
Supplementary Table 1. Experimental data of polyphenols in improving maternal and fetal outcomes of diabetes during pregnancy.

Experimental 

model

Polyphenol 

consumption

Intervention 

period

Maternal function and 

outcomes

Embryonic, fetal function 

and outcomes

Potential 

mechanisms Reference

Human placenta, 

omental and 

subcutaneous 

adipose tissue 

(GDM-like model)

Resveratrol (200 

μM) 20 hours

↓inflammation; ↓insulin 

resistance NA NA [1]

STZ-induced rat 

GDM model

Resveratrol (60, 

120, and 

240 mg/kg)

2 weeks 

(1 time/day) 

from 8 days of 

pregnancy

↑insulin secretion; ↓blood 

glucose; ↓body weight; 

↓blood lipids; adipocytokines 

(↓leptin, ↑adiponectin, 

↓resistin, ↓TNF-α, ↓IL-6) NA NA [2]

db/+ mouse GDM 

model

Resveratrol (10 

mg/kg/day) by 

orally gavage

4 weeks before 

pregnancy and 

during pregnancy

↓hyperglycemia; ↓insulin 

resistance ↑litter size; ↓birth weight

↑AMPK signaling 

pathway (↑p-AMPK, 

↓p-HDAC4, [3]
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↓G6Pase)

HFD diet-induced 

mosue GDM 

model

Resveratrol (mixed 

with the powdered 

HFD diet to a 

concentration of 

0.2 %) by dietary 

intervention

From GD0 to 

GD18

↓bodyweight; ↓blood glucose; 

↓insulin intolerance NA

↑miR-23a-3p/NOV 

axis [4]

STZ-induced rat 

GDM model

Resveratrol-zinc 

oxide complex 

encapsulated with 

chitosan (CS-ZnO-

RS) (50, 100, and 

200 mg/kg body 

weight) by orally 

gavage

30, 60, 90 and 

120 hours

↓blood glucose; ↑antioxidant 

activities; ↓inflammatory 

activity; ↓endoplasmic 

reticulum stress; ↓hepatic 

fibrosis NA NA [5]



STZ-induced rat 

model of diabetic 

embryopathy

Resveratrol (100 

mg/kg b. wt.) via 

gavage feeding

For 10 days 

(from day E3 to 

E12)

↑blood glucose; ↑serum lipid 

profile; ↑outcome of diabetic 

pregnancy

↓embryonic 

maldevelopment; 

↓apoptosis; ↓caspases 

activation; ↓oxidative 

stress; ↑antioxidant status; 

↓embryonic development 

delay NA [6]

STZ-induced rat 

model of diabetic 

embryopathy

Resveratrol (100 

mg/kg) via gavage 

feeding

For 10 days 

(from day E3 to 

E12) NA

↑neuronal marker proteins 

(GAP-43, total tau, and 

neurofilament B)

↑RAR and RXR; 

↑RAR and RXR 

DNA-binding 

activity; ↑ERK1/2, 

JNK1/2 and p38 

phosphorylation [7]

STZ-induced rat 

model of diabetic 

embryopathy

Resveratrol (100 

mg/kg/day) by oral 

administration 

From day E8 to 

E12 ↓serum glucose

↓teratogenic effect; 

↓oxidative stress NA [8]



Fertilized eggs 

cultured in high 

glucose (HG; 0.4 

mmol/egg)

Resveratrol (0.1, 1, 

and 10 nmol/egg)

From incubation 

to embryo 

development day 

(EDD) 3.5 or 

EDD5 NA

↓developmental damage; 

↓vascular injury; ↓oxidative 

stress; cell cycle (↓p21, 

↑cyclin D1) ↑Pax3 [9]

db/+ mouse GDM 

model

Curcumin (50 and 

100 mg/kg/day) by 

orally gavage

From GD0 to 

GD20

↓glucose and insulin 

intolerance; ↓oxidative stress ↑litter size; ↓birth weight

↑AMPK signaling 

pathway (↑p-AMPK, 

↓p-HDAC4, 

↓G6Pase) [10]

Whole-embryo 

culture of mouse 

embryo in high 

glucose (HG; 300 

mg/dL)

Curcumin (0, 10 

and 20 μM) 24 or 36 hours NA

↓NTD rate; ↓oxidative 

stress, nitrosative stress and 

ER stress; ↓caspase 

activation NA [11]



Whole-embryo 

culture of mouse 

embryo in high 

glucose (HG; 300 

mg/dL)

Punicalagin (0, 10 

and 20 µmol/L) 24 or 36 hours NA

↓NTD rate; ↓oxidative 

stress, nitrosative stress and 

ER stress; ↓caspase 

activation NA [12]

db/+ mouse GDM 

model

Oleuropein (5 or 10 

mg/kg/day) by i.p.

From GD0 to 

GD20

↓blood glucose; ↓insulin and 

hepatic glycogen levels; 

↓oxidative stress; 

↓inflammation ↓birth weight; ↑litter size

↑AMPK signaling 

pathway (↑p-AMPK, 

↓p-HDAC4, 

↓G6Pase) [13]

db/+ mouse GDM 

model

Naringenin (50 

mg/kg)

From GD0 to 

GD20

↑insulin response; ↑glucose 

metabolism ↑litter size; ↓litter weight NA [14]

db/+ mouse GDM 

model

Naringenin 

(100 mg/kg/day) by 

orally gavage

4 weeks before 

pregnancy and 

during pregnancy

↓bodyweight; ↓blood glucose; 

↑glucose and insulin 

tolerance; ↓inflammation ↓birth weight; ↑litter size

C2Cl2 mouse 

myoblasts (insulin 

Naringenin 

(50 μg/mL) 36 hours

↓ROS; ↑GLUT4 membrane 

translocation; ↑glucose uptake NA ↑AMPK activation [15]



resistance model)

Human placenta 

trophoblast HTR-

8/SVneo cell and 

HUVEC culured 

in medium with 

insulin (1 ng/mL)

Naringenin 

(50 μg/mL) 48 hours NA NA

↓miR-140-3p, 

↑insulin resistance 

signaling [16]

Human placenta, 

VAT, and skeletal 

muscle (GDM-like 

environment)

Naringenin (400 

µM) 20 hours

↑glucose uptake; 

↓inflammation; ↑antioxidant 

activity

db/+ mouse GDM 

model

Naringenin (50 

mg/kg/day) by i.p.

From GD10 to 

GD17

↑glucose tolerance; 

↑antioxidant expression; 

↑anti-Inflammatory NA

↑IκB-α, ↓NF-κB 

pathway [17]

STZ-induced rat 

GDM model

Quercetin (75 

mg/kg) by orally 

On days 0, 7, 14, 

and 20 of the 

↓number of glycogen cells; 

↓histological abnormalities of NA NA [18]



gavage gestation placenta; ↑adiponectin; 

↓adiponectin receptors 

(AdipoR1 and AdipoR2)

HFD diet-induced 

mouse GDM 

model

Quercetin (700 

mg/d) by dietary 

intervention

1 month before 

pregnancy

↓placental necrosis, 

inflammation, or hemorrhage; 

↓labyrinthine placental 

vasculopathy; ↓lipid 

peroxidation NA NA [19]

STZ-induced 

mouse GDM 

model

Quercetin 

(30 mg/kg/day) by 

orally gavage

4 weeks before 

conception

↓blood glucose; ↑17β-

estradiol; ↑Igf1r, integrin 

αvβ3, Cox2 genes; ↓Caspase-

3 gene; ↓inactive β-catenin

↑development of 

preimplantation embryo

↑nuclear Wnt-β-

catenin signaling 

pathway [20]

STZ-induced 

mouse model of 

diabetic 

embryopathy

Quercetin (100 

mg/kg/day) via 

gavage feeding

From E7.5 to 

E10.5 NA

↓NTD rate; ↓apoptosis; 

↓nitrosative stress and 

oxidative stress NA [21]



Mouse embryonic 

neural stem cells 

cultured in high 

glucose (HG; 

33 mM)

Q3M (2, 5, 10 and 

20 μM) 24 hours NA ↓ROS

STZ-induced 

mouse model of 

diabetic 

embryopathy

Q3G (100 mg/kg) 

via gavage feeding

From E6.5 to 

E9.5 NA

↓NTD rate; ↓apoptosis; 

↓intracellular stress 

conditions

↓NF-κB 

transcription 

regulation system [22]

Human placenta, 

VAT and skeletal 

muscle (GDM-like 

model)

Nobiletin (100 or 

200 µM) Overnight or 3 h

↑glucose uptake; 

↓inflammation

db/+ mouse GDM 

model

Nobiletin (daily 

doses of 50 mg/kg) 

by oral gavage or 

From GD1 to 

GD17 or GD10 

to GD17

↑fasting glucose levels; 

↓inflammation NA

↓NF-κB, Akt or 

MAPK ERK1/2 

activation [23]



i.p.

Human placentae, 

primary amnion 

cell and primary 

myometrium cells 

(inflammation 

model)

Apigenin (20 µM); 

Curcumin (60 µM); 

Naringenin (400 

µM) 24 hours ↓pro-labour mediators NA

↓NF-κB p65 binding 

activity [24]

Human amnion, 

choriodecidua and 

myometrium 

(inflammation 

model) Honokiol (100 μM) 21 hours

↓pro-inflammatory and pro-

labour mediators NA

↓NF-κB RelA 

transcriptional 

activity [25]

Human villous 

trophoblast cell 

lines HTR8 

Baicalein (0, 5, 10, 

20, 50, and 100 

μM) 48 hours

↓inflammatory responses; 

↓apoptosis; mitochondrial 

fission (↓p-Drp1, ↑Mfn1/2) NA

↓NF-κB signaling 

though miR-17-5p-

Mfn1/2 pathway [26]



cultured in high 

glucose (HG; 25 

mmol/L)

STZ-induced 

mouse diabetic 

model

Baicalin 

(40 mg/kg) by 

intragastric gavage For 10 days ↓hyperglycemia NA

Chick embryos 

cultured in high 

glucose (HG; 50 

mM) 

Baicalin (3, 6, 12 

and 24 μM)

26, 39 and 

48 hours NA

↑embryo development; 

↓malformation of 

cardiovascular system; 

↑cell proliferative; 

↓apoptosis increase; 

↓oxidative stresses NA [27]

HFHS diet-

induced mouse 

GDM model

Procyanidins (27.8 

mg/kg) by orally 

gavage 

4 weeks before 

pregnancy and 

during pregnancy

↓insulin resistance; 

↓inflammation; 

↑glycometabolism NA

↓NF-κB p65 nuclear 

translocation and 

NLRP3 

inflammasome [28]



activation

Fertilized eggs 

cultured in high 

glucose (HG; 0.2 

mmol/egg)

Proanthocyanidins 

(1 and 10 

nmol/egg) 

From EDD0 to 

EDD3.5 NA

↓eye malformation; 

↓oxidative stress ↑Pax6 [29]

Human visceral 

(omental) adipose 

tissue from 

pregnant women 

with GDM

Protocatechuic acid 

(100 µM) 1 or 18 hours

↑glucose uptake; ↑adiponectin 

release NA

↑p38 MAPK 

activation [30]

Oocytes from 

diabetic mice

Tea polyphenols (0, 

25, 50 or 150 μM) 16 hours

↑oocyte maturation; ↑spindle 

morphology and chromosome 

alignment; ↑mitochondrial 

function; ↓ROS; ↓DNA 

damage NA NA [31]



Oocytes from 

diabetic mice

EGCG (0, 20, 30 or 

50 μM) 16 hours

↑oocyte maturation; ↑spindle 

morphology and chromosome 

alignment; ↑mitochondrial 

function; ↓ROS; ↓DNA 

damage NA NA [32]

STZ-induced 

mouse model of 

diabetic 

embryopathy

EGCG (1 or 10 

μM) in drinking 

water

From E3.5 to 

E8.75 or E10.5 NA

↓NTD rate; ↓DNA 

methylation

↓methylation in CpG 

islands of Grhl3, 

Pax3, and Tulp3 [33]

Whole-conceptus 

culture of rat 

embryo in high 

glucose (HG; 500 

mg/dl) EGCG (1, 10 mM) 48 hours NA

↓embryonic vasculopathy; 

↓embryonic malformations

↑Foxo3a and Akt 

activation [34]

STZ combined 

with HFD diet-

Puerarin 

(0.25g/kg/day) by 

Pregnancy until 

offspring were 

↓pathological changes of 

pancreatic and liver tissues; NA

↓TLR4/MyD88/NF-

κB signaling [35]



induced rat GDM 

model

intragastrically 

administration

born ↓glucose and lipid metabolism 

disorders; ↓insulin resistance; 

↓inflammatory mediators

pathway

db/+ mouse GDM 

model

Calycosin 

(15 mg/kg or 

30 mg/kg) by 

intragastric 

administration

From the day of 

pregnancy to 

GD18

↓glucose intolerance; ↓insulin 

resistance; ↓inflammation; 

↑pancreatic β cells function NA

↓RNF38/SHP-

1/STAT3 signaling 

pathway [36]

STZ-induced rat 

GDM model

Pomegranate 

ellagic polyphenols 

(50, 150, 300 

mg/kg/day) by 

orally gavage

14 days from 

GD0 to GD14

↑body weight; ↓insulin 

resistance; ↓blood glucose; 

↓FINS; biochemical criterion 

(↓RBP4, Hcy, GA, FFA and 

↑11β-HSD2); ↓pathological 

damage of placenta and 

pancreatic tissues; ↓apoptosis; 

↓APN and Chemerin; ↑weight of the fetal rats

↑PPAR signal 

pathway [37]



↓inflammation-associated 

proteins

STZ-induced rat 

GDM model

Ganoderma 

lucidum (100 

mg/kg/day) by oral 

administration 

From gestational 

day GD1 to 

GD19 or GD9 to 

GD19

↓glycemia; ↓lipid 

peroxidation

↑fetal head, thorax, 

craniocaudal and tail in 

fetuses NA [38]

GDM, gestational diabetes mellitus; STZ, streptozotocin; db/+, C57BL/KsJ-Lepdb/+; db/+, B6.BKS(D)-Leprdb/+/J; HFD, high-fat diet; GD, gestational day; E, 

embryonic day; EDD, embryo development day; i.p., intraperitoneal injection; HUVEC, human umbilical vein endothelial cell; VAT, visceral adipose tissue; 

Q3M, 3-O-methylquercetin; Q3G, quercetin-3-glucoside; HFHS, high-fat-high-sucrose diet; EGCG, epigallocatechin gallate; EGCG, epigallocatechin-3-

gallate
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