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Respiratory distress syndrome is a magor cause of morbidity and mortality in preterm
neonates. Anoectochilus formosanus has been used to promote growth and development of
children. We hypothesized that antenatal A. formosanus treatment would induce early lung
maturation. This study was performed with timed pregnant Srague-Dawley rat mothers. A.
formosanus group mothers were tube fed A. formosanus extract (300 mg/kg/day) for 7 days
from days 12 to 18 of gestation. Dexamethasone group mothers were injected
intraperitoneally with dexamethasone (0.2 mg/kg) in saline on day 18 of pregnancy. Control
group mothers were similarly injected with saline alone. On day 19 of gestation, the fetuses
were delivered by cesarean section. A. formosanus treatment significantly increased fetal
lung/body weight ratio than dexamethasone treatment. Saturated phosphatidylcholine levelsin
fetal lung tissue and growth hormone levels in maternal serum were significantly increased in
the A. formosanus and dexamethasone-treated groups compared with controls. Histological
appearance of the preterm rat lungs revealed that extensive branching of intermediate airways
and denser mesenchyme, more epithelial tubules and PAS-positive vacuoles were noted in the
dexamethasone and A. formosanus groups when compared with the control group. These
results suggest that antenatal A. formosanus treatment may play arole in accelerating fetal rat
lung maturation.
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Introduction

Respiratory distress syndrome (RDS) is a mgjor cause of morbidity and mortality in preterm
neonates.! Maternal glucocorticoid treatments given to women at high risk of preterm
delivery have been used extensively to decrease the incidence and severity of RDS*® It is
suggested that the beneficial effect of glucocorticoid was absent if there was an interval of
over seven days between treatment and delivery.* However, there is considerable evidence
from experimental animals that glucocorticoids have an adverse effect on the growth and
development of the immature brain.>”

A. formosanus has the effects of anti-inflammation and liver protection and has been
reported to treat underdeveloped child, hypertension, diabetes mellitus, tuberculosis, and
osteopenia in ovariectomized rats®? Intraamniotic injection of dexamethasone induced lung
maturation and this effect was independent of cortisol level.® This result indicates that there
are other potential lung maturation factors that remain to be identified. One of the authors
found that water extract of A. formosanus increased the numbers of somatotrophin producing
cells in the pituitary gland of mice. We hypothesized that A. formosanus would increase the
secretion of pituitary hormones and then induce lung maturation in the preterm rats.
Materialsand Methods
Animals
This study was performed with timed pregnant Srague-Dawley rat mothers. A. formosanus
group mothers were tube fed the extract of A. formosanus (300 mg/kg/day) for 7 days from
days 12 to 18 of gestation. Dexamethasone group mothers were injected intraperitoneally with
dexamethasone (0.2 mg/kg) in saline on day 18 of pregnancy. This dexamethasone dose was
previously shown to improve postnatal lung function of preterm rats.™* Control group mothers
were similarly injected with saline alone. On day 19 of gestation, all the dams were
anesthetized with pentobarbital and delivered by cesarean section.

Preparation of the extract of Anoectochilus formosanus
The species of the plant was authenticated and a voucher specimen (Accession No. SP
9703010) was deposited in the Herbarium of the Taipei Medical University (Cheng et al.,
1998). The extract was obtained by filtration through the cheesecloth to remove the debris,
followed by centrifugation at 1,2000 rpm for 1 hour at 4C.
Biochemical analysis
Pieces of the lung were homogenized and aliquots were extracted with chloroform-methano
and treated with osmium tetroxide and saturated phosphatidylcholine was recovered by
alumina column chromatography and was quantified by phosphorus assay.'**°
Morphological analysis
Serial lung sections were cut at 4-um thickness and stained with hematoxylin and eosin.
Results
There were 27 fetuses from 3 rats in the control group, 40 fetuses from 3 rats in the
dexamethasone group, and 50 fetuses from 5 rats in the A. formosanus group.

Table 1. Effects of maternal treatment on fetal body weight and organ weight/body weight ratio.
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|

Treatment n Body weight Brain/ Heart/ Lung/ Kidney/ Liver/
Body weight Body weight Body weight Body weight Body weight
(9) (%) (%) (%) (%) (%)
Control 27 248+0.07 447+012 048+001 391+009 081+002 867+0.21

Dexamethasone 40 243+0.05 456+0.11 049+001 378+0.09 0.76+0.02 8.18+0.19
A. formosanus 50 2.38+0.06 4.78+0.15° 051+0.02 4.11+007 083+0.02 823+0.19

Values are expressed as mean + SEM.
p < 0.05compared to dexamethasone group, “p < 0.05 compared to control group.
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Table 2. Effects of maternal treatment on saturated phosphatidylcholine and total phospholipid
in fetal lung tissue of preterm rats.

Treatment n  Saturated phosphatidylcholine  Total phospholipid
(umol/kg) (umol/kg)

Control 19 69.7 £ 2.7 405.8+21.4

Dexamethasone 30 77.2 £ 3.0 465.1 + 26.4

A. formosanus 36 788+ 1.7* 483.9 + 13.0*

Values are expressed ad mean £ SEM. nis number of fetuses tested.
"p < 0.05 compared to control group.

Figure 1. Effects of maternal treatment of A.
formosanus on total protein contents of
fetal lung tissue in preterm rats.
Numbers in parentheses are numbers of
fetuses tested. *p<0.05 compared to
dexamethasone-treated group.

Protein (g/kg body weight

Control  Dexamethasone A. formosanus
(n=19) (n=24) (n=25)

Figure 2. Growth hormone levelsin
maternal serum taken at delivery.
*p < 0.05 compared to control

group.
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Figure 3. Corticosterone levelsin maternal
serum taken at delivery. *p < 0.05
compared to dexamethasone group.
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Histology (Figure 4)
Histological appearance of lungsin the preterm rats delivered to (A) control, (B)
dexamethasone, and (C) A. formosanus group mothers (original magnification x200, H& E
stain). Extensive branching of intermediate airways and denser mesenchyme, more epithelial
tubules and PA S-positive vacuoles were noted in the dexamethasone and A. formosanus
groups compared with the control group.

Discussion

Neonatal respiratory failure is a serious clinical problem associated with high morbidity,
mortality, and cost.”®!" The major risk factor is premature birth and its associated RDS. The
pathophysiology of RDS is immature lung structure and deficient surfactant. Glucocorticoids
have been reported to accelerate fetal lung maturation and surfactant production.*® However,
there is considerable evidence that glucocorticoids have an adverse effect on the growth and
development of the immature brain.>” A. formosanus extract has been reported to promote the
growth of underdeveloped child and increase the numbers of somatotrophin producing cellsin
the pituitary gland of mice (personal communication). Therefore, we investigated the effects
of antenatal A. formosanus treatment in preterm rat that has been shown to be a suitable
model for study of acute neonatal lung disease.™® This study found that higher lung saturated
phosphatidylcholine content and more mature lung histology in the fetus of mothers
administered A. formosanus and dexamethasone than in control mothers. These results show
that A. formosanus has effects ssimilar to dexamethasone.

Administration of dexamethasone (0.2 mg/kg/day) to the pregnant rat on days 19 and 20 of
gestation and delivered the fetus on day 21 of gestation resulted in significantly decreased
body weight and organ/body weight ratios® In this study, we found that antenatal
dexamethasone treatment decreased body weight, kidney/body weight, liver/body weight, and
lung/body weight ratios in the fetuses, but this was not statistically significant compared to
control animals. The disparity between these studies might be due to different glucocorticoid
dosage. Antenatal A. formosanus treatment has the same effects as dexamethasone on body
weight and liver/body weight ratio but it significantly increased lung/body weight and
kidney/body weight ratios compared with the dexamethasone-treated group. It appears that A.
formosanus promotes kidney and lung growth in this premature animal model.

This study we found that total protein content was significantly decreased in fetal lung
tissue of dexamethasone-treated mothers compared with control and A. formosanustreated
mothers. A similar finding was noted in the rats delivered on day 18 of gestation whose
mothers was treated with dexamethasone on day 17 of gestation?* The reduced protein
content reflects decreased protein leak in fetal lungs?® We speculated that the reduced total
protein content and lung/body weight ratio in the dexamethasone-treated group in this study
was partly due to decreased capillary-aveolar permeability.

Deficiency of surfactant is central to the pathophysiology of RDS.?® Lung aveoli are lined
with surfactant, which prevent their collapse on expiration and which is essentia for normal
postnatal lung function. Therefore, we measured saturated phosphatidylcholine content in
fetal lung tissue because it is the major surface tension lowering component of surfactant and
made up approximately 45% of lung surfactant by weight. In this study, we found that
antenatal A. formosanus treatment increased total phospholipid in fetal lung tissue.

Dexamethasone treatment tended to have similar effect. Saturated phosphatidylcholine levels
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in fetal lung tissue were significantly increased by antenatal dexamethasone and A
formosanus treatments. These results suggest that A. formosanus can enhance surfactant
production as glucocorticoid does.

Glucocorticoids regulate growth hormone secretion by modulating both hypothalamic and
pituitary function.?* In vitro studies have shown that glucocorticoids increase growth hormone
gene expression and enhance growth hormone release from cultured rat pituitary
somatotrophs.”>?® Administration of dexamethasone at |ate gestation induced growth hormone
expression in fetal rat pituitary gland.?” We found that A. formosanus treatment significantly
increased growth hormone levels to that of dexamethasone treatment. Growth hormone
appears to have important effects on fetal metabolism and development. We speculated that
the increased growth hormone might stimulate the production of pulmonary surfactant.
Maternal corticosterone levels were comparable in the control and A. formosanus groups. This
result indicates that lung maturational effect of A. formosanus occurred independently of
corticosterone. Antenatal A. formosanus treatment significantly increased lung saturated
phosphatidylcholine content, but in contrast to dexamethasone treatment it increased
lung/body weight ratio and total protein content of lung tissue. These results suggest that A.
formosanus and dexamethasone accelerate fetal lung maturation through different
mechanisms.

In conclusion, antenatal trestment of A. formosanus extract increased saturated
phosphatidylcholine content and improved morphology in the fetal lung. These results suggest
that antenatal A. formosanus may play arole in accelerating fetal rat lung maturation. Future
studies are needed to measure in vivo the pulmonary function of antenatal A. formosanus
extract treatment. The potential therapeutic advantages of this extract seem worthy of further
investigation in larger experiments.
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