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Iridoid  terpenoids:  a  class  of  promising  compounds  to  regulate
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Abstract: Iridoids  derived  from  plants  have  demonstrated  promising  effects  in  regulating  glycemic  levels,  which  have
captured the attention of  researchers.  Thus,  an overview of  iridoids with  hypoglycemic activity,  with  a  particular  focus on
their  potential  mechanisms  of  action  in  various  cellular  and  animal  models  was  summarized.  It  has  been  observed  that
iridoids primarily exert anti-inflammatory, antioxidant, and hypoglycemic effects through signaling pathways such as NF-κB,
MAPK,  AMPK,  PI3K/AKT,  NLRP3,  ROS,  NOX4,  and  AGEs/RAGE,  thereby  mitigating  the  symptoms  of  diabetes  and  its
complications.  By  comprehensively  summarizing  and  analyzing  the  molecular  pathways  through  which  iridoids  alleviate
diabetes and its complications, this review aims to establish a scientific foundation for the utilization of iridoids.
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1    Introduction

Iridoids  are  commonly  found  in  plants  as  naturally  occurring
secondary  metabolites,  particularly  in Genisteinae, Rubiaceae,
Labiatae, and Gentianaceae, which are relatively abundant. Due to
their unstable nature, iridoids are primarily present in the form of
glycosides[1].  According  to  incomplete  statistics,  over  800  iridoids
have  been  isolated  and  identified  in  plants[2].  These  compounds
exhibit  a  variety  of  important  pharmacological  activities,  such  as
anti-inflammatory,  antioxidant,  hypoglycemic,  and  antitumor
effects[3-6].  Among  them,  more  than  10  iridoids  such  as
geniposide[7],  catalpol[8],  loganin[9],  and  oleuropein[10] have
demonstrated  significant  hypoglycemic  effects  at  the  cellular  and
animal  levels.  They  can  effectively  alleviate  diabetes  and  its
complications.

Diabetes  is  a  complex  chronic  metabolic  disease  characterized
by  insufficient  insulin  secretion  or  peripheral  insulin  resistance,
leading  to  abnormally  elevated  blood  glucose  levels[11].  Previous
studies  have  shown  that  the  treatment  mechanism  for  diabetes
focuses  on  signaling  pathways  related  to  inflammation,  oxidative
stress,  insulin  signaling,  and  glucolipid  metabolism.  In  addition,
researchers have been continuously exploring diabetes treatments
that  target  the  gut  flora[12].  However,  the  mechanism of  action of
iridoids  in  diabetes  needs  further  elucidation.  In  this  review,  the
molecular pathways through which iridoids alleviate diabetes and
its complications are discussed (Fig. 1).

This  article  reviews  the  mechanisms  and  targets  of  iridoid
compounds for the treatment of diabetes and its complications in

recent years (Table 1), aiming to contribute to the further research,
development, and utilization of iridoid compounds.
 
 

Figure 1    Effect of iridoids on diabetes.
 
 

2    Mechanisms of action of iridoids in alleviating
diabetes mellitus and its complications
 

2.1    Through signaling pathways related to inflammation

Inflammation  plays  a  crucial  role  in  promoting  the  onset  and
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progression of diabetes. Numerous studies have demonstrated that
inflammation  can  lead  to  insulin  resistance  and  dysfunction  of
pancreatic  β-cells.  Targeting  signaling  pathways  associated  with
inflammation may prove to be an effective strategy for preventing
and managing diabetes mellitus and its related complications[13-15].

The  nuclear  factor  kappa-B  (NF-κB)  and  mitogen-activated
protein kinase (MAPK) signaling pathways are key pathways that
regulate  immune  responses,  inflammation,  and  other
physiological  processes.  Their  abnormal  activation  is  associated
with  various  diseases  and  is  an  important  target  for  drug

 

Table 1    Iridoid compounds that alleviate diabetes and its complications

Compounds Molecular
formula Structure Source of plants Pharmacological activity

Oleuropein C25H32O13

 OH
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OH

Olea europaea L Anti-inflammatory, anti-oxidation, anti-cancer, hypoglycemic

Swertiamarin C16H22O10

 O

O

O O

OH

OH

O

HO

HO
OH

Swertia patens Anti-inflammatory, liver protection, blood lipid regulation, anti-diabetes

Asperulosidic
acid

C18H24O12
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O

HO

O

CH3

O

HO O

HO OH
OH

OH Hedyotis diffusa Willd Anti-tumor, antioxidant and anti-inflammatory

Cornuside C24H30O14

 

O

O

O
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O

HO

HO
OH

O

OH
OH

OH

OH

Cornus officinalis Sieb.
et Zucc.

Anti-inflammatory, anti-apoptotic and modulating mitochondrial
dysfunction

Loganin C17H26O10

 

O

O

HO

O

HO OH
OH

OO

OH

Cornus officinalis Sieb.
et Zucc. Anti-inflammatory, anti-oxidation, anti-shock

Aucubin C15H22O9

 
O

OO

HO OH
OH

OH
HO

HO

Eucommia ulmoides
Oliv. Anti-inflammation, anti-oxidation, anti-aging, liver protection, anti-tumor

Catalpol C15H22O10

 
O

O O

OH

O

OH
HO OH

HO OH
Rehmannia glutinosa Hypoglycemic, anti-inflammatory, anti-cancer, anti-oxidation

Gentiopicroside C16H20O9

 

O O O

OH

O

O

OH

OH

OH

Gentiana scabra Bge. Hepatoprotective, cholangial, analgesic, anti-inflammatory, antibacterial,
stomach-strengthening and anti-tumor

Geniposide C17H24O10

 

O

OHO

O

O

HO OH
OH

OH

Gardenia jasminoides
Ellis Anti-diabetic, anti-oxidative, anti-proliferative, neuroprotective
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development[16, 17].  Research  has  shown  that  the  iridoids
oleuropein[18],  swertiamarin[19],  and  asperulosidic  acid[20] can
reduce the inflammatory response at the cellular or animal level by
inhibiting  the  NF-κB  and  MAPK  signaling  pathways.  This
protection  helps  guard  against  diabetes-associated  organ  damage
and  promotes  the  alleviation  of  insulin  resistance.  Cornuside,
Loganin,  and  Aucubin  can  inhibit  NF-κB  activation,  reduce  the
levels  of  pro-inflammatory factors such as tumor necrosis  factor-
alpha  (TNF-α),  interleukin-1  beta  (IL-1β),  and  interleukin-6  (IL-
6),  and  alleviate  symptoms  in  diabetic  mice[9, 21-23].  Catalpol
significantly  inhibits  the  c-Jun N-terminal  kinase  (JNK) and NF-
κB  signaling  pathways  in  adipose  tissue  and  improves  insulin
resistance and adipose tissue inflammation induced by a  high-fat
diet  (HFD)[24].  Catalpol  also  activates  the  adenosine  5’-
monophosphate  (AMP)-activated  protein  kinase  (AMPK)/silent
mating type information regulation 2 homolog-1 (SIRT1)/NF-κB
pathway,  effectively  attenuating  inflammation-induced  kidney
injury[25].  Furthermore,  gentiopicroside  can  increase  takeda  G
protein-coupled receptor 5 (TGR5) protein levels and promote the
interaction  between  IκB  α  and  β-arrestin2.  It  inhibits  the
phosphorylation  and  degradation  of  IκB  α,  blocking  nuclear
translocation of NF-κB p65 and preventing renal inflammation in
diabetic mice[26].

The NOD-like receptor protein 3 (NLRP3) inflammasome is a
cytoplasmic  multiprotein  complex.  When  activated,  the  NLRP3
inflammasome can regulate the body's inflammatory response and
related cellular functions by mediating the maturation and release
of  various  pro-inflammatory  factors.  Its  abnormal  activation  has
been linked to various inflammatory diseases, such as diabetes and
cancer[27].  Loganin  inhibited  NLRP3  inflammatory  vesicle
activation,  reduced inflammatory factor  levels,  attenuated cellular
pyroptosis,  and alleviated diabetic  injury in vitro and in vivo[28, 29].
Aucubin  can  alleviate  NLRP3  inflammasome  activation  and  the
inflammatory  response  by  inhibiting  the  endoplasmic  reticulum
(ER)  stress-mediated  inositol-requiring  enzyme  1  alpha
(IRE1α)/thioredoxin-interacting  protein  (TXNIP)  signaling
pathway via the recombinant NADPH oxidase 4(NOX4)/reactive
oxygen species (ROS) pathway. Thus, it can ameliorate liver injury
and fibrosis in type 2 diabetes mice[30]. Swertiamarin improves the

imbalance  of  inflammatory  factors  and  reduces  peripheral
neuralgia  in  diabetic  rats  by  inhibiting  the  NOXs/ROS/NLRP3
signaling pathway[31].

In addition, gentiopicroside alleviates cardiac inflammation and
fibrosis  in  rats  with  type  2  diabetes  by  targeting  the  MH2
structural  domain  of  Smad3,  a  major  effector  molecule  in
transforming growth factor-beta (TGF-β) signaling,  and blocking
high glucose-induced phosphorylation[32]. Geniposide significantly
enhances  lesion  retraction,  reduces  inflammatory  cell  infiltration
and fibroblast proliferation in the central lesion area, decreases pro-
inflammatory  factors,  and  increases  anti-inflammatory  factors.
This promotes wound healing in diabetic rats[33, 34].

Therefore,  at  present,  some  iridoids  alleviate  diabetes  and  its
complications  mainly  through  inflammation-related  signaling
pathways such as NF-κB, MAPK, NLRP3 and TGF-β (Fig. 2). 

2.2    Through  signaling  pathways  related  to  oxidative
stress

Both oxidative stress and inflammation are important potential
factors contributing to the pathological development of metabolic
diseases, including diabetes. Oxidative stress is a state of imbalance
between the oxidative and antioxidant systems of cells and tissues,
resulting in the overproduction of oxidized free radicals and ROS.
The  overproduction  of  ROS  has  been  associated  with  insulin
resistance,  hyperglycemia,  inflammation,  and  metabolic
disorders[35-37].  Loganin  inhibits  the  production  of  ROS  and  the
activation  of  NLRP3  inflammatory  vesicles  to  exert  antioxidant
effects.  As  a  result,  it  attenuates  cellular  pyroptosis  in  Schwann
cells  induced  by  high  glucose[29].  Additionally,  both  loganin  and
iridoids from Cornus officinalis inhibit the advanced glycation end-
products  (AGEs)/receptorfor  advanced  glycation  end  products
(RAGE)/p38MAPK  signaling  pathway,  significantly  reduce  ROS
levels,  and  attenuate  AGEs-induced  diabetic  testicular
damage[38, 39].  Asperulosidic  acid  can  regulate  the  extracellular
signal-regulated  kinase  1/2  (ERK1/2)  and  p38MAPK  signaling
pathways  by  inhibiting  oxidative  stress-related  biomarkers  and
alleviate  placental  oxidative  stress  in  mice  with  gestational
diabetes[20].  Catalpol  can  inhibit  the  AGEs/RAGE/Nox4  signaling
pathway,  significantly  downregulate  ROS  levels,  restore  super

 

Figure 2    Inflammation-related signaling pathways.
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oxide  dismutase  (SOD)  activity,  and  exhibit  considerable
antioxidant effects both in vivo and in vitro[40].

Catalpol  also  activates  hepatic  AMPK  and  inhibits  NOX4-
mediated  oxidative  stress[41].  In  addition,  catalpol  can  prevent
diabetes-induced hepatic oxidative stress by upregulating miR-96-
5p  levels  and  targeting  the  p66shc  mRNA  3'UTR  to  inhibit  the
p66shc/cytochrome  C  cascade [42].  Geniposide  can  improve
diabetic  nephropathy  by  reducing  oxidative  stress  through  the
activation  of  AMPK[43].  Swertiamarin  can  alleviate  hepatic
oxidative  stress  in  fructose-fed  mice  by  activating  nuclear  factor
erythroid  2-related  factor  2  (Nrf2)  decreasing  xanthine  oxidase
(XO),  and  enhancing  the  enzymes  of  the  antioxidant  defense
system[44].  Aucubin  promotes  endogenous  antioxidant  defenses
and  alleviates  diabetic  nephropathy  through  the  SIRT1/SIRT3-
forkhead box O3A (FOXO3a) signaling pathway[23]. In general, the
specific  signals  of  iridoid  compounds  ameliorating  diabetes
through  oxidative  stress  were  mainly  focused  on  ROS,  NRF2,
MAPK/NF-κB, AMPK and FOXO3a (Fig. 3). 

2.3    Through signaling pathways related to insulin
Phosphatidylinositol  3-kinase  (PI3K)/protein  kinase  B  (AKT)

signaling is necessary for normal metabolism. The impairment of
this  pathway  results  in  insulin  resistance,  obesity,  and  type  2
diabetes,  which  then  further  worsens  the  impairment  of  the
PI3K/AKT  pathway,  creating  a  vicious  cycle[45].  Researchers  have
found  that  enhancing  AMPK  signaling  or  interacting  with  other
molecular  pathways,  such  as  PI3K/AKT,  NOX4,  peroxisome
proliferators-activated  receptor  gamma  coactivator  l  alpha
(PGC-1α),  and  NF-κB,  improves  insulin  resistance,  glucolipid
metabolism,  and  diabetic  complications[46].  The  concentrated
fraction  of  iridoids  from Wendlandia  glabrata can  regulate
hepatic  glucose  metabolism  by  activating  the
AMPK/phosphoenolpyruvate  carboxykinase  (PEPCK)/glucose-6-
phosphatase  (G6Pase)  signaling  pathway,  demonstrating
significant  hypoglycemic  potential[47] (Fig. 4).  Catalpol  can
significantly  improve  insulin  sensitivity  in  the  skeletal  muscle  of
type  2  diabetic  mice  by  activating  the  AMPK/SIRT1/PGC-1
α/peroxisome  proliferator-activated  receptor  gamma  (PPAR-γ)

signaling  pathway[48].  Jing  Liu et  al[49] found  that  the  antidiabetic
effects  of  catalpol  in  db/db  mice  were  mainly  related  to  glucose
metabolism and the  insulin  signaling pathway,  as  shown by liver
transcriptomics.  The  liver  and  skeletal  muscle  are  key  organs  for
insulin  metabolism,  and  catalpol  can  improve  hepatic  insulin
resistance  in  type  2  diabetic  mice  by  activating  the
AMPK/NOX4/PI3K/AKT  pathway[41].  Catalpol  can  also  activate
the  insulin  receptor  substrate  1  (IRS-1)/PI3K/Akt/glucose
transporter 4 (GLUT4) signaling pathway, which improves insulin
resistance in skeletal muscle and lowers fasting glucose levels[48, 50].
Iridoids  extracted  from Corni  fructus (C.  fructus)  ctivate  the
PI3K/Akt  pathway,  significantly  elevate  the  expression  level
of  related  proteins  in  skeletal  muscle,  and  alleviate
hyperglycemia[22, 51].  Loganin  can  attenuate  insulin  resistance  by
modulating  the  JNK/IRS-1/Akt/glycogen  synthase  kinase-3  beta
(GSK3β)  signaling  pathway  in  diabetic  rats[9].  In  addition,  it  has
been  found  that  overexpression  of  retinol-binding  protein  4
(RBP4)  causes  insulin  resistance.  Geniposide  not  only  reduces
RBP4  levels  but  also  disrupts  the  circulating  RBP4  homeostasis
regulated  by  transthyretin  (TTR),  thereby  increasing  insulin
sensitivity in the liver and skeletal muscle of diabetic mice[5].

Researchers  have  also  demonstrated  the  important  role  of  the
AMPK  and  PI3K/AKT  signaling  pathways  in  improving  insulin
resistance  and  promoting  glucose  uptake in  vitro.  Swertiamarin
has  been  shown  to  increase  the  expression  of  insulin  signaling
proteins,  including AMPK, IR,  PI3K,  and pAkt,  while  decreasing
the expression of PEPCK. This reduction in PEPCK levels leads to
a decrease in hepatic glucose production and fatty acid synthesis,
ultimately  improving  insulin  sensitivity  in  HepG2  cells[52].
Zhenhua  Liu et  al.  isolated  and  characterized  nine  iridoids
(compounds  1-9)  from Patrinia  scabiosaefolia.  Compound 1  was
found to promote glucose uptake in dexamethasone-treated 3T3-
L1  adipocytes  through  the  activation  of  the  PI3K/Akt  signaling
pathway[53]. Kutkin demonstrated antidiabetic effects by enhancing
insulin  sensitivity  and  promoting  glucose  uptake  through  the
activation  of  PI3K/Akt  signaling  in  3T3-L1  adipocytes[54].
P.  scabiosaefolia iridoids  activate  the  IRS-1/PI3K/Akt/GLUT4
signaling  pathway  to  improve  insulin  resistance  in  3T3-L1
adipocytes[55].  In addition, Oleuropein increased levels of Akt and

 

Figure 3    Oxidative stress-related signaling pathways.
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GLUT2, which had been inhibited by 2,3,7,8-tetrachlorodibenzo-p-
dioxin  (TCDD),  in  INS-1  cells.  This  prevented  damage  to
pancreatic  β-cells  caused  by  TCDD[56].  Finally,  geniposide
promotes  autophagy  in  IR-HepG2  cells  through  the  P62/NF-
κB/GLUT-4 pathway, significantly improving insulin resistance in
HepG2 cells[57]. 

2.4    Through signaling pathways related to apoptosis and
pyroptosis

Various  forms  of  programmed  cell  death,  including  apoptosis
and  pyroptosis,  are  considered  to  be  important  pathological
mechanisms of diabetes and its complications. Inhibiting any form
of  cell  death  is  an  effective  strategy  for  treating  diabetes[58, 59].
Loganin  can  prevent  high  glucose-induced  cellular  pyroptosis  by
inhibiting ROS production and the NLRP3/Caspase-1/Gasdermin
D  (GSDMD)  pathway  in  order  to  prevent  high  glucose-induced
cellular  pyroptosis[28, 29].  Both  loganin  and  iridoids  from C.
officinalis significantly  inhibited  the  AGEs/RAGE/p38MAPK
signaling  pathway,  decreased  the  BCL2-associated  X  protein
(Bax)/  B-cell  lymphoma-2  (Bcl-2)  ratio  and  alleviated  AGE-
induced  diabetic  testicular  damage  and  germ  cell  apoptosis [38, 39].
Oleuropein  regulates  the  MAPK  signaling  pathway  and  its
downstream  targets  Bax,  cysteine  aspartate-specific  protease  3
(caspase-3),  and  Bcl-2  expression  to  inhibit  apoptosis  and
attenuate kidney injury in db/db (diabetic) mice[60]. 

2.5    Through enteral glucagon (GLP-1)
Glucagon-like  peptide-1  (GLP-1)  is  a  hormone  similar  to

glucagon,  produced  in  enteroendocrine  cells  and  the  brain.  It
inhibits  delayed  gastric  emptying,  reduces  food  intake,  and
regulates  insulin  and  glucagon  secretion,  among  other  beneficial
effects.  These  factors  make  GLP-1  a  novel  drug  target  for  the
development  of  therapeutic  treatments  for  metabolic  disorders
such  as  obesity  and  diabetes  mellitus[61-63].  Intake  of  oleuropein-
rich  chocolate  was  found  to  attenuate  hyperglycemia  in  diabetic
patients  through  a  GLP-1-mediated  mechanism[64].  The  loganic
acid  in Gentiana  scabra helps  promote  GLP-1  secretion,  thereby
lowering  blood  glucose[65].  Boschnaloside  increases  GLP-1

secretion and interacts with the extracellular structural domain of
the  GLP-1  receptor  to  enhance  the  proinsulinogenic  effects  of
GLP-1,  thereby  ameliorating  blood  glucose  abnormality  and
pancreatic islet dysfunction in diabetic mice[66]. 

2.6    Through the intestinal flora
Gut  microbiota  plays  an  important  role  in  body  metabolism

and  immune  regulation.  Its  composition  and  dysfunction  can
trigger  intestinal  dysfunction,  inflammation,  and  glucose
metabolism dysfunction. More and more studies have found that
patients  with  type  2  diabetes  often  have  accompanying  disorders
of the intestinal flora. Therefore, the intestinal flora may be a new
therapeutic  target  for  improving  diabetes  mellitus  and  its
complications[67-69].  Oleuropein  administration  was  found  to
improve  the  composition  and  function  of  the  intestinal
microbiota,  significantly  reduce  fasting  glucose,  and  improve
glucose  tolerance  as  well  as  improve  related  histopathological
features in db/db mice[70]. Asperuloside effectively inhibited the gut
dysregulation  induced  by  a  HFD  as  well  as  altered  intestinal-
sourced  secondary  metabolites  and  metabolic  signaling  in  HFD
mice. It  effectively inhibited weight gain, glucose intolerance, and
insulin  resistance  in  HFD  mice[71].  Four  extracts  of C.  fructus,
including  iridoids,  enhance  the  production  of  short-chain  fatty
acids  and  modulate  the  composition  of  the  gut  microbiota.  This
leads  to  improved  intestinal  homeostasis  in  mice  with  type  2
diabetes[72].  Catalpol  modulates  the  intestinal  microbiota  and
increases  levels  of  glycolytic  metabolites,  thereby  ameliorating
diabetes-induced testicular damage[73]. 

2.7    Others
Sweroside, arbortristoside-C, and iridoids from C. Fructus have

demonstrated  inhibitory  effects  on α-glucosidase  and  have
potential  therapeutic  value  for  the  treatment  of  diabetes[74-77].
Iridoids  extracted  from C.  Fructus improve  hepatic  lipid
metabolism  in  type  2  diabetes  mice  by  modulating  the
AMPK/Acetyl-CoA  carboxylase  (ACC)/Carnitine
palmitoyltransferase  1  (CPT-1)  pathway[78].  Catalpol  can  slow
down  the  progression  of  diabetic  nephropathy  by  inhibiting  the

 

Figure 4    Insulin-related signaling pathways.
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RAGE/Ras  homolog  gene  family,  member  A  (RhoA)/Rho-
associated  protein  kinase  (ROCK)  pathway.  It  also  blocks
angiogenesis  of  mGECs  by  inhibiting  galectin-3.  Furthermore,  it
activates  the  insulin-like  growth  factor  1  (IGF-1)/insulin-like
growth factor 1 receptor (IGF-1R) signaling pathway by inhibiting
recombinant  growth  factor  receptor  bound  protein  10  (Grb10).
Additionally,  catalpol  downregulates  the  mRNA  expression  of
transforming  growth  factor- beta  1  (TGF-β1)  and  connective
tissue  growth factor  (CTGF) in  the  renal  cortex[79-82].  In  addition,
catalpol  can  improve  podocyte  injury  by  inhibiting  RhoA,
recombinant  cell  division  cycle  protein  42  (Cdc42),  and
mammalian  target  of  rapamycin  (mTOR)  activities,  and
promoting  transcription  factor  EB  (TFEB)  nuclear
translocation[83]. It can also attenuate myocardial injury in diabetic
cardiomyopathic  mice  through  the  nuclear  paraspeckle  assembly
transcript 1 (Neat1)/miR-140-5p/recombinant histone deacetylase
4  (HDAC4)  pathway[84],  and  improve  neointimal  hyperplasia  in
hyperglycemic  rat  neointimal  hyperplasia  through  the
downregulation  of  monocyte  chemotactic  protein-1  (MCP-1)
expression in the carotid artery[85]. Catalpol exerts a hypoglycemic
effect  by  enhancing  myogenic  differentiation  (MyoD)/MyoG-
mediated  myogenesis[86],  and  plays  a  hypoglycemic  role  by
upregulating  protein  kinase  C  gamma  (PKCγ)  and  cytosolic
carboxypeptidase  1  (CCP-1)  in  diabetic  rat  proliferation[85].
Furthermore, it can also attenuate cognitive deficits and neuronal
damage in diabetic  rats  by upregulating the expression of  PKC γ
and  recombinant  caveolin  1  (Cav-1)[87].  Loganin  reduces  high
glucose-induced CTGF excretion in HK-2 cells  through the ERK
signaling  pathway,  and  CTGF  may  be  a  potential  target  for
treating  diabetic  nephropathy[88].  Morroniside  can  attenuate
dysfunction  of  BMSC  cells  induced  by  high  glucose  through  the
activation of  Glo1 and the inhibition of  AGE-RAGE signaling.  It
may  be  a  potential  treatment  target  for  both  diabetes  and
osteoporosis[89].  Valerian  iridoids  inhibited  the  activity  of
mTORC1, thereby inducing autophagy and reducing hepatic lipid
accumulation  in  mice  caused  by  oleic  acid  (OA)[90].  Oleuropein
inhibits  aldose  reductase  and  enhances  rod  and  cone
photoreceptors  to  protect  retinal  cells  from  the  toxic  effects  of
glucose[91].  Iridoids  from C.  officinalis and Rehmannia  glutinosa
ameliorated  renal  injury  in  C57BL/KsJ-db/db  diabetic  mice  by

inhibiting  the  AGEs/RAGE/sphingosine  kinase  1  (SphK1)
signaling  pathway[92].  Genipin  rapidly  inhibits  proton  leakage
mediated  by  uncoupling  protein  2  (UCP2),  which  stimulates
insulin secretion in a UCP2-dependent manner. Additionally, the
acute  addition  of  genipin  to  isolated  islets  reverses  β-cell
dysfunction caused by hyperglycemia and obesity[93]. 

3    Prospect
At  present,  the  potential  of  natural  products  in  new  drug

development has attracted the attention of  an increasing number
of  scientists.  Here,  we  summarize  a  series  of  iridoids  represented
by geniposide and catalpol, which have shown anti-diabetic, anti-
inflammatory, and anti-oxidative effects through the PI3K, AMPK
and  NF-κB  signaling  pathways  (Fig. 5).  Therefore,  iridoids
represented by geniposide and catalpol show great potential in the
treatment of diabetes and its complications, and are hopeful to be
developed as clinical drugs. 

4    Conclusions
Diabetes is a significant global public health problem[94], and an

increasing  number  of  active  compounds  from  natural  products
have  been  idenified.  Iridoids  of  plant  origin  have  gained  the
attention  of  researchers  due  to  their  safety  and  wide  range  of
biological  activities.  This  review  systematically  summarized  how
the  intervention  of  iridoid  glycosides  can  reduce  blood  glucose
and  improve  diabetes  and  its  complications  through  different
mechanisms.  These  include  the  inhibition  of α-glucosidase,  anti-
inflammatory and antioxidant effects,  inhibition of apoptosis and
pyroptosis,  enhancement  of  insulin  sensitivity,  promotion  of
glucose  uptake  and  utilization,  and  regulation  of  intestinal  flora.
Iridoids  can  inhibit α-glucosidase  activity  and  regulate  enzymes
related  to  glucose  metabolism,  such  as  PEPCK  and  G6Pase,  in
order  to  lower  blood  glucose  levels.  They  also  inhibit  signaling
pathways  such  as  NF-κB,  JNK/MAPK,  and  NLRP3
inflammasome,  which  helps  to  improve  inflammation-related
insulin  resistance  and  tissue  damage.  Moreover,  iridoids  alleviate
oxidative stress via ROS inhibition and signaling pathways such as
ERK/MAPK,  AGEs/RAGE/NOX4,  and  SIRT1/SIRT3-FOXO3a.
They  also  improve  insulin  sensitivity  and  glucose  metabolism

 

Figure 5    Network of signaling pathways of Geniposide and Catalpol.
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through  signaling  pathways  such  as  IRS-1/PI3K/AKT/GLUT4,
AMPK/SIRT1/PGC-1α/PPAR-γ,  and  JNK/IRS-1/Akt/GSK3β.
Furthermore,  iridoids  inhibit  apoptosis  and  pyroptosis  through
signaling  pathways  such  as  ROS  and  AGEs/RAGE/p38MAPK.
Additionally,  they  can  alleviate  insulin  resistance  and  glucose
metabolism  dysfunction  by  increasing  GLP-1  secretion,
modulating  the  gut  microbiota,  and  improving  mitochondrial
function.  Overall,  iridoids  exhibit  many  beneficial  effects  on
diabetes  and  its  complications.  The  main  molecular  mechanisms
involved  are  signaling  pathways  such  as  NF-κB,  MAPK,  AMPK,
PI3K/AKT, NLRP3,  ROS,  NOX4, AGEs/RAGE, and others.  This
article  reviews  recent  research  on  the  mechanisms  of  iridoids  in
the treatment of diabetes and its complications, which will help to
promote  people's  understanding  of  the  application  of  iridoids  in
the  treatment  of  diabetes  and  its  complications  and  provides  a
theoretical basis for the development and application of iridoids in
functional food and pharmaceutical industries.

However,  despite  extensive  research  on  potential  mechanisms
and  pathways,  a  comprehensive  understanding  of  the  molecular
mechanisms  through  which  iridoids  regulate  these  pathways
remains  lacking.  For  example,  while  many  studies  focus  on
classical  inflammatory  signaling  pathways  such  as  NF-κB  and
MAPK  to  improve  diabetes  through  anti-inflammatory  effects,
there  has  also  been  research  on  non-classical  anti-inflammatory
pathways  or  new  targets  for  regulating  inflammation[95, 96].
Whether  iridoid  compounds  can  achieve  a  more  optimal
hypoglycemic  effect  through  these  new  pathways  is  still  worth
exploring.  Secondly,  to  gain  a  better  understanding  of  the
hypoglycemic  effects  of  iridoids  (cyclic  enol  ether  terpenoids)  in
humans, it is imperative to conduct clinical studies that reflect real
conditions within the human body. 
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