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Abstract

The present study evaluated the prebiotic effect of a standardised aqueous extract of Anoectochilus formosanus (SAEAF) and its effects on

osteoporosis in ovariectomised (OVX) rats. The OVX rats were randomly divided into five groups and orally treated with water, SAEAF

(200 and 400 mg/kg daily) and inulin (400 mg/kg daily) for 12 weeks. The sham group was orally treated with water. The SAEAF treatment

enhanced the number of faecal bifidobacteria in OVX rats. The results of a Ca-balance experiment showed that SAEAF increased apparent

Ca absorption and retention. The OVX rats were killed after SAEAF treatment lasting 12 weeks. The SAEAF decreased the caecal pH values

and increased the caecal wall weight, caecal mucosa calbindin-D9k mRNA expression, free-Ca concentration and levels of SCFA in the

caecum. The mineral content, density and biomechanical strength of bones were lower in OVX rats than the sham group, but these bone

losses were prevented by SAEAF administration. Microtomography scanning showed that the SAEAF-treated rats had higher trabecular

bone volume than the OVX rats. These results suggest that SAEAF prevented bone loss associated with ovarian hormone deficiency in the rats.
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Prebiotics are non-digestible food ingredients that benefit

the host by selectively stimulating the favourable growth

and/or activity of one or more indigenous probiotic bacteria

that could deliver potential beneficial health effects(1).

Microbial fermentation products of prebiotics, such as SCFA,

are responsible for an increase in Ca absorption in the large

intestine. A high concentration of SCFA in the caecum leads

to decreased caecal pH, which increases the concentration

of soluble Ca(2). In addition, butyrate, a SCFA, belongs to a

new class of anti-osteoporotic agents that may be useful in

treating bone loss(3–5). Furthermore, several reports have

indicated that the ingestion of prebiotics such as inulin and

fructo-oligosaccharides might help prevent osteoporosis(2,6).

Anoectochilus formosanus (Orchidaceae) is an orchidac-

eous perennial herb, of which the entire plant has been

used as a folk medicine for treating underdevelopment in chil-

dren in Taiwan. This traditional use of the herb suggests that it

might enhance Ca absorption(7). Several studies in rats have

found that A. formosanus ameliorated the osteoporosis

induced by ovariectomy (OVX)(8,9). Masuda et al.(9) have

shown that ethanolic extracts of A. formosanus suppress the

bone loss otherwise caused by oestrogen deficiency, by

inhibiting osteoclast formation. Our previous study has

shown that aqueous extracts of A. formosanus ameliorated

bone loss caused by OVX by stimulating bone formation(8).

A bioactivity-guided fractional study of the use of

A. formosanus in mice has shown that the ethyl acetate frac-

tion enhances hepatitis induced by carbon tetrachloride(10).

The present study developed a dietary supplement from

A. formosanus to prevent bone loss. A standardised aqueous

extract of A. formosanus (SAEAF) was prepared, excluding

the ethyl acetate fraction as described(11). In Taiwan, because

SAEAF is used as a raw material in functional food, its safety

has been evaluated.

The use of A. formosanus in supplementary treatment

(e.g. treating stunted growth in children) has led to speculation

that the herb might enhance Ca absorption, with a possible

relation to prebiotic action. The SAEAF was found to be a

potential prebiotic in a pilot study that evaluated the effects

of SAEAF on intestinal bacteria. Once there, SAEAF was

used for in vitro fermentation for strains, such as bifidobac-

teria, lactobacilli, Escherichia coli and clostridia. The results
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indicated that SAEAF could selectively enhance the population

of bifidobacteria in in vitro fermentation.

The prebiotic action may be caused by polysaccharides

from SAEAF. The present study, therefore, investigated

whether prebiotic activity was involved in the anti-osteoporotic

effects of SAEAF in OVX rats. Previous research on prebiotics

has most often investigated inulin, a b-(1 ! 2) fructan(1); thus,

we used it as a positive control in the present study.

Materials and methods

Preparation of a standardised aqueous extract of
Anoectochilus formosanus

The A. formosanus plants were purchased from Yu-Jung

Farm. The plants were identified by the Institute of Chinese

Pharmaceutical Sciences, China Medical University (Taiwan),

where a plant specimen (no. CMCP 1253) has been deposited.

Fresh, whole plants of cultured A. formosanus were extracted

with distilled water, and the filtrate was partitioned with ethyl

acetate. The aqueous fraction was further filtered and evapor-

ated under reduced pressure to yield a purpuric residue,

termed SAEAF. The SAEAF yield was approximately 2·8 %.

Isolation and characteristic of polysaccharides

A 4-fold volume of 95 % ethanol was added to the solution of

SAEAF for precipitating the polysaccharides from SAEAF. The

precipitate was collected by centrifugation. The precipitate

was treated by total dietary fibre assay kit (Megazyme) to

remove the protein and starch content to obtain indigestible

polysaccharide (IPAF). The IPAF was determined for protein

and carbohydrate contents by modified Bradford and

phenol–sulphuric acid methods(12,13). It was stored in ethanol

at 48C until further use. In addition, the molecular structure of

IPAF was roughly determined by Fourier transform IR spec-

trometer (Shimadzu IR 21, Shimadzu Corporation)(14).

Animals

Wistar female rats (3 months old) were purchased from

BioLASCO Company, Limited. The study protocols complied

well with the institutional guidelines of the China Medical

University for the use of laboratory animals. The animals

were housed in an air-conditioned room (21–248C) under

12 h of light (07.00–19.00 hours) and were allowed free

access to food pellets and water throughout the study.

Surgical procedure

Female rats were anaesthetised with sodium pentobarbital

(40 mg/kg, intraperitoneally; Siegfried), and their ovaries

were removed bilaterally. The rats in the sham-operated

group were anaesthetised, laparotomised and sutured without

removing their ovaries. The OVX rats were allowed to lose

bone for 4 weeks. At 4 weeks post-OVX, the OVX rats

were randomly divided into five groups (n 8) and orally

administered water, SAEAF (200 and 400 mg/kg daily) or

inulin (Sigma Aldrich; 400 mg/kg daily) for 12 weeks. The

sham-operated group was orally treated with water. The

body weight of each animal was measured once a week

until the final day of administration.

Studies on the prebiotic activity of standardised aqueous
extract of Anoectochilus formosanus in ovariectomised rats

To determine bacteria in faeces, fresh faeces were collected

directly from each rat on the 28th day after SAEAF adminis-

tration, weighed and poured into a dilute solution of peptone

saline with cysteine (0·5 g/l; Wako) immediately(15). After

homogenising the faeces, serial decimal dilutions were pre-

pared, avoiding aeration. Bifidobacteria iodoacetate medium-

25 agar was used for enumeration of Bifidobacterium

spp.(16) and tryptose-sulfite-D-cycloserine agar (Oxoid) was

used for quantification of Clostridium perfringens (17). Bifido-

bacteria iodoacetate medium-25 and tryptose-sulfite-D-cyclo-

serine agar were cultured anaerobically in an atmosphere of

5 % CO2 and 7 % H2 in N2 at 378C for 72 h. The results were

expressed as log colony-forming units (CFU)/g faeces.

Studies on calcium balance in ovariectomised rats after
administration of standardised aqueous extract of
Anoectochilus formosanus

The method used for studying Ca balance was based on our

previous work(18). During the period spanning days 37 and

42 after SAEAF administration, all the rats were housed in indi-

vidual metabolism cages containing a grid-floor and a facility

for separate collection of faeces and urine. To acclimatise

the animals to the new environment, the rats were placed in

these cages 2 d before the beginning of a 4 d metabolic

study aimed at the determination of net dietary Ca absorption.

Food consumption was then monitored on a daily basis

over the 4 d period of the metabolic balance study. Urine

and faecal samples (24 h) of each animal were collected,

and the volume of urine for each animal was recorded. Por-

tions of the urine samples were acidified with 12 M-HCl and

stored at 2208C until analysis. The faecal samples of each

animal were dried overnight at 1008C. The diets and dried

faecal samples were ash-dried at 7008C for 12 h. The feed

and faecal ashes were solubilised with 6 M-HCl (Scharlau) for

the Ca assay. Total Ca was measured by the o-cresolphthalein

complexone method using a commercial kit (Randox). Appa-

rent Ca absorption and apparent Ca balance were calculated

using equations 1 and 2, respectively(18).

Apparent Ca absorption ¼ Ca intake 2 faecal Ca; ð1Þ

apparent Ca balance ¼ Ca intake 2 faecal Ca

2 urinary Ca: ð2Þ

Sampling procedure

On the last day of the study (day 84 from SAEAF adminis-

tration), the animals were killed under deep anaesthesia

with a high dose of sodium pentobarbital (65 mg/kg, intra-

peritoneally). After sampling of blood, the caeca (with their
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contents), vaginae, femurs and tibiae were also removed. The

vaginae were taken from the vaginal opening to cervix and

weighed immediately. The pH of the caecum was measured

immediately using a pH meter (Model IQ 150, Spectrum Tech-

nologies). After pH measurement, the caeca were stored

instantly at 2808C until Ca and SCFA analysis. Blood was cen-

trifuged at 2000g at 48C for 15 min to separate the plasma. The

dissected bones were stored at 2808C until examination.

The caecal contents were transferred into a sterile tube and

defrosted on ice. The caecal walls were flushed clean with ice-

cold saline, blotted on filter paper and weighed to give the

caecal wall weight. The caecal contents were shaken in a

vortex mixer for 30 s and then centrifuged at 48C at 9000g

for 10 min. The supernatants of the caecal contents were

divided into two parts. One part was used for the free-Ca

measurement using commercial kits (Randox), while the

other part was diluted with 0·0085 M-sulphuric acid (Showa)

and filtered using a 0·22mm filter (Millipore) for SCFA analysis

using HPLC. The HPLC system consisted of a 709 IC pump

(Metrohm), Rheodyne sample injector (Rheodyne) and Super

CO-150 column heater (Enshine). The peaks were detected

by a Shodex RI-71 detector (Showa Denko) using a Transge-

nomic ICSep ION-300 column (300 £ 7·8 mm, Transgenomic)

at 658C and eluted with 0·0085 M-sulphuric acid at a flow

rate of 0·4 ml/min. The standards used for SCFA determination

were lactate, acetic acid, propionic acid and butyric acid that

were obtained from Sigma Aldrich.

RT-PCR analysis

The mucosal cells of the caecum were scraped. Total RNA was

isolated from the mucosal cells by the acid guanidinium thiocya-

nate–phenol–chloroform extraction method, as described by

Chomczynski & Sacchi(19). A 3mg sample of total RNA was sub-

jected to RT with moloney murine leukaemia virus RT in a 50ml

reaction volume. Aliquots of the RT mix were used for amplifi-

cation of fragments of calbindin-D9K (CaBP), a cholecalciferol-

induced Ca-binding protein, by PCR. The primers for rat CaBP

and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)

were 50-AAGAGCATTTTTCAAAAATA-30 and 50-GTCTCAGAAT-

TTGCTTATT-30 (product size, 314 bp), and 50-TGTGTCCG-

TCGTGGATCTGA-30 and 50-CCTGCTTCACCACCTTCTTGA-30

(product size, 76 bp), respectively. The expression levels of

all the transcripts were normalised to that of the GAPDH

mRNA in the same tissue sample. The PCR products were

separated on a 2 % agarose gel and recorded on Polaroid film;

the bands were quantified with a densitometer.

Biochemistry

Enzyme-linked immunosorbent assay kits, based on rat

osteocalcin (OCN) enzyme immunoassay (Biomedical

Technologies, Inc.), were used to analyse serum OCN con-

centrations. Urinary g-glutamyl transpeptidase (g-GT) and

creatinine were assayed using clinical test kits (Roche

Diagnostics) in a spectrophotometric analyser. The g-GT con-

tents in urine samples were expressed as units per mmol of

urinary creatinine.

Biomechanical three-point bending testing

Bone strength was measured on intact left femurs using a

three-point bending test(20). Each specimen was placed on

two supports spaced 25 mm apart, and load was applied to

the bone midway between the supports at a deformation

rate of 0·05 mm/s until a fracture occurred. The load–defor-

mation curves were recorded during the bending process

using a testing machine (RTI-TST, Royalty Technology).

Load–displacement data were used for further computations

of the extrinsic material properties, including maximal load,

energy to maximal load and linear stiffness. Energies to

maximal load were computed as the areas under the load–

deformation curves. Stiffness was computed as the slope of

the linear portion of the load–deformation curve.

The failure sites of all bone specimens were photographed.

Cross-sectional parameters were measured from the photo-

graphs (Image-Pro Plus version 5.1; Media Cybernetics) and

used in the calculation of the elastic modulus (Young’s mod-

ulus). The elastic modulus was calculated by the method of

Turner & Burr(21).

Measurement of bone mineral content and bone mineral
density

The bone mineral content and bone mineral density of each

right tibia were measured using a dual-energy X-ray absorpti-

ometer (XR-26; Norland) using a model for small subjects.

Measurement of trabecular bone microarchitecture by
microtomography

The femurs were carefully removed of soft tissue and pre-

served in 75 % alcohol until scanning. The trabecular bone

microarchitecture of the distal right femoral metaphysis was

105

%
 T

90

75

1250 1000 750 500

Wave number (per cm)

Fig. 1. Fourier-transform IR spectrum of indigestible polysaccharide in pota-

ssium bromide pellet scanned between 1350 and 400/cm. %T, percentage

transmittance. (A colour version of this figure can be found online at

http://www.journals.cambridge.org/bjn)
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measured using a microtomography scanner (SkyScan 1076,

SkyScan), with an isotropic resolution of 18mm in all three

spatial dimensions. For analysing purpose, the region of

interest volume of the trabecular bone was selected as 100

slices, thirty slices away from the growth plate of femur to

the proximal direction. The region of interest volume was

analysed without the cortical bone. The bone volume and

the tissue volume were measured directly from the original

three-dimensional images, and the trabecular bone volume

(bone volume/tissue volume (%)) was normalised to compare

samples of different sizes. The other parameters of trabecular

structure studied were trabecular number, trabecular thickness

and trabecular separation, which were calculated directly

from the three-dimensional images.

Statistical analysis

In tables, the results were expressed as means with their

pooled standard errors and in figures, they were presented

as means and 95 % CI. All experimental data were analysed

using one-way ANOVA with Dunnett’s test. Values of P,0·05

were considered statistically significant.

Results

Chemical composition

The yield rate of SAEAF to whole plant was approximately

2·8 %. The IPAF was 0·25 % (w/w) from SAEAF. The IPAF con-

tained 58 % carbohydrate and 0·2 % protein, indicating that

the IPAF was mainly composed of carbohydrates. Fig. 1

shows the Fourier transform-IR profile of the IPAF. The

IPAF contained certain special functional groups, indicating

that the IPAF was structurally a polysaccharide(14). The

peak at 1040/cm was the C–O of the C–O–C stretching

vibration. The peak at 892/cm was galactose with b-linkage.

We presumed the IPAF as a polysaccharide with a galactan

backbone.

Effect of standardised aqueous extract of Anoectochilus
formosanus on faecal Bifidobacterium and Clostridium
perfringens levels in ovariectomised rats

At 4 weeks after SAEAF administration, no differences

were observed in the faecal numbers of Bifidobacterium

between the OVX þ water and sham groups (9·2 (SEM 0·1)

log CFU/g faeces). The faecal number of C. perfringens

also showed no difference between the OVX þ water and

sham groups (6·2 (SEM 0·1) log CFU/g faeces). The OVX

rats that had received SAEAF (400 mg/kg) or inulin for

4 weeks displayed significantly increased faecal numbers of

Bifidobacterium (9·6 (SEM 0·18) log CFU/g faeces, P,0·001

or 9·6 (SEM 0·1) log CFU/g faeces, P,0·001, respectively).

The number of C. perfringens in OVX rats that had

received SAEAF (400 mg/kg; 6·0 (SEM 0·2) log CFU/g

faeces, P,0·001) or inulin (6·1 (SEM 0·1) log CFU/g faeces,

P,0·01) was significantly decreased compared with the

OVX þ water group.

Effects of standardised aqueous extract of Anoectochilus
formosanus on intestinal absorption and retention of
calcium in ovariectomised rats

The experiment on Ca balance was conducted between days

37 and 42 after SAEAF administration. Table 1 shows a

summary of the results from the Ca-balance study. Gain in

body weight was higher in OVX þ water rats than in the

sham rats. However, no differences were found between the

OVX þ water and sham groups for food intake, Ca intake

and faecal and urinary Ca contents. Calculation of Ca absorp-

tion and retention using the measures of Ca intake and faecal

and urinary Ca contents indicated that these processes were

reduced in the OVX þ water rats relative to the sham group.

However, the differences did not attain a level of statistical sig-

nificance. The OVX rats showed a decrease in Ca absorption

and retention of 28·8 and 33·1 %, respectively.

No differences were found for body weight, food intake

and faecal and urinary Ca contents among the OVX groups

Table 1. Effects of standardised aqueous extract of Anoectochilus formosanus (SAEAF) and inulin on intestinal absorption and
retention of calcium in rats‡

(Mean values with their pooled standard errors, n 8)

OVX

Items Sham Water SAEAF (200 mg/kg) SAEAF (400 mg/kg) Inulin (400 mg/kg) Pooled SEM

Body weight (g) 331·4 381·6†† 369·4 386·5 375·6 10·8
Food intake (g) 17·6 19·5 18·2 19·9 21·8 0·7
Ca intake (mg) 164·5 182·0 169·6 185·3 203·0 7·1
Faecal Ca (mg) 135·4 161·3 151·2 148·9 164·9 6·8
Urinary Ca (mg) 1·6 2·0 1·5 1·8 3·7 0·4
Absorption (mg) 29·1 20·7 18·4 36·4* 38·1* 4·5
Retention (mg) 27·5 18·4 17·1 34·8* 34·5* 4·2

OVX, ovariectomy.
* Mean values were significantly different compared with the OVX þ water group by Dunnett’s test (P,0·05).
†† Mean value was significantly different compared with the sham group (P,0·01).
‡ During the period spanning days 37 and 42 after SAEAF administration, all the rats were housed in individual metabolism cages containing a grid-floor

and a facility for separate collection of faeces and urine. To acclimatise the animals to the new environment, the rats were placed in these cages 2 d
before the beginning of a 4 d metabolic study aimed at the determination of net dietary Ca absorption.
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(Table 1). However, Ca absorption and retention were higher

in groups treated by SAEAF (400 mg/kg) or inulin than in the

OVX þ water group. The OVX rats treated with SAEAF

(400 mg/kg) showed a 76 and 89 % increase in Ca absorption

and retention, respectively. Similarly, OVX rats treated with

inulin showed an increase in Ca absorption and retention

(84 and 87 %, respectively).

Effects of standardised aqueous extract of Anoectochilus
formosanus on body and vaginal weights in
ovariectomised rats

At 4 weeks after the operation, the OVX rats showed signifi-

cant increases in body weight compared with the sham-oper-

ated rats (P,0·01). The rats in all four OVX groups exhibited

similar body weights before the administration of SAEAF or

inulin. At 16 weeks after OVX, the OVX rats continued to

show a significantly increased body weight (409·9 (SEM

13·4) g) compared with the sham group (365·6 (SEM 16·4) g)

(P,0·05). The increased body weight of the OVX rats was

not affected by SAEAF or inulin administration.

The vaginal weights significantly decreased in the OVX rats

(136·6 (SEM 1·4) mg) compared with the sham-operated rats

(210·9 (SEM 9·8) mg). Decreased vaginal weights in the OVX

rats were not affected by SAEAF or inulin administration.

Effects of standardised aqueous extract of Anoectochilus
formosanus on caecal wall weight, pH of caecal contents and
caecal free-calcium concentration in ovariectomised rats

No significant differences were found in the caecal wall

weights, caecal pH and caecal free-Ca concentrations between

OVX þ water and sham groups (Table 2). Treatment with

SAEAF (400 mg/kg) or inulin led to increases in the caecal

wall weight of 36·4 and 21·5 %, respectively, and to increases

in the caecal free-Ca concentrations of 37·5 and 19·4 %,

respectively. The pH values of the caecal contents were

lower in the groups treated with SAEAF (400 mg/kg) or

inulin than in the OVX þ water group. The caecum content

weight, corrected for body weight, was found not to differ

significantly between the sham (1·3 (SEM 0·3) g/100 g body

weight) and OVX þ water groups (1·2 (SEM 0·27) g/100 g

body weight). Similarly, no differences were observed

between the OVX þ water group and the groups treated

with OVX þ SAEAF or OVX þ inulin, respectively.

Effects of standardised aqueous extract of Anoectochilus
formosanus on caecal butyrate and total SCFA levels in
ovariectomised rats

The results of SCFA analysis showed that butyrate and total

SCFA (lactate, acetate, propionate and butyrate) levels in the

Table 2. Effects of standardised aqueous extract of Anoectochilus formosanus (SAEAF) and inulin on caecal wall weight, pH of
caecal content and caecal free calcium concentration in ovariectomised (OVX) rats†

(Mean values with their pooled standard errors, n 8)

OVX

Items Sham Water SAEAF (200 mg/kg) SAEAF (400 mg/kg) Inulin (400 mg/kg) Pooled SEM

Caecal wall weight (g) 1·1 0·96 1·19 1·31** 1·32** 0·05
Caecal pH 6·37 6·53 6·41 6·25** 6·33** 0·04
Free Ca (mg/l) 358 335 358 407*** 389** 9

Mean values were significantly different compared with the OVX þ water group by Dunnett’s test: **P,0·01, ***P,0·001.
† On the last day of the study, the animals were killed. After sampling of blood, the caeca were also removed. The pH of the caecum was measured

immediately using a pH meter. The caecal walls were flushed clean with ice-cold saline, blotted on filter paper and weighed to give the caecal wall
weight. The caecal contents were shaken in a vortex mixer for 30 s and then centrifuged. The supernatants of the caecal contents were used for the
free-Ca measurement using commercial kits.
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Fig. 2. Effects of standardised aqueous extract of Anoectochilus formosanus (SAEAF) and inulin on (a) caecal butyrate and (b) total SCFA levels in sham and

ovariectomised (OVX) rats. The supernatants of the caecal contents were diluted with sulphuric acid and filtered for SCFA analysis using HPLC. Values are

means and 95 % CI (n 8). Mean values were significantly different compared with the OVX þ water group by Dunnett’s test: *P,0·05, ***P,0·001. † Mean values

were significantly different compared with the sham group (P,0·05).
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caecal contents were similar in the sham and OVX þ water

groups (Fig. 2). Caecal levels of total SCFA and butyrate

increased by 1·35-fold in each case for the group treated

with SAEAF (400 mg/kg), and by 1·18-fold and 1·21-fold,

respectively, in the inulin-treated group, compared with the

OVX þ water group (Fig. 2).

Effect of standardised aqueous extract of Anoectochilus
formosanus on expression of caecal mucosa calbindin-D9K
mRNA in ovariectomised rats

The fragments shown in Fig. 3 reflect the pooled data for eight

samples. Fragments of the CaBP gene were amplified by

RT-PCR (Fig. 3(a)). The CaBP:GAPDH ratio in the OVX þ

water group was 68 % lower than that in the control group

(Fig. 3(b)). Treatment with SAEAF (400 mg/kg) and inulin

led to increases of 2·7- and 3·0-fold, respectively, in the CaBP:

GAPDH ratio, compared with that of the OVX þ water group.

Effects of standardised aqueous extract of Anoectochilus
formosanus on plasma osteocalcin and urinary g-glutamyl
transpeptidase levels in ovariectomised rats

The OVX induced an increase in plasma OCN concentration

and the urinary g-GT level in the OVX group compared

with the sham group. Treatment with SAEAF (400 mg/kg) or

inulin lowered OCN and g-GT levels, compared with the

OVX þ water group (Fig. 4).

Effects of standardised aqueous extract of Anoectochilus
formosanus on biomechanical parameters of the femur
in ovariectomised rats

The femoral three-point bending test indicated that maximal

load, stiffness, energy to maximal load and the Young’s mod-

ulus (elastic modulus) of the femur were significantly lower

in the OVX þ water group compared with the sham group

(Table 3). Treatment of OVX rats with SAEAF (400 mg/kg) or

inulin prevented this post-surgical decline for all four variables

(Table 3).

Effects of standardised aqueous extract of Anoectochilus
formosanus on tibial bone mineral content and bone
mineral density in ovariectomised rats

The bone mineral content and bone mineral density of the tibia

were, respectively, 7·3 and 28·5 % lower in the OVX þ water

group than in the sham group. Treatment with SAEAF or

inulin significantly prevented a reduction in both the bone min-

eral content and bone mineral density levels (Fig. 5).

Effects of standardised aqueous extract of Anoectochilus
formosanus on bone microarchitecture in distal femoral
metaphysis in ovariectomised rats

As expected, OVX rats displayed a lower trabecular bone

volume, trabecular thickness and trabecular number, and

higher trabecular separation in the distal femur compared

with the sham group (Fig. 6 and Table 4). Treatment of

OVX rats with SAEAF (400 mg/kg) or inulin prevented the

decreases in trabecular bone volume, number of trabeculae

and thickness of the trabeculae that were otherwise induced

by OVX. Trabecular separation was also reduced by the

administration of SAEAF and inulin.

Discussion

The present study demonstrated the bifidogenic activity of

SAEAF. Thus, SAEAF displayed a prebiotic character. The

IPAF such as inulin are usually regarded as prebiotic

materials(1). To guarantee the reproducibility of the present

experiment on bioactivity, we isolated and characterised the

polysaccharides with a galactan backbone from SAEAF. In

addition, SAEAF effectively inhibited OVX-induced osteoporo-

sis in rats. Prebiotic activity is involved in the anti-osteoporotic

mechanisms of SAEAF.

Gut bacteria are composed of several hundred different

species that include both beneficial and potentially deleterious

bacteria, in a delicate balance. Bifidobacteria are recognised as

beneficial bacteria, whereas clostridium is regarded as a harm-

ful bacterium(22). Supplementation with probiotics entails the

uptake of potentially beneficial micro-organisms that colonise

the intestines to improve both the composition and function
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Fig. 3. Effects of standardised aqueous extract of Anoectochilus formosanus

(SAEAF) and inulin on caecal mucosa calbindin-D9K (CaBP) mRNA

expression in sham and ovariectomised (OVX) rats. (a) RT-PCR analysis of

the expression of CaBP in control rats, and in rats treated with SAEAF

(200 or 400 mg/kg) or inulin. Expression of the amplified fragment

corresponding to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for

comparison. The fragments reflect the pooled data for eight samples.

(b) Densitometric analyses of CaBP expression after normalisation against

GAPDH. Values are means and 95 % CI (n 8). * Mean values were signifi-

cantly different compared with the OVX þ water group by Dunnett’s test

(P,0·05). †† Mean values were significantly different compared with the

sham group (P,0·01).
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of the intestinal flora. Most probiotic products currently

include various bifidobacteria species in particular. Efficient

prebiotics require a specific fermentation process that alters

the microflora composition towards a more beneficial commu-

nity structure. This process results from stimulating potentially

health-promoting genera, but not the harmful groups(23).

Ovariectomised rats mimic middle-aged post-menopausal

women because of the oestrogen deficiency that results from

OVX. The present study found no difference between OVX

rats and the sham group for the faecal number of bifidobacteria

and clostridia. However, SAEAF treatment selectively stimulated

the growth of beneficial bifidobacteria and decreased the

growth of harmful clostridia in OVX rats. This finding suggests

that SAEAF contains prebiotic-like components.

Prebiotics are fermentable, indigestible carbohydrates and

the end products of carbohydrate fermentation are SCFA(24).

A high concentration of organic acids in the caecum leads

to a decrease in the caecal pH, which in turn increases the

concentration of soluble Ca(24). Lopez et al.(24) reported

hypertrophy of the caecum in rats fed with prebiotics. The

present study found that SAEAF treatment in OVX rats

increased the caecal wall weight and the caecal soluble-Ca

concentration, in addition to a decrease in the caecal pH.

This finding provides further support for the hypothesis that

SAEAF possesses a prebiotic character.

Ca is absorbed in the intestine through two pathways:

(1) an active transcellular pathway and (2) a passive

paracellular pathway(25). Active transport is dominant only at

low luminal Ca concentrations, whereas at higher luminal Ca

concentrations passive transport becomes dominant(24). The

intestinal transcellular Ca transport system has been found to

comprise several steps; a major factor is CaBP, a cholecalci-

ferol-induced Ca-binding protein(26). A direct correlation

exists between the mucosal amounts of CaBP and the

efficiency of Ca absorption(25). Hence, an increase in mucosal

CaBP would indicate an increase in Ca absorption from the

intestinal segment. The CaBP is present in the duodenum,

the proximal jejunum and caecum(27). The present study

found that SAEAF treatment increased the caecal free-Ca

concentration and mucosal expression of CaBP mRNA,

indicating that both the active and passive pathways of

Ca absorption were stimulated. In addition, hypertrophy of

the caecum was induced by SAEAF; thus, the absorptive

surface of the caecum was increased.

The present study evaluated the effects of SAEAF as a

treatment for post-menopausal osteoporosis, using a rat OVX

model. Oestrogen deficiency has been reported to cause

an increase in body weight and a decrease in vaginal weight

in OVX rats(28,29). The SAEAF treatment did not reverse the

post-menopausal symptoms of obesity and vaginal atrophy,

indicating that SAEAF may not exert oestrogen receptor-

agonist activity.

Furthermore, Ca balance has been reported to be affected

in OVX rats because of an increase in intestinal Ca secretion

Table 3. Effects of standardised aqueous extract of Anoectochilus formosanus (SAEAF) and inulin on biomechanical parameters of left
femur in ovariectomised (OVX) rats‡

(Mean values with their pooled standard errors, n 8)

OVX

Items Sham Water SAEAF (200 mg/kg) SAEAF (400 mg/kg) Inulin (400 mg/kg) Pooled SEM

Maximal load (N) 101·0 86·4†† 100·6 103·8* 102·3* 1·8
Stiffness (N/mm) 208·4 153·4††† 172·0 204·1** 189·5* 3·6
Energy (MJ) 66·0 57·4†† 62·5 64·5* 64·6* 7·1
Young’s modulus (GPa) 21·3 15·5††† 16·6 19·1*** 19·2*** 0·1

Mean values were significantly different compared with the OVX þ water group by Dunnett’s test: *P,0·05, **P,0·01, ***P,0·001.
Mean values were significantly different compared with the sham group: ††P,0·01, †††P,0·001.
‡ Bone strength was measured on intact left femurs using a three-point bending test. Each specimen was placed on two supports spaced 25 mm apart, and load

was applied to the bone midway between the supports at a deformation rate of 0·05 mm/s until a fracture occurred.
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transpeptidase (g-GT) levels in sham and ovariectomised (OVX) rats. Plasma OCN concentration was assessed by using enzyme immunoassay kits. The urinary

g-GT and creatinine levels was assessed by using clinical kits. Values are means and 95 % CI (n 8). * Mean values were significantly different compared with the

OVX þ water group by Dunnett’s test (P,0·05). Mean values were significantly different compared with the sham group: †P,0·05, ††P,0·01.
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and Ca malabsorption; these phenomena might result from

decreased levels of oestradiol in the blood(30). The present

study found the mean values of Ca absorption and retention

in OVX rats to be lower than in the sham group. However, the

differences were not statistically significant. The reduction in

Ca absorption and retention associated with OVX was restored

by SAEAF treatment; this phenomenon might be explained

by SAEAF having enhanced Ca absorption in the large intestine.

Previous research has shown that an increase in Ca absorp-

tion affected bone characteristics (e.g. bone Ca content and

bone strength) in OVX rats(6). The present study found that

an improvement in Ca absorption because of SAEAF treatment

in OVX rats caused an increase in tibial bone mineral content

and bone mineral density. The SAEAF-treated groups also

showed superior mechanical properties of the bone (maximal

load, energy to ultimate load, linear stiffness and the Young’s

modulus) compared with the OVX groups. In addition, micro-

tomography scanning showed that OVX rats exhibited a lower

trabecular bone volume, trabecular thickness and trabecular

number, and higher trabecular separation in the distal femur,

compared with the sham group. Treatment with SAEAF signifi-

cantly reduced these signs of bone loss in OVX rats.

Previous studies have indicated that g-GT is an osteoclasto-

genic factor. In addition, g-GT is an ectopeptidase that cata-

lyses the transfer of a g-glutamyl moiety to an acceptor and

acts in glutathione degradation and cysteine metabolism(31).

Research has demonstrated that both recombinant human

g-GT andpurifiedg-GT from the rat kidneypromotedosteoclast

formation through the expression of receptor activator for

nuclear factor kappa-B ligand (RANKL) in bone marrow
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Fig. 5. Effects of standardised aqueous extract of Anoectochilus formosanus (SAEAF) and inulin on the (a) bone mineral content and (b) bone mineral density of

the tibia in sham and ovariectomised (OVX) rats. The bone mineral content and bone mineral density of each tibia were measured using a dual-energy X-ray

absorptiometer using a model for small subjects. Values are means and 95 % CI (n 8). *** Mean values were significantly different compared with the OVX þ water

group by Dunnett’s test (P,0·001). ††† Mean values were significantly different compared with the sham group (P,0·001).
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(c)

Fig. 6. Microtomography analysis of metaphysic of the distal femur in rats of different groups. (a) Sham þ water group. (b) Ovariectomy (OVX) þ water group.

These rats showed a decrease in the trabecular bone volume. (c) OVX þ standardised aqueous extract of Anoectochilus formosanus (SAEAF; 200 mg/kg) group.

(d) OVX þ SAEAF (400 mg/kg) group. (e) OVX þ inulin (400 mg/kg) group. SAEAF (400 mg/kg) and inulin significantly prevented bone loss from OVX-induced

osteopenia. (A colour version of this figure can be found online at http://www.journals.cambridge.org/bjn)
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stromal cells(32). Furthermore, Hiramatsu et al.(33) have

demonstrated in vivo that transgenic mice that overexpressed

g-GT exhibited osteoporosis because of an increase in osteo-

clasts and bone resorption. Asaba et al.(34) have reported that

urinary g-GT levels were significantly associated with bone

resorption, suggesting that g-GT could be a useful diagnostic

determinant for predicting osteoporosis.

Plasma OCN is a sensitive bone turnover marker(35). Urinary

g-GT is a potential marker of bone resorption(34). The present

study found that both plasma OCN and urinary g-GT levels

were increased in OVX rats, indicating that OVX increased

the bone turnover rate. Treatment with SAEAF significantly

suppressed the increases in plasma OCN and urinary g-GT

levels in OVX rats. These results indicated that, in addition

to enhancing Ca absorption, SAEAF inhibited bone turnover.

Administration of SAEAF significantly increased the caecal

concentration of SCFA, especially of butyrate. Butyrate is

recognised as a potential inhibitor of histone deacetylase

activity(36). Rahman et al.(4) have shown that butyrate inhibits

osteoclastogenesis by modulating osteoclast-specific signals

and histone deacetylase activity. In addition, histone deacety-

lase inhibitors such as butyrate have been reported to acceler-

ate in vitro osteoblast maturation(3,5). Treating OVX rats with

SAEAF might have ameliorated osteoporosis, at least in part,

by enhancing osteoblast maturation and inhibiting osteoclast

differentiation through butyrate production.

Inulin, an IPAF, is the most well studied and established pre-

biotic(6). Numerous rat studies have demonstrated that inulin-

type fructants significantly increase Ca absorption and amelio-

rate the osteopenia that would otherwise be induced by

OVX(2,6). The present study found that inulin (400 mg/kg)

and SAEAF (400 mg/kg) exerted approximately equivalent

effects on Ca absorption and anti-osteoporotic activity. The

SAEAF contained 0·25 % IPAF; thus, the potency of IPAF was

greater than that of inulin.

This was the first study to demonstrate that A. formosanus has

a prebiotic character and promotes Ca absorption. Use of the

herb as a folk remedy to treat stunted growth in children also

suggests that it might enhance Ca absorption. The prebiotic

action of A. formosanus has been shown to be significant in

animals, but further research is required to confirm this

bioactivity in human subjects. Our preliminary in vitro study

confirmed that the bifidogenic effect of SAEAF might be

caused by polysaccharides. In future, research on A. formosa-

nus would be regarding the chemical characters of the active

ingredient, the bifidogenic mechanism and human trials .

In conclusion, the present results showed that SAEAF admin-

istration to OVX rats inhibited bone turnover, elevated intestinal

Ca absorption and prevented Ca loss and deterioration of

biomechanical strength. The present findings provide evidence

that prebiotic activity might be involved in the anti-osteoporotic

mechanisms of SAEAF; hence, SAEAF could be a potential

candidate for the treatment of post-menopausal osteoporosis.

Acknowledgements

The contributions of each author were as follows: L.-C. Y. con-

tributed to the conception, data collection, interpretation of

the results, writing and reviewing of the manuscript; W.-C. L.

was responsible for the conception and designing the study,

interpretation of the results, writing and reviewing of the

manuscript; and T.-J. L. and J.-B. W. contributed to data collec-

tion, interpretation of the results and reviewing of the manu-

script. The present study was supported by grants from the

National Sciences Council of the Republic of China (NSC 96-

2317-B-039-003). The authors declare no conflict of interest.

References

1. Thomas DW & Greer FR (2010) Clinical report (probiotics
and prebiotics in pediatrics). Pediatrics 126, 1217–1231.

2. Scholz-Ahrens KE & Schrezenmeir J (2007) Inulin and oligo-
fructose and mineral metabolism: the evidence from animal
trials. J Nutr 137, 2513S–2523S.

3. Katono T, Kawato T, Tanabe N, et al. (2008) Sodium butyrate
stimulates mineralized nodule formation and osteoprote-
gerin expression by human osteoblasts. Arch Oral Biol 53,
903–909.

4. Rahman MM, Kukita A, Kukita T, et al. (2003) Two histone
deacetylase inhibitors, trichostatin A and sodium butyrate,
suppress differentiation into osteoclasts but not into macro-
phages. Blood 101, 3451–3459.

Table 4. Effects of standardised aqueous extract of Anoectochilus formosanus (SAEAF) and inulin on the trabecular bone volume, number of
trabeculae, thickness of the trabeculae and separation of trabeculae of the distal femoral metaphysis in ovariectomised (OVX) rats by microtomography
analysis‡

(Mean values with their pooled standard errors, n 8)

OVX

Items Sham Water SAEAF (200 mg/kg) SAEAF (400 mg/kg) Inulin (400 mg/kg) Pooled SEM

Trabecular bone volume (%) 45·4 30·2†† 32·1 33·1* 33·5** 1·0
Number of trabeculae (no./mm) 4·8 3·2††† 3·5 3·6* 3·8* 0·1
Thickness of the trabeculae (mm) 98·2 93·4††† 94·9 97·5*** 97·9*** 0·5
Separation of trabeculae (mm) 168·7 408·1††† 364·6 354·3* 360·5* 10·7

Mean values were significantly different compared with the OVX þ water group by Dunnett’s test: *P,0·05, **P,0·01, ***P,0·001.
Mean values were significantly different compared with the Sham group: ††P,0·01, †††P,0·001.
‡ The trabecular bone microarchitecture of the distal femoral metaphysis was measured using a microtomography scanning, with an isotropic resolution of 18mm in all three

spatial dimensions.

Prebiotic effect of Anoectochilus formosanus 1787

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114512003777  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114512003777


5. Schroeder TM & Westendorf JJ (2005) Histone deacetylase
inhibitors promote osteoblast maturation. J Bone Miner Res
20, 2254–2263.

6. Johnson CD, Lucas EA, Hooshmand S, et al. (2011) Addition
of fructooligosaccharides and dried plum to soy-based diets
reverses bone loss in the ovariectomized rat. Evid Based
Complement Alternat Med 2011, 836267.

7. Du XM, Sun NY, Irino N, et al. (2000) Glycosidic constituents
from in vitro Anoectochilus formosanus. Chem Pharm Bull
48, 1803–1804.

8. Shih CC, Wu YW, Lin WC, et al. (2001) Ameliorative effects
of Anoectochilus formosanus extract on osteopenia in ovari-
ectomized rats. J Ethnopharmacol 77, 233–238.

9. Masuda K, Ikeuchi M, Koyama T, et al. (2008) Suppressive
effects of Anoectochilus formosanus extract on osteoclast
formation in vitro and bone resorption in vivo. J Bone
Miner Metab 26, 123–129.

10. Wu JB, Lin WL, Hsieh CC, et al. (2007) The hepatoprotective
activity of kinsenoside from Anoectochilus formosanus.
Phytother Res 21, 58–61.

11. Wu JB, Chuang HR, Yang LC, et al. (2010) A standardized
aqueous extract of Anoectochilus formosanus ameliorated
thioacetamide-induced liver fibrosis in mice: the role of
Kupffer cells. Biosci Biotechnol Biochem 74, 781–787.

12. Compton SJ & Jones CG (1985) Mechanism of dye response
and interference in the Bradford protein assay. Anal Bio-
chem 151, 369–374.

13. Dubois M, Gilles KA, Hamilton JK, et al. (1956) Colorimetric
method for determination of sugars and related substances.
Anal Chem 28, 350–356.

14. Kacurakova M, Capek P, Sasinkova V, et al. (2000) FT-IR
study of plant cell wall model compounds: pectic polysac-
charides and hemicelluloses. Carbohydr Polym 43, 195–203.

15. Alander MM, Kneifel W, Johansson M, et al. (2001) Effect of
galacto-oligosaccharide supplementation on human faecal
microflora and on survival and persistence of Bifidobacter-
ium lactis Bb-12 in the gastrointestinal tract. Int Dairy J
11, 817–825.

16. Munoa FJ & Pares R (1988) Selective medium for isolation
and enumeration of Bifidobacterium spp. Appl Environ
Microbiol 54, 1715–1718.

17. Harmon SM, Kautter DA, Peeler JT, et al. (1971) Improved
medium for enumeration of Clostridium perfringens. Appl
Microbiol 22, 688–692.

18. Yang LC, Wu JB, Ho GH, et al. (2008) Effects of poly-gamma-
glutamic acid on calcium absorption in rats. Biosci Biotech-
nol Biochem 72, 3084–3090.

19. Chomczynski P & Sacchi N (1987) Single-step method of
RNA isolation by acid guanidinium thiocyanate–phenol–
chloroform extraction. Anal Biochem 162, 156–159.

20. Huang TH, Lin SC, Chang FL, et al. (2003) Effects of
different exercise modes on mineralization, structure, and

biomechanical properties of growing bone. J Appl Physiol

95, 300–307.
21. Turner CH & Burr DB (1993) Basic biomechanical measure-

ments of bone: a tutorial. Bone 14, 595–608.
22. Gibson GR & Roberfroid MB (1995) Dietary modulation of

the human colonic microbiota: introducing the concept of

prebiotics. J Nutr 125, 1401–1412.
23. Kolida S, Tuohy K & Gibson GR (2002) Prebiotic effects of

inulin and oligofructose. Br J Nutr 87, Suppl. 2, S193–S197.
24. Lopez HW, Coudray C, Levrat-Verny MA, et al. (2000) Fruc-

tooligosaccharides enhance mineral apparent absorption

and counteract the deleterious effects of phytic acid on min-

eral homeostasis in rats. J Nutr Biochem 11, 500–508.
25. Bronner F (2003) Mechanisms of intestinal calcium absorp-

tion. J Cell Biochem 88, 387–393.
26. Bouillon R, Van Cromphaut S, Carmeliet G, et al. (2003)

Intestinal calcium absorption: molecular vitamin D mediated

mechanisms. J Cell Biochem 88, 332–339.
27. Howard A, Legon S & Walters JRF (1993) Human and rat

intestinal plasma membrane calcium pump isoforms. Am J

Physiol 265, G917–G925.
28. Santollo J, Wiley MD, Eckel LA, et al. (2007) Acute activation

of ER alpha decreases food intake, meal size, and body

weight in ovariectomized rats. Am J Physiol Regul Integr

Comp Physiol 293, R2194–R2201.
29. Kim SW, Kim NN, Jeong SJ, et al. (2004) Modulation of rat

vaginal blood flow and estrogen receptor by estradiol.

J Urol 172, 1538–1543.
30. O’Loughlin PD & Morris HA (1998) Oestrogen deficiency

impairs intestinal calcium absorption in the rat. J Physiol

511, 313–322.
31. Taniguchi N & Ikeda Y (1998) g-Glutamyl transpeptidase:

catalytic mechanism and gene expression. Adv Enzymol

Relat Areas Mol Biol 72, 239–278.
32. Niida S, Kawahara M, Ishizuka Y, et al. (2004) Gamma-gluta-

myltranspeptidase stimulates receptor activator of nuclear

factorkappaB ligand expression independent of its enzy-

matic activity and serves as a pathological bone-resorbing

factor. J Biol Chem 279, 5752–5756.
33. Hiramatsu K, Asaba Y, Takeshita S, et al. (2007) Overexpres-

sion of g-glutamyltransferase in transgenic mice accelerates

bone resorption and causes osteoporosis. Endocrinology

148, 2708–2715.
34. Asaba Y, Hiramatsu K, Matsui Y, et al. (2006) Urinary

gamma-glutamyltransferase (GGT) as a potential marker of

bone resorption. Bone 39, 1276–1282.
35. Swaminathan R (2001) Biochemical markers of bone turn-

over. Clin Chim Acta 313, 95–105.
36. Davie JR (2003) Inhibition of histone deacetylase activity by

butyrate. J Nutr 133, 2485S–2493S.

L.-C. Yang et al.1788

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

https://doi.org/10.1017/S0007114512003777  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114512003777

