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Maternal Acupuncture Effects on Surfactant and Antioxidant
Enzymes in Preterm Rat Lungs

CHung-Ming CHEN!, Leng-Fang WANG?, EIN-Yiao SHEN?

The objectives of this study are to evaluate the effects of maternal acupuncture treatment on lung
maturation in preterm rats. Two stainless-steel needles were inserted into the Tsu-San-Li locus in the
right hind leg of timed pregnant Sprague-Dawley rats for 30 min. One-day acupuncture-group
mothers received electroacupuncture on day 18 of gestation. Two-day acupuncture-group mothers
received electroacupuncture on days 17 and 18 of gestation. Control-group mothers received
acupuncture at a site not contained in the Atlas of Human Acupuncture Points on day 18 of
pregnancy. On day 19 of gestation, pups in all dams were delivered by cesarean section. Maternal
2-day acupuncture treatment significantly increased total phospholipids in fetal lung tissue when
compared with control and 1-day acupuncture-treated groups. Two-day acupuncture-treated fetuses
had higher saturated phosphatidylcholine level in lung tissue although the difference did not reach
statistical significance. Two-day acupuncture-treated fetuses had significantly lower superoxide
dismutase, catalase, and glutathione peroxidase activities than did the control and 1-day
acupuncture-treated fetuses. We conclude that maternal acupuncture treatment affects surfactant and
antioxidant enzyme development in contrasting ways and may have both beneficial and potentially

harmful effects on different aspects of lung development. (Acta Paediatr Tw 2005; 46:206-11)
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INTRODUCTION

Respiratory distress syndrome (RDS) is a major
cause of morbidity and mortality in preterm neonates.
! Maternal glucocorticoid treatments given to women
at high risk of preterm delivery have been extensively
evaluated for their efficacy in decreasing the incidence
and severity of RDS.2 A meta-analysis of multiple
randomized controlled trials showed that administration
of glucocorticoids to mothers decreased the incidence
of death and RDS by 50% in their preterm neonates.>
It was suggested that there is no beneficial effect of
glucocorticoid if more than 7 days have passed between
treatment and delivery.* These findings persuaded
obstetricians to repeat the course of glucocorticoid after
7 days in pregnant women at risk of preterm delivery
who have not yet given birth. However, there is
considerable evidence from experimental animals that

glucocorticoids have an adverse effect on the growth
and development of the immature brain.>* Recent
clinical study has revealed that repeated antenatal
glucocorticoid treatment increases the incidence of
neuromotor abnormalities.”

Surfactant phospholipids and protein synthesis in
fetal lung tissue is regulated both in vivo and in vitro
by a number of hormones and factors, including
glucocorticoids, thyroid hormones, prolactin, estrogen,
androgens, growth factors, cytokines, and insulin.
Jobe et al. demonstrated that remarkable early lung
maturation occurred independently of cortisol.® This
result indicates that there are other potent lung
maturation factors that remain to be identified.
Acupuncture has been reported to suppress uterine
contractions induced by oxytocin and this may be an
alternative treatment for preterm labor.’ Acupuncture at
the locus, Tsu-San-Li (St-36), was found to stimulate
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adrenocorticotropic hormone (ACTH) release and to
enhance adrenal production of corticosterone in rats.
1011 Fetal ACTH infusion accelerates lung maturation
in preterm lambs.!>'* Electrophysiological and
histochemical studies indicate that acupuncture has
significant influences on endocrinological organs.!4
Those studies support the notion that maternal
acupuncture treatment may play a regulatory role in
pulmonary surfactant system and antioxidant enzyme
(AOE) development. We hypothesized that maternal
acupuncture treatment will induce lung maturation in
preterm rats and attempted to quantify the treatment
effects by measuring pulmonary surfactant and AOE
activities.

MATERIALS AND METHODS

Animals

The study was approved by the Institutional Animal
Use Committee at Taipei Medical University and was
performed with timed pregnant Sprague-Dawley rat
mothers (vaginal smear positive, day 0; term, day 22).
Rats subjected to electroacupuncture were anesthetized
using intraperitoneal pentobarbital (25 mg/kg).
Acupuncture-group mothers received electroacupuncture
by inserting two stainless-steel needles into the Tsu-
San-Li (St-36) in the right hind leg. The point is located
in the rat below the capitulum fibulae, between the tibia
and fibula approximately 5 mm lateral to the anterior
tubercle of the tibia.!> A continuous current of 2 Hz was
applied through the needles for 30 min. One-day
acupuncture-group mothers received electroacupuncture
on day 18 of gestation. Two-day acupuncture-group
mothers received electroacupuncture on days 17 and
18 of gestation. Control-group mothers (non-point
group) received acupuncture at a site not contained in
the Atlas of Human Acupuncture Points on day 18 of
pregnancy. On day 19 of gestation, the pups of all
dams were delivered by cesarean section under
intraperitoneal pentobarbital anesthesia (50 mg/kg). At
delivery, the fetuses were weighed, and a blood sample
was taken from each pregnant female before sacrifice.
Plasma was immediately separated from blood cells by
centrifugation and kept at-20°C for ACTH
measurements, Plasma ACTH was measured using a
commercially available radioimmunoassay kit (Diagnostic
Systems Laboratories, Webster, TX, USA). The fetal
lungs were then dissected free and weighed to the
nearest 0.1 mg. Results are expressed as both lung
weight and the ratio (%) of lung/body weight.

Measurement of Saturated Phosphatidylcholine in Lung
Tissue
Lungs were homogenized and extracted with
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chloroform-methanol.'¢ Lipid extracts from lung
homogenates were treated with osmium tetroxide, and
saturated phosphatidylcholine was recovered by alumina
column chromatography and quantified by a phosphorus
assay.!”!® The values are expressed as mmoles per
kilogram body weight.

Measurement of Antioxidant Enzyme Activities

Lungs were removed and frozen in liquid nitrogen
without performing perfusion of the vasculature. The
fetuses had been bled so that minimal residual blood
remained in the lung tissue. Total superoxide dismutase
activity was assayed by inhibition of formazan dye
production (Randox Laboratories, Antrim, UK). This
method employs xanthine and xanthine oxidase to
generate superoxide radicals that react with p-
iodonitrotetrazolium salts to form a red formazan dye.
The superoxide dismutase activity was measured by the
degree of inhibition of this reaction. One unit of
superoxide dismutase equaled 50% inhibition of p-
iodonitrotetrazolium reduction.

Catalase activity was measured by the rate of
reduction of the hydrogen peroxide substrate, followed
by spectrophotometric detection at 240 nm.!* One unit
of catalase equals 1 mmol hydrogen peroxide
decomposed/min at 25°C.

Glutathione peroxidase activity was assayed
spectrophotometrically at 340 nm as the rate of oxidation
of reduced nicotinamide adenine dinucleotide phosphate.
2 Values of antioxidant enzyme activity are expressed
as units per gram protein of lung tissue.

Statistical Analysis

Results are presented as means = SEM. Statistically
significant differences were analyzed by Kruskal-Wallis
tests. Between-group comparisons were made by
Mann-Whitney U tests. Differences were considered
significant at P < 0.05.

RESULTS

There were 48 fetuses from 3 rats in the control
group, 60 fetuses from 4 rats in the 1-day acupuncture
group, and 65 fetuses from 4 rats in the 2-day
acupuncture group. There were no significant
differences in litter size among the 3 study groups

Effects of Maternal Acupuncture Treatment on Fetal
Body Weight, Lung Weight, and the Ratio (%) of
Lung/Body Weight

Maternal treatment effects on fetal body weight,
lung weight, and the lung/body weighs ratio (%) are
presented in Table 1. Body weights were comparable
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Table 1. Effects of Maternal Acupuncture Treatment on Fetal Body Weight and Lung Weight

Body weight

Lung weight Lung/body weight

Treatment n

(8 (8 (%)
Control 48 2.1210.05 0.078 £0.003 3.66 +0.08
Acupuncture (1 day) 60 2.10+0.05 0.072£0.003 345+0.09
Acupuncture (2 days) 65 2.040.07 0.069+0.003 3.39 £0.06%*

Values are expressed as means @ SEM. n is the number of fetuses tested.

**P < 0.01 vs. the control group.

among the 3 study groups. Premature rats treated with
acupuncture twice (2 days) before delivery had a lower
lung weight than did the control and 1-day acupuncture-
treated animals. When adjusted for body weight, 2-
day acupuncture-treated fetuses had a significantly
lower lung/body weight ratio than did the control
animals.

Adrenocorticotropic Hormone Levels in Maternal
Serum Taken at Delivery

Maternal plasma ACTH levels were comparable
between the 2 acupuncture-treated groups (Fig. 1), and
were ~30% higher than that of the control group.

Effects of Maternal Acupuncture Treatment on Fetal
Lung Phospholipid Contents

Maternal acupuncture treatments significantly
increased total phospholipids in fetal lung tissue when
compared with control animals (Table 2). Only 1-day
acupuncture treatment significantly increased the level
of saturated phosphatidyicholine in fetal lung tissue
when compared with the control animals.

Effects of Maternal Acupuncture Treatment on
Antioxidant Enzyme Activities in Fetal Lung Tissues

Lung superoxide dismutase and glutathione
peroxidase activities were comparable between the
control and 1-day acupuncture-treated fetuses (Fig. 2).
Two-day acupuncture-treated fetuses had significantly
lower superoxide dismutase, catalase, and glutathione
peroxidase activities than did the control and 1-day
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Fig. 1. Plasma adrenocorticotropic hormone (ACTH)
levels in control and acupuncture- treated rats.
Acupuncture-treated dams had higher ACTH
levels than control dams, and the value
reached statistical significance in the 2-day
acupuncture group only (*P < 0.05).

acupuncture-treated fetuses. One-day acupuncture-
treated fetuses had significantly lower catalase activities
than did the control animals.

DISCUSSION

Neonatal respiratory failure is a serious clinical
problem associated with high morbidity, mortality, and
costs.?!'?2 The major risk factor is premature birth and
its associated RDS. The pathophysiology of RDS

Table 2. Effects of Maternal Acupuncture Treatment on Saturated Phosphatidylcholine and Total
Phospholipids in Fetal Lung Tissue of Preterm Rats

Saturated phosphatidylcholine

Total phospholipid

Treatment n

( umol/kg) ( umol/kg)
Control 29 450+1.8 288.5+11.8
Acupuncture (1 day) 26 489+ 1.5% 311.5£8.9*
Acupuncture (2 days) 33 470+1.5 315.1+9.6*

Values are expressed as means +=SEM. n is the number of fetuses tested.

*P < (.05 vs. the control group.
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Fig. 2. Effects of maternal acupuncture treatment on
(A) total superoxide oxidase (SOD) (B) cata-
lase (CAT), and (C) glutacythione peroxidase
(GP) of fetal lung tissue in the control (n=15),
1-day acupuncture-(n=34), and 2-day acupunc-
ture (n=24)-treated groups (*P < 0.05, ¥**P <
0.001 vs. the control and 1-day acupuncture-
treated groups. *P < 0.05 vs. the control

group).

involves the immaturity of the lung structure and a
deficit of surfactants. Glucocorticoids have been
reported to accelerate fetal lung maturation and
surfactant production.”® Acupuncture at the locus, Tsu-
San-Li (St-36), was found to stimulate ACTH release,
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and to enhance adrenal production of corticosterone
in rats.!!! Therefore, we investigated the effects of
maternal acupuncture treatment on preterm rat lungs,
which have been shown to be a suitable model for the
study of acute neonatal lung disease.?® This study
found a higher lung content of saturated
phosphatidylcholine and total phospholipids in fetuses
of mothers administered acupuncture than in control
mothers. However, fetal lung antioxidant enzyme
activities decreased after maternal 2-day acupuncture
treatment.

Administration of dexamethasone (0.2 mg/kg/day)
to pregnant rats on days 19 and 20 of gestation and
delivery of fetuses on day 21 of gestation resulted in
significantly decreased fetal body weight and organ/
body weight ratios.?’ In this study, we found that
maternal acupuncture treatment tended to decrease body
weight and lung/body weight ratio in fetuses and caused
a higher plasma ACTH level in dams. These results
suggest that acupuncture has similar effects on the fetal
body and lung growth as those of corticosteroids.

A deficiency in surfactants is central to the
pathophysiology of RDS.? Pulmonary surfactants
stabilize the lung by producing a surface-active
monolayer that reduces the surface tension at the air-
liquid interface of the terminal airways. This reduction
in surface tension contributes to mechanical stability
by preventing alveolar and bronchiolar collapse during
expiration. The surfactant is composed of approximately
90% lipids and 10% proteins. The surface activity
property is due primarily to dipalmitoyl
phosphatidylcholine, which is approximately 45% of
the surfactant by weight. Therefore, we measured the
saturated phosphatidylcholine content in fetal lung
tissue. In this study, we found that the 2 maternal
acupuncture (1-day and 2-day) treatments increased total
phospholipids levels in fetal lung tissue. Plasma
ACTH concentrations and total lung saturated
phosphatidylcholine contents were higher in
acupuncture-exposed mothers and fetuses, respectively,
compared with control rats. The effects of ACTH on
Iung maturation are not mediated only by cortisol since
fetal ACTH infusion restores lung distensibility and
increases alveolar surfactant in the hypophysectomised
ovine fetus while cortisol does not.'* Qur present data
suggest that maternal acupuncture treatment can
enhance fetal lung surfactant production, and that the
mechanisms might operate through ACTH or
corticosterone.

Developmental expression of AOE is critically
important for neonates because lung cells are exposed
to a sudden several-fold increase in oxygen concentration
at birth, and premature newborns may be ventilated with
high oxygen concentrations that can increase the risk
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of toxicity to lung cells. The surfactant system and the
AOE system of the fetal lung exhibit chronologically
similar developmental patterns; both lung phospholipid
contents and AOE activities increase dramatically during
the final 10% to 15% of the gestation period in the rat.
% The premature infant with surfactant deficiency may
be further compromised by an underdeveloped AOE
system when exposed to high concentrations of oxygen.
Accelerated maturation of the AOE system in the fetal
lung may be of clinical benefit. The principal intracellular
AOEs are superoxide dismutase, catalase, and
glutathione peroxidase. In this study, we found that
maternal 2-day acupuncture treatment depressed AOE
maturation in premature fetal lung. The clinical impact
and exact mechanism of this depression is not known.
Possible mechanisms are decreased enzyme synthesis,
increased enzyme turnover, or inactivation of enzymes.

In this study, changes in maternal plasma ACTH
levels after acupuncture treatment were similar to those
reported by Pan et al.!! These results suggest that
acupuncture has some hormonal effects and indicate
that the lung maturational effect of acupuncture might
be related partly to corticosterone. Maternal
acupuncture treatment significantly increased the
phospholipids content in the fetal lung, but in contrast
to corticosteroid treatment, it decreased AOE activities
of lung tissue. These results suggest that acupuncture
and corticosteroids accelerate fetal lung maturation
through different mechanisms. Acupuncture causes the
release of some of the anterior pituitary hormones and
has significant influences on the thyroid and adrenal
glands, while thyroid hormone has been reported to
depress fetal AOE system development.'*?

In conclusion, these findings indicate that
acupuncture affects surfactant and AOE development
in contrasting ways and may have both beneficial and
potentially harmful effects on different aspects of lung
development. Further studies are needed to investigate
the hyperoxic AOE response in newborn animals whose
mothers were treated with acupuncture before giving
birth.
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