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Respiratory distress syndrome (RDS) is a magjor 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 to decrease the incidence and
severity of RDS. Acupuncture at the locus Tsu-San-Li (St-36) was found to enhance adrenal
production of corticosterone, and to stimulate adrenocorticotropic hormone release in the rats.
Maternal glucocorticoid could not prevent completely the incidence of RDS and have
untoward neurologica side effects after multiple doses. This study was performed with timed
pregnant Sprague-Dawley rat mothers. Rats subjected to electroacupuncture were inserted
two stainless-needles into the Tsu-San-Li (St-36) in the right hindleg for 30 min. Acupuncture
group mothers (1 day) received el ectroacupuncture on day 18 of gestation. Acupuncture group
mother (2 days) received electroacupuncture on days 17 and 18 of gestation. Control group
mother (non-point group) received acupuncture at site not contained in the Atlas of Human
Acupuncture Points on day 18 of pregnancy. On day 19 of gestation, all the dams were
delivered by cesarean section. We quantify the treatment effects on lung maturation in
preterm rats by biochemical (surfactant phospholipids, antioxidant enzyme) and
morphological (lung morphometry) analyses. The aims of this study are to evaluate the effects
of acupuncture on lung maturation in preterm rats and to investigate the mechanisms of
acupuncture acceleration of feta lung maturation. Maternal acupuncture treatment (2 days)
significantly increased lung tissue saturated phosphatidylcholine and total phospholipid
content when compared with control animals. Acupuncture (2 days)-treated rats had lower
activities of three lung antioxidant enzymes (AOE) (superoxide dismutase, catalase, and
glutathione peroxidase) when compared with control and acupuncture (1 day)-treated rats and
the values reached statistical significance for catalase only. These findings indicate that
acupuncture affects surfactant and AOE development in opposite ways and may have
beneficial and potentially harmful effects on different aspects of lung development.
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Introduction

Respiratory distress syndrome (RDS) is major cause of morbidity and mortality in preterm
neonates (1). Maternal glucocorticoid treatments given to women at high risk of preterm
delivery have been extensively evaluated for their efficacy to decrease the incidence and
severity of RDS (2). The meta-analysis of the multiple randomized controlled trials showed
that maternal glucocorticoid decreased the incidence of death and RDS by 50% (3). It is
suggested that the beneficial effect of glucocorticoid was absent if there was an interval of
over seven days between treatment and delivery (4). These findings persuaded obstetricians to
repeat the course of glucocorticoid after seven days in the pregnant women at risk of preterm
delivery had 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. Uno et al. gave dexamethasone in doses of 0.5, 5, or 10 mg/kg to pregnant
rhesus macaques on day 132 and delivered at 135 days of gestation, they found that decreased
cell numbers of neurons in the hippocampus (5). The loss of cells was increased by multiple
doses. Huang et al. showed a dose and four doses of betamethasone (0.5 mg/kg) to pregnant
sheep at about 70% of gestation was followed by a reduction in brain weight of 10% and 21%
at term, respectively (6). Cerebrum, cerebellum, and brain stem were al reduced in weight.
Recent clinical studies revealed that repeated antenatal gludocorticoid and early postnatal
dexamethasone treatment increased the incidence of neuromotor abnormalities (7-9).

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 (10).
These results indicate 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 an alternative treatment for preterm labor (11). Acupuncture at the
locus Tsu-San-Li (St-36) was found to enhance adrena production of corticosterone, and to
stimulate adrenocorticotropic hormone release in the rats (12, 13). Maternal glucocorticoid
could not prevent completely the incidence of RDS and have untoward neurological side
effects after multiple doses. We hypothesized that acupuncture would induce early and fast
lung maturation in preterm rats and quantified the treatment effects by morphological,
biochemical, and molecular analyses. The aims of this study are to evaluate the effects of
acupuncture on lung maturation in preterm rats and to investigate the mechanisms of
acupuncture acceleration of fetal lung maturation.
Materialsand Methods
Animals

The study is approved by the Institutiona Animal Use Committee at Taipei Medical
University and is performed with timed pregnant Sprague-Dawley rat mothers (vaginal smear
positive, day O; term, day 22). Rats subjected to electroacupuncture were anesthetized by
intraperitoneal  pentobarbital (25 mg/kg). Acupuncture group mothers received
electroacupuncture by inserting two stainless-needles into the Tsu-San-Li (St-36) in the right
hindleg. 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. (14). Continuous
current of 2 Hz was applied through the needles for 30 min. Acupuncture group mother (1 day)
received electroacupuncture on day 18 of gestation. Acupuncture group mother (2 days)
received el ectroacupuncture on days 17 and 18 of gestation. Control group mother (non-point
group) received acupuncture at site not contained in the Atlas of Human Acupuncture Points
on day 18 of pregnancy. On day 19 of gestation, all the dams were delivered by cesarean
section under intraperitoneal pentobarbital anesthesia (50 mg/kg). At delivery, the fetuses
were weighed and a blood sample is taken from each pregnant female and fetus before killing.



Plasma is immediately separated from blood cells by centrifugation and kept at 20  for
hormone measurements. The fetal organs of interest were then dissected free and weighed to
the nearest 0.1 mg as soon as possible. Results are expressed as both individual organ weight
and the ratio (%) of organ weight/body weight.

M easurement of saturated phosphatidylcholinein lung tissue

Lungs were homogenized and extracted with chloroform-methanol (15). Lipid extracts
from lung homogenates were treated with osmium tetroxide, and saturated
phosphatidylcholine was recovered by alumina column chromatography and was quantified
by phosphorus assay (16, 17). The values are expressed as pumoles per gram lung weight.

M easurement of antioxidant enzyme activities

Total superoxide dismutase activity was assayed by inhibition of formazan dye production
(Randox Laboratories Ltd., 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 hydrogen peroxide substrate,
followed spectrophotometrically at 240 nm (18). One unit of catalase equals 1 umol hydrogen
peroxide decomposed/min at 25

Glutathione peroxidase activity was assayed spectrophotometrically at 340 nm at the rate
of oxidation of NADPH (19). The assay mixture for measurement of this cytosolic enzyme
includes cumene hydroperoxide as primary substrate, with sodium azide added to inhibit
contributing activity form catal ase enzyme.

Morphological analysis

For morphological studies, 2-3 pups lungs from each dam were collected. A ventral
midline thorax incision was made and the heart and lungs were removed en bloc and storage
in fixative. Lung tissue was examined microscopically for the assessment of lung maturation
following staining with hematoxylin and eosin.

Satistical analysis

Results are presented as the meanstSEM. The between-group comparisons were made
using analysis of variance (ANOVA) followed by Scheffe post-hoc multiple comparisons tests.
Significance was accepted at p<0.05.

Results

There were 48 fetuses from 3 rats in the control group, 67 fetuses from 4 rats in the
acupuncture (1 day) group, and 65 fetuses from 4 rats in the acupuncture (2 days) group.
There was no significant differencein 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 weigh
ratio (%) are presented in Table 1. The body weights were comparable among the 3 study
groups. Premature rats exposed to acupuncture (2 days) before delivery had significantly
lower lung weight and lung/body weight ratio than did the acupuncture (1 day)-treated
animals.

Effects of maternal acupuncture treatment on fetal lung phospholipid contents

Materna  acupuncture treatment (2 days) sSignificantly increased saturated
phosphatidylcholine and total phospholipids in fetal lung tissue when compared with control
animals (Table 2). The ratios (%) of saturated phosphatidylcholine to total phospholipid were
comparable among the 3 study groups. The ratios (%) were 15.6+0.3, 15.7+0.3, and 14.9+0.3
in the control, acupuncture (1 day)-, and acupuncture (2 days)-treated groups, respectively.
Effects of maternal acupuncture treatment on antioxidant enzyme activitiesin fetal lung
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tissues

Lung superoxide dismutaseand glutathione peroxidase activities were comparable between
control and acupuncture (1 day)-treated groups (Fig. 1). Acupuncture (2 days)-treated rats had
lower superoxide dismutase and glutathione peroxidase activities than acupuncture (1
day)-treated rats but the values did not reach statistical significance. Catalase activity
exhibited a similar pattern as do superoxide dismutase and glutathione peroxidase, its value
decreased with 1-day acupuncture treatment and the activity further decreased significantly
with 2-day acupuncture treatment.

Histology

The histological appearance of the lungsis illustrated in Figure 2. Examination of random
fields under a light microscope revealed denser mesenchyme and more epithelial tubules in
the acupuncture-treated groups as compared to control animals.

Discussion

Neonatal respiratory failure is a serious clinical problem associated with high morbidity,
mortality, and costs (20, 21). The major risk factor is premature birth and it’s associated RDS.
The pathophysiology of RDS is the immature lung structure and a deficit of surfactants.
Glucocorticoids have been reported to accelerate fetal lung maturation and surfactant
production (22). Acupuncture at the locus Tsu-San-Li (St-36) was found to enhance adrenal
production of corticosterone, and to stimulate adrenocorticotropic hormone release in the rats
(12, 13). Therefore, we investigated the effects of maternal acupuncture treatment in preterm
rats, which have been shown to be a suitable model for the study of acute neonatal lung
disease (23). This study found a higher lung content of saturated phosphatidylcholine and
more-mature lung histology in fetuses of mothers administered acupuncture than in control
mothers. These results show that the acupuncture has lung maturational effects similar to
those of dexamethasone.

A deficiency in surfactants is central to the pathophysiology of RDS (24). Pulmonary
surfactant stabilizes the lung by producing a surface-active monolayer that reduces the surface
tension at the air-liquid interface of the termina airways. This reduction in surface tension
contributes to mechanical stability by preventing aveolar and bronchiolar collapse during
expiration. Surfactant is composed of approximately 90%lipids and 10% proteins. The surface
activity property is due primarily to dipamitoyl phosphatidylcholine, which is approximately
45% of surfactant by weight. Therefore, we measured the saturated phosphatidylcholine
content in fetal lung tissue. In this study, we found that maternal acupuncture treatment
increased saturated phosphatidylcholine and total phospholipidslevelsin fetal lung tissue.

The antioxidant enzyme system and the surfactant system of the fetal lung exhibit
chronologically similar developmental patterns; both lung phospholipid content and AOE
activities increase dramatically during the final 10 to 15% of gestation in the rat (25). The
premature infant with surfactant deficiency may be further compromised by an
underdeveloped antioxidant enzyme system when exposed to high concentrations of oxygen.
Accelerated maturation of the antioxidant enzyme system in the fetal lung may be of clinical
benefit. The principa intracellular antioxidant enzymes are superoxide dismutase, catalase,
and glutathione peroxidase. In this study, we found that maternal acupuncture treatment (2
days) depresses antioxidant enzyme maturation in premature fetal lung. The mechanism of
this depression is not known. Possible mechanisms were decreased enzyme synthesis,
increased enzyme turnover, or inactivation of enzyme.

In conclusion, these findings indicate that acupuncture affects surfactant and AOE
development in opposite ways and may have beneficial and potentially harmful effects on
different aspects of lung development. Further studies are needed to investigate the hyperoxic
AOE response in the newborn animals prenatally treated with acupuncture.
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Table 1. Effects of maternal acupuncture treatment on fetal body weight and lung weight

Treatment n Body weight Lung weight Lung/body weight
(9) (9 (%)
Control 48 2.12+0.05 0.078+0.003 3.66+0.08
Acupuncture (1 day) 67 2.20+0.05 0.087+0.003 3.86+0.09
Acupuncture (2 days) 65 2.04+0.07 0.069+0.003* ** 3.39+0.06* **

Values are expressed as meanstSEM. n is the number of fetuses tested.
***n<0.001 vs. acupuncture (1 day) group.

Table 2. Effects of maternal acupuncture treatment on saturated phosphatidylcholine and
total phospholipidsin fetal lung tissue of preterm rats

Treatment n Saturated phosphatidylcholine  Total phospholipids
(umol/g lung) (umol/g lung)
Control 22 1.20+0.04 7.73+0.30
Acupuncture (1 day) 20 1.32+0.05 8.43+0.32
Acupuncture (2 days) 33 1.39+0.06* 9.29+0.27**

Values are expressed as meanstSEM. n is the number of fetuses tested.
*p<0.05, **p<0.01 vs. control group.

Figure legends

Fig. 1. Effects of materna acupuncture treatment on (A) total superoxide oxidase (SOD) (B)
catalase (CAT), and (C) glutacythione peroxidase (GP) of fetal lung tissue in control
(n=15), acupuncture (1 day, n=34), and acupuncture (2 days, n=24)-treated group. **p
< 0.01 compared to the control and acupuncture (1 day)-treated groups.

Fig.2 Histological appearance of lungs in preterm rats delivered to (A) control, (B)
acupuncture (1 day), and (C) acupuncture (2 days)-treated group (origina
magnification x200, H&E stain). Extensive branching of intermediate airways and
more epithelial tubules were noted in the acupuncture-treated groups.
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Figure 2




