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Abstract

Maternal food restriction (MFR) during pregnancy leads to pulmonary dysplasia in the newborn
period and increases susceptibility to diseases, such as asthma and chronic lung disease, later in
life. Previous studies have shown that maternal electro-acupuncture (EA) applied to “Zusanli”
(ST 36) could prevent the abnormal expression of key lung developmental signaling pathways
and improve the lung morphology and function in perinatal nicotine exposed offspring. There
is a significant overlap in lung developmental signaling pathways affected by perinatal nicotine
exposure and MFR during pregnancy; however, whether maternal EA at ST 36 also blocks the
MFR-induced lung phenotype is unknown. Here, we examined the effects of EA applied to
maternal ST 36 on lung morphology and function and the expression of key lung developmental
signaling pathways, and the hypercorticoid state associated with MFR during pregnancy. These
effects were compared with those of metyrapone, an intervention known to block MFR-induced

"Corresponding authors: Bo Ji; Tel: +86-10-64286271; jibo@bucm.edu.cn; Address: Beijing University of Chinese Medicine, 11
North Third Ring East Road, Chao yang, Beijing 100029, China.

Conflict of interests:
The authors declare that there are no conflict of interests.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mou et al. Page 2

offspring hypercorticoid state and the resultant pulmonary pathology. Like metyrapone, maternal
EA at ST 36 blocked the MFR-induced changes in key developmental signaling pathways and
protected the MFR-induced changes in lung morphology and function. These results offer a novel
and safe, non-pharmacologic approach to prevent MFR-induced pulmonary dysplasia in offspring.

Keywords

Intrauterine growth restriction; Maternal food restriction; Lung development; Electro-acupuncture;
“Zusanli” acupoint

1. Introduction

Intrauterine growth restriction (IUGR) is a common pregnancy complication associated
with significant adverse perinatal outcomes [1]. It is an important cause of perinatal
morbidity and death [2], affecting 10-15% of pregnant women worldwide 1. [UGR is
closely related to malnutrition during pregnancy, infectious diseases, pregnancy-induced
hypertension, substance abuse, and teratogen exposures [11, among which malnutrition
during pregnancy is the most common cause of IUGR [34]. Maternal food restriction (MFR)
during pregnancy leads to insufficient fetal nutrition, resulting in IUGR and an associated
pulmonary phenotype characterized by an increased susceptibility to bronchopulmonary
dysplasia and hyperresponsive airways [>-121. Although the exact mechanism(s) underlying
the respiratory consequences of MFR-associated IUGR remain unknown, alterations in
key lung developmental signaling pathways (summarized below) have been demonstrated
[12]. Moreover, MFR up-regulates the hypothalamic-pituitary-adrenal (HPA) axis of the
offspring, resulting in a chronic hypercorticoid state, which can also potentially interfere
with mechanisms underlying normal lung development (561, Importantly, there is no
clinically effective therapeutic intervention that prevents the MFR-associated pulmonary
consequences.

Parathyroid hormone-related protein/Peroxisome proliferator-activated receptor -y (PTHrP/
PPAR<y) and Wnt/B-catenin signaling pathways play significant roles in MFR-induced
pulmonary dysplasia in offspring [>l. Parathyroid hormone-related protein is secreted and
regulated by alveolar type I1 cells [12], which up-regulates the expression of adipocyte
differentiation-related protein, promoting the uptake and storage of neutral lipids by
lipofibroblasts, transporting these to alveolar type Il cells 13141, PPARy, expressed by
various alveolar cell types, including the lung fibroblasts, determines the differentiation of
fibroblasts into lipofibroblasts [15:1€] thus maintaining their lipogenic phenotype [171. On the
contrary, the Wnt/p-catenin signaling is a key factor in the differentiation of fibroblasts

into myofibroblasts, determining their myogenic phenotype [>81. Since myofibroblasts

do not support alveolar type Il cells’ differentiation and growth, it results in failed
alveolarization and surfactant deficiency. MFR down-regulates the PTHrP/PPARy signaling
and up-regulates the Wnt/B-catenin signaling in offspring lung [>:6.16] driving fibroblasts to
differentiate into myofibroblasts, thus impairing normal lung development.

The transforming growth factor (TGF)-p1/Smads signaling may also be involved in MFR-
induced pulmonary dysplasia in offspring. The TGF- signaling is initiated by binding
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the TGF-B ligand to the type Il TGF-f receptor, forming a complex with either the

type | receptor or activin A receptor type Il-like 1. The type | receptor transmits signals
within the cell via second-messenger Smad proteins, namely Smad1-Smad4, or by Smad-
independent pathways. This signaling is negatively regulated by Smad6/7 [1819], As a
multifunctional cytokine, TGF-B1 plays a vital role in various biological processes such

as cell proliferation, differentiation, and apoptosis. The activation/differentiation of lung
fibroblasts into lung myofibroblasts and the production and deposition of extracellular
matrix are also regulated by the TGF-B1/Smads signaling [29]. Previous studies have shown
that MFR can significantly increase the expression of elastin and myofibroblast marker
a-smooth muscle actin (a-SMA) in the lung tissue of offspring rats, accompanied by altered
lung morphology and function [16]; TGF-B1/Smads signaling activation following MFR

is also supported by the increased connective tissue growth factor and collagen | and 1V
expression in offspring myocardial tissue in other MFR models [21],

Electro-acupuncture (EA) is a modification of acupuncture that stimulates acupoints with
low-frequency pulsed electrical current. Biologically, it is a combination of acupuncture
stimulation and its consequent electrophysiological effects. “Zusanli” (ST 36) is one of

the 365 classical acupoints. It is an acupoint of the “Stomach Meridian”, located at the
posterolateral part of the knee joint, about 5 mm below the fibulae capitulum. It is one of the
most frequently used acupoints. It is easily reproducible and, in addition to its effects on the
digestive system, it is effective in multiple other system diseases, including the respiratory
system [22-25] We have previously demonstrated that EA applied to maternal ST 36 blocks
alterations in key lung developmental signaling pathways and the resulting offspring lung
phenotype following perinatal nicotine exposure [22-251, However, it is unknown whether it
can also block the MFR-induced changes in lung developmental signaling pathways and the
resultant lung phenotype. Here, we determine the effect of EA applied to maternal ST 36

on the MFR-induced modifications in the expression of key PTHrP/PPAR~y, Wnt/p-catenin,
and TGF-B1/Smads signaling pathway intermediates in offspring lung and the resultant lung
phenotype. To explain the possible mechanism underlying EA’s effect, we also explored
whether EA blocks the MFR-induced chronic hypercorticoid state.

Materials and methods

2.1. Animals

This experimental protocol was approved by the Ethics Committee of Beijing University of
Chinese Medicine (approval number: BUCM-4-2019090101-3041) and it strictly complied
with the “Guide for Care and Use of Laboratory Animals” advocated by the National
Institutes of Health. Thirty female and ten male specific pathogen free nine-week old
Sprague-Dawley rats without mating history were acquired from Beijing Vital River
Laboratory Animal Technology Co., Ltd. (production license number: SCXK (Beijing)
2016-0006). The rearing conditions were as follows: room temperature (23 + 1)°C, relative
humidity (45 + 5)%, and 12:12 h light-dark cycle.

Pediatr Pulmonol. Author manuscript; available in PMC 2022 August 01.
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2.2. Experimental protocol

The dams were randomly divided into control (“C”) group, control plus EA (“C+EA”)
group, model (“M™) group, model plus EA (“M+EA”) group, and model plus metyrapone
(“M+MTP”) group, with six rats in each group. Using our previously described rat model
of MFR during pregnancy that induces intrauterine growth restricted offspring [:6.26]. from
embryonic day 10 until delivery, the dams in the food restriction groups were provided a
50% food-restricted diet, which was determined by the normal food intake of the “C” group
every 24 hours. The “C+EA” group dams were provided unrestricted diet similar to that

of the “C” group. The “C+EA” and “M+EA” groups were administered EA to bilateral

ST 36 acupoints, and the “M+MTP” group water was supplemented with an endogenous
glucocorticoid synthesis inhibitor metyrapone (MTP; 0.5mg/mL; Catalog#: 856525, Sigma-
Aldrich), using the previously described dosing regimen [5:6]. To minimize a bias towards
selecting either heavier or lighter pups, on postnatal day (PD) 0, all pups from each litter
were marked and weighed, and six pups closest to the median body weight were included in
the study. On PD7, PD14, and PD21, the pups were weighed. On PD21, pulmonary function
testing was performed. Subsequently, pups were sacrificed for lungs and serum collections.

2.3. Electro-acupuncture treatment

In line with the description in “Experimental Acupuncture Science”, acupuncture site

ST 36 was selected posterolateral to the knee joint about 5mm from the fibular head.

As described previously [22-25] the acupuncture needles (0.20 mmx13 mm, Catalog#:
1552484411, Hwato) were perpendicularly pierced into ST 36 bilaterally with a depth of
7 mm, connecting the negative pole of EA, and horizontally pierced into the skin 2 mm
below ST 36, connecting the positive pole of EA. The EA parameters were as follows:
frequency 2/15 Hz, intensity 1 mA, duration 20 min, and administered once a day between
10 AM and Noon.

2.4. Pulmonary function testing

The pulmonary function of pups was measured using a plethysmograph (Buxco, USA).

On PD21 (end of the alveolarization process [27]), the pups were weighed and deeply
anesthetized with 2% pentobarbital sodium (55 mg/kg), tracheostomized, intubated, and then
connected with a small animal ventilator for plethysmography. Lung resistance (RL) and
dynamic compliance (Cdyn) were recorded after stable breathing.

2.5. Lung morphometry

At sacrifice, offspring lungs were perfused in situ with 4% paraformaldehyde (PFA) in
phosphate-buffered saline (PBS). After the trachea was ligated, the lungs were immediately
transferred to 4% PFA and fixed at 4°C for about 4 hours. The lungs were transferred

to PBS containing 30% sucrose at 4°C until fully equilibrated. Subsequently, the lungs
were embedded in paraffin and sliced with a thickness of 5 um and stained according

to the hematoxylin-eosin staining kit’s instructions (Catalog#: abh245880, abcam). Finally,
lung morphometry was objectively evaluated by measuring alveolar number, mean linear
intercept, and septal thickness, as described previously [5:6].

Pediatr Pulmonol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mou et al.

Page 5

2.6. Western Blotting assay for PPARYy, a-SMA, B-catenin and Smad2 proteins of the

offspring

Western blotting was performed according to the previously described methods [231.

The specific primary antibodies used included PPARy (1:1,500; Catalog#: 16643-1-AP,
Proteintech), a-SMA (1:1,000; Catalog#: 55135-1-1g, Proteintech), p-catenin (1:3,000;
Catalog#: 66379-1-1g, Proteintech), Smad2 (1:5,000; Catalog#: 67343-1-lg, Proteintech),
and GAPDH (1:25,000; Catalog#: 60004-1-lg, Proteintech).

2.7. Real time PCR assay for lung PPARYy, B-catenin, a-SMA, LEF-1, TGF-B1, and Smad2
MRNAs of the offspring

The total RNA extraction, concentration and purity determination, structural integrity
assessment, reverse transcription and PCR reaction system have been described

previously [2225], The polymerase was activated at 95°C for 5 min, followed by

40 cycles of denaturation at 94°C for 30 s, annealing at 59°C for 30 s, and

extension at 72°C for 1 min. The relative quantification for target gene expression

was performed using the 2"22CT method based on cycle threshold (CT) values. The
RT-PCR probes used included-rat PPARy: F-5’-CCAAGTGACTCTGCTCAAGTATGG-3’
and R-5’-CATGAATCCTTGTCCCTCTGATATG-3’ (106 bp); rat p-catenin:
F-5’-GTGCAATTCCTGAGCTGACC-3’ and R-5’-CGGGCTGTTTCTACGTCATT-3’
(184 bp); rat a-SMA: F-5’-TATCCGATAGAACACGGCATCA-3’ and
R-5"-CACGCGAAGCTCGTTATAGAAG-3’ (84 bp); rat LEF-1: F-5’-
GAGCACGAACAGAGAAAGGAACA-3’ and F-5’-TTGATAGCTGCGCTCTCCTTTA-3’
(137 bp); rat TGF-B1: F-5’-CTAATGGTGGACCGCAACAAC-3’ and
F-5’-CACTGCTTCCCGAATGTCTGA-3’ (99 bp); rat Smad2: F-5’-
TTACAGATCCATCGAACTCGGAGA-3’ and F-5’-CACTTAGGCACTCGGCAAACAC-3’
(150 bp); rat GAPDH: F-5’-GACATGCCGCCTGGAGAAAC-3’ and F-5’-
AGCCCAGGATGCCCTTTAGT-3’ (92 bp).

2.8. ELISA assay for lung and serum CORT and GR levels

On PD21, the pups were deeply anesthetized by intraperitoneal injection of 2% pentobarbital
sodium (200 mg/kg), blood drawn from the abdominal aorta, and the serum was

stored at —80°C after centrifugation. The lungs were collected and immediately frozen

in liquid nitrogen, and then transferred to —80°C until processing. The levels of
corticosterone (CORT, Catalog#: m1002893-J, Shanghai Enzyme-linked Biotechnology Co.,
Ltd.) and glucocorticoid receptor (GR, Catalog#: m1003239-J, Shanghai Enzyme-linked
Biotechnology Co., Ltd.) were detected according to the instructions of the ELISA Kit.

2.9. Statistical analysis

Data were analyzed using the statistical software (version 22.0; IBM SPSS, USA). Data

are expressed as mean + SD. Multiple groups were compared using two-way analysis of
variance, with the maternal food restriction and EA or metyrapone treatment as independent
variables, followed by Tukey’s test. A p value of less than 0.05 was considered significant.

Pediatr Pulmonol. Author manuscript; available in PMC 2022 August 01.
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3. Results
3.1. Effect of maternal EA on MFR-induced changes in offspring body and lung weights

and pulmonary function

3.2.

3.3.

Effect on body weight: On PD 0, 7, 14, and 21, compared with the “C” group, pup body
weight in the “M” group decreased significantly (p < 0.01), but there was no significant
difference in the “C+EA” group (p > 0.05). Compared with the “M” group, the body
weight in the “M+EA” and “M+MTP” groups increased significantly (p < 0.05, P < 0.01,
respectively). Notably, there was no significant difference in body weight between the
“M+EA” and “M+MTP” groups (p > 0.05) (Figure 1A).

Effect on lung weight: Compared with the “C” group, the lung weight in the “M”
group decreased significantly (p < 0.01), but there was no significant difference in the
“C+EA” group (p > 0.05). Compared with the “M” group, the lung weight in the “M+EA”
and “M+MTP” groups increased significantly (p < 0.05). Similar to the pattern seen with
body weight, there was no significant difference in lung weight between the “M+EA” and
“M+MTP” groups (p > 0.05) (Figure 1B).

Effect on pulmonary function: Compared with the “C” group, the Cdyn in the “M”
group decreased significantly (p < 0.05), while the RL increased significantly (p < 0.01);
however, there were no significant differences in these parameters in the “C+EA” group (p >
0.05). Compared with the “M” group, the Cdyn in the “M+EA” group increased, while RL
decreased (p < 0.05 for both). On the other hand, compared with the “M” group, “M+MTP”
group exhibited no significant change in Cdyn (although there was increasing trend, it did
not reach statistical significance, p > 0.05), while it blocked the MFR-induced increase

in RL (p < 0.05). Notably, there were no significant differences in Cdyn and RL values
between the “M+EA” and “M+MTP” groups (p > 0.05) (Figure 1C and 1D).

Effect of maternal EA on MFR-induced changes in offspring lung morphology

Compared with the “C” group, the alveolar number in the “M” group decreased, while

the mean linear intercept and septal thickness increased significantly (p < 0.01 for all);
however, there were no significant differences in the “C+EA” group in these parameters (p
> 0.05). Compared with the “M” group, the alveolar number in the “M+EA” and “M+MTP”
groups increased significantly (p < 0.01), and the mean linear intercept and septal thickness
decreased significantly (p < 0.05 and p < 0.01, respectively). There were no significant
differences in these parameters between the “M+EA” and “M+MTP” groups (p > 0.05)
(Figure 2).

Effects of maternal EA on MFR-induced changes in key developmental signaling

pathways in offspring lung

Real-time PCR assay showed that compared with “C” group, the lung PPARy mRNA levels
in the “M” group decreased significantly (p < 0.01), and the levels of p-catenin, a-SMA,
LEF-1, TGF-B1, and Smad2 mRNAs significantly increased (p < 0.01 for all), but there
were no significant differences in these markers in the “C+EA” group (p > 0.05). Compared
with the “M” group, the levels of PPARy mRNA in the “M+EA” and “M+MTP” groups

Pediatr Pulmonol. Author manuscript; available in PMC 2022 August 01.
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increased significantly (p < 0.05), and the levels of p-catenin, a-SMA, LEF-1, TGF-f1, and
Smad2 mRNAs decreased significantly (p < 0.05, p < 0.01, respectively). There were no
significant differences in the expression of these genes between the “M+EA” and “M+MTP”
groups (p > 0.05) (Figure 3).

Next, using western analysis, we determined if lung lysate protein levels of PPARYy,
a-SMA, B-catenin, and Smad2 reflect changes in the mRNA levels of these proteins.
Compared with the “C” group, the lung PPARy protein levels in the “M” group decreased
significantly (p < 0.01), the lung a-SMA, B-catenin, and Smad2 protein levels in the “M”
group increased significantly (p < 0.01 for all), but there were no significant differences in
these markers in the “C+EA” group (p > 0.05). Compared with the “M” group, the lung
PPARYy protein levels in the “M+EA” and “M+MTP” groups increased (p < 0.05), the lung
B-catenin and Smad2 protein levels decreased (p < 0.05 and p < 0.01, respectively). On

the other hand, compared with the “M” group, the a-SMA protein levels in the “M+EA”
group decreased (p < 0.05), but there was no significant difference in the M+MTP group
(p > 0.05). Notably, there were no significant differences in the expression of these proteins
between the “M+EA” and “M+MTP” groups (p > 0.05) (Figure 4).

3.4. Effects of maternal EA on MFR-induced changes in offspring serum and lung CORT
and GR levels

ELISA showed that compared with the “C” group, serum and lung CORT and GR levels
in the “M” group increased significantly (p < 0.01 for both), but there was no significant
difference in the “C+EA” group (p > 0.05). Compared with the “M” group, serum and
lung CORT and GR levels in the “M+EA” and “M+MTP” groups decreased significantly
(p <0.05 and p < 0.01, respectively), while there was no significant difference between the
“M+EA” and “M+MTP” groups (p > 0.05) (Figure 5).

4. Discussion

Exposure to several maternal, placental, or fetal risk factors, including but limited to
maternal malnutrition, can lead to IUGR [ structural and functional impairment of organs
in offspring, and increase the susceptibility to bronchopulmonary dysplasia, asthma, and
other chronic lung diseases [/-101. Malnutrition is the most common cause of IUGR, with
nutritional insufficiency being the most common contributor in developing countries [3:4],
The essence of IUGR is the adaptive protection of the fetus against insufficient nutrient
supply, with the potential of long-term effects on organs such as the lung [11.28.29] The
adverse effects on lung development have been widely addressed in previous studies [5:6:16],
However, there is no specific clinical intervention to prevent MFR-induced pulmonary
dysplasia in offspring (1. However, some animal studies have shown that the glucocorticoid
synthesis inhibitor MTP can effectively improve the lung morphology and function in MFR-
exposed offspring rats [6]. Due to lack of clinical data, possibly related to MTP’s expected
side effects, this treatment has not translated into clinical practice. Therefore, further work to
explore a safe and effective treatment is warranted.

As an integral part of the Chinese medical system, acupuncture has the advantage of reliable
safety and efficacy in preventing and treating many clinical entities. ST 36 is one of the

Pediatr Pulmonol. Author manuscript; available in PMC 2022 August 01.
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most frequently used acupoints in the TCM. In addition to improving general well-being,

it is known to exert beneficial effects on diseases of the digestivee [3%, motor [31] and
immune systems [32]. And via its impact on the HPA axis, it exerts a protective effect on the
respiratory system [22-25],

In line with previous studies, birthweight, the main criterion to diagnose IUGR, was
significantly lower in the “M” group compared with that in the “C” group >8], Similarly,
as expected, MFR resulted in decreased lung weight, alveolar number, and Cdyn, increased
mean linear intercept, and RL in offspring rats, which are all consistent with previous studies
[5.6]. Electro-acupuncture applied to maternal ST 36 normalized the MFR-induced changes
of birth weight, lung weight, and lung morphology and function. Furthermore, it blocked
the decrease of PPARy, and the increase of -catenin, a-SMA, and LEF-1 in offspring rat
lungs, induced by MFR, with this effect equivalent to that of MTP. In line with our previous
work, these findings suggest that the protection against MFR-induced offspring pulmonary
dysplasia by EA applied to maternal ST 36 is likely mediated via the upregulation of the
PTHrP/PPARY signaling and the downregulation of the Wnt/B-catenin signaling [>:6:16],

This study also showed that MFR significantly up-regulated the expression of TGF-p1

and Smad?2, which are key modulators of the myogenic marker a-SMA, suggesting the
transformation of fibroblasts to myofibroblasts in MFR offspring lungs. Electro-acupuncture
at maternal ST 36 normalized these MFR-induced changes, and the beneficial effects

were equivalent to those of MTP. Therefore, a reduction in the expression of myogenic
extracellular matrix-regulating pathway markers (TGF-p1 and Smad2) and the maintenance
of the lung’s lipogenic phenotype (increased PTHrP-PPARy levels) as a result of maternal
EA likely significantly contribute to protection against MFR-induced pulmonary dysplasia.

The previous work has also shown that MFR-induced chronic hypercorticoid state is related
to HPA upregulation, which specifically impairs normal lung development and it can be
effectively blocked by MTP 361, The present study also showed that the serum and lung
CORT and GR levels of MFR offspring were significantly up-regulated, suggesting that

the MFR-induced pulmonary dysplasia, at least in part, maybe related to glucocorticoid
overexposure. EA applied to maternal ST 36 effectively blocked the overexpression of
CORT and GR, ensuring the normal development of the lung, and this protective effect
was equivalent to that of MTP. Taken together, our data offer a novel and safe, non-
pharmacologic approach to prevent MFR-induced pulmonary dysplasia in offspring, a
condition for which, as yet, there is no effective preventive or therapeutic intervention.
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Figure 1.
Effect of maternal EA on MFR-induced changes in offspring body and lung weights. (A)

Body weight. (B) Lung weight. (C) Cdyn. (D) RL. Values are mean + SD; n=6 for each
group.
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Figure 2.

Ef%ect of maternal EA on MFR-induced changes in offspring lung morphology. (A)
Representative H&E-stained lung sections. Magnification x20; arrows point to the integrity
and/or rupture of alveolar walls. (B) Alveolar number, mean linear intercept and septal
thickness. Values are mean + SD; n=6 for each group.
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Figure 3.

Effects of maternal EA on MFR-induced changes in key developmental mRNAs in offspring
lung. (A) PPARy mRNA. (B) p-catenin mRNA. (C) a-SMA mRNA. (D) LEF-1 mRNA. (E)
TGF-p1 mRNA. (F) Smad2 mRNA. Values are mean + SD; n=6 for each group.
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Effects of maternal EA on MFR-induced changes in key developmental proteins in offspring
lung. (A) PPARY protein. (B) a-SMA protein. (C) p-catenin protein. (D) Smad2 protein.

Values are mean £ SD; n=4 or 6 for each group.

Pediatr Pulmonol. Author manuscript; available in PMC 2022 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Mou et al.

Serum CORT level (ng/ml)

Serum GR level (pg/ml)

Page 15
*%
<0.01vs.C
B #<0.05vs. M
4n ##<0.01vs. M
~ 6
*%* g #
34 g — =
— 4
]
>
2 2
=
2_
1- S
e
=
=
0 - 0 ;
M C C+FA M M+FA  M+MIP
5 (.
150 300
*% E
)
100 # # £ 2001
)
)
—l— —
50 g 1004
=14}
=
=
& S|
0 0
C+FA M M+EA  MHMIP C C+EA M M+EA  MEMTP

Figureb.
Effects of EA on MFR-induced changes in offspring serum and lung CORT and GR levels.

(A) Serum CORT levels. (B) Lung CORT levels. (C) Serum GR levels. (D) Lung GR levels.
Values are mean + SD; n=6 for each group.

Pediatr Pulmonol. Author manuscript; available in PMC 2022 August 01.



	Abstract
	Introduction
	Materials and methods
	Animals
	Experimental protocol
	Electro-acupuncture treatment
	Pulmonary function testing
	Lung morphometry
	Western Blotting assay for PPARγ, α-SMA, β-catenin and Smad2 proteins of the offspring
	Real time PCR assay for lung PPARγ, β-catenin, α-SMA, LEF-1, TGF-β1, and Smad2 mRNAs of the offspring
	ELISA assay for lung and serum CORT and GR levels
	Statistical analysis

	Results
	Effect of maternal EA on MFR-induced changes in offspring body and lung weights and pulmonary function
	Effect on body weight:
	Effect on lung weight:
	Effect on pulmonary function:

	Effect of maternal EA on MFR-induced changes in offspring lung morphology
	Effects of maternal EA on MFR-induced changes in key developmental signaling pathways in offspring lung
	Effects of maternal EA on MFR-induced changes in offspring serum and lung CORT and GR levels

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.



