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Abstract—The biotransformation of gentiopicroside by asexual mycelia of Cordyceps sinensis yielded two products, one of which
was proved to be a new pyridine monoterpene alkaloid. The possible mechanisms were discussed.
� 2007 Elsevier Ltd. All rights reserved.
The fungi of genus Cordyceps belong to the family Cla-
vicipitaceae of the order Hypocreales. It is generally re-
garded that there are more than 300 species in this
genus.1 Cordyceps sinensis (Berk.) Sacc. (CS) is a fungal
parasite on the larvae of Lepidoptera. In late autumn,
the fungus infects the caterpillar and devours its host.
In early summer of the following year, the grass-like
fruiting body protrudes from the ‘‘head’’ of the dead
host. Because of this particular life cycle, it is called
‘‘winter-worm, summer-grass’’ or ‘‘worm grass’’ in Chi-
na. CS is a valuable medicinal fungus of traditional Chi-
nese medicine and has long been used as a general tonic
and an aphrodisiac medicine.2–4 Recent studies revealed
a wide range of its biological functions.5 Nevertheless,
because it is a very rare herb growing slowly only in high
altitude areas, the supply of CS is inadequate for the
demand. Moreover, as a result of the immoderate
exploitation, the resource of CS is in severe danger.
Though the key mechanisms of fungal infection are
not clear, and the cultivation of whole parasitic complex
is still far from success, the mycelia of this fungus have
been cultured and are used as substitute for CS in China.

Gentiopicroside (1), a secoiridoid glycoside, commonly
exists in the gentianaceous plants, especially in the gen-
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era Gentiana and Swertia, of which many species are
used as folk drugs for the treatments of indigestion, hep-
atitis, rheumatism, wounds, and sores. As one of the
main principles of these medicinal plants, 1 was proved
to be active in antibacterial, liver protecting, and free
radical scavenging tests.6,7

Gentiopicroside (1) is chemically unstable, it can be
transformed into gentianine (2) and gentianal (3) with
the presence of NH4

þ.8 Van der Sluis and Ishiguro
reported the enzymatic hydrolysis of 1 with b-glucosi-
dase and the product gentiopicral (4) was obtained.9–11

A.I. El-Sedway et al. studied the metabolism of 1 by
human intestinal bacteria and five metabolites (5–9)
were isolated.12

In this paper, we report the study on the biotransforma-
tion of gentiopicroside (1) by asexual mycelia of CS.

Asexual mycelia of CS were kindly donated by Assoc.
Prof. Dai-Fang Li, Kunming Institute of Botany, Chi-
nese Academy of Sciences. The mycelia (1 cm2) were
inoculated into a 100 mL flask containing 30 mL PDA
medium13 and agitated at 80 rpm with a rotary shaker
in darkness at 28 �C. After 10 days’ incubation,
gentiopicroside (1)14 (30 mg) (dissolved in 1 mL H2O,
filter-sterilized with 0.22 lm filter) was added. The
culture liquid was sampled at the intervals of three days
and analyzed by TLC and HPLC.15 Two products can
be detected after three days’ incubation and increased
slowly with the time. The transformation quickened
after 15 days, and the products reached the highest level
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Table 1. 1H and 13C NMR data of compounds 9 and 10 (d in ppm, J in

Hz)

Compound 9 10

dC dH dC dH

1 164.3 s 164.3 s

3 69.1 t 4.96 (br d, 2.8) 65.4 t 4.42 (m)

4.92 (br d, 3.3)

4 113.2 d 5.47 (m) 22.6 t 2.61 (m)

4a 127.8 s 146.0 s

5 43.3 d 2.61 (t, 7.8) 130.3 s

6 75.2 d 4.34 (q, 3.2, 6.8) 57.1 t 4.67 (d, 14.2)

4.55 (d, 14.2)

NH 3.72 (br d, 3.4)

8 154.0 d 7.54 (s) 87.0 d 5.83 (s)

8a 102.0 s 121.7 s

9 58.6 t 3.52 (dd, 8.1, 11.0) 128.8 d 6.05 (q, 7.1)

3.69 (dd, 5.6, 11.0)

10 16.5 q 1.31 (d, 6.8) 13.9 q 1.83 (d, 7.2)

Recorded at 500 MHz for 1H and 125 MHz for 13C NMR in CDCl3
with TMS as internal standard.
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at the 21st day, while the substrate (1) reduced to the
lowest level (Fig. 1).

In parallel control experiments, the medium containing
only substrate but without fungus and the culture with-
out substrate were incubated, respectively, in the same
condition and analyzed by HPLC. Both tests showed
negative results. Therefore, it could be concluded that
the detected products were derived from 1 by the fungal
biotransformation with CS.

In order to obtain the products, biotransformation was
scaled up by adding 10 g of gentiopicroside (1) into five
1000 mL flasks (2 g for each), in which mycelia of CS
had been incubated for 10 days in 300 mL PDA med-
ium. Three weeks after the addition of 1, the culture
medium was collected and applied to a separation proce-
dure16 to afford two purified products (compounds A
and B).

Compound A was obtained as a white amorphous pow-
der, ½a25

D � þ 6:4� (0.0057, H2O). It gave orangy red color
with the presence of dragendorff reagent, suggesting the
presence of nitrogen. The molecular formula was estab-
lished as C10H13NO3 on the basis of HRESI MS (m/z
219.0629, [M+1+Na]+, calcd 219.0660) and NMR data
(Table 1), which indicated five degrees of unsaturation.
The IR spectrum showed the presence of carbonyl
(1701 cm�1) and NH/OH group (3345 cm�1). Positive
ESI MS gave the quasi-molecular ion peaks at m/z 415
[2(M+H)+Na]+, 196 [M+H]+, 219 [M+H+Na]+, and
fragment ion peaks at m/z 179 [M�OH+H]+, 151
[M�OH�C2H4+H]+. The 13C NMR (including DEPT)
data revealed ten carbon signals consisting of one
methyl group, three methylenes (including one oxygen-
bearing and one nitrogen-bearing carbons), one
oxygen-bearing and one olefinic methines, three olefinic
quaternary carbons, and one lactone. The 1H NMR
spectrum also exhibited an NH proton at d 3.72. There
were no proton and carbon signals arising from gluco-
pyranosyl unit observed in the NMR spectra of A, indi-
cating that the sugar moiety in 1 was hydrolyzed during
the biotransformation. Comparison of the NMR data
with those of 217 indicated that A contained an unsatu-
rated lactone ring similar to that of 2. However, unlike
the pyridine ring in 2, compound A has a 1,2,5,6-tetra-
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Figure 1. Time course of the biotransformation of 1 with the mycelia

of CS (detected by HPLC at 47 nm).
hydropyridine-2-ol ring in the molecule. Detailed analy-
sis of the 2D NMR spectra of A, including HMQC,
1H–1H COSY, and HMBC (Fig. 2), led us to conclude
that the novel structure of A was (Z)-5-ethylidene-8-
hydroxy-3,4,5,6,7,8-hexahydropyrano[3,4-c]pyridine-1-one
(shown in Chart 1 as compound 10).

Compound B was obtained as a white amorphous pow-
der. Positive FAB MS gave the quasi-molecular ion peak
at m/z 197 [M+H]+, corresponding to the molecular for-
mula of C10H13NO3, together with the 13C NMR data
Chart 1.

Figure 2. H– H COSY and HMBC correlations of 10.



Scheme 1. Possible biotransformation processes of 1 by CS.
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(Table 1). The 1H spectral data of B were practically
in agreement with those of the reported 5,6-dihydro-5-
hydroxymethyl-6-methyl-1H,3H-pyrano[3,4-c]pyran-1-one
(9), a metabolite of 1 by human intestinal bacteria.12

Further 2D NMR experiments (HMQC, HMBC,
1H–1H COSY, HMQC–TOCSY, and NOESY spectra)
confirmed the structure of B to be as the same as that
of compound 9. The coupling constant between H-5
and H-6 was too small to be measured, indicating the
ee coupling between these two protons. Moreover,
NOESY correlation between H-5 and methyl proton
(H-10) was observed. These facts demonstrated a trans
configuration between the methyl at C-6 and side chain
at C-5.

The biotransformation of gentiopicroside (1) by human
intestinal bacteria resulted in pyrano[3,4-c]pyran-type
and isochroman-type metabolites in different ratios,
and no pyridine monoterpene alkaloid was produced.12

In our experiment, pyrano[3,4-c]pyran and pyridine
monoterpene alkaloid were formed in nearly equal ra-
tios, but no isochroman-type metabolite was obtained.
A.I. El-Sedway presented only 1H NMR data of 9,12

we assigned all 1H and 13C NMR signals in this paper.
Scheme 1 shows the possible pathway of the biotransfor-
mation of 9 and 10 from 1 by CS. Gentiopicroside (1)
was hydrolyzed by fungal b-glucosidase to give an
unstable hemiacetal aglycone (1a), which was readily
converted to dialdehyde (1b) and aldehyde alcohol (1c)
forms. 1b reacted with ammonium ion to form a Schiff
base (1d), which was subjected to intramolecular cycliza-
tion to give a pyridine monoterpene alkaloid-type com-
pound (10). Simultaneously, 1c was subjected to another
pathway with intramolecular cyclization and hydroge-
nation to give compound 9.
Gentiopicroside (1) was reported to have different phys-
iological activities, and some of its derivatives such as
gentianine (2) and gentianal (3) are considered to be
the bioactive components in practice.18 In our study,
two types of metabolites were obtained. The preparation
of these products on a larger scale is in process and the
further inquiry about their bioactivities will be carried
out in the near future.
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