveness in-

duced by diabetes in rat coronary arteries 

(RCAs). Additionally, hesperetin increased 

the expression of voltage-dependent K+ (Kv) 

1.2 channels in diabetic RCAs, improving 

vasomotor function. Furthermore, the chronic 

administration of hesperetin showed several 

positive effects, including attenuating diabe-

tes-induced body weight loss and reducing el-

evated plasma glucose levels. Furthermore, it 

reversed the hypersensitivity of diabetic 

RCAs and restored their responsiveness to re-

laxants. Moreover, hesperetin increased Kv 

currents in diabetic rat coronary arterial 
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smooth muscle cells (RCASMCs) and upreg-

ulated the expression of Kv1.2 channels. To 

conclude, this research indicates the potential 

of hesperetin as a viable therapeutic option for 

managing vasomotor dysfunction in diabetic 

RCAs. Its beneficial effects on contractile and 

relaxant responses and upregulation of Kv1.2 

channels indicate its potential for addressing 

vascular complications associated with diabe-

tes in rat coronary arteries (Liu et al., 2020). 

Another study examined the potential car-

dioprotective impacts of hesperidin in the 

context of myocardial dysfunction in diabetic 

rats induced by isoproterenol. Rats with dia-

betes initiated by STZ were subjected to hes-

peridin treatment (100 mg/kg orally), the an-

tagonist of PPAR- GW9662 (1 mg/kg intra-

peritoneal injection), or a mix of both com-

pounds. The results of the study unveiled re-

markable cardioprotective properties of hes-

peridin. Notably, hesperidin treatment en-

hanced hemodynamic functions, promoting 

optimal systolic, diastolic, and mean arterial 

pressures and supporting positive changes in 

the rate of pressure development and left ven-

tricular end-diastolic pressure. Moreover, 

hesperidin fortified the endogenous antioxi-

dant defense system, reducing oxidative stress 

and decreasing lipid peroxidation. These ef-

fects contributed to preserving the structural 

integrity of the myocardium and mitigating 

myocardial damage caused by isoproterenol 

in diabetic conditions (Agrawal et al., 2014a). 

Additionally, hesperidin demonstrated 

significant anti-apoptotic effects, as indicated 

by heightened levels of Bcl-2 protein expres-

sion accompanied by diminished Bax protein 

expression. Overall, the findings from this 

study highlight the promising therapeutic 

value of hesperidin as a potential intervention 

for managing myocardial infarction in dia-

betic individuals. By modulating the PPAR-c 

pathway and exerting beneficial effects on 

heart function and antioxidant defense, hes-

peridin shows promise in mitigating the detri-

mental effects of isoproterenol on the heart in 

the context of diabetes (Agrawal et al., 

2014a). 

Agrawal et al. investigated the potential 

cardioprotective effects of hesperidin in dia-

betic rats undergoing cardiac ischemia and 

reperfusion (I/R) injury. The rats received 

hesperidin (at a daily dosage of 100 mg/kg), 

GW9662 (an antagonist targeting the PPAR-

γ receptor), or a mix of both compounds for a 

duration of 14 days. Subsequently, the rats 

underwent coronary artery occlusion fol-

lowed by reperfusion. Hesperidin pretreat-

ment significantly improved cardiac function, 

reduced markers of cardiac injury such as 

CK-MB and LDH, and lowered lipid peroxi-

dation levels. Moreover, hesperidin decreased 

the pro-inflammatory cytokine TNF-α, indi-

cating its anti-inflammatory potential. The 

flavonoid also demonstrated anti-apoptotic 

properties through the elevation of Bcl-2 pro-

tein expression and reducing the expression of 

the pro-apoptotic protein Bax, highlighting its 

ability to inhibit cell death. Assessments of 

tissue histology and detailed structural anal-

yses supported the safeguarding effect of hes-

peridin, as it mitigated myocardial damage 

and preserved mitochondrial structure. These 

results indicated that hesperidin has the poten-

tial to serve as a promising natural therapeutic 

option for protecting the heart against is-

chemic injury in diabetic individuals. Its ef-

fects were mediated through the activation of 

PPAR-γ receptors, as evidenced by the eleva-

tion of PPAR-γ protein levels. However, the 

presence of the PPAR-γ receptor antagonist, 

GW9662, dampened the beneficial effects of 

hesperidin, indicating the involvement of 

PPAR-γ signaling in mediating the cardiopro-

tective properties of hesperidin (Agrawal et 

al., 2014b). 

Another similar study determined the ef-

fects of hesperidin on complications related to 

the cardiovascular system within the context 

of myocardial infarction induced by isopro-

terenol in both non-diabetic and diabetic rats 

induced by nicotinamide and STZ administra-

tion. Hesperidin was administered orally at 

100 mg/kg for 28 days. Diabetic rats exhibited 

elevated blood glucose, HbA1c, total choles-

terol, LDL, triglycerides, and blood pressure. 

They reduced HDL, lecithin Cholesterol acyl 
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transferase (LCAT), and lipoprotein lipase 

(LPL) levels. Myocardial infarction in dia-

betic rats further exacerbated these effects. 

However, treatment with hesperidin signifi-

cantly reduced blood glucose, HbA1c, total 

cholesterol, LDL, triglycerides, and blood 

pressure, while increasing LCAT and LPL 

levels. These findings indicate that hesperidin 

may effectively control blood glucose con-

centrations and reduce cardiac complications 

in a laboratory-induced model of myocardial 

infarction among diabetic rats (Kakadiya et 

al., 2010). 

Diabetic skin ulcer 

Wang and coworkers investigated the ef-

fects of hesperidin on STZ-induced diabetic 

foot ulcer wounds in rats. The rats with in-

duced wounds received gradually increasing 

amounts of hesperidin orally (doses of 10 to 

80 mg/kg were given) and insulin injected 

subcutaneously (at a dose of 10 IU/kg). Ac-

cording to the findings, it was revealed that 

hesperidin at 60 and 80 mg/kg doses signifi-

cantly improved glucose, HbA1C, insulin 

concentration, and wound dimension. It also 

modulated the expression of VEGF and re-

duced the levels of TNF-α and IL-6, indicat-

ing reduced inflammation. Hesperidin admin-

istration led to increased wound healing in di-

abetic rats, and higher doses of hesperidin (80 

mg/kg) showed better results in lowering se-

rum glucose levels than in lower doses (Wang 

et al., 2018). 

Additionally, hesperidin administration 

improved serum insulin levels and reduced 

glycated Hb concentrations. It also increased 

the activity of antioxidant enzymes, such as 

SOD and GSH, and decreased MDA and 

MPO levels, indicating reduced oxidative 

stress. Hesperidin treatment also improved in-

sulin resistance (Homeostasis model of insu-

lin resistance (HOMA-IR) values) and re-

duced pro-inflammatory markers TNF-α and 

IL-6 levels. Furthermore, hesperidin admin-

istration upregulated the expression of VEGF 

and its receptors, VEGFR1 and VEGFR2, 

promoting angiogenesis and wound healing in 

diabetic foot ulcers. In conclusion, hesperidin 

showed promising effects on the process of 

healing in ulcers of diabetic foot by reducing 

inflammation, hyperglycemia, and oxidative 

stress and promoting angiogenesis. Higher 

doses of hesperidin (80 mg/kg) seemed to be 

more effective in improving the observed pa-

rameters in this study (Wang et al., 2018). 

A similar study evaluated the potential of 

hesperidin (25, 50, and 100 mg/kg for 21 

days) in treating diabetes-induced foot ulcers 

in rats. Hesperidin treatment at 50 and 100 

mg/kg significantly inhibited decreased body 

weight and increased blood glucose, food, and 

water intake induced by STZ. It also led to a 

notable rise in wound closure and insulin con-

centrations in the serum. Furthermore, hes-

peridin attenuated the altered levels of oxida-

tive stress markers in the wound tissue, in-

creasing SOD and GSH levels while reducing 

MDA and NO levels. Hesperidin treatment 

upregulated the mRNA expression of VEGF-

c, angiopoietin-1 (Ang-1), Tie-2, TGF-β1, 

and suppressor of Mothers Against 

Decapentaplegic (SMAD) 2/3 in the wound 

tissue, suggesting enhanced angiogenesis and 

vasculogenesis. Histopathological examina-

tion revealed that hesperidin-treated rats ex-

hibited improved wound architecture, in-

creased blood vessels, re-epithelialization, 

and reduced leukocyte infiltration. 

In conclusion, hesperidin demonstrated 

the potential to accelerate wound healing in 

chronic diabetic foot ulcers. It showed bene-

ficial effects on body weight, glucose control, 

oxidative stress, and wound tissue remodel-

ing. The upregulation of angiogenic and vas-

culogenic factors further supported hesperi-

din's wound-healing properties. Thus, hesper-

idin could be viewed as a potential and prom-

ising therapeutic choice for delayed wound 

healing associated with diabetes (Li et al., 

2018). 

Another study evaluated the healing effect 

of hesperidin on diabetic skin injuries in male 

albino rats. The untreated diabetic rats 

showed incomplete wound closure, thickened 

and malformed epidermis, disorganized colla-

gen fibers, and significant inflammation. 

Nonetheless, upon administering hesperidin 

treatment (orally administered at a dosage of 
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50 mg/kg for a period of 30 days) to diabetic 

rats, remarkable improvements were ob-

served. The wounds closed entirely with a 

thin and normal-looking epidermis, well-or-

ganized collagen fibers, and enhanced angio-

genesis, as indicated by strong positive VEGF 

immunoreactivity. These findings suggest 

that hesperidin can be a valuable adjunctive or 

alternative agent in promoting diabetic wound 

healing, leading to positive cosmetic out-

comes. This research highlights the potential 

benefits of hesperidin derived from citrus 

herbal products in addressing skin ulcers and 

poor healing in diabetic patients (Yassien and 

El-Ghazouly, 2021). 

 

Clinical investigations 

Yari et al. carried out a randomized clini-

cal trial with a placebo control group involv-

ing individuals at risk of developing diabetes. 

The study involved 48 participants, divided 

into two groups: one receiving a lifestyle in-

tervention and a treatment combination of 

milled brown flaxseed (30 g) and hesperidin 

(two capsules, each containing 500 mg), 

along with lifestyle modifications, adminis-

tered daily over a 12-week period. The aim 

was to assess changes in lipid profile, glucose 

homeostasis, inflammatory biomarkers, an-

thropometric measures, and atherogenic indi-

ces. Results indicated that the combined ther-

apy group remarkably reduced body weight 

and blood pressure compared to the control 

group. The intervention group also showed 

improved lipid profiles, lower triglyceride 

and LDL cholesterol levels, and better athero-

genicity indices. Glucose homeostasis param-

eters also exhibited positive trends, with en-

hanced insulin sensitivity. 

Furthermore, the combined therapy led to 

a notable decrease in the inflammatory bi-

omarker TNF-α. Participants adhered well to 

the intervention, and no adverse effects were 

reported. In conclusion, the co-administration 

of brown flaxseed and hesperidin, combined 

with lifestyle modification, displayed promis-

ing effects in managing metabolic abnormali-

ties in prediabetic individuals, suggesting its 

potential as a practical approach for diabetes 

risk management (Yari et al., 2021). 

 

CONCLUSION AND  

FUTURE PROSPECTS 

In summary, the collective evidence from 

the reviewed studies strongly supports the po-

tential therapeutic utility of hesperidin and 

hesperetin in managing diabetes and its re-

lated complications. The observed molecular, 

cellular, and metabolic effects underscore the 

diverse mechanisms through which these 

compounds exert their beneficial impacts. 

Hesperetin has demonstrated its ability to 

modulate inflammatory cytokine release, NF-

κB acetylation, and SIRT 3/6 expression 

through the TLR/MyD88/NF-κB signaling 

pathways, suggesting its promise as a treat-

ment option for averting diabetes and its asso-

ciated complications. On the other hand, hes-

peridin shows excellent potential as a biomol-

ecule for treating diabetic neuropathy, with its 

neuroprotective effects achieved through en-

hancing Glo-1 and inhibiting the AGEs/ 

RAGE interaction via Nrf-2/ARE pathway 

activation. 

Moreover, both hesperidin and hesperetin 

effectively normalize blood glucose levels by 

influencing glucose-regulating enzyme activ-

ity and reducing serum and liver lipid levels, 

making them viable candidates for hypogly-

cemic and hypolipidemic interventions in di-

abetes. Furthermore, the studies indicate that 

hesperidin may offer protective benefits in 

countering diabetic nephropathy through the 

inhibition of the signaling pathway involving 

TGF-β1, ILK, and Akt and improving renal 

function. Additionally, hesperidin exhibits 

antioxidant, anti-inflammatory, and anti-de-

pressant effects in diabetic conditions, further 

expanding its potential therapeutic applica-

tions. 

In conclusion, these findings strongly sup-

port considering hesperidin and hesperetin as 

potential complementary treatments for dia-

betes and its complications. However, further 

research and clinical studies are needed to 

fully understand the underlying mechanisms 

and validate their therapeutic efficacy in 
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human subjects. These natural compounds 

hold promise for developing novel and cost-

effective treatment options for individuals 

with diabetes. 
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