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bstract

To identify the active substance in the male silkworm pupae that strengthens men’s vitality, the vasorelaxation activity was determined by
easuring the vascular endothelial nitric oxide (eNO) produced in calf pulmonary artery endothelial (CPAE) cells treated with extracts from the

upae. Dried silkworm male pupae were extracted with ethanol and suspended in water, then partitioned with hexane, chloroform, ethylacetate, and
utanol, sequentially. Among these fractions, the aqueous fraction had maximal NO production (156.87 �M/200 �l well, 10 mg/ml) and minimal
ytotoxicity (IC50 362.3 mg/ml). The vasorelaxation substances (VAS) from the aqueous fraction were isolated by a combination of gel filtration
nd anion-exchange chromatography on DEAE Sephadex A-25 and reverse phase-HPLC. Their chemical structures were determined on the basis
f their spectroscopic parameters of EI-MS, MALDI-TOF MS, 1H and 13C NMR, 1H-1H COSY, and GC–MS spectral data. The active substance
as subsequently identified as a dimethyladenosine and dimethyladenosine-5′-l-arabinose that has phosphodiesterase (PDE) inhibition activity.

his compound was shown to inhibit PDE4 activity in a dose-dependent manner. Also, it inhibited the PDE5 activity of cyclic-GMP-specific PDE5
nzyme. These results imply that dimethyladenosine may be a lead compound for the development and improvement of vasculogenic impotence
rugs through phosphodiesterase inhibition and NO production in endothelial cells.

2008 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Of the crude insect drugs in Oriental medicine, unmated
ilkworm male moths are known as a remedy to treat erectile
ysfunction to strengthen men’s vitality. Silkworm larvae and
upae are currently registered as a food source and 14 days after
etamorphosis the pupae can be substituted for the silkworm
oth with same efficacy (Ryu et al., 2002). An ethanol extract

f the pupae possessed a tonic effect that increased testosterone
evel in serum by 19% by 3-week repeated treatment (Ryu et al.,
002). Yet, the main component responsible for the improve-

ent in erectile dysfuction and its detailed mechanism remains

ncertain.

∗ Corresponding author. Tel.: +82 31 290 8577; fax: +82 31 290 8543.
E-mail address: amy@rda.go.kr (M.Y. Ahn).

t
A
i
(
s
s
2

378-8741/$ – see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2008.01.031
The mechanism of sildenafil citrate (Viagra) and other simi-
ar drugs for the treatment of erectile dysfunction is well known.

hen a man is sexually stimulated, either physically or psycho-
ogically, nitric oxide (NO) is released from non-cholinergic,
on-adrenergic neurons in the penis, as well as from endothelial
ells. NO diffuses into cells, where it activates soluble guany-
yl cyclase, the enzyme that converts GTP to cGMP (Toda et
l., 2005). The cyclic nucleotide then stimulates protein kinase

(PKG), which initiates a protein phosphorylation cascade.
his results in a decrease in intracellular levels of Ca2+ ions,
ltimately leading to dilation of the arteries that bring blood to
he penis and compression of the spongy corpus cavernosum.

PDE5 inhibitor that inhibits enzymatic hydrolysis of cGMP
n the human corpus cavernosum can cause the same outcome

Kukreja et al., 2004). Despite the pressing need to develop
elective PDE inhibitors as therapeutic drugs, only the cAMP-
pecific PDE4 inhibitors are currently available (Sung et al.,
003).

mailto:amy@rda.go.kr
dx.doi.org/10.1016/j.jep.2008.01.031
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Food preparations (capsules) containing male silkworm
upae extract such as Nuegra® are currently commercially
vailable in Korea and male silkworm pupae are considered a
andidate nutraceutical agent or supplement to enhance mas-
uline function. Thus, the active substances in male silkworm
upae extract need to be purified and characterized. Our study
as designed to isolate and identify the most active vasculogenic

nd least cytotoxic substances from silkworm pupae in order to
evelop a pharmaceutical candidate for treating vasculogenic
mpotence.

. Materials and methods

.1. Chemicals

Male silkworm (Bombyx mori L.) pupae, 14 days after meta-
orphosis, were reared and supplied by the Department of
gricultural Biology, National Institute of Agricultural Science

nd Technology, Korea. DEAE Sephadex A-25 purchased from
igma Chemicals (St. Louis, MO). Cyclic-(8-3H)-AMP and
yclic-(8-3H)-GMP were from Amersham Pharmacia Biotech,
nc. (Piscataway, NJ). Snake venom of Crotalus atrox was from
igma–Aldrich (St. Louis, MO).

.2. Cell culture and solutions

Investment of NO production and cytotoxicity performed
n calf pulmonary artery endothelial (CPAE) cells (ATCC
CL-209, Manassas, VA, USA) in Dulbecco’s modified Eagle
edium (GIBCO, New York, USA) supplemented with 10%

ewborn calf serum (GIBCO), 1 mM/l l-glutamine, 100 units/
l penicillin G and 100 �g/ml streptomycin sulfate (Sigma) at

7 ◦C in a humidified atmosphere of 5% CO2 in air. Furthermore
nvestment of NO production also performed on human umbil-
cal vein endothelial cells (HUVEC) (ATCC, Manassas, VA,
SA) in endothelial cell basal medium (EBM)-2 with EGMTM-
singlequots (Cambrex, Walkersville, USA) at 37 ◦C, 5% CO2

ncubator.
The cytotoxicities of the purified fractions were tested

gainst CPAE cell line using XTT {sodium 3′-[1-(phenylamino-
arbonyl)-3,4-tetrazolium]-bis(4-methoxy-6-nitro) benzene
ulfonic acid hydrate} kit solution (Boehringer Mannheim), as
escribed previously (Geldof et al., 1999).

.3. Nitrite assay

The production of NO was measured as nitrite accumu-
ated in the culture medium by using a colorimetric reaction
ith the Griess reagent. In brief, samples were collected

4 h after the treatment of calf pulmonary artery endothelial
CPAE)/HUVEC cells. The absorbance at 540 nm was mea-
ured with a VERSAmax microplate reader (Molecular Devices,

enlo Park, CA, USA). The nitrite concentration was deter-
ined from a sodium nitrite standard curve (Nims et al.,

995).
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(
F
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.4. Extraction and isolations of vasorelaxation substances

The dried male silkworm pupae (500 g) were soaked and
xtracted three times with EtOH by ultrasonification for 30 min.
he extracts obtained were dried on a rotary evaporation; the

esidue was suspended in water and successively extracted with
exane, chloroform, ethylacetate and n-butanol. H2O fraction
ubjected to gel filtration and anion exchange chromatography.

.5. Purification of vasorelaxation substances (VAS)

VAS was isolated by a combination of gel filtration and anion
xchange chromatography. The aqueous fraction after n-BuOH
ractions (400 mg) was loaded onto a DEAE Sephadex A-25 gel
hromatography column (30 cm × 1.6 cm) equilibrated with the
0 mM phosphate buffer (pH 7.4). The non-interacting solutes
ere washed from the column with the equilibration buffer. The
ound fractions were eluted using a linear sodium chloride gra-
ient from 0 to 2.5 M NaCl in phosphate buffer (pH 7.4) at a
ow rate of 20 ml/h. Desalting step was conducted by BioGel
10 gel filtration chromatography using water as an eluant. Frac-

ions showing maximal NO activity and non-cytotoxicity were
ooled and concentrated as previously described.

.6. Reverse phase-high performance liquid
hromatography (RP-HPLC)

Semipreparative separations were carried out on Luna C18

olumn (25 cm × 1.0 cm, I.D.) (Phenomex, USA). The Bio Gel-
10 VAS concentrated fractions were eluted using an isocratic
PLC apparatus that equipment consisted of a Thermo Spec-

ra Products (San Jose, USA) liquid chromatographic system
UV 3000 photodiode UV–vis detector) for 30 min with 70%
ethanol, at a flow rate of 0.8 ml/min. The fractions were

ollected according to the 6 peaks (I–VI) in Fig. 1C and freeze-
ried, and then used as the NMR/MS samples. The retention
ime was matched as followers: 14.5 min: RPC Fr II, 15 min:
PC Fr III and 16 min: RPC Fr IV.

.7. Adenosine identification of MALDI mass and EI mass
pectrometry

Matrix-Assisted Laser Desorption Ionization (MALDI) Mass
pectrometer (Voyager-DE STR, Applied Biosystems, Ger-
any) MS analysis was performed using a High resolution
andem Mass spectrometer (Micromass Autospec OA-TOF,
anchester, UK) using an EI (electron ionization)-mode, Elec-

ron 70 eV DIP (Direct Inlet Probe) mode in National instrumen-
ation center for environmental management of Seoul National
niversity. All MS data were processed using in the mass
atabases by the webbook program (NIST, Gaithersburg, MD).

.8. General instruments
NMR spectra were obtained at 400 MHz (1H) and 600 MHz
13C) on a high-resolution spectrophotometer (Avance 600
T, Bruker, Germany) using TMS as an internal standard.
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Fig. 1. Fractionation of male silkworm pupae extract. Chromatography using
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EAE Sephadex A-25 chromatography liquid column (1A), BioGel P10 gel,
esalting using gel filtration chromatography (1B) RPC-HPLC on Luna C18

olumn (1C).

V spectra were measured on a JASCO V-550 UV/Vis
pectrophotometer and IR spectra using a Jasco FT/IR-3300
pectrophotmeter on KBr plate, and melting points were deter-
ined on a Büchi B-540 melting point apparatus.

.9. Sugar moiety identification by HPLC

After the co-incubation of the RPC IV fraction (10 mg/ml,
00 �l) with 0.1 N HCl (100 �l), or 2% endoglycosidase F
or 18 h (Sigma) for enzymatic digestion, the sugar moieties

ere detected using an HPLC-AU electrochemical detector

Dionex submmit HPLC, Sunnyvale, USA) with a sugar ana-
ytic column. The sugar moieties were eluted using a linear
radient over 50 min (from 5 to 55 min), with 95% solvent

S
V
(
p
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(16 mM Sodium hydroxide) to 80% solvent B (200 mM
odium hydroxide). The flow-rate was 1 ml/min for the sugar
nalytic column (CarbopacTM PA1, 4 mm × 250 mm, Dionex,
unnyvale, USA). The isolated sugar moieties were identified
ccording to their retention times by a carbohydrate kit [d(−)-
rabinose, d(−)-ribose, d(+)-xylose, etc.] (Sigma Co., USA),
sing and l(+)-arabinose (Fluka, Swiss) as a standard reference.

.10. Sample preparation for gas chromatography mass
pectrometry

For gas chromatography-mass (GC–MS) spectrometry anal-
sis, we used a 16 TMS (trimethylsilyl) standard (Sigma): l(+)-
rabinose, �-d(−)-fructose, d(+)-galactose, �-d(+)-glucose,
-d(+)-glucose, glycerol, meso-inositol, d(+)-mannitol, �-d(+)-
annose, l(+)-rhamnose, d(−)-ribose, d(−)-sorbitol, sucrose,
(+)-trehalose, xylitol and d(+)-xylose. The single trimethyl-
ilane (TMS) – standards were diluted at 10 �l/ml in
hloroform, and the standard solutions were removed at
00 �l each to make the standard mixture in a vial. To
nduce trimethylsilylation, 100 �l of 3 samples (1 mg) was
ydrolyzed by 1 N HCl for 10 min, and dried with N2 gas.
he evaporated samples were added to pyridine (200 �l) and
is(trimethylsilyl)trifluoroacetamide (BSTFA) containing 1%
rimethylchlorosilane (120 �l), reacted for 30 min at 65 ◦C, and
hen injected into GC–MS. To confirm the target components, we

ade the TMS standard mixture, and blended the dried standard
ixture with a derivative sample.

.11. GC–MS analysis

We carried out GC-EI (ion impact)–MS analysis with an
gilent 6890 GC coupled to an Agilent 5973 N mass selective
etector, and then the analysis process was regulated with HP
365 Chem Station software (HP, Palo Alto, CA, USA). A HP 5
S capillary column (5% PH ME siloxane, 30 m × 0.25 mm,

.25 �m, USA) was used; the oven was heated for 3 min at
30 ◦C increased to 200 min at a rate of 5 ◦C/min and held for
0 min, heated to 300 ◦C at a rate of 20 ◦C/min and remained for
5 min. A 0.2 �l portion of the samples or the standard mixture
as injected, and the split ratio was 100:1. The mass spectrom-

try was set up with an ion source temperature of 230 ◦C, a
uadrupole temperature of 150 ◦C, a filament emission current
t 34.6 �A, an ionization volt at 70 eV, a hydrogen flow rate of
.0 ml/min as the carrier gas.

.12. Phosphodiesterase (PDE) activity assay

The enzymatic activity was assayed using a commercially
vailable PDE scintillation proximity (SPA) assay kit (Amer-
ham product #TRKQ 7090 for cAMP kit, #TRKQ 7100 for
GMP kit) with [3H] cAMP as the substrate depending on
he PDE of interest: type IV (snake venom of Crotalus atrox,

igma, USA) at 5 mg/ml, or diluted (1:20) phosphodiesterase

[cGMP-specific, bovine, recombinant, Spodera frugiperda
Calbiochem, LA Jolla, CA)] at 10 �l. The manufacturer’s
rotocol was followed explicitly. Ten microliters of each
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Table 1
Measurement of cytotoxicity and NO production of solvent fractions of silkworm male pupae in CPAE cells

Fraction 1 2 3 4 5 6 7

Cytotoxicity IC50 (mg/ml) >100 >100 362.3 2.31 1.35 3.73 >100
N 156.87 21.06 17.98 64.53 3.87

( ane fraction; (6) n-hexane residue fraction; (7) EtOAc fraction, was treated 10 mg/ml
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Fig. 2. Effects of the silkworm pupae purified fractions on nitric oxide produc-
tion activity in HUVEC cells.
CON: Treated with PBS buffer; SW: silkworm ethanol extract 0.8 mg; SWP:
silkworm male pupae ethanol extract 0.8 mg; DX: DX 2: DEAE Sephadex A-25
fraction V 0.04 mg; DX 20: DEAE Sephadex A-25 fraction V 0.4 mg; DMA:
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1) Control; (2) CHCl3 fraction; (3) H2O fraction; (4) n-BuOH fraction; (5) n-hex
n CPAE cells, respectively.

raction was added to assay buffer containing 0.05 �Ci/10 �l
3H] cAMP or 0.5 �M [3H] cGMP (about 10,000 cpm/assay),
espectively, for 20 min (with inhibitors) at 30 ◦C in a final vol-
me of 0.15 ml. [3H] nucleotide monophosphate, preferentially
ound to the SPA beads, excited the scintillant embedded in
he beads, and was quantified on a liquid scintillation counter
Microbeta Plus, PerkinElmer, Turku, Finland). The activity in
he samples that received the test compound was calculated as

percent of the control activity measured in the samples that
nly received the vehicle (Rotella et al., 2000; Xin et al., 2003;
hite et al., 2004). Furthermore PDE activity was assayed

with minor modifications) in combination with commercial
hosphodiesterase inhibitors [8-methoxymethyl-IBMX (PDE
ype I inhibitor) 15 �M, 10 �l; Trequinsin, hydrochloride (PDE
ype III inhibitor) 10 mM, 10 �l; Rolipiram (PDE type IV
nhibitor) 10 mM, 10 �l; 4-{[3′,4′-(methylenedioxy) benzyl]
mino}-6-methoxyquinazoline (PDE type V inhibitor) 10 mM,
0 �l] that were purchased from Calbiochem (EMD sciences,
an Diego, CA), to evaluate potential as a combination drug
ith the commercial inhibitors.

. Results

.1. Purification

The total EtOH extract of male silkworm pupae was parti-
ioned into n-hexane, CHCl3, EtOAC, n-BuOH, and H2O frac-
ions. To identify the active principles, we evaluated the NO pro-
uction activity and the cytotoxicity of these organic solvent sol-
ble fractions in CPAE cells. The H2O fraction showed the great-
st NO production activity (156.87 �M/200 �l well, 10 mg/ml)
nd the least cytotoxicity (IC50 362.3 mg/ml) (Table 1).

Vasorelaxation substances (VAS) were further isolated by a
ombination of gel filtration and anion-exchange chromatog-
aphy. The purification of the active compound from the H2O
raction was achieved by a combination of three steps. Following
-BuOH extraction, the remaining aqueous fraction (400 mg)
as loaded onto an anion-exchange chromatography (DEAE

ephadex A-25) column (30 cm × 1.6 cm) equilibrated with
0 mM phosphate buffer (pH 7.4). Fractions showing maximal
O activity and minimal cytotoxicity were pooled and concen-

rated (Fig. 1A). The anion-exchange chromatography on DEAE

o
C
2

able 2
easurement of cytotoxicity and NO production of silkworm male pupae HPLC-RP

raction I (Con) II

O production (�M/5 mg) – 2.34
ell viability (%) 82.4 23.3
ioGel P10 gel filtration II with dimethyladenosine-arabinose 0.2 mg.
alues represent mean ± S.D. Significantly different from the untreated controls

*P < 0.05; **P < 0.01).

ephadex A-25 gel chromatography yielded a fraction (V) with
n NO production activity around 1.9 times greater than the pre-
ious aqueous fraction (Fig. 1A). Gel filtration chromatography
sing BioGel P10 was then conducted to desalt and fractionate
Fig. 1B). Finally, desalted fraction (II) was further purified by
PLC-RPC (Fig. 1C).
Six bound fractions were observed in the reverse phase chro-

atography (RPC). Of the six, two HPLC-RPC fractions (II
nd IV) produced more NO oxides than the other fractions and
howed almost no cytotoxic effects on CPAE cells and HUVEC
ells (Table 2, Fig. 2). These results suggested that these purified
ractions might elicit vasorelaxation through the direct release
f endothelium-derived NO (Tanner et al., 1999).

.2. Identification of compound 1

◦
Compound 1 – white powder, mp 188–189 C, Rf = 0.61
n silica gel (CH3Cl3-MeOH-H2O, 5:4:1), MALDI-TOF MS:
17H27N5O8 m/z 432.929 [M + H]+; UV (MeOH) λmax (log ε):
06 nm (2.8); IR νmax cm−1 (KBr): 3522(OH), 3441(NH),

C fractions in CPAE cells

III IV V VI

147.78 149.31 86.67 83.79
93.6 86.9 107.0 93.9
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Fig. 3. (A and B) Full mass spectrometric scan (50–5

955(CH-CH2), 2361(CH3CO), 1572(C O), 1141(glycosidic
O); EI-MS m/z: 295[M]+ (Fig. 3); 1H NMR (D2O, 600 MHz)
nd 13C NMR ((D2O, 600 MHz): Their chemical structures were
etermined on the basis of their spectroscopic parameters of

ADI-TOF-MS, EI-MS, 1H and 13C NMR, 1H-1H COSY and
MBC spectral data.

1H NMR (600 MHz, D2O) �: 2.26 (1H, dd, J = 10.3, 15.3 Hz,
-2′a), 2.30 (6H, s, 2 × N-CH3), 2.57 (1H, dd, J = 2.9, 15.4 Hz,

6
5
1

u) product, ion spectra of RPC Fr(II), compound 1.

-2′b), 3.91 (1H, br t, J = 3.5 Hz, H-5′a), 4.20 (1H, dd, J = 2.9,
0.3 Hz, H-3′), 4.27 (1H, br s, H-4′), 4.41 (1H, dd, J = 3.5, 4.9 Hz,
-5′b), 6.04 (1H, d, J = 5.95 Hz, H-1′), 8.16 (1H, s, H-8), 8.51

1H, s, H-2).

13C NMR (150 MHz, D2O) �: 34.9 (N-CH3), 43.4 (C-2′),

3.2 (C-5′), 71.1 (C-3′), 85.4 (C-1′), 87.5 (C-4′), 116.6 (C-
), 141.0 (C-8), 151.6 (C-4), 153.6 (C-2), 156.4 (C-6), VAS
was found to be 5-{6-(dimethylamino)-9H-9-yl}-tetrahydro-
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ig. 4. Structure of 5-{6-(dimethylamino)-9H-9-yl}-tetrahydro-4′-
ethylfuran-3′-ol-5′-o-tetrafyro-2H-pyran-3′′, 4′′, 5′′-triol.

′-(hydroxymethyl)furan-3′-ol as a dimethyladenosine, having
ugar moiety (Fig. 4).

.3. Identification of compound 2

Compound 2 – Yellow brown powder, mp 172–173 ◦C,
f = 0.65 on silica gel (CH3Cl3-MeOH-H2O, 5:4:1), MALDI-
S: C17H29N5O9, m/z 451.009 [M + H]+, EI-MS m/z: 295[M]+.
ompound 2 was hydrate form of compound 1. The IR spectrum

evealed absorptions assigned to hydroxyl group (3495 cm−1),
mine group (1657 cm−1), aromatic C C (1385 cm−1) and gly-
osidic C O (1145 cm−1), showing similarity to compound 1.
n the 1H NMR spectrum, two methyl signals at � 2.30 (6H, s,
× N-CH3) appeared. The signal at � 6.04 (1H, d, J = 5.95 Hz)

ndicated the presence of a sugar moiety in this compound. In the
3C NMR spectrum, the signals for sugar moiety at � 43.4, 63.2,
1.1, 85.4, 87.5 suggested the presence of ribose. With the above

pectral data, the structure of compound 2 was identified, as
new compound, [5-{6-(dimethylamino)-9H-9-yl}-tetrahydro-
′-methylfuran-3′-ol-5′-o-tetrafyro-2H-pyran-3′′, 4′′, 5′′-triol
Fig. 4)·hydrate].

ig. 5. Identification of purified adenosine derivatives with monosaccharide
oiety (right) lysed by 0.1 N HCl.
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.4. Digestion of sugar moiety, HPLC, GC–MS analysis

After digestion of RPC IV fraction by 0.1 N HCl, the
ugar moiety was detected using HPLC-AU electrochemical
etector using a linear sodium hydroxide gradient. Isolated
ugar moieties were identified according to the retention
ime of standard reference carbohydrates. The standard of
rabinose showed the same retention time (16.82 min) as that
f compound 2 (Fig. 5). As a result, the compound 2 may be
new compound [5-{6-(dimethylamino)-9H-9-yl}-tetrahydro-
′-methylfuran-3′-ol-5′-o-tetrafyro-2H-pyran-3′′, 4′′, 5′′-
riol·hydrate.

In total ion current of GC–MS, 16 of TMS monosaccharide
tandards were separated, and each of them can be identified by
ts extracted ion chromatogram. Of TMS standards, although
rabinose, ribose, and xylose had same derivatized molecu-
ar weight, and similar fragmentation pattern, we can easily
escribe each other by the retention time. The EI mass of l(+)-
rabinose showed specific ion fragmentation such as m/z 217
TMSO CH CH CH OTMS], 204 [TMSOCH CHOTMS],
nd 191 [TMSO CH O+TMS]. As suggested in another
eport (Bleton et al., 1996), this study examined the common
ons in TMS derivatives, m/z 73 [Si+(CH3)3], and m/z 147
(CH3)3SiOSi+(CH3)2]. The difference between l(+) and d(+)-
rabinose in the GC-MS chromatogram was confirmed by the
etention time and total ion current: l(+)-arabinose (13.0 min,
ne peak) and d(+)-arabinose (13.0 and 13.6 min, two ion peaks).

The 16 min sample of three samples only had a specific com-
onent, and it corresponded with the fragmentation pattern of
MS – l(+)-arabinose.

.5. Effect on cAMP-specific PDE4/cGMP-specific PDE5
nhibition

The purified adenosine derivatives inhibited PDE4 activity
n a dose-dependent manner (Fig. 6A). The IC50s of the
EAE sephadex A25 fraction (V) and the purified adeno-

ine derivatives (HPLC-RPC Fr IV) were 2.8 ng/ml and
80 ng/ml, respectively (Table 3). Also, it inhibited PDE5
ctivity on cyclic-GMP-specific PDE5 enzyme showing
ower case than PDE4’s (Fig. 6A and B). A combination
reatment of the purified VAS and each of four commer-
ial phosphodiesterse inhibitor: 8-methoymethyl-IBMX
PDE1 inhibitor) Trequinsin, hydrochloride (PDE3 inhibitor),

olipiram (PDE4 inhibitor), and 4-{[3′,4′-(methylenedioxy)
enzyl]amino}-6-methoxyquinazoline (PDE5 inhibitor), more
ffectively inhibited phosphodiesterse than VAS treatment
lone in a dose dependent manner (Fig. 6B).

able 3
O production and inhibitory effects of silkworm male pupae purified fractions
n phosphodiesterase (PDE) four inhibitions

urification steps NO production (�M/mg) PDE4 IC50 (�g/ml)

EAE Sephadex 17.90 2.8 × 10−3

PLC-RPC Fr II 0.47 8.63
PLC-RPC Fr IV 29.86 0.88
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Fig. 6. (A) Phosphodiesterase [3H] cAMP SPA assay according to purified substance concentration on PDE4. DX: DEAE Sephadex A-25 fraction V; 14.5M: RPC
Fr II; 15M: RPC Fr III; 16 M: RPC Fr IV; 16 AM: RPC Fr V.
Values represent mean ± S.D. *Significantly different from the untreated controls (P < 0.05). (B) PDE5 enzyme inhibition and PDE4 inhibition level of the purified
substance compared with other commercial PDE inhibitors (I, V, IV, III).
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alues represent mean ± S.D. *Significantly different from the untreated contro

. Discussion

In oriental Asia, male silkworm pupae extract is known for its
ffectiveness in enhancing male stamina and improving vitality
Ryu et al., 2002). Its main ingredients are reported as pro-
ein (51%); fatty acid (29%); saccharide (2%); cholesterol (3%);
hitin and vitamins A; B2 and D (Ahn et al., 2007).

However, its active component that affects endothelial
asorelaxation was unknown until now. In this study, we purified
he active vasorelaxation substances occurring in male silk-
orm pupae by organic solvent extraction and isolations, using

hree chromatographic steps: anion-exchange, gel filtration, and
PLC-RPC (Table 1).
The identified compounds (1, 2) showed similar character-

stic bands at 3522 (OH), 3441 (NH), 2955 (CH–CH2), 2361
CH3CO), 1572 (C O), and 1141 (glycosidic CO) cm−1 in
heir IR spectra. In the UV spectra, compound I exhibited strong
bsorption peaks at 206 nm and 260 nm, suggesting that it was
purine nucleoside (Son et al., 1991). This result was further

upported by the EI mass spectra of the compounds (1, 2).
he mass spectrum of compound 1 showed a molecular ion
t m/z 267, along with a base peak at m/z 162 (dimethylade-
ine). Other important peaks with high relative abundance at
/z 317, 239, and 197, were characteristic of adenosine and

ts analogs. The direct comparison with an authentic sample
1H NMR and 13C NMR) further confirmed the assignment of
tructure 1 as dimethyladenosine. Dimethyladenosine is found

n plants and animals, and has been synthesized as an antitumor
gent (Takamura et al., 1989). However, the isolation of dimethy-
adenosine derivatives in the silkworm pupae is rare. There is
n earlier report indicating that adenosine has vasoconstrictor

B

4 -(Methylenedioxy)benzyl]amino}-6-methoxyquinazoline; DX: DEAE sepa-

< 0.05).

nd vasodilator effects due to preferential activation on the A1
nd A2 adenosine receptors (Hansen et al., 2005). According
o MALDI-TOF data of the RPC fraction (IV), there was a
olecular weight of 150 Da for some moiety other than dimethy-

adenosine as proved by EI Mass. The moiety confirmed the
resence of l(+)-arabinose, as compared to HPLC-AU ECD and
C-EI–MS monosaccharide standards, by glycosidase digestion
r acid hydrolysis of the RPC fraction (IV).

The above findings indicate that the vasorelaxation sub-
tance in silkworm pupae, which leads to remarkable NO
roduction in endothelial cells, is a 5-{6-(dimethylamino)-
H-9-yl}-tetrahydro-4′-methylfuran-3′-ol-5′-o-tetrafyro-2H-
yran-3′′,4′′,5′′-triol·hydrate with phosphodiesterase inhibition
ctivity.
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