O
EJ100199100113

Bot. Bull. Academia Sinica (1991) 32: 113-119

Effects of tissue-cultured Anoectochilus formosanus Hay.
extracts on the arachidonate metabolism
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Abstract. Tissue-cultured Anoectochilus formosanus Hay ., a precious Chinese herb used for the
treatment of cardiovascular diseases, was examined for its physiological activity on arachidonic acid
(AA) metabolism. Extracts of the herb were found to inhibit thromboxane A, (TXA,) production in
platelets and to activate prostacyclin (PGI,) production in aortic endothelial tissues. All the inhibi-
tions and activations found were concentration-dependent. These effects were similar to those
obtained previously when wildtype A. formosanus plants were used. In addition, the substances in-
hibiting TXA, production in platelets were found to occur in the stems plus roots whereas substances
activating PGI, production in endothelial tissues were found to occur in the leaves of the tissue-cul-
tured A. formosanus plants. By using different precursors, AA and prostaglandin H, (PGH,) , it was
found that lower production of TXA, in platelets and higher production of PGI; in endothelial tissues
were caused by the inhibition of thromboxane synthase and activation of cyclooxygenase, respective-
ly. These results suggest that the tissue-cultured A. formosanus contains at least two different
bioactive components affecting TXA, and PGI, production, which could play important physiological
and pharmacological roles in the treatment of cardiovascular diseases.

Key words: Anoectochilus formosanus; Arachidonic acid; Endothelium; Platelet; Prostacyclin; Throm-
boxane A,; Tissue culture.

arachidonic acid mefabolism which is involved in the
function of the cardiovascular system (Mak et al.,
1990) . Since this herb is very precious in the Chinese

Introduction

Amnoectochilus formosanus Hayata is an orchid and
can be found in the forests below 1500 m throughout
Taiwan island (Li ef a/ ., 1978) . The leaves of the herb
are dark green with white reticulated venation on the
upper surface and pale purple on the lower surface.
The whole plant body of A . formosanus has been found
to be an effective Chinese herb for the tretment of
hypertension, tuberculosis, impotence and under-
developed children. Normal dosage is about 4-40 g of
A . formosanus, which is extracted with hot water for
about an hour (Kan, 1986) . It has been found that the
wildtype A. formosanus contains substances affecting

'To whom correspondence should be addressed.

herb market, its existence in the field has been serious-
ly reduced by unlimited collecting, In addition, clonal
propagation by conventional methods are slow . Tissue
culture methods cffer a much better opportunity to
multiply the orchid. However, the metabolic pathways
of a plant tissue culture may differ, from that of the
original plant (Nettleship and Slaytor, 1974) . In this
study, the vegetative propagation of A. formosanus by
tissue culture Has been achieved. The physiological
effect on arachidonate metabolism of the bioactive sub-
stances extracted from these seedlings has been
examined. A comparison was then made between the
results of extracts from seedlings derived from tissue
cultures and extracts obtained from the wildtype A.
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formosanus .
Materials and Methods

Materials

All solvents, laboratory chemicals and thin layer
chromatography plates were supplied by Merck Chemi-
cals (Darmstadt, FRG) . Radioactive compounds were
purchased from Amersham (Amersham, England,
UK) . Non-radioactive prostaglandins were obtained
from the Sigma Chemical Company (St. Louis, MO,
USA) . Sheep vesicular microsome was purchased
from Hilran Biochemical Ltd (Tel-Aviv, Israel) . Rab-
bits (12 month-old) were obtained from the veterans
General Hospital (Taipei, Taiwan, ROC) .

Vegetative Propagation of A. formosanus Hay .

A . formosanus seedlings were originally collected
from the field and generously supplied by Taiwan Agri-
cultural Research Institute., It was sterilized in 70%
alcohol for 15 sec and washed in tap water for 20 min.
The herb was sterilized again in 1% sodium hypochlor-
ite by sonication for a few minutes., The disinfectant
was decanted and the A. formosanus was washed 4-5
times in sterile distilled water. The leaves and roots of
the seedlings were removed, and the stem segments
with nodes were layered on the surface of autoclaved
1/2 strength MS medium (Murashige and Skoog, 1962)
containing 0.3 ppm NAA (naphthaleneacetic acid) and
3 ppm BA (benzyladenine). After the stem segments
have developed 3-4 leaves, they were transferred to a
MS medium containing 1 ppm NAA and 0.3 ppm
kinetin to induce root formation, The cultures were
incubated at 25°C in a growth chamber with a day
length of 16 h illuminated by Sylvania cool-white fluo-
rescent tubes yielding 27 umol photons - m=2 « 7!
(400-700 nm) at plant height. Seedlings with good root
systems were transferred to pots containing moss
peat, vermiculite and crushed tree fern before being
used for physiological experiments.

Extraction of Whole A. formosanus Plants Derived
from Tissue Cultures

Oven-dried A . formosanus (37.5g) was extracted
with boiling water (1 L) for 48 h and then concentrated
to about 200 ml, The concentrate was filtered through
Whatman No. 1 paper, and half of the filtrate (about
100 ml) was extracted with two volumes of ethyl ace-
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tate. The organic phase was removed and the aqueous
phase was re-extracted with another two volumes of
ethyl acetate. The two organic phases were combined
and evaporated to dryness at room temperature under
a stream of nitrogen gas. The residue was dissolved in
water (3 ml) and stored at 4°C. The aqueous phase as
well as the second half of the filtrate (both about 100
ml) were freeze-dried, and the residues dissolved in 3
ml water .

Preparation of Rabbit Blood Platelets

Rabbit platelets were prepared according to the
modified method described by Gerrard (1982) . Rabbit
blood (4.5 .ml) was mixed with a citrate solution (0.5
ml containing 93 mM sodium citrate, 7 mM citric acid
and 0.14 M dextrose at pH 6.5).The mixture was
centrifuged at 200 x g for 10 min to remove eryth-
rocytes and leucocytes., The supernatant was
centrifuged at 1,000 x g for 10 min and the pellet
resuspended in 10 mM Tris-HCI buffer, pH 8.0. This
suspension was used in the experiment.

Preparation of Bovine Aovtic Tissues
Bovine aortic tissues were prepared as described
by Salmon and Flower (1982) .

Preparation of PGH,

Preparation and purification of the precursor
“C-PGH, were carried out as described by Graff
(1982) using sheep vesicular microsome as the enzyme
source and '“C-arachidonic acid (**C-AA, 5uCi) as
precursor .

Platelet Incubation

Incubation of rabbit blood platelets with extracts
of the tissue-cultured Chinese herbs was carried out as
described previously (Mak et al., 1990). Aliquots of
1-ml platelet solution were incubated with 12.5, 25 and
50 ul (approximately 50, 100 and 200 mg dry weight)
of A. formosanus extract and *C-AA or "“C-PGH,
(0.2 uCi, specific activity 59.6 Ci/mol) was added to
each of the mixtures for incubation,

Incubation of Bovine Aortic Tissues

Incubation of bovine aortic tissues with extracts of
the tissue-cultured Chinese herbs was carried out
according to the method described by Mak et al.
(1990) . Aliquots of aortic tissue preparation (2 ml)
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were incubated with 12.5, 25 or 50 ul

50, 100 and 200 mg dry weight) of A

extract and "“C AA or "C PGH

activity 59 6 Ci/mol) was added to each of the mix-

tures for incubation .
Results

Vegetative Propagation of A. formoesanus Hav.
Fig
from stem tissue cultures of A .

| show the whole plants that were derived

Jarinosanis

Effects on Thromboxane As Production

Fig. 2 and 3 show the radioactivity of the product
TXB. (the natural stable product of TXA, in blood
plasma) scraped from the relevant sites of the TLC
plates. Each point is the mean of duplicates, and the
standard deviation at all points was less than 5% of the
Both the
formosanus and its

results presented in this communication,
whole crude water extract of A
ethyl acetate soluble fraction inhibited TXA, produc
tion in blood platelets when supplied either with
HC-AA or “C PGH, as precursors, On the other hand,
the aqueous remainder of the crude water extract of
the herb stimulated TXA, production. All these effects
were concentration-dependent . Fig. 4 shows the inhib
itory effects of extracts prepared from stems plus
roots of tissue cultured A . formosanis plants on TXA
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Effect of extracts from tissue-cultured A. formosanus
on TXB, production by rabbit blood platelets supplied
with “C-AA. C, control; SR1, crude water extract of
stems and roots; SR2, ethyl acetate-soluble fraction of
crude water extract of stems and roots; SR3, aqueous
remainder of crude water extract of stems and roots;
L1, crude water extract of leaves; L2, ethyl acetate-sol-
uble fraction of crude water extract of leaves; L3, aque-
ous remainder of crude water extract of leaves.

500

400

300

200

100

o

10 20 30 40 50 60

o

Amount of Chiriese herb extract (ul)

Effect of -extracts from tissue-cultured A. formosanus
on 6-keto-PGF,«a production by bovine endothelial tis-
sues supplied with “C-AA. O, crude water extract; A,
ethyl acetate - soluble fraction of crude water extract;
(O, aqueous remainder of crude water extract; and n,
aqueous remainder of crude water extract supplement-
ed with aspirin (250 xg/2ml). The product, 6-keto-
PGF,a, was separated by silica gel TLC using the sol-
vent system described in Fig. 2.
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Fig. 6. Effect of extracts from tissue-cultured A. formosanus
on 6-keto-PGF,a production by bovine endothelial tis-
sues supplied with “C-PGH,. C, control; SRI, crude
water extract of stems and roots; SR2, ethyl acetate
-soluble fraction of crude water extract of stems and
roots; SR3, aqueous remainder of crude water extract of
stems and roots; L1, crude water extract of leaves; L2,
ethyl acetate-soluble fraction of crude water extract of
leaves; L3, aqueous remainder of crude water extract of
leaves. :

production in platelets. Activatory effects on TXA,
production were obtained when extracts of the leaves
of the Chinese herb were tested.

Effects on Prostacyclin Production

Fig. 5 shows that the whole crude water extract of
A. formosanus and its ethyl acetate-insoluble aqueous
remainder activated 6-keto-PGF,« (the stable hydrol-
ysis product of PGI;) production in bovine aortic tis-
sues when incubated with *C-AA as precursor. The
activation of PGI, production by these extracts could
be completely prevented by the addition of aspirin (250
xg/2 ml). The ethyl acetate-soluble fraction of the
crude water extract did not stimulate 6-keto-PGF,a
production. No effect on PGI, production was obser-
ved.in tissues incubated with PGH, as precursor. Fig.
6 shows the activatory effects of leaf extracts of tissue
-cultured A . formosanus on PGI, production in endoth-
elial tissues,

Discussion

Prostaglandins help mediate many'physiological
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functions (Johnson et al., 1983) . Prostacyclin (PGI.)
and thromboxane A, (TXA,) are important mediators
of most of these physiological functions and have oppo-
site effects on blood coagulation and vascular activity
(Moncada et al., 1983; Dusting et al., 1983). PGI, is

mainly produced in vascular endothelium and has.

potent platelet antiaggregation and vasodilatory
effects. TXA, is produced in platelets and is the most
potent platelet aggregator and vasoconstrictor known,
It is suggested that PGI, plays an important role in
vascular disease, as a local defense hormone (Steer ef
al ., 1980) . Altered production of PGI, and TXA, can
disrupt haemostasis in blood vessels, with effects on
platelet aggregation and bleeding time. In this report,
the whole plant of tissue-cultured A. formosanus was
extracted with boiling water, and the aqueous solution
was extracted with ethyl acetate in order to study the
effects on TXA, production in rabbit platelets and
PGI, production in bovine aortic tissues. Results indi-
cate that the crude water extract and its ethyl acetate
_soluble fraction inhibit TXA, production in blood
platelets incubated with either AA or PGH, as precur-
sor, and these inhibitory effects are concentration
-dependent . Incubation of platelets with the ethyl ace-
tate-insoluble aqueous remainder of the crude extract
activate TXA, production only when AA is used as
precursor, With the AA precursor, there was activa-
tion of PGI, production on incubation of aortic tissues
with both the crude water extract and the ethyl acetate
-insolublé aqueous fraction of the crude extract, but
not with the ethyl acetate-soluble fraction of the crude
extract. These activating effects were also found to be
concentration-dependent. No effect on PGI, produc-
tion was observed on incubation with PGH, as precur-
sor. These results suggest that tissue-cultured A. for-
mosanus contains at least two bioactive components,
one of which affects TXA, production in platelets and
the other PGI, production in aortic .endothelium,
Furthermore, because of the inhibitions obtained with
the ethyl acetate-soluble fractions when using AA and
PGH, as precursors, suggest that the ethyl acetate-sol-
uble fraction of the crude extract might contain a
thromboxane synthase inhibitor. The ethyl acetate-in-
soluble aqueous phase of the crude extract might con-
tain an activator of cyclooxygenase, as shown by the
activation of PGI, occurring only with AA as precur-
sor. It is supported by the reduction of the activation
by the cyclooxygenase inhibitor, aspirin. These effects

Table 1. Comparison of the effects of tissue-cultured and
wildtype A. formosanus extracts on TXA, pro-
duction in rabbit blood platelets

Amounts of Chinese herb used were 50 ul. Precursors used

were “C-AA (A) and “C-PGH,(B). N represents no sig-

nific‘a,n,t change of TXA; production,

ok ‘Effects on TXA, production (%)
Chinese herb extract

Tissue-cultured Wildtype*

Whole crude water

extract A 52%2 40+2
B 48+2 38+2
Ethy! acetate-soluble
fraction of crude
water extract A 452 - 251
B 42+2 28+1
Ethyl acetate-insoluble
fraction of crude
water extract A 327+12 320+15
B N N

*The data reported by Mak et al. (1990) .

Table 2. Comparison of the effects of tissue-cultured and
wildtype A. formosanus on PGI, production in
bovine aortic tissues

. Amounts of Chinese herb used were 50 xl. Precursor used
* was "C-AA . N represents no significant change on PGI,

production.

Effects on PGI, production (%)
Tissue-cultured Wildtype*

Chinese herb extract

Whole crude water extract 272+10 485+15
Ethyl acetate-soluble
. fraction of crude water N N
extract
Ethyl acetate-insoluble
fraction of crude water 477+16 435115

extract

*The data reported by Mak et al. (1990) .

were compared to the previous work carried out with
extracts of wildtype A. formosanus (Tables 1 and 2) .
The date show that they have similar effects on TXA,
and PGI, production, These results also suggest that,
both wildtype and tissue-cultured A. formosanus con-
tain similar bioactive substances involved in the regula-
tion of arachidonate metabolism, and the bioactive
substances might play important roles in the phar-
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macological and physiological effects of A. for-
mosanus (Mak et al., 1990) . Furthermore, the inhibi-
tory substance on TXA, production and activatory sub-
stance on PGI, production were shown to be distribut-
ed in stems and roots, and leaves respectively of the
tissue-cultured A. formosanus. It is interesting to
know that, as described previously (Krikorian and
Steward, 1969; Staba, 1969), plant tissue cultures
often produce extremely low concentrations of the
compounds of interest. Results shown here do however
suggest that the wildtype and tissue-cultured A. for-
mosanus contain similar amounts of the bioactive sub-
stances affecting prostaglandin metabolism. The simi-
larities indicate that the tissue-cultured type could be a
suitable substitute for the wildtype A. formosanus in
the treatment of cardiovascular disease, However, the
bioactive substances of these two different types of 4.
Jormosanus are at present unknown, and remain to be
studied. As described in the Introduction, the wildtype
is very precious and is difficult to obtain. Through the
large scale tissue culture of A. formosanus, sufficient
materials for the isolation and characterization of the
bioactive substances of A. formosanus can however
readily be obtained.
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