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Prenatal High-Sucrose Diet Induced Vascular Dysfunction of
Renal Interlobar Arteries in the Offspring via
PPARy-RXRg-ROS/Akt Signaling

Xuegin Feng,* Xinying Liu, Fuling Wang, Xiaoyun Zhang, Liangxi Zhu, Hua Shu,
Chunxia Wang, Liting Duan, Haixia Wang, Qinggui Ren, Fangxiang Dong, Ziteng Zhang,

Dongmei Man,* and Miaomiao Qu*

Scope: Prenatal nutrition imbalance correlates with developmental origin of
cardiovascular diseases; however whether maternal high-sucrose diet (HS)
during pregnancy causes vascular damage in renal interlobar arteries (RIA)

from offspring still keeps unclear.

Methods and results: Pregnant rats are fed with normal drinking water or
20% high-sucrose solution during the whole gestational period. Swollen
mitochondria and distributed myofilaments are observed in vascular smooth
muscle cells of RIA exposed to prenatal HS. Maternal HS increases
phenylephrine (PE)-induced vasoconstriction in the RIA from adult offspring.
NG-Nitro-l-arginine (L-Name) causes obvious vascular tension in response to
PE in offspring from control group, not in HS. RNA-Seq of RIA is performed to
reveal that the gene retinoid X receptor g (RXRg) is significantly decreased in
the HS group, which could affect vascular function via interacting with PPARy
pathway. By preincubation of RIA with apocynin (NADPH inhibitor) or
capivasertib (Akt inhibitor), the results indicate that ROS and Akt are the vital
important factors to affect the vascular function of RIA exposure to prenatal

HS.

Conclusion: Maternal HS during the pregnancy increases PE-mediated
vasoconstriction of RIA from adult offspring, which is mainly related to the
enhanced Akt and ROS regulated by the weakened PPARy-RXRg.

1. Introduction

The fetus under the adverse intrauter-
ine conditions is highly susceptible to
multiple adult-onset diseases in the
later life, for hypertension, diabetes, and
stroke.[1*] Recently, some researchers
pointed that nutritional imbalance could
lead to cardiovascular diseases.*”] No-
tably, prenatal nutrition imbalance corre-
lates with a greater risk of developmental
origin of cardiovascular diseases.[#10
An ever-growing evidence base demon-
strates that high sugar/sucrose diet
intake may increase deaths cases and
cardiovascular  disease burdens.l'12]
Therefore, much more attention should
be paid to investigate the effects of
high-sugar on vascular development,
especially the gravida and fetus. Exces-
sive consumption of sugar during the
pregnant period could induce metabolic
diseases and microvascular dysfunc-
tion in the adult offspring.’**l Our
previous study revealed that maternal
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high-sucrose diet altered vascular contraction in the
offspring %1316l However, there has limited information on
underlying mechanisms to interpret the association of prenatal
high-sucrose diet with vascular diseases in renal interlobar
arteries from the offspring.

Renal vascular systems play an important role in vascular vol-
ume regulation and blood pressure maintenance.'’-'%! Revascu-
larization of the interlobar renal arteries could lead to a high
risk of cardiovascular diseases by disrupting vascular struc-
ture and function.??] Adverse factors during maternal preg-
nancy could induce renal reprogramming and vascular dys-
function in the offspring.[?!] However, information on whether
and how vascular develops in the interlobar renal arteries of
offspring exposed to prenatal high-sucrose diet is still lim-
ited. Thus, present study aims to discuss the effects of ma-
ternal high-sucrose diet during the pregnancy on the func-
tion of interlobar renal arteries from the adult offspring. The
data gained would further understand the physiological and
pathological characteristics of renal vessels in developmental
origins.

2. Experimental Section

2.1. Animals

Four-month old Sprague—Dawley rats were purchased from Peng
Yue Experimental Animal Breeding Company. They were free ac-
cess to water and standard food, and housed in a controlled en-
vironment of 25 °C under a 12 light-dark cycle with cycles of air
ventilation. After 1 week of recovery of transportation, one female
rat was mated with two male rats. The day vaginal plugs were de-
tected was regarded as the first day of gestation. All pregnant rats
(n=25 each group) were randomly divided into the control group
(CON) and high-sucrose group (HS). Pregnant rats in CON were
provided with standard food and tap water, and the HS group
was fed with the same food and 20% sucrose solution from ges-
tational day 1-21.11%13-16] Caesarean delivery was conducted on
pregnant rats at gestational day 21, and the fetal kidneys were
obtained immediately. Other pregnant rats were vaginal delivery
naturally. Male offspring were sacrificed at 16 weeks old with a
freshly prepared sodium pentobarbital (50 mg kg™') to isolate re-
nal interlobar arteries (RIA) for testing. Body weight and kidney
weight were determined at the same time. For all experiments,
the pups used in present study were from different litters. All ex-
periments were conducted in accordance with the guidelines for
the Care and Use of Laboratory Animals (NIH Publication No.85—
23, 1996). Ethical approval was granted by the Ethical Commit-
tee of the Affiliated Hospital of Jining Medical University (No:
2020B010).

2.2. Dosage Information/Dosage Regimen

The pregnancy rats in HS group were provided with standard
food and free access to 20% w/v sucrose solution during the ges-
tational period (GD1-GD20). According to the daily drinking vol-
ume of rats, it was equivalent to approximately 62.90 g sugar per
kg per day for human.
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2.3. Hematoxylin and Eosin (HE) Staining

The RIA was isolated and immediately fixed in 4% paraformalde-
hyde at 4 °C as described.['%] In brief, RIA was cut into 5-mm
sections and rehydrated with xylene and a descending alcohol.
After washing with distilled water, the sections were stained with
hematoxylin solution and eosin-phloxlike B solution. Imaging
was carried out by Olympus BX53 biological microscope. After
calibrating the software, the vessel wall thickness and diameter
were measured. The images were analyzed with Image J software
and GraphPad Prism 9 (GraphPad, San Diego, CA, USA).

2.4. Transmission Electron Microscopy

The RIA from adult offspring was fixed in 2.5% glutaraldehyde
(pH = 7.4) for 2 h. After washed three times with 0.1 M phos-
phate buffer (pH = 7.2), the vessels were fixed again in 1% osmic
acid at 4 °C for 2 h. Then, the samples were gradient dehydrated
with ascending concentrations of ethanol. Subsequently, the RIA
was subjected to resin penetration and embedded in epon. After
position, the ultrathin section was made and counterstained with
3% uranyl acetate and 2.7% lead citrate. Finally, the sections were
observed with a HT7800 transmission electron microscope.

2.5. Measurement of Vessel Tone

The RIA was cut into 3.0 mm in length and recorded with mul-
timyograph system (Danish Myo Technology, Denmark). The or-
gan chamber was filled with 5 mL PSS solution (mmol L™*: NaCl,
120.9; NaHCO,, 25.0; KCl, 4.7; MgSO,-7H20, 1.7; CaCl,-2H,0,
2.8; EDTA, 0.025; KH,PO,, 1.2; and glucose, 5.0; 4 °C, pH = 7.4),
continuously gassed with 95% 0,-5% CO,. Each vessel ring was
tested only once in this study. KCI (120 mmol)-mediated vascu-
lar contraction was regarded as contraction normalization. After
equilibration for 1 h, cumulative doses (10~° to 10~* mol L) of
phenylephrine (PE) was used to test vascular tension. NG-Nitro-
l-arginine (L-Name, endothelial nitric oxide-synthase inhibitor;
100 umol), capivasertib (antagonist for Akt; 10 pmol), or apoc-
ynin (antagonist for NADPH oxidases-Nox; 100 umol) were used
for pretreating segments for 30 min respectively before applica-
tion of PE. Signals were recorded with Power-Lab system with
Chart 9 software (AD Instruments, USA) for analysis.

2.6. RNA-Seq

RNA-Seq could be used to identify and quantify all mRNA species
and many noncoding RNA species. Therefore, RNA-Seq of the
RIA was performed to search for differential gene sets with assis-
tance from Shandong Jieluoxuan Biotechnology Co., Ltd. (Shan-
dong, China). Magnetic beads with Oligo (dT) were used for
RNA enrichment and purification. The rRNA was removed by
kit as instruction described (Agilent Technologies, CA, USA). In
brief, fragmentation buffer was added into the purified mRNA
to shorten the fragments. The first strand of cDNA was synthe-

© 2024 The Authors. Molecular Nutrition & Food Research published by Wiley-VCH GmbH


http://www.advancedsciencenews.com
http://www.mnf-journal.com

ADVANCED
SCIENCE NEWS

M@JIar Nutrition

www.advancedsciencenews.com

Table 1. Primer sequences in this study.

Gene Forward primer (5'-3') Reverse primer (3'-5')

Nox1 TTTTCAGTTTGCCCTTTGCT TCCAAGAGCTGAAGCAGGTT
Nox2 TCTTCAGCCATTCACACCAT CAGAGAAGGGAGGCTCACC
Nox4 CGGGGTGGCTTGTTGAAGTAT CCTCCAGGCAAAGATCCATG
PPARa GTCCTCTGGTTGTCCCCTTG TGGGGAGAGAGGACAGATGG
PPARS AGATGAGGACAAACCCACGG TGGCTGTTCCATGACTGACC
PPARy TAAGGGACTCGAGGAGGTCA CGAAGTTGGTGGGCCAGAAT
RXRg AGGCAAGAAGAGTAGAAGCGG GCTTCCGTCAACTTGGGCTA
Akt TCAGGTGCTGAGGAGATGGA CTTGGCAACGATGACCTCCT
p-actin CCGCCCTAGGCACCAGGGTG  GGCTGGGGTGTTGAAGGTCTCAAA

sized by using random primers. The 2nd strand marking buffer
and 2nd strand/end repair enzyme mix were added to synthesize
the 2nd strand of cDNA. Following the terminal repair, base A
and sequencing joint were added. Sequentially, the target frag-
ment was recovered by magnetic bead screening, and PCR am-
plification was performed to complete the whole library prepa-
ration. After the library was constructed, Qubit 3.0 was used for
initial quantification and the library was diluted to 1 ng pL!, fol-
lowed by Agilent 2100. Once the insert size met expectation, Q-
PCR was performed using Bio-Rad CFX 96 fluorescence quan-
titative PCR instrument and Bio-Rad kit iQ SYBR GRN. The
effective concentration of the library was quantified accurately
(effective concentration >10 nM) to ensure the quality. Qual-
ified library was sequenced on a high-throughput sequencing
platform.

2.7. Real-Time PCR

Total RNA of RIA was extracted using RNA-easy Isolation
Reagent (Vazyme, USA) following the manufacturer’s instruc-
tions. The RNA concentration and purity were confirmed by spec-
trophotometer (Thermo, USA). First-strand cDNA was synthe-
sized by HiScript III RT SuperMix for qPCR (+gDNA wiper).
Real-time PCR was performed in 20 pL system including 10 uL
of ChamQ Universal SYBR qRCR Master Mix, 0.4 pL of forward
primer (10 uM), 0.4 uL of reverse primer (10 uM), 2 uL cDNA,
and 7.2 pL of nuclease-free water, and was carried out using
MyiQ2 Thermal Cycler Real-Time PCR Detection System (Bio-
Rad, USA) according to the following program: one cycle at 95 °C
for 30 s; 40 cycles of 10 s at 95 °C, and 30 s at 60 °C; one cycle
at 95 °C for 15 s, 60 °C for 60 s, and 95 °C for 15 s. Expressions
of genes were normalized to f-actin. The gene primer sequences
were shown in Table 1.

2.8. Western Blotting

The RIA was homogenized in liquid nitrogen and lysed in RIPA
buffer (Beyotime Biotech, China) containing protease inhibitors
and phosphatase inhibitors (Biotool, China) to obtain the whole
cell protein. Samples with equal total proteins were separated by
10% polyacrylamide gel and transferred onto polyvinylidene flu-
oride membranes. Following blocking nonspecific binding sites
by 5% skim milk, the PVDF membranes were incubated with the
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primary antibodies, including GAPDH (1:1000; Affinity, China),
p-actin (1:5000; Affinity, China), RXRg (1:1000; Affinity, China),
and Akt (1:1000; Affinity, China). After the primary antibod-
ies removed, the membrane was incubated with HRP-coupled
goat antirabbit secondary antibody (1:5000; Proteintech, China)
for 1 h at room temperature. Blots were visualized using en-
hanced chemiluminescence detection reagents (Thermo Fisher,
Australia), and were recorded using an Imaging System (Tanon,
Shanghai, China). Specific bands were quantified using Image |
software.

2.9. Statistical Analysis

All data were presented as mean + SEM, and analyzed with un-
paired t-test or two-way ANOVA followed by Bonferroni, where
appropriate. The data were performed and curve fitted with
GraphPad Prism 9 (GraphPad, San Diego, CA, USA). Statistical
significance was defined as p < 0.05.

3. Results
3.1. Kidney and Body Weight

Though the fetal weight exposure to prenatal HS was high
as reported,[] the kidney weight and the kidney weight/body
weight of fetal rat were lower in the HS group (Figure 1A,B), in-
dicating that maternal HS during the pregnancy may affect fe-
tal kidney development. For adult offspring, no significant dif-
ference was observed in the kidney weight/body weight between
CON and HS groups while the kidney weight in the HS group
was significantly decreased (Figure 1C,D). The above results
prompted that prenatal HS could induce renal alteration in the
offspring.

3.2. HE Stains and Transmission Electron Microscopy

The RIA acted the vital important role in blood pressure
maintenance.?223] Vascular gross morphology was assessed with
HE stains. In terms of morphometric parameters, there was no
difference in the vessel wall thickness and vessel diameter be-
tween the two groups (Figure 2A).

The microstructure of RIA was further observed by transmis-
sion electron microscopy. Compared with the CON group, we
found the mitochondrial injury with the higher mitochondrial
area in the HS offspring characterized by mitochondrial swelling
and disappearance of mitochondrial cristae in vascular smooth
muscle cells of RIA. Notably, myofilament was widely, yet hetero-
geneously, distributed in the HS group (Figure 2B).

3.3. The Effect of Prenatal HS on PE-Induced Vascular
Contractions of RIA

Vascular function was further determined in the present
study. There was no significant difference in KCl-induced max
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Figure 1. The effect of prenatal HS on kidney weight. A) Fetal kidney weight. B) Fetal kidney weight/body weight. n represents number of pregnancy from
each group. C) Adult kidney weight. D) Adult kidney weight/body weight. CON: n =5, HS: n = 5. n represents number of pregnancy (A, B) or offsprmg
from different litters (C, D) of each group. Data were shown as mean + SEM and analyzed by unpaired two-tailed Student’s t-test. *p < 0.05, *
0.0001.

vasoconstrictions between the two groups (Figure 3A), so KCl-  3.4. RNA-seq Analyses of RIA

induced max tension was regarded as a contractile reference. Cu-

mulative phenylephrine (PE, 107°-10~*mol L!) was used to test ~ To further clarify why vascular contractile function changes in
the vascular response. PE produced dose-dependent contraction =~ HS group, the RIA was collected for transcriptome sequenc-
in RIA in both the CON and HS groups. Concentration response  ing. Differentially expressed genes (DEGs) (|log2(fold change|)
curve of PE-induced vascular tension in HS group was signifi- >2 and Q-value < 0.05) in RIA were performed with Gene
cantly greater than that in the CON group (Figure 3B). The vas-  Ontology (GO) classification. Of the 18 300 genes was identi-
cular sensitivity was expressed as pD2 (—logEC50) and pD2 val-  fied, 142 genes were significantly different between CON and
ues of PE-induced vasoconstrictions were significantly higherin ~ HS groups, and were shown in heatmap. We found that the
RIA from HS adult offspring (CON: 5.68 + 0.11 vs HS: 6.26 +  gene retinoid X receptor g (RXRg) in the RIA was signifi-
0.25; p < 0.05, Figure 3C). There was a significant difference in  cantly decreased in HS group (fold of change = 21.79% vs CON)
response to PE in CON offspring in the absence or presence of L-  (Figure 4A), and was confirmed by mRNA and protein detec-
Name, while not in HS group (Figure 3D,E). The data suggested  tion (Figure 4B,C). In addition, Kyoto Encyclopedia of Genes
that prenatal HS increased vascular tension and contraction sen-  and Genomes (KEGG) pathway enrichment analyses indicated
sitivity, which was related to endothelial dysfunction in RIA from  that PPAR signaling had the high enrichment score (Figure 4D).
offspring. The mRNA expressions of three subunits PPARa, PPARS, and
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Figure 2. HE staining and transmission electron microscopy of RIA. A) HE staining of RIA. Bar: 50 um. B) Transmission electron microscopy of RIA.
Bar: 500 nm. Arrow indicated the mitochondria or myofilament arrangement. Arrows indicated mitochondria and myofilaments. CON: n =3, HS: n=3.
n represents number of offspring each group. Data were shown as mean + SEM and analyzed by unpaired two-tailed Student’s t-test. *p < 0.05.
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Figure 3. The effect of prenatal HS on PE-induced vascular responses of RIA. A) KCl-mediated contraction curves in RIA. B) PE-mediated contraction in
RIA. C) PE-mediated contraction sensitivity expressed as pD2 (—LogEC50) in RIA. D-E) PE-mediated contraction in RIA in the absence or presence of
L-Name from CON and HS groups. CON: n = 10, HS: n = 10. n represents number of offspring from different litters of each group. Data were shown

as mean + SEM and analyzed by unpaired two-tailed Student’s t-test or two-way ANOVA followed by Bonferroni posttests. *p < 0.05, **p < 0.01, ***p
< 0.001, **¥*¥*p < 0.0001.
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Figure 4. The RNA-seq analysis of RIA. A) Heat map of RNA-Sequence. CON: n = 3, HS: n = 3. B) The mRNA of RXRg. CON: n =9, HS: n = 8. C) The
protein expression of RXRg. CON: n = 4, HS: n = 4. D) KEGG pathway enrichment analyses. CON: n = 3, HS: n = 3. E) The mRNAs of PPAR«, PPARS,

and PPARy. CON: n =7, HS: n=17. n represents number of offspring from different litters of each group. Data were shown as mean + SEM and analyzed
by unpaired two-tailed Student’s t-test. *p < 0.05, ***p < 0.001.
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Figure 5. The roles of ROS/Akt in PE-induced vascular responses of RIA. A) The mRNA levels of Nox1, Nox2, and Nox4 detected by RNA-Seq. B) The
mRNA levels of Nox1, Nox2, and Nox4 detected by real-time PCR. CON: n = 5, HS: n = 5. C-D) PE-induced contraction with or without apocynin
from CON and HS group. E) The mRNA level of Akt detected by RNA-Seq. F) The mRNA and protein expression of Akt. CON: n = 4, HS: n = 4. G-H)
PE-induced contraction with or without capivasertib from CON and HS group. CON: n = 8, HS: n = 8. n represents number of offspring from different
litters of each group. Data were shown as mean + SEM and analyzed by unpaired two-tailed Student’s t-test or two-way ANOVA followed by Bonferroni

posttests. *#p < 0.05, **p < 0.01, **¥*p < 0.001, ****p < 0.0001.

PPARy were further detected as shown in Figure 4E. Previous
study reported that the interactions of RXRg and activated PPARy
played a vital role in cardiovascular disorders by regulating genes
transcription.[24-26]

3.5. The Roles of ROS and Akt in Vascular Dysfunction of RIA

PPARy plays a pivotal role in endothelial function by regulat-
ing gene expression. Its interaction with RXRg and the subse-
quent effect on ROS/Akt signaling can alter vascular reactivity,
which we discuss in the context of our findings on RIA. ROS,
including the superoxide anion (O,~), would induce oxidative
stress.!’”) NADPH oxidases (Nox) are main source of O,~ gen-
eration in the vasculature.[?”] Among the Nox family, there were
Nox1, Nox2, and Nox4, mainly expressed in the vascular smooth
muscle cells. Therefore, we analyzed the key genes in the path-
ways. As shown in Figure 5A, compared with CON, the relative
mRNA levels of Nox1, Nox2, and Nox4 in RNA-Seq were changed
with fold of change = 0.46, 1.79, and 0.48, respectively. Mean-
while, the mRNA levels performed by real-time PCR showed that
the Nox1 was downregulated while Nox2 and Nox4 were upreg-
ulated in HS group (Figure 5B). The information suggested that
prenatal HS induced the imbalance of ROS. Apocynin could in-
hibit Nox activity in preventing superoxide production. Between
the presence and absence of apocynin, PE induced vasoconstric-
tion showed no significant difference in CON, while that was
decreased in HS group (Figure 5C,D), indicating that apocynin
could partly reverse vascular function of RIA exposure to prena-
tal HS.

Mol. Nutr. Food Res. 2024, 2300871 2300871 (6 of 9)

Notably, Akt kinase could mediate microvascular dysfunction
by regulating endothelial nitric oxide synthase (eNOS), and also
played a critical role in many important cellular processes.[262°]
The relative mRNA level of Akt in HS detected by RNA-Seq with
fold of change = 1.67 (Figure 5E), similar to the mRNA and pro-
tein expressions respectively detected by real-time PCR and west-
ern blot (Figure 5F). Capivasertib, as the Akt inhibitor, signifi-
cantly inhibited PE-induced vascular tension in both CON and
HS groups (Figure 5G,H). Importantly, capivasertib-decreased
amplitude in HS was significantly higher than that in CON,
prompting that prenatal HS significantly enhanced the Akt
function.

4, Discussion

As a modern healthcare problem, high-sucrose diet, especially
during the pregnancy, has been associated with increased risk
of cardiovascular diseases in later life. We employed rat models
to reveal the effects of prenatal high-sucrose on the function of
renal interlobar arteries from adult offspring and clarify its un-
derlying mechanisms. The main results of this experiment were
as follows: 1) cumulative PE-mediated vasoconstriction was en-
hanced in RIA from adult offspring exposure to prenatal HS; 2)
the RNA-seq analyses of RIA suggested that RXRg was signif-
icantly decreased in HS group, and KEGG pathway enrichment
analyses indicated that RXRg could interact with PPAR pathways
to affect vascular endothelial function; 3) vascular hypocontrac-
tility induced by PE in HS group could be inhibited by apocynin
and capivasertib, indicating that both abundant ROS and Akt sig-
naling participated in regulating vascular dysfunction. Together,
the present study demonstrated that prenatal high-sucrose had
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Figure 6. Summarized image of vascular hypo-contractility in RIA from offspring exposure to prenatal HS. Prenatal high-sucrose diet increased phenyle-
phrine (PE)-mediated vasoconstriction of renal interlober arteries (RIA) from offspring. Maternal high-sucrose diet enhanced ROS and Akt signaling,
which could be regulated by the weakened PPARy-RXRg, leading to vascular dysfunction in offspring.

significant influence on vascular function in renal arteries from
offspring. Together, the data gained offered new information to
further understand the characteristics of renal vessels in devel-
opmental origins. Figure 6 summarized the working model.

Previous study pointed that adverse factors during pregnancy
could cause poor renal development in offspring.[?!] In this study,
prenatal HS decreased the kidney weight in both the fetus and
adult offspring, suggesting that high-sucrose diet during preg-
nancy has affected kidney development later. However, the lower
kidney weight/body-weight ratio was found in fetus, not in adult
offspring, which may be caused by “catch-up growth” after birth.
Additionally, the swollen mitochondria and distributed myofila-
ment were observed in vascular smooth muscle cells of RIA ex-
posed to prenatal HS, indicating that antenatal high-sucrose diet
has an effect on the vascular structure alteration. Histological mi-
crostructure is the basis for vascular function. Whether RIA can
be functionally affected by prenatal factors is the important focus
of the present study. Importantly, we firstly confirmed that the
vascular responses and LogEC50 induced by cumulative PE were
significantly enhanced in the RIA exposure to prenatal HS. The
higher vascular tension and sensitivity may result in vascular dis-
eases in RIA from the HS offspring. The finding about functional
changes following prenatal exposure to high-sucrose diet offered
new information on prenatal nutrition imbalance-affected devel-
opment in kidney vascular systems. Endothelial function corrects
with vascular tension. Therefore, nitric oxide mediation of en-
dothelium dependent relaxation was evaluated using L-Name in
the present study. L-Name significantly potentiated PE-mediated
vasoconstrictions only in CON group, not in HS group. The in-
formation suggested that the increased tension in HS group may
Dbe closely related to endothelial dysfunction.

However, the underlying mechanism of vascular dysfunction
exposed to prenatal high-sucrose diet still keeps unclear. Thus,
we collected RIA for RNA-Seq. The GO analyses demonstrated
that the gene RXRg was significantly decreased in HS group
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that was confirmed by mRNA and protein detection. In addition,
KEGG pathway enrichment analyses indicated that PPAR signal-
ing had the high enrichment score. The PPAR family consists of
PPARa, PPARy and PPARGS.% PPARy is expressed in all com-
ponents of the vascular system including endothelial cells, vascu-
lar smooth muscle cells, and monocytes/macrophages.[*"*?] No-
tably, activation of PPARy was reported to increase endothelial
nitric oxide synthase activity and improve the left ventricular re-
modeling of infracted hearts.*¥] Previous study reported that the
interactions of activated PPARy and RXRg played a vital role in
cardiovascular disorders by regulating genes transcription.[2426]
Both transcriptional sequencing and RT-PCR results showed that
the expressions of PPARy and RXRg were decreased in present
study, indicating that PPARy-RXRg was involved in the regula-
tion of RIA in offspring exposure to prenatal high-sucrose diet.
The mechanisms mediating vascular dysfunction involve en-
dothelial dysfunction, smooth muscle contraction attenuation,
and inhibition of proliferation and inflammation.*! As a ligand-
dependent nuclear receptor, PPARy plays an important role in
kidney physiology and contribute to arterial blood pressure reg-
ulation and hypertension development by modulating other sig-
naling pathways,**! including the ROS and Akt pathways, all of
which are reported to associated with high blood pressure.3!
Therefore, we further characterized the roles of the downstream
ROS signal and Akt signal in the RIA regulations in the present
study.

Intracellular ROS has been linked to the occurrence of
chronic adult diseases such as hypertension, atherosclerosis, and
diabetes.[’”] It is generally agreed that elevated vascular ROS trig-
gers an atherosclerotic process by mediating proinflammatory
signaling activation and endothelial dysfunction.®®! As the ma-
jor source of ROS in the vasculature, Noxs are the key play-
ers in mediating redox signaling under physiological and patho-
physiological conditions.*”] As the members of the Nox family,
Nox1, Nox2, and Nox4 are predominantly expressed in vascular

© 2024 The Authors. Molecular Nutrition & Food Research published by Wiley-VCH GmbH
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smooth cell.*"l Recent study pointed that overproduction of ROS
induced endothelial dysfunction from micro vessel under con-
dition of high glucose.[*1*?] Consistent with the transcriptome
sequencing analysis, the mRNA expression of Nox2 and Nox4
determined by RT-PCR was significantly increased in RIA from
the HS group, which might result in abnormal ROS levels in
RIA in HS offspring. As a natural compound, apocynin has been
widely used as a Nox inhibitor in animal models of ROS-related
diseases, for cardiovascular, metabolic, liver, and neurodegener-
ative diseases.[*] In this study, PE-induced vascular dysfunc-
tion by excessive ROS in HS could be partially restored by Nox
inhibitor apocynin, indicating that prenatal HS-enhanced vascu-
lar contractions in the offspring were involved in abnormal ROS
production.

The Akt signaling is also an intracellular signal transduc-
tion pathway that is involved in many cells process, including
cell metabolism, proliferation, survival, and angiogenesis.[*°) Pre-
vious study indicated that activation of PPARy could inhibit
Akt signaling pathway, thus, to prevent vascular remodeling.[*’]
Moreover, PPARy could phosphorylate Akt via mediating
other signaling pathways implicating kinases.[>>*®] Present data
showed that high-sucrose diet during pregnancy indeed in-
creased the mRNA and protein expression of Akt in interlobar
renal artery tissues in HS group. And preincubation with the
Akt inhibitor-capivasertib decreased vascular constriction, and
the capivasertib-sensitive curve in HS group was greater than the
CON group, which suggested that the function of Akt was en-
hanced in the RIA from HS offspring.

Vascular endothelium plays an essential role in modulating
vascular tone, and unhealthy endothelium would lead to hyper-
tension and other cardiovascular risk factors. We have showed
that prenatal HS diet damaged vascular endothelial function of
RIA from adult offspring with L-Name. It is known to all that both
abnormal ROS and Akt signals could mediate vascular endothe-
lial dysfunction through both direct and indirect processes, >
although we have not further verified it in present study. All evi-
dences in the present study prompted that the combined action
of abnormal ROS and enhanced Akt disrupted endothelial func-
tion of RIA exposure to maternal high-sucrose diet during the
pregnancy.

In conclusion, this study revealed that antenatal high-sucrose
diet increased PE-mediated vasoconstrictions in renal interlobar
arteries of the offspring, and this phenomenon may due to the
endothelial dysfunction mediated by ROS and Akt pathway via
abnormal PPARy-RXRg regulation. The new data obtained pro-
vided crucial information on understanding of pathological char-
acteristics of RIA following exposure to antenatal high-sucrose
diet and represented a novel therapeutic approach to prevent the
onset of endothelium-related diseases.
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