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addressing its treatment and associated complications. Paeoniflorin, a
monoterpenoidglycosidecompound,hasgarneredsubstantialattentionin
recent years owing to its potential therapeutic efficac

y
in diabetes

management. Thus, this study aims to systematically overview the
pharmacologicaleffects,pharmacokineticsandtoxicityofpaeoniflorinin
diabetes.Plentyofevidenceshaveverifiedthatpaeoniflorinimprovesdiabetes and its
complication  through  reducing  blood  sugar,  enhancing  insulin  sensitivity,
regulating gut microbiota and autophagy, restoration of mitochondrial function,
regulation of lipid metabolism, anti-inflammation, anti-oxidative stress, inhibition
of apoptosis, immune regulation and so on. Paeoniflorin possess the
characteristicsofrapidabsorption,widedistribution,rapidmetabolismand
renalexcretion.Meanwhile,toxicitystudieshavesuggestedthatpaeoniflorin  has  low
acute  toxicity,  minimal  subacute  and  chronic  toxicity,  and  no  genotoxic  or
mutational toxic effects. In conclusion, this paper systematically elucidates the
potentialtherapeuticapplicationandsafetyprofileofpaeoniflorinindiabetes
management.

accordancewithacceptedacademicpractice.
Nouse,distributionorreproductionis 
permittedwhichdoesnotcomplywiththese terms.
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1Introduction

Diabetes  is  an  escalating  chronic  metabolic  disorder  globally,  primarily
characterized by elevated blood glucose levels resulting from inadequate insulin
secretion or impaired insulin function (Tokarz et al., 2018; Sims et al.,  2021).
Persistent  hyperglycemia  not  only  precipitates  various  microvasculaar
complications, such as diabetic nephropathy (DN) and retinopathy, but also no
longer  pose  a  risk  of  macrovascular  complications,  including  cardiovascular
diseases and neuropathy, significantly compromising patients’ quality of life and
lifespan (Malik, 2020; Jansson Sigfrids et al., 2021; Hermans et al., 2022; Li X. et
al.,  2023).  Thus, currently diabetes is frequently accompanied by the diabetic
nephropathy,  diabetic  peripheral  neuropathy,  diabetic  wound,  diabetic  liver
injury, diabetic myocardial ischemic injury, and the structural limits of a toothpick
bridge,  diabetic  retinopathy  and  so  on.  In  recent  decades,  considerable
advancements have been achieved in diabetes and its complications’ treatment.
However,  oral  antidiabetic  medications  and insulin  therapy despite  effectively
control  blood  glucose,  but  frequently  bring  about  multiple  side  effects.
Meanwhile,  unstable  therapeutic  outcomes  and  necessitate  long-term  usage
constrain  clinical  application  seriously.
(Levyetal.,2019;McAlisteretal.,2021;Gorgogietasetal.,2023).
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Recently,  natural  products  have  increasingly  been
spotlighted  as
potentialnovelstrategiesfordiabetesanditscomplications’treat
ment(YangX.etal.,2022;Wangetal.,2023a).Notably,
Paeoniflorin(PF),aprincipalbioactivecompoundintraditional
Chineseherbs(PaeonialactifloraPall.),hasgarneredsignificant
attention  due  to  its  remarkable  hypoglycemic  properties,
protective

effect
s

on pancreatic β-cells, and amelioration of diabetic
complications(LuoW.etal.,2023;Liangetal.,2024;Wuetal.,
2024). Study indicated that hypoglycemic effects of PF via
enhancing
insulinsensitivity,stimulatinginsulinsecretion,inhibitinghepatic
glycogenolysis,andaugmentingmuscleglucoseuptake(Guetal
.,  2016;Yaoetal.,2021;Zhangetal.,2023a;Zhangetal.,2023b).
Furthermore,  PF  could  improve  pancreatic β-cells via
antioxidative,

anti-
inflammatory,

and antifibrotic pathways, mitigating the
incidenceandprogressionofdiabeticcomplications(Zhangetal.
, 2020; Liu et al., 2023a). As research into the mechanism of
action  of
PFintensifies,anincreasingnumberofclinicalandexperimental
studieshavevalidateditspotentialtherapeuticvalueinmanaging
diabetes  and  its  complications.  Multiple  studies  have
demonstrated  that  PF can markedly  lower  blood  glucose
levels,  enhance  pancreatic
function,andattenuatetheonsetandprogressionofdiabetic

nephropathy
,

while also displaying favorable safety and
tolerabilityprofiles(Bayanetal.,2022).

Nonetheless,numerousquestionspersistconcerningPF’s
mechanism of action in diabetes and its complications’

treatment,includingitsspecifictargets,actionpathways,and 
potentialinteractionswithotherantidiabeticmedications, 
necessitatingfurtherexploration.Therefore,thisarticleaims to 

comprehensively summarize and analyze the 
research progress on PF’s role in 

treating diabetes and its complications, furnishing
a scientific foundation for its 

expandedclinicalapplicationandintroducingnovelinsights and 
approachestorefineandinnovatediabetesandits 

complications’ therapeutic strategies 
(Figure 1). All 

abbreviationsalongwiththeirfullformsasshownin(Table1).

2Pathogenesis

2.1Insulindysfunction

Diabetes is a chronic metabolic disorder marked by high
blood
glucoselevelsresultingfrominadequateinsulinsecretionor
resistancetoinsulinaction.Pancreaticdysfunction,particularly
theimpairmentofβ-cellsresponsibleforinsulinsecretion,isa
pivotalfactorinthedevelopmentofdiabetes(MacDonaldand
Rorsman,2023;KrauseandDeVito,2023).Theisletsof

Langerhans
,

alternatively termed pancreatic islets, are
microorgansdispersedthroughoutthepancreas,playingavital
roleinmaintainingglucosehomeostasis(Baderetal.,2016).
Undernormalphysiologicalconditions,β-cellswithintheislets
secreteinsulininresponsetoelevatedbloodglucoselevels,
facilitatingglucoseuptakeandutilizationbyperipheraltissues,
includingmuscleandadiposetissue,whilesuppressinghepatic
glucoseproduction(Bennetetal.,2016;Lingetal.,2016).
However,indiabeticpatients,impairedfunctionandadecreased
number  of  pancreatic β-cells  result  in  inadequate  insulin
secretion or insulinresistance.



TABLE1Listofabbreviationsandthecorrespondingfullterms.

Abbreviation Fullterms

3-NT 3-nitrotyrosine

AGEs Advancedglycationendproducts

ACC Acetyl-coaCarboxylase

AGEs Advancedglycationendproducts

Akt ProteinkinaseB

ALT Alanineaminotransferase

AMC Anti-diabeticmonomercombination

ARE Antioxidantresponseelement

Arg-1 Arginase-1

ASC Apoptosis-associatedSpeck-
likeproteincontaininga caspaserecruitmentdomain

a-SMA Alpha-SmoothMuscleActin

AST Aspartateaminotransferase

Bax Bcl-2-associatedXprotein

Bcl-2 B-celllymphoma2

BRB Blood-retinalbarrier

CaMK Calcium/calmodulin-dependentproteinkinase

Caspase Cysteine-dependentAspartate-specificProtease

CAT Catalase

CD31 ClusterofDifferentiation31

CD86 ClusterofDifferentiation86

CGRP Calcitoningene-relatedpeptide

CHOP CCAAT/enhancer-bindingproteinHomologousProtein

Col-I Collagentypei

Col-VI Collagentypevi

CREB CampResponseElement-BindingProtein

CRISPR-Cas9 Clustered Regularly Interspaced Short Palindromic 
Repeats-CRISPR-associatedprotein9

CXCR2 C-x-cmotifchemokinereceptor2

CYP2E1 Cytochromep450family2subfamilyemember1

DFU Diabeticfootulcers

DLI Diabeticliverinjury

DN Diabeticnephropathy

DPN Diabeticperipheralneuropathy

DR Diabeticretinopathy

DRG Dorsalrootganglion

EAF Ethylacetateextract

EMT Epithelial-mesenchymaltransition

ER Endoplasmicreticulum

(Continuedonfollowingpage)
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TABLE1(Continued)Listofabbreviationsandthecorrespondingfull TABLE1(Continued)Listofabbreviationsandthecorrespondingfull
terms. terms.

Abbreviation Fullterms

FBG Fastingbloodglucose

FFA Freefattyacids

GADA Glutamicaciddecarboxylaseantibodies

GDM Gestationaldiabetesmellitus

GFAP Glialfibrillaryacidicprotein

GIP Glucose-dependentinsulinotropicpeptide

GLAST L-glutamate/L-aspartatetransporter

GLP-1 Glucagon-likepeptide-1

GPX4 Glutathioneperoxidase4

GRP78 Glucose-regulatedprotein78

GRP78/Bip Glucose-regulatedprotein78/
bindingimmunoglobulin protein

GS Glutaminesynthase

GSH-PX Glutathioneperoxidas

GSK3β Glycogensynthasekinase3beta

HDL-C High-densitylipoproteincholesterol

HFD High-fatdiet

HOMA Homeostasismodelassessment

HUVECs Humanumbilicalveinendothelialcells

IAA Insulinantibodies

IBA-1 Ionizedcalciumbindingadaptormolecule1

ICA Isletcellantibodies

ICAM-1 Intercellularadhesionmolecule1

ICV Intracerebroventricular

IKK IκBkinase

IL Interleukin

iNOS Induciblenitricoxidesynthase

IRE1α Inositol-RequiringEnzyme1alpha

IRS-1 Insulinreceptorsubstrate-1

IκB InhibitorofκB

JAK Januskinase

LD50 Lethaldose

LDL-C Low-densitylipoproteincholesterol

MAPK Mitogen-activatedproteinkinase

MCP-1 Monocytechemoattractantprotein-1(ccl2)

MDA Malondialdehyde

MMP-9 Matrixmetalloproteinase9

mTOR Mechanistictargetofrapamycin

(Continuedinnextcolumn)



Abbreviation Fullterms

MyD88 Myeloiddifferentiationprimaryresponse88

NADPH Nicotinamideadeninedinucleotidephosphate

NF-kB NuclearfactorkappaB

NLRP3 NOD-likereceptorfamilypyrindomaincontaining3

Nrf2 Nuclearfactorerythroid2-relatedfactor2

p-4E-BP1 Phosphorylatedeukaryotictranslationinitiationfactor4e-
bindingprotein1

PEPCK Phosphoenolpyruvatecarboxykinase

PF Paeoniflorin

PFK Phosphofructokinase

PI3K Phosphatidylinositol3-kinase

PIM2 ProviralIntegrationsiteforMoloneymurineleukemia 
virus2

PIPK Phosphatidylinositolphosphatekinase

p-IRF3 PhosphorylatedInterferonRegulatoryFactor3

PKCβ1 ProteinkinaseCbeta1

Pmpca Peptidasemitochondrialprocessingalpha

PPAR Peroxisomeproliferator-activatedreceptor

Prx3 Peroxiredoxin3

p-SGK1 PhosphorylatedSerum/GlucocorticoidRegulatedKinase1

RAGE Receptorforadvancedglycationend-products

ROS Reactiveoxygenspecies

RPA Radixpaeoniaealba

SIRT1 Sirtuin1

Smad Mothersagainstdecapentaplegichomolog

SOCS Suppressorofcytokinesignaling

SOD Superoxidedismutase

SREBP1 Sterolregulatoryelement-bindingprotein1

SSYX Shensongyangxincapsule

STAT Signaltransducerandactivatoroftranscription

STZ Streptozotocin

Sumo SmallUbiquitin-likeModifier

SYT Sanyetablet

T1D Type1diabetes

T2D Type2diabetes

TAOC Totalantioxidantcapacity

TC Totalcholesterol

TG Triglycerides

TGF-β1 Transforminggrowthfactor-β1

(Continuedonfollowingpage)

FrontiersinPharmacology 03 frontiersin.org



Ouetal. 10.3389/fphar.2025.1551368

TABLE1(Continued)Listofabbreviationsandthecorrespondingfull terms.

Abbreviation Fullterms

TLR2/4 Toll-likereceptor2/4

TNF-α Tumornecrosisfactor-α

TRIF TIR-domain-containingadapter-inducinginterferon-β

TRPV1 Transientreceptorpotentialvanilloid1

Trx2 Thioredoxin

TrxR2 Thioredoxinreductase2

TXNIP Thioredoxin-interactingprotein

VEGF2 Vascularendothelialgrowthfactorreceptor2

XBP-1 X-boxBindingProtein1

α2-AR Alpha-2adrenergicreceptor

γGCS Gamma-GlutamylcysteineSynthetase



Withworseninginsulinresistance,thepancreasmustincrease  insulin  secretion  to  sustain  normalblood  glucoselevels.
Prolonged  overworkcanresultinaprogressivedeclineinthefunctionof  pancreaticβ-
cells,ultimatelycausinginadequateinsulinsecretion.  Additionally,insulinresistancecanresultinaberranthepatic
glycogenmetabolism(Leietal.,2019).Insulin’sprimaryfunction  istoinhibithepaticglycogenolysisandgluconeogenesis.Inthe
presenceofinsulinresistance,thisinhibitoryeffectdiminishes,

resulting in heightened hepatic glycogenolysi
s

and elevate
dglucosereleaseintothebloodstream.

2.2Hepaticglycogenmetabolicdisorders

The liver  is  essential  for  maintaining  blood glucose homeostasis  through the  storage and release  of  glycogen to
regulate  blood  sugar  levels  (Zhanget  al.,  2022a).  Insulin’s  primaryfunctionis  to  inhibit
hepaticglycogenolysisandgluconeogenesis.However,incasesof  insulinresistanceorinadequateinsulinsecretion,thisinhibitory
effectdiminishes,resultinginincreasedglycogenolysisintheliver and elevated glucose release into the bloodstream, leading
to higher

2.1.1Insufficientinsulinsecretion bloodsugarlevels.
Insulin, secreted by the β-cells in the pancreas, plays a

vital  role
inregulatingbloodglucoselevels.Itsmainfunctionistofacilitate
glucoseuptakeandutilizationbymuscleandfatcells,thereby

loweringbloodglucoselevels.Diminishedfunctionorquantityofβ
-cellsresultsinreducedinsulinsecretion,causingpersistent
elevationofbloodglucoselevels(Kalogeropoulouetal.,2008).



Insulin  inhibits  the  activity  of  hepatic  glycogen  enzymes,  including
glycogenphosphorylaseandglycogensynthase,reducingglycogen
breakdownandloweringglucosereleaseintothebloodstream.  Moreover,insulinfacilitatestheconversionofliverglucoseinto
glycogenforstorage,reducingbloodglucoselevels(Villagarcíaetal.,  2018).  Furthermore,  insulin  suppresses  the  activity  of
pivotal enzymes
InType1diabetes(T1D),inadequateinsulinsecretionresults inhepatic gluconeogenes including phosphofructokinas and

primarily from autoimmune-mediated damage and death of
insulin-secreting  cells  (Beck  et  al.,  2019).  This  chronic
autoimmune  disease  occurs  when  the  immune  system
misidentifies β-cells  as  foreign  and

generatesantibodiesandcytotoxicTcellsthatattackanddestroy
these cells. Over time, a gradual decline in the number of β-
cells in



phosphoenolpyruvatecarboxykinase(PEPCK),decreasingglucose  productionfromnon-
carbohydratesources(Zhengetal.,2016).  However,insulinresistanceandinsufficientinsulinsecretionleadto
reducedinsulininhibitionofglycogenenzymes,decreasedinsulin
promotionofglycogensynthesis,increasedglucoseproductionfrom

thepancreasleadstoinadequateinsulinsecretionandultimately non-carbohydrate substrates, enhanced glycogen breakdow

hyperglycemia(Skyler,2023).Differently,Type2diabetes(T2D)
primarily  results  from  chronic  insulin  resistance  (Santoro
and  Kahn,
2023).Asthebody’sinsulindemandrises,thepancreasaugment
s  insulinsecretiontomeettheincreasedneed.However,insulin

resistancereducescellularresponsivenesstoinsulin,necessitat
ing
increasedinsulinlevelstomaintainnormalbloodglucoselevels.
Overtime,aprogressivedeclineinpancreaticβ-cellfunctionmay



diminishedglycogenstorageintheliver,andelevatedglucoserelease 
intothebloodstream,exacerbatingelevatedbloodsugarlevels.

Abnormal hepatic glycogen metabolism significantly contributes to the onset of diabetes and inadequate blood glucose
control  (Reed  et  al.,  2021).Hyperglycemiaexacerbatesthedamagetopancreaticβ-cells,
intensifyinginsulindeficiencyandinsulinresistance,establishinga viciouscycle.Furthermore,chronichyperglycemiacanresultin

resultininadequateinsulinsecretion. multiple microvascular complications, including diabeti
c

nephropathyanddiabeticretinopathy. 2.1.2Insulinresistance
InsulinresistanceisaprimarypathogenicmechanisminT2D

and  a  significant  factor  contributing  to  inadequate  insulin
secretion. It denotes a diminished responsiveness of cells to

insulin,  leading  to
impairedinsulinbiologicalactivity(Gerich,2003).Tomaintain



2.3Abnormalintestinalhormones 
Intestinal hormones, including glucagon, insulin, glucagon-like

normal blood glucose levels, increased insulin secretion is required. peptide-1 (GLP-1), and glucose-
dependent insulinotropic
Primarycausesofinsulinresistanceencompassobesity,unhealthy polypeptide(GIP),playacriticalroleinregulatingbloodglucose
dietary habits, and physical inactivity. Obesity, particularly andenergymetabolism.Thesehormonesworkinconcertto
abdominalobesity,constitutesapredominantriskfactorfor
insulinresistance.Fatcellsservenotonlyasenergyreservoirs
butalsoassourcesofvarioushormones,includingtumor

necrosisfactor-α(TNF-α)andleptin.Thesehormonescan
suppressinsulinsignaling,contributingtoinsulinresistance
(Kirwanetal.,2002).



influencekeyphysiologicalprocessessuchasappetitecontrol,  gastrointestinalmotility,insulinsecretion,andinsulinresistance,
ensuring  glucose  homeostasis  (Sandoval  and  D’Alessio,  2015; Bany  etal.,2023).Amongthem,GLP-
1,secretedbyintestinalLcells,is  particularlyimportantforstimulatinginsulinrelease,suppressing  glucagon  secretion,  slowing
gastric emptying, and reducing appetite,

FrontiersinPharmacology 04 frontiersin.org
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FIGURE1
Mechanisms of PF in the treatment of diabetes and its complications. PF exerts therapeutic effects by lowering blood glucose levels, modulating gut

microbiota, regulating lipid metabolism, and exhibiting anti-inflammatory, antioxidant, anti-apoptotic, and autophagy-regulating properties. In addition,
itspharmacokineticsandtoxicologicalprofilesaresummarized,highlightingthecompound’spotentialasatherapeuticagentfordiabetesandits
associatedcomplications.

all of which contribute to lowering blood glucose levels. energy metabolism, further exacerbating obesity and 
insulin

Additionally, GLP-1 supports pancreatic β-cell function by 
resistance(GuardadoMendozaetal.,2015;DerbenevandZsombok,

promotingcellproliferation,differentiation,andsurvival,thereby 2016). Chronic hyperglycemia, insulin resistance, and
lipid
preservinginsulinproductioncapacity(Carusoetal.,2023).
However,intype2diabetes,bothGLP-1secretionandactivity
areimpaired,leadingtoinsufficientinsulinreleaseandexcessive

glucagonlevels,whichexacerbateglucosedysregulation(Boss
art



abnormalitiescanalsoinduceapersistentinflammatorystate,  triggeringexcessivereleaseofpro-inflammatorycytokinessuchas
TNF-αandIL-6.Theseinflammatorymediatorsnotonlyimpairβ-cell function but also suppress GLP-1 secretion from intestinal
L cells,

etal.,2022). further disrupting hormonal balance (Wong et al., 2022). 
Additionally,

GIP,anotherkeyintestinalhormone,alsostimulatesinsulin
secretionandenhancesβ-cellfunction.UnlikeGLP-
1,GIPlevelsin
diabeticpatientsmayremainnormalorevenincrease;however,it

s
abilitytoenhanceinsulinsecretionissignificantlydiminishedduet
o  reducedβ-
cellresponsiveness.Asaresult,GIPfailstoeffectively



inflammationinterfereswithintestinalhormonereceptorsignaling, diminishing the effects of GLP-1 and GIP on β-cell function
and further impairingglucosehomeostasis(Lietal.,2021a).

Addressingintestinalhormoneimbalancesisessentialfor improvingmetabolichealthindiabetes.Therapeuticstrategies
regulat blood glucose, further contributing to metabolic targetingGLP-1andGIPpathways,suchasGLP-1receptor

dysfunction.Beyondtheirroleinglucosemetabolism,intestinal
hormonesalsoinfluenceappetiteandgastrointestinalfunction.F
or  instance,reducedGLP-
1levelsaccelerategastricemptying,causing
morerapidpostprandialglucosespikesandworseninginsulin
resistance(Hædersdaletal.,2022).

Intestinal  hormone  imbalances  extendbeyond  glucose
regulation,  playing  a  crucial  role  in  lipid  metabolism  and
inflammation.  GLP-1  and

GIPnotonlymodulatebloodglucosebutalsoinfluencebodyweig
ht
andenergybalancebyregulatinglipidmetabolismpathways(Pat
hak  etal.,2018).GLP-
1enhancesfatoxidation,decreaseshepaticfat
synthesis,andimproveslipidhomeostasis.However,inindividua
ls withobesityanddiabetes,impairedGLP-1secretionorfunction
contributestoincreasedappetite,fataccumulation,anddisrupte
d



agonistsanddipeptidylpeptidase-4(DPP-4)inhibitors,have  shownpromiseinrestoringglucoseregulationandimproving
metabolicoutcomes(Nataleetal.,2025).Understandingthe  interplaybetweenintestinalhormones,lipidmetabolism,and
inflammationmayprovidenewavenuesforthemanagementof diabetesanditsassociatedcomplications.

2.4Obesityandabnormallipidmetabolism

Obesity  is  intrinsically  connected  to  abnormal  lipid  metabolism,  with  both  factors  exerting  mutual  influence  and
contributing jointly to the pathogenesis of diabetes (Hu et al., 2022). Obesity induces the
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FIGURE2
Thepathogenesisofdiabetes.

excessiveexpansionanddysfunctionofadiposetissue,disruptin
g the normal regulation of lipid metabolism. Adipose tissue
serves not only as an energy storage site but also as an
endocrine  organ  capable

ofsecretingvariousbioactivesubstances,includingleptin,TNF-
α,  andinterleukin-6(IL-6)(OikonomouandAntoniades,2019).
Specifically,leptinfunctionsasahormonethatpromotessatiety



cholesterol(HDL-C),andincreasedtriglycerides(TG).Theselipid  abnormalitiesareriskfactorsforcardiovasculardiseaseandcan
further  aggravate  insulin  resistance  and  the  progression  of  diabetes
(Fuetal.,2011).Withinadiposetissue,theoveraccumulationof  lipidstriggersinflammatoryresponsesinadipocytesandinterferes
withtheinsulinsignalingpathway,exacerbatinginsulinresistance

andenergyexpenditure;reducedleptinsecretioncanresultin (Songetal.,2023).
increasedappetiteandexcessiveenergyintake.Ontheother
hand,TNF-αandIL-6actaspro-inflammatoryfactorsthat
increaseinsulinresistance.Theirexcessivesecretioncanimpair

thebody’sinsulinsignalingpathway,therebyexacerbatinginsuli
n resistanceandelevatingbloodglucoselevels.



2.5Chronicinflammationand oxidativestress

Secondly, obesit
y

leads to abnormal lipid metabolis
m,

06

Chronic inflammation and oxidative stress are critica
lmanifestingasdyslipidemiaandincreasedlipidaccumulationin contributorstoimpairedisletfunctionandinsulinsensitivityin

adipos
e

tissu
e.

Individual
s

with obesity frequently exhibi
t

diabetes.Low-grade,persistentinflammationisahallmarkoftype
dyslipidemia,characterizedbyelevatedlevelsoflow-density 2diabetes,particularlyinobeseindividuals,whereinfiltrating

lipoproteincholesterol(LDL-C),reducedhigh-
densitylipoprotein

macrophag
es

in adipose tissue secret
e

pro-
inflammatory
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TABLE2MechanismofPFindiabetesandcomplications.

Disease Model 
Methods

Animal/ 
Celllines

Dose/ 
Concentration

Efficacy Mechanisms Ref

Diabetes — NODmice 100mg/kg(i.g.) Regulategutmicrobiota Anti-Inflammatory,Immunoregulation, 
ZO-1↑,ZO-2↑,OCCLUDIN↑,IL-6↓,IL-
1β↓,Th1/Th17↓,MyD88/TRIF↓

LuoW. 
etal.
(2023)

STZ60mg/kg Wistarrats 1mg/kg(i.v.) Reducebloodsugar — Hsuetal. 
(1997)

HFD,12weeks C57BL/6J 6.19mg/kg(i.g.) Regulatebacteria-
cometabolism-inflammation
responses

Anti-Inflammatory,Suppressinsulin 
resistance,InsR↑,IRS-2↑,p-
Akt↑,TNF-α↓,IL-1β↓,IL-6↓

Hanetal. 
(2020)

DN STZ50mg/kg, 
5days

C57BL/6J 100mg/kg(i.g.) Alleviatemacrophag
e infiltration

Anti-Inflammatory,iNOS↓,TNF-α↓,IL-
1β↓,MCP-1↓,JAK2/STAT↓

Zhuetal. 
(2017)

AGEs200μg/ 
mL,24h

HBZY-1 50μM InhibitMesangialcell 
autophagy

Reducethenumberofautophagosomes, 
LC3II/LC3I↓,RAGE↓,Col-IV↓, 
p-mTOR↑

Chen 
etal.
(2017)

STZ 
65mg/kg(iv)

SDrats 10mg/kg(p.o.) — Anti-Inflammatory,TGF-β↓,Col-IV↓, 
ICAM-1↓

Fuetal. 
(2009)

STZ50mg/kg, 
5days

C57BL/6J 100mg/kg(i.g.) Alleviatemacrophag
e infiltration

Anti-Inflammatory,TNF-α↓,IL-1β↓, 
MCP-1↓,iNOS↓,CD68↓,TLR4↓,NF-κB 
p65↓, MyD88↓, p-IRAK1↓, Trif↓, p-
IRF3↓

Shao et 
al. (2019)

STZ50mg/kg, 
5days

C57BL/6J, 
TLR2−/−mice

100mg/kg(i.p.) Alleviatemacrophag
e infiltration

Anti-Inflammatory,NF-κBp65↓,TNF-α↓, 
IL-1β↓, MCP-1↓, MyD88↓, p-IRAK1↓

Shao et 
al. (2017)

— db/m,db/db 
mice

60mg/kg(i.p.) Inhibitmacrophag
e activation

Anti-Inflammatory,iNOS↓,TNF-α↓,IL-
1β↓,MCP-1↓,TLR2↓,TLR4↓,MyD88↓, p-

IRAK1↓,Trif↓,p-IRF3↓,NF-κBp65↓

Zhan
g 
etal.
(2017)

DN Glucose40mM, 
48h; 
STZ50mg/kg, 
5days

MPC5; 
C57BL/6J

40μM; 
200mg/kg(i.p.)

Inhibitapoptosis Anti-Inflammatory,TNF-α↓,IL-1β↓, 
WT-1↑,SYNPO↑,p-MLKL↓,RIPK1/ 
RIPK3↓

Wang 
etal.
(2022b)

Glucose1g/L HBZY-1 10−6-10−3M — Anti-oxidativestress,Anti-Inflammatory,
IL-6↓,MCP-1↓

Zhan
g 
etal.
(2013)

Glucose 
30mM,48h

Mouse 
mesangialcells

200μM — Anti-oxidativestress,NADPH↓,ROS↓.
TGF-β↓,fibronectin↓

Sunetal. 
(2015)

Glucose 
30mM,48h

BMDMs 10-8-10-4M — Anti-Inflammatory,TLR2↓,iNOS↓, 
MyD88↓,p-IRAK1↓,Trif↓,NF-κBp65↓, p-
IRF3↓,IRF3↓

Shao et 
al. (2016)

Glucose40mM, 
48h; 
STZ50mg/kg, 
5days

MPC5; 
C57BL/6J

80μM; 
200mg/kg(i.p.)

Restoreautophagy VEGF2↓,caspase3↓,PI3K/AKT↓ Wang 
etal.
(2022c)

DPN STZ150mg/kg ddYmice 30mg/kg(p.o.) Modulatespinalnociceptive 
transmission

Activateα2-
adrenoceptors, 
Noradrenaline↑

Leeetal. 
(2011)

Glucose 
150mM,48h

RSC96 100μM Inhibitapoptosis Anti-oxidativestress,Nrf2/ARE↑,ROS↓, 
MDA↓,GST↑,GPX↑,Bcl-2↑,Bax↓, 
Caspase-3↓

Yang et 
al. (2015)

Glucose 
150mM,24h

RSC96 10μM Restoration of 
mitochondrial function

Pmpca↑,Sumo1↑,Trx2↑,TrxR2↑,
Prx3↑,ROS↓

Yang 
J.etal. 
(2022)

DPN Glucose 
150mM,24h

SCline 100μM InhibitERstressandDRGn 
apoptosis

JNK↓,CHOP↓,XBP1s↑,IRE1α↓, 
GRP78↓,Bcl-2↑,Bax↓,Caspase-
12↓, Caspase-3↓

Zhuetal. 
(2021)

Diabeticwounds HGMEM,48h; 
STZ35mg/kg

HaCaT;

SDrats

100μM; 
30mg/kg(i.g.)

Promoteproliferationand 
migration, 
Inhibitapoptosis

Anti-
oxidativestress,Nrf2pathway↑, 
VEGF↑,TGF-β1↑

Sunetal. 
(2020)

(Continuedonfollowingpage)
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TABLE2(Continued)MechanismofPFindiabetesandcomplications.

Disease Model 
Methods

Animal/ 
Celllines

Dose/ 
Concentration

Efficacy Mechanisms Ref

HGMEM,48h; 
STZ35mg/kg

HaCaT;

SDrats

100μM; 
30mg/kg(i.g.)

— Anti-Inflammatory, IL-1β↓, IL-18↓, 
TNF-α↓,CXCR2↓,NF-
κB↓,lκB↑,NLRP3↓, Caspase-1↓

Sunetal. 
(2021)

STZ55mg/kg, 
5days

C57BL6/J 500μM,hydrogel Promoteproliferationand 
maturation;

Anti-Inflammatory,CD86↓,TNF-α↓,IL-
1β↓,iNOS↓,CD206↑,IL-10↑,TGF-β↑, 
Arg-1↑,CD31↑,VEGF↑,
α-SMA↑,Col-I↑

Yang et 
al. (2021)

STZ60mg/kg SDrats 20mg/mL,hydrogel Promoteangiogenesi
s, 
collagendeposition;

Anti-Inflammatory,IL-10↑,TNF-α↓, 
CD31↑

Guoetal. 
(2022)

NAFLD HFD,12weeks C57BL/6J 100mg/kg(i.g.) — Anti-Inflammatory,Triglyceride↓,
Cholesterol↓,AST↓,TNF-α↓

Zhou 
etal.
(2019)

HFD,10weeks SDrats 20mg/kg(i.g.) Regulatelipidmetabolism Anti-oxidativestress,TG↓,TC↓,FFA↓, 
FBG,ALT↓,AST↓,SOD↓,MDA↓, 
CYP2E1↓,ROS↓,IRS/Akt/GSK3β

Maetal.
(2017a)

DLI Glucose 
300mM,24h;
—

AML12;db/ 
db,db/mmice

16μM; 
100mg/kg(i.g.)

Inhibitapoptosis Anti-Inflammatory,Anti-oxidativestress,
IL-1β↓,IL-18↓,TNF-α↓,F4/80↓,ROS↓, 
ASC↓,Caspase-1↓,TXNIP/NLRP↓

Wang 
etal.
(2022d)

Diabetic 
myocardial 
ischemicinjury

STZ150mg/kg C57BL/6, 
TRPV1-/-

mice

140mg/kg(i.g.) — TRPV1/CaMK/CREB/CGRP↑ Hanetal. 
(2016)

STZ30mg/kg SDrats 90mg/kg(i.g.) Inhibitapoptosis Anti-oxidativestress,SOD↑,MDA↑, 
Bax↓,Bcl-2↑,Caspase-3↓

Lietal. 
(2021b)

DR Glucose25mM, 
6hours; 
STZ60mg/kg

BV2; 
CD-1mice

10μM; 
40mg/kg(p.o.
)

— Anti-Inflammatory,SOCS3↑,MMP-9↓,
IBA-1↓,IL-1β↓,TLR4/p38/NF-κB↓

Peietal. 
(2023)

STZ50mg/kg SDrats 20mg/kg(i.g.) Reducebloodsugar,Glial 
cellsactivation

GAFP↓,GLAST↑,GS↑ ZhangT. 
etal.
(2019)

STZ50mg/kg SDrats 4mg/kg(i.p.) — Anti-Inflammatory, GAFP↓, IL-6↓, IL-
1↓, TNF-α↓,JAK2/STAT3↓

Zhan
g 
etal.
(2023a)

Diabeticvascular 
disease

Glucose25mM, 
24h; 
STZ30mg/kg

HUVECs; 
SDrats

100μM; 
10mg/kg(i.g.)

Inhibitapoptosis Anti-Inflammatory,TNF-α↓,PKCβ1↓ Wang 
etal.
(2019)

STZ35mg/kg C57BL/6J 100mg/kg(i.g.) — Anti-
oxidativestress,ALT↓,AST↓, 
AGEs↓

Huang 
etal.
(2022)

Cognitive 
dysfunction

STZ35mg/kg SDrats 30mg/kg(i.g.) Inhibittau 
hyperphosphorylatio
n

Anti-Inflammatory,IL-1β↓,TNF-α↓, 
SOCS2↓,IRS-1↑,Akt↑,GSK-3β↑

Sunetal. 
(2017)

STZ3mg/kg, 
day1and3

C57BL/6 10mg/kg(i.p.) Regulatemitochondrialand 
isletdysfunction

Anti-oxidativestress,p-Pl3K↑,p-Akt↑, 
p-IRS-1↓

Wang 
etal.
(2018)

Pancreaticβ-cells
injury

STZ3mM,24h INS-1 80μM Inhibitapoptosis Anti-oxidativestress,Caspase-
3↓,Bax↓, Bcl-
2↑,ROS↓,MDA↓,SOD↑,p-p38↓, p-
JNK↓,MAPK↓

LiuC. 
etal.
(2019)

Gestation
al 
diabetes

STZ25mg/kg Albinorats 30mg/kg(p.o.) Reducebloodsugar Akt/mTOR↓,p-4E-BP1↓,p-SGK1↓ Zhan
g 
etal.
(2020)

STZ35mg/kg SDrats 30mg/kg(i.g.) Inhibitferroptosis ROS↓, MDA↓, GSH↑, p-PI3K↑, 
Akt/Nrf2/ GPX4↑

Lianetal. 
(2023)

(Continuedonfollowingpage)
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TABLE2(Continued)MechanismofPFindiabetesandcomplications.

Disease Model 
Methods

Animal/ 
Celllines

Dose/ 
Concentration

Efficacy Mechanisms Ref

Diabeticcataract Glucose 
30mM,24h

SRA01/04 10μM — InhibitEMTof lensepithelialcells,Anti-
oxidativestress,E-cadherin↑, 
N-cadherin↓,Vimentin↓,Snail↓,SOD↑, 
GSH-Px↑,MDA↓,Bax↓,c-caspase9↓, 
cytochromec↓,Bcl-2↑,SIRT1↑

Zeng et 
al. (2022)

Diabetic 
periodontitis

STZ50mg/kg Wistarrats 100mg/kg(i.g.) Reduceboneloss,enhanc
e bonequality

Anti-Inflammatory,IL-1β↓,IL-6↓, 
TNF-α↓

Kuzu 
etal.
(2023)

TABLE3MechanismofPFextractandcompoundinDiabetesandComplications.

Disease Model 
methods

Animal/ 
Celllines

Dose/Dosing 
method/period

Efficacy Mechanisms Ref

Diabetes HFD 
20week
s

C57BL/6N SYT400mg/kg(i.g.) Suppressliverlipogenesis Anti-Inflammatory,TNF-α↓,IL-
4↓,IL-6↓

Yaoetal. 
(2021)

— db/dbmice PFExt200mg/kg(i.g.) Reducebloodsugar — Changetal. 
(2016)

— db/dbmice EAF100mg/kg(i.g.) Reducebloodsugar Anti-Inflammatory,Anti-oxidative 
stress,SOD↑,Catalase↑, 
MDA↓,ROS↓

Zhangetal. 
(2023a)

DN STZ65mg/kg Wistarrats TGP200mg/kg(p.o.) — Anti-Inflammatory,Anti-oxidative 
stress,Col-VI↓,ICAM-1↓,IL-1↓, 
TNF-α↓,NF-κBp65↓,3-NT↓, 
nephrinprotein↑,TGF-β1↓

Wuetal. 
(2009)

STZ30mg/kg SDrats MC-TG808mg/kg(i.g.) AmeliorateERstress-
relatedinflammation

Anti-Inflammatory,GRP78/
Bip↓, XBP-1(s)↓,MCP-
1↓,ICAM-1↓, p-IRF3↓,NF-κBp-
p65↓

Chenetal. 
(2016)

STZ65mg/kg Wistarrats TGP200mg/kg(p.o.) — Anti-Inflammatory,JAK/STAT3↓ Wangetal. 
(2012)

STZ65mg/kg Wistarrats TGP200mg/kg(p.o.) — Anti-Inflammatory,α-SMA↓, 
E-cad↑,TLR2↓

Zhangetal. 
(2014)

DPN STZ60mg/kg SDrats TLN21.8g/kg(i.g.) Improveneurological 
function

Anti-oxidativestress,TAOC↑, 
ROS↓, Nrf2↑, γGCS↑, Bcl2↑, 
Bax↓, CytoC↓

Jietal. 
(2016)

STZ60mg/kg SDrats TGP5.6mg/kg(i.g.) Restoremitochondria
l function

Pmpca↑,Sumo1↑,Trx2↑,TrxR2↑, 
Prx3↑,ROS↓

YangX.
etal.(2022)

Diabeticwounds STZ35mg/kg SDrats 3%PF-SA-gelatin,skin
scaffolds

Promoteangiogenesi
s, 
collagendeposition

Anti-Inflammation,IL-1β↓, 
CD31↑

Yuetal. 
(2022)

DLI — H4IIE PR-Et400mg/kg Reducebloodsugar PEPCK↓ Juanetal. 
(2010)

Diabetic 
myocardialfibrosis

STZ40mg/kg, 
2days

Wistarrats SSYX200mg/kg Inhibitcardiacfibrosis Anti-Fibrosis,TGF-β1↓,Col-I↓, 
Col-III↓,MMP-2↓,MMP-9↓,α-
SMA↓,p-Smad2/3↓,Smad7↑

Shenetal. 
(2014)

Glycemic 
variability

Glucose25mM,
24h 
STZ30mg/kg

HUVECs;S
D rats

PAE100μM 
PAE10mg/kg(i.g.)

Plateletactivation Anti-
oxidativestress,CD62p↓, 
ROS↓,GSH-px↑

Huangetal. 
(2020)

mediators.Thesefactorsactivatesignalingpathwayssuchasc-
Jun  N-terminal  kinase  (JNK)  and  IκB  kinase,  disrupting
insulin  receptor  substrate  (IRS)  function  and  impairing

insulin  signaling  (Tang  et  al.,
2021).Additionally,inflammationdirectlydamagespancreaticβ-



cells,triggeringapoptosisandpyroptosis,ultimatelyleadingto  reducedinsulinsecretion.Recentfindingshighlightthepivotal
roleoftheNLRP3inflammasomeindiabetesprogression. HyperglycemiaanddyslipidemiastimulateNLRP3activationvia
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reactiveoxygenspecies(ROS),promotinginflammatoryrespon
ses  andβ-
cellpyroptosis,therebyworseningglucosemetabolism
dysregulation(Radmehretal.,2025).

Oxidativestressfurtherexacerbatesdiabetespathogenesis
by
generatingexcessROSthroughglucoseautooxidationandthe
formationofadvancedglycationendproducts(AGEs)(Khalid



2.7Lifestyleandenvironment

Incontemporarysociety,theenhancementoflivingstandards  andtherapidpaceoflifehaveledtoanincreaseinunfavorable
lifestylefactorscontributingtotherisingprevalenceofdiabetes, includingobesity,irregulardietaryhabits,physicalinactivity,and

etal.,2022).ElevatedROSlevelsnotonlydamageβ-cellsbut psychologicalstress.
alsoactivatestresskinasesthatinterferewithinsulinsignaling, Obesityandpoordietaryhabitsstandaspredominantrisk
aggravating insulin resistance. Notably, inflammation and 

factorsforT2D.Theswifttempoofmodernurbanlifefacilitates
oxidativestressreinforceeachother,creatingaself-perpetuating 
cyclewhereinflammationinducesROSproduction,andoxidative



the easy access and consumption of high-sugar, high-fat, and high-caloriefoods.Prolongedirregulareatingpatternsresultinfat
stressamplifiesinflammatorysignaling.Emergingresearchhas accumulation, consequently expediting 

the development of
explored therapeutic strategies targeting these mechanisms, 

insulinresistanceandtheonsetofT2D(Ladheretal.,2023).
including peroxisome proliferator-activated receptor (PPAR) 

Furthermore,consistentphysicalexercisenotonlyaidsinweight
modulatorstomitigateinsulinresistanceandinflammation(Qiu managementbutalsoimprovesthebody’sinsulinsensitivity,
et al., 2023). Additionally, interventions such as therebypromotingstablebloodsugarlevelsandreducingtherisk
NLRP3 inflammasome inhibitors, antioxidants, and gut ofdiabetes.
microbiotamodulationaregainingattentionfortheirpotentialin
diabetespreventionandtreatment.Understandingtheintricate

interplaybetweeninflammationandoxidativestressmaypave
thewayfornoveltherapeuticapproachestoimprovediabetes



Psychologicalstressandshiftsinlifestylehabitsareequally  pivotal  factors  influencing  diabetes  onset.  The  escalating
competitive  pressures  in  today’s  society  can  induce  chronic  emotional  strain  and
mentalstress,leadingtodisruptionsintheendocrinesystemand

management. elevated blood sugar levels, thus hastening the progression 
of insulin resistanceanddiabetes(Ghoshetal.,2020).Therapidpaceof 

modernlife,coupledwithexcessiverelianceonmotorvehicles,
2.6Self-immuneresponseand 
geneticfactors

The self-immune response is the body’s immune response
to its

own tissues, including the autoimmune attack on pancreatic β-
cells,
which is the main pathogenic mechanism of T1D (Nakayasu 
et al.,



sedentary behaviors, and limited physical activity, fosters
detrimentallifestylehabitsthatcontributetodiabetesonset.

Environmental  factors  are  also  instrumental  in  the  development  and  progression  of  diabetes  (Xie  et  al.,  2022).
Prolonged exposure to specific chemicals, such as organic mercury and pesticides, has been associated with an elevated
risk of diabetes. Moreover, air pollution,

2023). Genetic factors largely determine an individual’s particularlyextendedexposuretofineparticulatemattersuchas
susceptibilitytodiabetes,especiallyT2D(Vellosoetal.,2013). PM2.5,correlateswithanincreasedriskofdiabetesonsetand

T1Disanautoimmune-mediateddiseasecharacterizedbythe challenges in blood sugar regulation. These 
environmental

autoimmunedestructionofpancreaticβ-cells,resultinginsevere
insulindeficiency.Studieshaveshownthatvariousautoantibodi
es,
suchasisletcellantibodies(ICA),glutamicaciddecarboxylase
antibodies(GADA),insulinantibodies(IAA),anduniqueself-

immuneresponseslikeT-cell-mediatedimmuneresponses,are
associatedwiththeonsetofT1D(Ilonenetal.,2019).Theseself-
immune responses lead to a gradual reduction of pancreatic
β-cells  and  decreased  insulin  secretion,  thereby  causing
hyperglycemic symptoms.



pollutantsnotonlyintensifytheonsetofdiabetesbutalso  exacerbatetheconditionandelevatetheriskofcomplicationsin
individualswithdiabetes.Inbrief,thepathogenesisofdiabetes involvesmultiplefactorsasshowninFigure2.

3PharmacologicalactivitiesofPF
However,thegeneticsusceptibilityofT2Disparticularlyevident. 3.1Diabetes
Numerousfamilialandtwinstudieshaveshownthattheriskof
developingT2Discloselyrelatedtogeneticfactors.Multiplegene
variants associated with an increased risk of T2D have been
discovered,
includingTCF7L2,PPARG,KCNJ11,etc(Sangheraetal.,2010;
Bonnefondetal.,2020;MansourAlyetal.,2021).Thesegene
variantsaffectkeyphysiologicalprocessessuchasinsulinsecreti
on,  insulinsignalingpathways,pancreaticβ-
cellfunction,andenergy
metabolism,therebyincreasingtheriskofdevelopingT2D.

Genetic  factors  not  only  influence the  risk  of  diabetes
onset  but
alsoaffecttheclinicalmanifestations,complicationsrisk,and
treatmentresponseofdiabetes.Differentgenemutationscanlea
d  to  varied  pancreatic β-cell  functions  and  insulin
sensitivities, thereby affecting the clinical manifestations and
treatment needs of diabetes. At the same time, some gene
mutations  are  closely  related  to  the  risk
ofdiabetescomplications,suchascardiovasculardisease,kidne
y disease,andeyediseases.



Diabetes,achronicmetabolicdiseasecausedbyinsufficient  insulinsecretionorinsulinresistance,characterizedprimarilyby
high  blood  sugar  levels  (Cole  and  Florez,  2020).  Diabetes  is  divided
intoT1DandT2D.T1Disanautoimmunediseaseresultingfrom  impairedinsulinsecretion,whileT2Dismainlyduetoinsulin
resistance and dysfunction of pancreatic β-cells (Hu J. et al., 2023).

Tables 2, 3 summarized the pharmacological effects of PF, along with its extracts, in diabetes mellitus and related
complications.  PF  has  gained  widespread  attention  in  recent  years  due  to  its  significant
hypoglycemiceffects.StudieshaveshownthatPFcanenhance  glucoseutilization,significantlyreducebloodglucoselevels,and
achieve maximum effects 25 min after treatment (Hsu et al., 1997). Another study found that the alcohol extract of Radix
Paeoniae Alba (RPA) can significantly reduce fasting blood glucose levels in db/db mice and bring them to levels similar to
C57J/B6 mice after 30 days.
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it effectively improves glucose intolerance, studies PF reduced the activity
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Furthermore, of nicotinamide-
HomeostasisModelAssessment(HOMA)index,invivoglucose
uptake,  reduces  body  weight,  and  alleviates  hepatic
steatosis  (Chang
etal.,2016).Importantly,thehypoglycemiceffectofPFis
independentofinsulinaction.

ResearchhasfoundthatPFcanprotectNODmicefromthe 
effects of T1D by modulating the gut microbiota and inhibiting 
the



dinucleotidephosphateoxidase(NADPH),anddecreasedthe  levelofROS,transforminggrowthfactor-β1(TGF-β1)and
fibronectininhighglucoseculturedmesangialcells(Sunetal.,  2015). Although the anti-inflammatory efficacy of PF has been
well  illustrated  in  several  animal  models,  whether  it  could  attenuate  DN
anddetailedmechanismsarestillobscure.Thecurrentstudy

Toll-like receptor 4 (TLR4)-myeloid differentiation primary suggestedthathighglucoseactivatesmacrophagesprimarily
response protein 88/TIR-domain-containing adapter-inducing throughTLR2-
dependentmechanismswhichaggravatedthe
interferon-β (MyD88/TRIF) pathway (Zhu et al., 2017). severityofrenalinflammationandeventuallycontributedtoDN.
Additionally,anovelanti-diabeticmonomercombination(AMC)
hasbeenproventohavesignificanttherapeuticeffectsonhigh-fat
diet(HFD)-inducedType2diabeticmice,anditsmechanismof
actionmayinvolvetheregulationofbacterial-co-metabolism-
inflammatoryresponses(Hanetal.,2020).SanyeTablet(SYT)is
apatentedprescriptiondrugrichinPFandwidelyusedforthe

treatment of T2D and prediabetes. Research has found that
SYT can improve lipid metabolism and insulin sensitivity by
inhibiting  liver  lipid  synthesis  pathways,  such  as  down-
regulating  Sterol  Regulatory
Element-BindingProtein1/Acetyl-CoACarboxylase(SREBP1/



Shao et  al.  confirmed that  PF suppressed  HG-induced production  of  TLR2,  activation  of  downstream signaling  and
synthesis of inducible nitricoxidesynthase(iNOS),anditfurtherinhibitedtheMyD88-dependentpathway(Shaoetal.,2016).

Furthermore,PFhasbeenproventoattenuateAGEs-induced mesangial  cell  damage,  but  the  regulatory  mechanism of
autophagy  remainsunclear.Chenetal.furtherdemonstratedthatPFinhibits  AGEs-
inducedmesangialcelldysfunction,atleastinpart,by  inhibitingRAGEandup-regulatingp-mTORlevels,thereby
inhibitingautophagyandamelioratingDN(Maetal.,2017a).

ACC) and Janus Kinase/Transducer and Activator of However,themechanismofautophagyregulationexertedbyPF
Transcription (JAK/STAT) signaling pathways, and by isalsocompletelydifferentindifferentcelllines.InMCP5cells,

modulatingtheJAK-STATpathwaythroughitseffectson
ProviralIntegrationsiteforMoloneymurineleukemiavirus2
(PIM2)andSTAT1(Chenetal.,2017).Furthermore,theethyl
acetateextract(EAF)ofRPAhassignificantantioxidantand
hypoglycemicactivities(Zhangetal.,2023c).Overall,PFhasa

remarkable  hypoglycemic  effect  and  may  exert  its
therapeutic  effects  through various  mechanisms,  including
enhancing  insulin  secretion,
improvinginsulinresistance,modulatinggutmicrobiota,and
antioxidantactivities.



Wangetal.demonstratedthatPFcanrestorepodocyteautophagy  andinhibitapoptosisbytargetingVascularEndothelialGrowth
FactorReceptor2(VEGFR2)-mediatedthePI3K/AKTpathwayto  improveDNinjury.Inaddition,VEGFR2asatargetofPFcan
directlybindtoitbymoleculardockingandsurfaceplasmon  resonancedetection,whichprovidesanewtheoreticalbasisfor
PFtreatmentofDN(Wangetal.,2022b).

3.3Diabeticperipheralneuropathy(DPN)

3.2DN Among diabetic patients, DPN is prevalent and is characterized
bysymptomssuchasneuralgia,sensoryabnormalities,andmotor

DNiskidneydamagecausedbydiabetesmellitusandisa
prevalentcomplicationindiabeticpatients(HuQ.etal.,2023).
Asdiabetesprogresses,theglomerularfiltrationratedecreases,
microalbuminuriaandproteinuriadevelop,andmayeventually
leadtochronicrenalfailure(Alicicetal.,2017).Alargenumber  of
studies  have  confirmed  that  nephropathy  mitigates  the
effects  of

PFbyinhibitingtheinflammatoryresponse,reducingoxidative
damageofmesangialcellsinducedbyAGEs,up-regulating
autophagyactivityandimmunomodulation(Figure3).These
cascadingeventsrequireco-regulationofthemultifariouscellular
signaling pathways such as JAK2/STAT3 pathway, TLR2/4
pathway,  Receptor  for  Advanced  Glycation  End
products/mammalian target



disorders(Hammadetal.,2020;Jensenetal.,2021;Wangetal.,  2023b).RecentresearchsuggeststhatPF,holdspromiseforDPN
treatment.RelevantstudiesindicatethatPFexertstherapeutic  effectsonDPNthroughvariousmechanisms(Leeetal.,2011;Ji
etal.,2016).Initially,byactivatingspinalAlpha-2adrenergic receptor(α2-AR),PFsignificantlyelevatesthepainthresholdin diabetic
rats,  thus alleviating pain sensation (Yang et  al.,  2015).  This discovery provides crucial  theoretical  underpinnings for
employing  PF  in  clinical  settings  to  alleviate  DPN-associated  pain.  Studies  have
shownthatPFcaneffectivelyalleviateoxidativestressinSchwann  cells  induced  by  high  glucose  by  regulating  Nrf2/ARE
pathway and Bcl-2-relatedapoptoticpathway(Yangetal.,2016).Moreover,PF

of rapamycin signaling (RAGE/mTOR) pathway, enhances nervous system function in diabetic rats by 
modulating the
Phosphatidylinositol 3-kinase/Protein Kinase B (PI3K/AKT) 

expressionofmitochondrialthioredoxin(Trx2).Researchhas
pathway, Plant Inositol Phosphate Kinase (PIPK1/PIPK3) shownthatPFupregulatesTrx2expressionanditsassociated
pathway,Silentinformationregulatoroftranscription1/Nuclear proteins, diminishes mitochondrial oxidative stress, 

and
factorerythroid2-relatedfactor2/NuclearfactorkappaB(SIRT1/ 
Nrf2/NF-κB) pathway (Fu et al., 2009; Wu et al., 2009; Wang 
et al.,



consequentlymitigatesnervesystemdamageinDPNpatients (YangY.etal.,2022).Furthermore,PFmitigatesnervecell
2012; Zhang et al., 2014; Chen et al., 2016; Sun et al., 2017; apoptosi by regulating the endoplasmic reticulum stres

2017;Zhangetal.,2017;Shaoetal.,2019;Wangetal.,2022a).
ThestudyshowedthatPFandoxypaeniflorawereableto

attenuateAGEs-inducedoxidativedamageandinflammationin

mesangial cells, thereby improving DN (Zhang et al., 2013).
In vitro



pathway,therebyprovidingadditionalprotectionagainsthigh  glucose-inducednervoussystemdamage(Zhuetal.,2021).
Nevertheless,despiteevidenceofPF’smultifacetedtherapeutic effects,itsprecisemechanismofactionremainsincompletely
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FIGURE3 
MechanismsofPFintreatingDN,DPR,woundhealing,andDLI.

understood, necessitating further research to elucidate its molecular 
hasdemonstratedefficacyinhemostasis,antibacterialactivity, 

mechanisms. modulationofmacrophagepolarization,inflammationreduction,
enhancementofangiogenesisand 

epithelialization,andpromotion 

ofcollagendeposition,therebyeffectivelyfosteringwoundhealing
3.4Diabeticwound



(Yangetal.,2021;Guoetl.,2022;Yuetal.,2022).Thesefindings offer crucial experimental validation for the 
therapeutic potential of

Diabetic foot ulcers (DFU) currently pose significant challenges PFinmanagingDFU.
intreatment,withpotentialsevereoutcomesincludinglimb 
ischemiaoramputation(Armstrongetal.,2017;Armstrong 
etal.,2023).PF,possessingbiologicallyactivepropertiessuchas 3.5Diabeticliverinjury(DLI) 
antioxidants and anti-inflammatory effects, has garnered significant
interest (Song et al., 2017; Wen et al., 2019; Zhou et al., 
2020; Li et al., 2022; Ren et al., 2023). Research indicates 
that PF enhances wound



Individuals with diabetes commonly experience DLI, marked by 
hepaticsteatosis,inflammation,andaberrantliverfunction(Rao

healing in diabetic rats by activating the Nrf2 pathway. et al., 2021; Wang et al., 2023c; Thoudam et al., 2023). DLI 

Consequently,thisactivationreducesoxidativestressnecessar
y  forwoundhealing,enhancescellproliferationandmigration,

reducesapoptosis,andupregulatestheexpressionofVEGFand
TGF-β1(Sunetal.,2020).Furthermore,PFcansuppressthe



insevereoutcomes,includingcirrhosis,liverdysfunction,and  potentiallylivercancer,significantlyreducingpatients’qualityof
life(HoofnagleandBjörnsson,2019;Newmanetal.,2019;Long etal.,2022).PFexhibitstherapeuticpotentialfordiabeticliver

inflammatory response mediated by NLRP3 and NF-κB, disease by inhibiting gluconeogenesis, modulating lipid 

consequentlymitigatingDFUinflammationandfacilitatingthe 
healingprocess(Sunetal.,2021).Recently,therehasbeena



theinsulinsignalingpathway,andsuppressinginflammatory responses(Maetal.,2017b;Lietal.,2018a;Shuetal.,2019;
surg

e
in research interest in encapsulating PF in various

12

Zhangetal.,2022b;Wangetal.,2022c;Liuetal.,2023b).Studies
hydrogelsorskinscaffoldsfortreatingDFU.Suchencapsulation indicate that PF reduces blood glucose levels in diabetic rats

and db/
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dbmicebyinhibitingPEPCKtranscription(Juanetal.,2010).
Additionally,PFexhibitstherapeuticpotentialfornon-alcoholic
fattyliverdisease(NAFLD)(Zhouetal.,2019).Astudysuggested
thatPFinhibitsectopiclipiddepositionbymodulatinglipid
metabolism(specificallyinhibitingcholesterolsynthesisandthe
denovopathway)andenhancinginsulinsensitivityviatheIRS/
Akt/GSK3β insulin  signaling  pathway  and  antioxidant
mechanisms
(Maetal.,2017c).ArecentstudyvalidatedthatPF’sreversalof

abnormal liver function and hepatic steatosis in db/db mice
is  linked  to  the  inhibition  of  the  TXNIP/NLRP3  signaling
pathway, indicating TXNIP as a possible target of PF (Wang
et  al.,  2022d).  In  conclusion,  PF  exhibits  promising
therapeutic  potential  for  diabetic  liver  injury  andnon-
alcoholicfattyliverdiseasethroughthemodulationof
multiplesignalingpathwaysandmolecularmechanisms.Further
research  is  warranted  to  elucidate  its  therapeutic
mechanisms and to



L-aspartatetransporter(GLAST)andglutaminesynthase(GS)  (ZhangB.etal.,2019).Subsequently,theresearchgroupfurther
highlighted that PF effectively attenuates neuroinflammation in the retinalcellsofdiabeticratsthroughtheinhibitionoftheJAK2/
STAT3signalingpathway(Zhangetal.,2023d).Collectively,PF  demonstratespronouncedtherapeuticpotentialagainstdiabetic
retinopathybysuppressinginflammation,modulatingcellular signaling,andreducingbloodglucoselevels.

3.8Diabeticvasculardisease

Diabetes-relatedvascularcomplicationsfrequentlymanifestin
diabeticpatients.Theunderlyingpathogenesisispredominantly linked to sustained hyperglycemia, endothelial cell impairment
due

conduct clinical trials assessing its efficacy and safety in tofluctuationsinbloodglucose,elevatedoxidativestress,and
diabeticpatients. plateletactivation(Mohammedietal.,2015;Yeometal.,2016;

Liu C. et al., 2019; SCORE2-Diabetes Working Group and the ESC
CardiovascularRiskCollaboration,2023).PF,withitsanti-

3.6Diabeticmyocardialischemicinjury apoptotic,anti-inflammatory, andanti-thrombotic properties
,offers substantial protectio against cardiovascular and

Characterizedbymyocardialfibrosis,inflammatoryrespons
es,  andimpairedcardiacfunction,diabeticmyocardialinjuryisa
prevalentcomplicationindiabeticpatients(Figure4)(Ganetal.,
2020;Yuetal.,2021;Wuetal.,2023).ShensongYangxinCapsule
(SSYX), a traditional Chinese herbal medicine abundant in

PF,  has
beenextensivelyusedinChinafortreatingarrhythmias.Researc
h indicates that SSYX can mitigate the fibrosis associated
with diabetic



cerebrovasculardisorders.StudieshavedemonstratedthatPFcan  mitigateoxidativestress,diminishinflammatoryreactions,and
decreasetheProteinkinaseCbeta1(PKCβ1)proteinexpression,  thusmitigatingdamagetohumanumbilicalveinendothelialcells
(HUVECs)  caused  by  elevated  glucose  levels  (Wang  et  al.,  2019).  In
diabeticratmodels,PFhasprovenprotectiveagainstvascular damage.Furthermore,PFhasnotableeffectsinsuppressing

cardiomyopathybysuppressingtheTGF-β1/Mothersagainst oxidative stress and platelet activation. It enhances the
decapentaplegichomolog(Smad)signalingpathway(Shenetal., morphologyandviabilityofHUVECsinfluencedbyglycemic
2014).InvestigationsintothetherapeuticmechanismsofPFfor fluctuations, diminishes platelet aggregation, reduces ROS
diabetic myocardial injury predominantly center on its concentrations,andelevatesGlutathioneperoxidas(GSH-px)
neuroprotectivepropertiesanditsimpactonischemicheart
disease.Notably,PFhasbeenobservedtosafeguarddiabeticmi
ce  frommyocardialischemicinjurybymodulatingthetransient
receptorpotentialvanilloid1(TRPV1)/calcitoningene-related
peptidesignalingpathway(Hanetal.,2016).Moreover,PF

regulatesglycolipidmetabolisminT2DMmodelrats,bolsters
theirantioxidantdefenses,suppressesmyocardialcellapoptosis
, and exhibits a discernible therapeutic effect on myocardial
injury (Li



levels(Huangetal.,2020).Notably,combinedadministrationof  PF and metformin  in  diabetic  rats  significantly  lowers  blood
glucose,  Alanine  Aminotransferase(ALT),  and  Aspartate  Aminotransferase
(AST)levelsandsubstantiallydecreasesAGEs,underscoringthe
therapeuticpotentialofPFagainstdiabeticvascularcomplications  (Huangetal.,2022).Nevertheless,researchinvestigatingthe
combinedtherapeuticeffectsofPFwithotherconventional antidiabeticmedicationsremainslimited,warrantingfurther

etal.,2021b). explorationintotheirsynergisticefficacyandmechanisms.

3.7Diabeticretinopathy(DR) 3.9Others

DR often leads to vision impairment (Yue et al.,  2022;
Bryl  et  al.,
2022).Existingresearchindicatesthatinflammationofretinal
microglialcellsisinstrumentalintheprogressionofDR(Zhang
Y.etal.,2019).Notably,matrixmetalloproteinase9(MMP-9)in
thesecellscriticallycompromisestheintegrityoftheblood-retinal

barrier and regulates inflammatory processes (Beltramo et
al.,  2023).  Recent  studies  have  demonstrated  that  PF
suppresses  the  TLR4/NF-κB  signaling  pathway  by
enhancing  the  expression  of  suppressor  of
cytokinesignaling3(SOCS3),leadingtoadecreaseinMMP-9
expressionandinflammatoryreactionsinretinalmicroglialcells



ThetherapeuticefficacyofPFinalleviatingdiabetes-related  cognitive  dysfunction  is  well-established.  In  diabetic  rat
models,  PF  ameliorates  cognitive  impairment  by  modulating  the  Suppressor  of  CytokineSignaling2(SOCS2)/IRS-
1signalingpathway.This  enhancementcorrelateswithPF’scapacitytoreducebrain
inflammatorycytokines,downregulateSOCS2expression,and  boostIRS-1activity(Sunetal.,2017).Furthermore,PFexhibits
neuroprotectivepropertiesagainstcognitivedeficitsinducedby  intracerebroventricular(ICV)administrationofStreptozotocin
(STZ)(Zhangetal.,2020).PFtreatmentmarkedlyameliorates

exposed to high glucose(Tu etal., 2019;Fan et al., 2020; Pei STZ- mitochondrial dysfunction, augments synapti

2023).AstudysuggestedthatPFcouldsafeguardMüllercellsin 
diabeticratretinasbyupregulatingtheexpressionofL-glutamate/



densityinthehippocampalCornuAmmonisoneregion,and improvescerebralinsulinsignalingbyelevatingp-PI3Kand
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FIGURE4
MechanismsofPFintreatingmyocardialinjury,retinopathy,vasculardiseasesandothers.

p-Akt protein levels (Wang et al., 2018). In the context of pancreatic 
andimprovingtrabecularnumberandthickness.Theseresults

β-cells,PFmitigatesSTZ-inducedapoptosisandsafeguardsβ-cells indicate that PF may have potential therapeutic value in
from STZ-mediated damage by inhibiting the p38 mitogen-
activated 
proteinkinase(MAPK)andJNKpathways(LiuY.etal.,2019).



managingdiabeticperiodontitis,particularlythroughitsanti-inflammatorypropertiesandroleinpreservingboneintegrity
These findings suggest that PF might serve as a natural anti-diabetic (Kuzuetal.,2023).
agentbyalleviatingβ-cellinjury. In summary, as a natural monoterpene glycoside, PF presents a

Concerning gestational diabetes mellitus (GDM), PF multi-facetedtherapeuticpotentialfordiabetesanditsassociated
demonstratespotentialtherapeuticbenefits.Researchindicate
s

thatPFsignificantlyamelioratesbloodglucose,leptin,andinsulin
concentrationsandcurbsthehyperactivationoftheAkt/mTOR



complications.Nevertheless,despitethepromisinginitialfindings,  furtherclinicalinvestigationsareimperativetovalidateitssafety,
efficacy,andelucidateitsmechanismsofaction.

signaling in placental tissue. This normalization contributes to fetal
size and weight regulation in GDM-affected rats (Zhang et
al.,  2020).

ArecentinvestigationhighlightedtheprotectiveroleofPFin
pancreatictissueofGDMrats,potentiallyviatheAkt/Nrf2/



4PharmacokineticsofPF

GPX4 pathway to counter ferroptosis (Lian et al., 2023). PF, a tetracyclic glycoside predominantly found in plants 

Additionally,PFconfersprotectionagainstdiabeticcataracts.
Underhyperglycemicconditions,itsubstantiallyenhancesthe
viabilityofhumanlensepithelialSRA01/04cellsandsuppresses
epithelial-mesenchymal  transition  (EMT)  and  oxidative

damage  by
upregulatingSIRT1expression(Zengetal.,2022).Inadiabetic
periodontitis  model,  PF  demonstrated  significant  anti-
inflammatory



Paeoniaceaefamily,suchaswhitepeonyandredpeony.Upon  enteringthehumanbody,peonyglycosidequicklyreachesthe
bloodstreamviarouteslikeoraladministrationorinjection.  Followinggastrointestinalabsorption,itdistributeswidelyin
bodytissues,includingcrossingtheblood-brainbarrierandthe placenta (Hu et al.,  2016; Wu et al.,  2022). In the body, the
primary

effect by reducing pro-inflammatory cytokines, leading to metabolism of peony glycoside occurs in the liver through 

decreasedboneloss.Micro-CTanalysisfurtherrevealedthatPF 
treatment enhanced bone quality by increasing bone mineral 
density



processes,leadingtotheformationofmetabolitesthatare subsequentlyexcretedbythekidneys(Meietal.,2023).
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Afteroraladministration,PFisrapidlyabsorbedfromthe Genotoxicity and mutagenicity studies were conducted to
assess

gastrointestinal tract. The absorption process is generally thepotentialDNA-damagingeffectsofPF.Theresultsofthese
consideredtobeefficientbutmaybeaffectedbythepresenceof
other components in the herb or food. It has been reported
that  PF undergoes  passive  diffusion  across  the  intestinal
membrane  (Luo  C.
etal.,2023).ThebioavailabilityofPFisrelativelyhigh,suggesting
that  it  can  reach  therapeutic  concentrations  in  the
bloodstream  after
oraladministration.Onceabsorbedintothebloodstream,PFis
distributedtovarioustissuesandorgans.Ithasarelativelylarge
volume  of  distribution,  indicating  that  it  is  extensively
distributed in the body. PF is predominantly distributed in
the liver,  kidneys,  and spleen, which are important  target
organs for its therapeutic effects in diabetes. It is also found
in  the  plasma,  where  it  binds  to  plasma
proteinstosomeextent(Lietal.,2018b;LiY.etal.,2023).The
distributionofPFtothetargetorgansisessentialforits

pharmacologic
al

action against diabete
s.

Additionally, PF

undergoe
s

extensive metabolism in the liver. The primary
metabolicpathwayinvolveshydrolysisoftheglucosidebondto
form  PF  aglycone  and  glucose  (Hua  et  al.,  2023).  The
aglycone can further undergo phase II metabolism, including
glucuronidation  and  sulfation,  to  form  water-soluble
metabolites that are excreted in the urine. The metabolism
of  PF  is  relatively  rapid,  with  a  short  half-life,
indicatingthatitmayrequiremultipledosingtomaintain
therapeuticconcentrationsinthebloodstream.Theprimaryroute
of  excretion  for  PF  and  its  metabolites  is  through  the
kidneys.  Renal
excretionaccountsfortheeliminationofthemajorityofthe
administereddosewithin24h(Shaoetal.,2017).Asmaller
portionofthedosemayalsobeexcretedinthefeces.The
eliminationofPFisrelativelyrapid,withaclearanceratethatis
proportional to renal function (Zhai et al., 2016; Chen et al.,
2021).



studieswere generally negative,indicatingthat PF does notinduce significant genetic mutations or chromosomal aberrations
(Liu et  al.,  2006). These findings support the safety of PF in human therapeutic applications.  Safety pharmacological
studies  have  confirmed  that  PF  doesnotproducenotableadverseeffectsonthecardiovascular,
respiratory,andcentralnervoussystems(Wangetal.,2016).  However,cautionshouldbeexercisedwhenadministeringPF
concomitantly with other medications that may affect these systems.

Insummary,PFexhibitsafavorabletoxicologicalprofilewith  lowacutetoxicity,minimalsubacuteandchronictoxicity,andno
genotoxicormutageniceffects.However,continuousmonitoring  andfurtherstudiesarenecessarytofullyelucidatethelong-term
safetyandpotentialinteractionsofPFinclinicaluse.

6Discussionandprospect

Currenttreatmentsfordiabetesprimarilyincludemetformin,  sulfonylureas,GLP-1receptoragonists,DPP-4inhibitors,and
sodium-glucosecotransporter2(SGLT2)inhibitors.Thesedrugs  regulatebloodglucosethroughvariousmechanisms.Metformin
reduceshepaticglucoseoutputandimprovesinsulinsensitivity  (LaMoiaandShulman,2021),sulfonylureasstimulateinsulin
secretionfrompancreaticβ-cells(Lvetal.,2020),GLP-1receptor  agonistsandDPP-4inhibitorsenhanceincretinactivity,and
SGLT2inhibitorslowerglucoselevelsbyreducingrenalglucose reabsorption (Xie et al., 2023). Despite their efficacy, long-term
use of these drugs is associated with limitations such as gastrointestinal

Therefore,patientswithimpairedrenalfunctionmayrequiredose discomfort, hypoglycemia, and unresolved safety concern

adjustmenttopreventdrugaccumulationandpotentialtoxicity.
ThepharmacokineticsofPFarecharacterizedbyrapid

absorption,extensivedistribution,rapidmetabolism,andrenal
excretion.Understandingthesepharmacokineticpropertiesis
essentialforoptimizingthetherapeuticuseofPFinthe
treatmentofdiabetes.Furtherstudiesareneededtoinvestigate
thepotentialinteractionsofPFwithotherdrugsandits
pharmacokineticsinspecialpopulations,suchaselderlypatients
andthosewithrenalimpairment.

5ToxicologyofPF

AcutetoxicitystudieshavedemonstratedthatPFexhibitslow
toxicity(Caietal.,2021).Inrodents,theoralmedianlethaldose
(LD50)isnotablyhigh,withratsshowinganLD50of14.55g/kg,



necessitatingtheexplorationofalternativetherapies.
Naturalcompoundshavegainedincreasingattentionas  potentialantidiabeticagentsduetotheirmulti-targeteffectsand

lowerincidenceofadversereactions.Amongthem,plant-derived compounds such as berberine, fenugreek, and baicalinhave
shown  promisinghypoglycemicproperties.Berberineenhancesinsulin
sensitivity,reduceshepaticglucoseproduction,andmodulates  gutmicrobiotabyactivatingtheAMP-activatedproteinkinase
(AMPK)pathway(Qinetal.,2020).Fenugreek,richinsaponins  anddietaryfiber,lowersglucoseabsorption,enhancesinsulin
secretion,andimprovesinsulinsensitivity(LuoW.etal.,2023).  Baicalinexertsantidiabeticeffectsthroughitsanti-inflammatory,
antioxidant,andglucosemetabolism-regulatingproperties(Pan  etal.,2021).Comparedwiththesenaturalcompounds,PF
demonstratesbroadermetabolicregulatorypotential.Inaddition toimprovinginsulinresistance,PFprotectspancreaticβ-cells

suggestingawidesafetymargin.Evenathighoraldoses,suchas through anti-inflammatory and antioxidant mechanisms,
3 g/kg, no significant adverse reactions or fatalities were observed in modulatingkeypathwayssuchasNrf2/ARE,NF-
κB,andthe
animal models (Yu et al., 2022). Additionally, subacute and chronic NLRP3 inflammasome to mitigate

oxidative stress and
toxicitystudieshavebeenperformedtoevaluatethelong-term inflammation(Table1).Furthermore,PFexhibitstherapeutic
effects of PF. Results demonstrate that therapeutic doses potentialindiabetes-relatedcomplications,includingDN,DNP,
(100–400mg/kg)aregenerallywelltolerated(Zhongetal.,2023).
Prolongedusedoesnotleadtosignificanttoxicityordamageto

majororgans,includingtheliverandkidneys(Ngoetal.,2019).
However,furtherstudiesarenecessarytoexplorepotentiallong-



andcardiovasculardisorders.However,itsclinicaltranslationis hinderedbypoorbioavailability,limitingitstherapeuticefficacy.
Toovercomethischallenge,futureresearchshouldfocuson optimizingPF’spharmacokineticproperties.Nanotechnology-

term risks, particularly regarding reproductive health
,

15

based strategies, such as nanoemulsio
ns,

liposome
s,

, 
developmentaleffects,andcarcinogenici

ty.
biopolymer conjugation, could enhance its stabilit

y
and
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absorption. Additionally, prodrug development may improve its
in vivobioavailability.Giventhatmostcurrentstudiesarelimitedto
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mice—are needed to better reflect the complexity of human 
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in omics technologie
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including proteomics,
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