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Preventive effect of polyphenols intake during lactation on the obesity-related
inflammation in high-fat-diet fed rat offspring exposed to maternal malnutrition
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Maternal undernutrition is known to increase the risk of obesity and kidney
diseases in offspring. We investigated whether Quercetin (Q), a flavonoid compound, intake during
lactation could modulate inflammation and autophagy flux in the kidneys of high-fructose-diet (HFD)
-fed adult female offspring from dams fed on normal- or low-protein diets during pregnancy and
lactation. When Q was given during lactation, the increased macrophages infiltration and upregulated

IL-6 mRNA levels were attenuated in the kidneys of HFD-fed adult female offspring exposed to
maternal normal- or low-protein diets. In addition, Q intake upregulated the autophagy flux, LC3B-11

levels, in the kidneys. Therefore, Q intake during lactation may cause long-term alterations in
inflammation and autophagy flux in the kidneys of HFD-fed adult female offspring. Q intake during

lactation could be a useful preventive strategy for HFD-related kidney diseases in adult female
offspring.



(GTE) (45

) (TG)
(COX)-2
DNA (DNMTYs)
GTE
DNMT1 DNMT3a Ubiquitin-like, containing PHD and Ring finger domeins 1 (UHRF1) MRNA
(
)
@
(GTE)
@
( 13007 17005)
@
Wistar 20% (NP ) 8% (LP )
LP 3 0% (LP/LP ) 0.12% (LP/LGT )
0.24% (LP/HGT ) GTE 8% NP 20%
(NP/NP )
LP/LP 2 (NF) 45% (HF) LP/LGT
LP/HGT/HF HF NP/NP NF
NP/NP/NF LP/LP/NF LP/LP/HF LP/LGT/HF LP/HGT/HF 5 45
(TNF)-a

(TGF)-p COX-2
DNMT1 DNMT3a Ubiquitin-like,
containing PHD and Ring finger domeins 1 (UHRF1)

(G9a) mMRNA PCR
CD68/ED1

(Mg)
2
Wistar 20% NP 8% (LP )

NP LP 2

NP 20 (NP/NP ) 0.2

20 (NP/NPQ ) LP 8 (LP/LP ) 0.2

8 (LP/LPQ )

NP/NP LP/LP 2 12
(Wa) 10 (Fr) NP/NPQ LP/LPQ

Fr NP NP/NP/Wa  NP/NP/Fr NP/NPQ/Fr 3

( 1) LP LP/LP/Wa LP/LP/Fr LP/LPQ/Fr 3 ( 2)



Mo TNF-a
(IL)-6 mMRNA

(2)
C 26350149 (2014-2016)

(Kataoka et al. J Nutri Biochem. 2018;56:99-108)

@ ) LP/LP/NF LP/LP/HF
LP/LGT/HF LP/HGT/HF LP/LP/HF
LP/LP/HF TG (Cre) LP/LP/NF
LP/HGT/HF
Mo GTE
LP/LP/HF
LP/HGT/HF
LP/LP/HF LP/LP/NF LP/HGT/HF
LP/LP/HF TGF-p LP/LP/NF
LP/HGT/HF
LP/LP/NF LP/LP/HF NP/NP/NP
LP/HGT/HF
GTE Mo
TNF-a mRNA COX-2 GTE
LP/LP/HF  TNF-a mRNA  COX-2 LP/LP/NF
LP/HGT/HF
DNMT1 DNMT3a UHRF1 G9a mRNA GTE
LP/LP/HF DNMT1 mRNA LP/LP/NF LP/HGT/HF
LP/LP/NF LP/LP/HF LP/HGT/HF DNMT3a
MRNA LP/HGT/HF UHRF1 G9a
MRNA LP/LP/HF
GTE Mo TNF-« COX-2
(2)
1 2
1 NP/NPQ/Fr (Gle) TG NP/NP/Fr
2 LP/LP/Fr LP/LPQIFr Glc  LP/LP/Wa
LP/LP/Fr TG LP/LP/Wa
LP/LPQIFr
Mo (Fig.1)
1 NP/NP/Fr Mo TNF-a IL-6 mMRNA NP/NP/Wa
NP/NPQ/Fr 2 LP/LP/Fr
Mo LP/LP/Wa LP/LPQIFr
LP/LPQ/Fr  TNF-a mRNA LP/LP/Fr

IL-6 mMRNA



(A)

)
QD
o =
0] N
1 )

©c o o kB =
o
~
1

o IS (o] N (2]
MRNA IL-6/B-actin

mRNA TNF-a/B-actin
o
o

NP/NP/Wa NP/NP/Fr  NP/NPQ/Fr NP/NP/Wa NP/NP/Fr  NP/NPQ/Fr
(B

N

1.2 -

0.8 A

04 A

MRNA IL-6/B-actin
O

MRNA TNF-a/B-actin

LP/LP/Wa  LP/LP/Fr  LP/LPQ/Fr LP/LP/Wa  LP/LP/Fr  LP/LPQ/Fr

Fig. 1. Effects of quercetin intake during lactation on mRNA expression of tumor necrosis factor (TNF)-a and
interleukin-6 (1L-6) in the kidneys of offspring in Expt. 1 (A) and 2 (B). Values are presented as mean = SEM. (A; n =
7-12, B; n=6-9). 3 < 0.05 and Pp < 0.05 compared with NP/NP/Waand NP/NP/Fr, respectively, in Expt. 1. Pp < 0.05
compared with LP/LP/Waand LP/LP/Fr, respectively, in Expt. 2. (Sato et a. Food & Function. 2019;10: 5018-5031)
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Fig. 2. Effects of quercetin intake during lactation on the expression of microtubule-associated protein 1 light chain 3
(LC3)-I (open bars), LC3-11 (filled bars) and SQSTM 1 (p62) in the kidneys of offspring in Expt. 1 (A) and 2 (B). Values
are presented as mean + SEM. (A; n = 10-14, B; n = 10-14). 3 < 0.05 and °p < 0.05 compared with NP/NP/Wa and
NP/NP/Fr, respectively, in Expt. 1. °p < 0.05 and Pp < 0.05 compared with LP/LP/Wa and LP/LP/Fr, respectively, in
Expt. 2. (Sato et d. Food & Function. 2019;10: 5018-5031)
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