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Two new compounds, gallic acid ester of torachrysone-8-O-b-D-glucoside (1) and (E)-2,3,5,40-tetrahydr-
oxystilbene-2-O-b-D-xyloside (4), along with eight known compounds (2, 3, 5–10) were isolated from a
70% ethanol extract of Polygonum multiflorum roots. The structures were determined by 1H and 13C
NMR, HMQC, and HMBC spectrometry. Extracts of P. multiflorum have been reported to promote hair
growth in vivo. This study was carried out to evaluate the effects of isolated compounds from P. multiflo-
rum on promoting hair growth using dermal papilla cells (DPCs), which play an important role in hair
growth. When DPCs were treated with compounds (1–10) from P. multiflorum, compounds 1, 2, 3, 6,
and 10 increased the proliferation of DPCs compared with the control. Specifically, compound 2 (10
and 20 lM) induced a greater increase in the proliferation of DPCs than minoxidil (10 lM). Additionally,
treatment of vibrissa follicles with compound 2 for 21 days increased hair-fiber length significantly. On
the basis of this result, further investigation and optimization of these derivatives might help in the
development of therapeutic agents for the treatment of alopecia.

� 2013 Published by Elsevier Ltd.
Hair loss is an emotionally distressing condition in humans1

and has shown an increasing trend. Alopecia is known to be caused
by disease, nutritional deficiency, aging, and hormone imbalance.2–

5 Although many studies have been done, the underlying mecha-
nisms of hair loss are poorly understood.5 There have also been
many attempts to treat hair loss. Nevertheless, only two drugs
(finasteride and minoxidil) have so far been approved for the treat-
ment of hair loss by the US Food and Drug Administration
(FDA).6,7 Finasteride, a 5a-reductase inhibitor, is used to stimulate
hair growth in men with androgenic alopecia.8 Minoxidil, an anti-
hypertensive agent, can promote hair growth by the opening of an
ATP-sensitive K+-channel.9,10 However, the effects of the drugs are
limited and transient, with unpredictable efficacy and unwanted
side effects.5,11,12 Thus, more and better new therapeutic measures
to prevent hair loss and enhance hair growth are urgently needed.

Hair follicles are composed of several different epithelial cells
and dermal papilla cells (DPCs). DPCs are mesenchymally derived
fibroblasts located at the base of hair follicles and play an impor-
tant role in the hair growth. In particular, minoxidil has been re-
ported to have proliferative and anti-apoptotic effects on DPCs.13

Similarly, Kim et al. 201214 reported the promotion effect on hair
growth of Acankoreoside J from Acanthopanax koreanum. Park
et al. 201215 studied the hair growth-promoting effect of Aconiti
Ciliare Tuber extract mediated by the activation of Wnt/b-catenin
signaling.

Polygonum multiflorum16 (Polygonaceae), distributed in north-
east Asia, is a well-known traditional Chinese herbal medicine,
commonly known as ‘Heshouwu’ in China.17 As a tonic, it is often
used to prevent premature aging of the kidney and liver, nourish-
ing the blood, fortifying the muscles, tendons and bones, and
strengthening and stabilizing the lower back and knees.18 It has
also often been used in Korean traditional medicine because of
its anti-allergy, anti-tumor, anti-bacterial, hemostatic, spasmolytic,
and analgesic properties.19 However, it has also been documented
that P. multiflorum roots possess hair growth activity in traditional
medicine, and many studies have shown that it has a strong effect
on hair growth and hair color. For example, a recent study demon-
strated that an active component, 2,3,5,40-tetrahydroxystilbene-2-
O-b-D-glucoside, from P. multiflorum induced melanogenesis in
melanocytes.20 Park et al.21 reported on the hair growth-promoting
activities of P. multiflorum extracts and the mechanism of action.
However, there it is not yet known which compounds contribute
to promoting hair growth. And there is no previous report that P.
multiflorum extract can promote hair growth via proliferation of
DPCs.
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Dried roots of P. multiflorum were extracted with 70% EtOH
three times under refluxing. The 70% EtOH extract was suspended
in H2O and partitioned with CH2Cl2 and EtOAc to yield CH2Cl2 frac-
tion (A), EtOAc fraction (B), aqueous fraction (C), respectively. The
CH2Cl2 and EtOAc extracts was subjected to silica gel and reverse-
phase (RP) chromatography column to provide compounds
1–10. Compound 122 was obtained as a yellow powder, ½a�20

D

�72.12 (c 0.1 MeOH). It has a molecular formula of C27H28O13 as
deduced from HR-ESI-MS (m/z 561.1605 [M+H]+, calcd 561.1603).
The 1H NMR data of 1 revealed the presence of three aromatic pro-
tons which were grouped according to their coupling and splitting.
The signals at dH 7.08 (1H, s, H-4) were divided into an A ring and
the signal at dH 7.54 (1H, d, J = 2.7 Hz, H-7) and 6.89 (1H, d,
J = 2.7 Hz, H-5) were in a B ring. The coupling constants (2.7 Hz)
suggested these two protons should be in a meta-position. Two
methyl singlets at dH 2.74 (3H, s) and 2.46 (3H, s), one methoxyl
proton at dH 3.87, and an anomeric doublet signal at dH 5.61 (1H,
d, J = 7.4 Hz, H-10) were also seen in the 1H NMR spectrum. Using
acid hydrolysis, the sugar moiety of 1 was determined to be D-glu-
cose by gas chromatography (GC) analysis.23 Considering the
chemical shifts of the carbon and protons, as well as the coupling
constant (7.4 Hz) of the anomeric proton, the sugar was believed
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Figure 1. Structure of C
to be b-D-glucose. There were two methyl signals at dC 20.6 and
32.8, one methoxyl group signal at dC 55.8, and one carbonyl signal
at dC 205.1 (C@O) in the 13C NMR. Ten signals from dC 101.9–159.9
indicated the skeleton of this compound should be a naphthalene
skeleton. Correlations from the methyl group (dH 2.74) to dC

124.5 (C-2) and the carbonyl carbon (dC 205.1) indicated the sub-
stitution of an acetyl group at C-2. 1H NMR analysis showed an
uncoupled aromatic proton (dH 7.08) on ring A; the correlation
from it to C-4 in HMQC told us this proton should be labeled as
C-4 (dC 120.0). The other methyl proton at dH 2.46, which corre-
lated with C-2 (dC 124.5), C-3 (dC 135.3), and C-4 (dC 120.0) in
HMBC suggested the methyl group was attached at C-3. The HMBC
correlation from the methoxyl proton (dH 3.87) to C-6 (dC 159.9)
indicated the location of the methoxyl group at C-6. Comparison
with reported data suggested the skeleton was a torachrysone.23

Additionally, the characteristic proton signals at dH 7.94 (H-200,
600), and carbon signals at dC 110.7 (C-200, 600), 147.9 (C-300, 500),
121.4 (C-100), 141.4 (C-400), and 167.7 (C-700) revealed a galloyl group
in compound 1. The HMBC spectrum (Fig. 2) showed a correlation
from the H-10 (dH 5.61) to the carbon signals at C-8 (dC 157.1), sug-
gesting that the glucose was located at C-8. The correlations be-
tween the H-60 (dH 5.22 and 4.98) and C-70 0 (dC 167.7), indicating
O
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Figure 2. Key HMBC (H?C) correlations of Compounds 1 and 4.

Y. N. Sun et al. / Bioorg. Med. Chem. Lett. 23 (2013) 4801–4805 4803
the presence of the galloyl group attached to C-60 (dC 64.9). In sum-
mary, compound 1 was identified as gallic acid ester of torachry-
sone-8-O-b-D-glucoside.

Compound 424 was obtained as a brown powder, ½a�20
D +8.68 (c

0.1 MeOH); it has a molecular formula of C19H20O8 as deduced
from HR-ESI-MS (m/z 377.1230 [M+H]+, calcd 377.1231). The 1H
NMR spectrum showed two aromatic signals at dH 7.80 (2H, d, J =
8.9 Hz, H-20 and H-60) and 7.16 (2H, d, J = 8.9 Hz, H-30 and H-50),
which belong to an A2B2-system at A-ring, two doublet signals at
dH 7.09 (1H, d, J = 2.7 Hz, H-4) and dH 7.39 (1H, d, J = 2.7 Hz, H-6)
belong to B-ring, and the coupling constants were 2.7 Hz, suggest-
ing a meta position. For the two olefinic proton signals at dH 8.53
(1H, d, J = 16.2 Hz, H-a) and dH 7.42 (1H, d, J = 16.2 Hz, H-b), the
large coupling constant (16.2 Hz) indicated a trans-olefinic cou-
pling pattern. These characteristic signals suggested the skeleton
of 4 was stilbene. The 1H NMR spectrum also contained an anomer-
Figure 3. Proliferation effect of the compounds (1–10) isolated from P. multiflorum on D
DPCs were treated with 10 lM of compounds (1–10). Cell proliferation was measured usi
presented as the mean ± the S.D. of three independent experiments. ⁄p <0.05, ⁄⁄p <0.01,
ic proton signal at dH 5.19 (1H, d, J = 7.6 Hz, H-10 0), indicating that
compound 4 possessed a monosaccharide moiety. This monosac-
charide unit was identified as D-xylose using acid hydrolysis fol-
lowed by GC analysis.23 The large coupling constant (7.6 Hz)
suggested that sugar was in b form. 13C NMR and DEPT spectra
indicated the presence of 19 carbon atoms, and based on the chem-
ical shift indicated the presence of a trans-olefinic double bond at
dC 122.1 (C-a) and 129.9 (C-b), a tetra-substituted aromatic ring
at dC 133.6 (C-1), 138.3 (C-2), 152.7 (C-3), 104.5 (C-4), 157.1
(C-5), and 103.0 (C-6), and a disubstituted aromatic ring at dC

130.1 (C-10), 129.2 (C-20), 116.9 (C-30), 159.3 (C-40), 116.9 (C-50),
and 129.2 (C-60). The connectivity of D-xylosyl moiety to C-2 was
confirmed by a key correlation between H-10 0 (dH 5.19) and C-2
(dC 138.3) in the HMBC spectrum (Fig. 2). By comparison with re-
ported data, compound 4 was identified as (E)-2,3,5,40-tetrahydr-
oxystilbene-2-O-b-D-xyloside.19

The other known compounds were identified as
torachrysone-8-O-b-D-glucoside (2),25 (E)-2,3,5,40-tetrahydroxy-
stilbene-2-O-b-D-glucoside (3),19 (E)-2,3,5,40-tetrahydroxystil-
bene-2-O-b-D-(6’’-O-acetyl)-glucoside (5),26 (Z)-2,3,5,40-tetrahydr-
oxystilbene-2-O-b-D-glucoside (6),19 physcion (7),27 emodin (8),28

physcion-8-O-b-D-(60-O-acetyl)-glucoside (9),29 and emodin-8-O-
b-D-glucopyranoside (10),30 (Fig. 1) by comparison of physical
and spectroscopic data with literature reports.

Mesenchyme-derived dermal papilla cells (DPC)31 play an
important role in hair growth regulation. Accumulating evidence
has shown that the size of the DPCs correlated well with hair
growth, and the number of the DPCs was increased in the growing
phase of hair cycle.32,33 Even though P. multiflorum extract induces
a telogen to anagen transition in the hair cycle in mice,21 the mat-
ter of which compounds can contribute to promoting the hair
growth has not been reported. To identify whether compounds iso-
lated from P. multiflorum extract could promote hair growth, we
examined the proliferative effects of ten different compounds on
DPCs. The isolated compounds were identified as torachrysone,
stilbenes, and anthraquinone derivatives. Among the tested com-
pounds, compounds 1, 2, 3, 6, and 10 at 10 lM promoted prolifer-
ation of DPCs, by 111.1% (p <0.05), 118.8% (p <0.01), 111.8%
(p <0.01), 112.6% (p <0.01) and 113.2% (p <0.01), respectively
(Fig. 3). Upon examination of the structure–activity relationship
of the isolated compounds (1–10), the torachrysone derivative
(2) showed the best effect on proliferation of the DPCs. Comparing
PCs. Immortalized vibrissa DPCs (1.0 � 104 cells/mL) were plated in 96 well plates.
ng a MTT assay for 4 days. Minoxidil (10 lM) was used as a positive control. Data are
⁄⁄⁄p <0.001 versus control.



Figure 4. Proliferation effect of compound 2 on DPCs. Immortalized vibrissa DPCs (1.0 � 104 cells/mL) were plated in 96 well plates. DPCs were treated with various
concentrations of compound 2, as indicated. Cell proliferation was measured using a MTT assay for 4 days. Minoxidil (10 lM) was used as a positive control. Data are
presented as the mean ± the S.D. of three independent experiments. ⁄p <0.05, ⁄⁄p <0.01, ⁄⁄⁄p <0.001 versus control.

Figure 5. The elongation effect of compound 2 on the hair-fiber length of rat vibrissa follicles. Individual vibrissa follicles from Wistar rats were microdissected and then
cultured in William0s E medium at 37 �C under 5% CO2. Vibrissa follicles were then treated with compounds 2 (1, 10 and 20 lM) for 21 days. Stimulation with minoxidil
served as a positive control. The difference in the length of vibrissa follicles of the vehicle-treated control group on day 21 was taken to be 100%. Data are presented as the
percentage of the length of the treated follicles based on the mean length of the control follicles ± the S.E. ⁄⁄p <0.01 versus control.
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with 1, which linked a galloyl group at C-6 of glucose, suggested
the unsubstituted glucose group may play an important role in
the proliferative effect on DPCs. Compounds 3, 6, and 10 showed
strong effects, which also linked to a glucose group of their skele-
tons. Therefore, the glucose group seems to be a key functional ele-
ment. In addition, compounds 8 and 10 showed significant effects
in the structure– activity relationships of the anthraquinone deriv-
ative (7–10), and these compounds had common structures. The
proliferative effect increased significantly when C-6 of skeleton
was linked to a hydroxyl group. The other compounds (7 and 9),
which linked to a mehtoxy group, lacked activity. These results
suggested that a hydroxyl group at C-6 of anthraquinone derivative
may increase the growth of DPCs. Treatment of DPCs with com-
pound 2 (0.1, 1, 10, 20 lM) resulted in increased proliferation of
DPCs by 109.9%, 105.9%, 118.8% (p <0.01), and 158.4% (p <0.001)
(Fig. 4). In particular, compound 2 (10 and 20 lM) induced a great-
er increase in proliferation in DPCs than minoxidil (10 lM). These
results suggest that compound 2 may have potential to promote
hair growth. We thus further investigated the effects of compound
2 on hair growth using rat vibrissa follicle culture models34 as a
physiologically relevant system for testing hair-growth effects.
When rat vibrissa follicles were treated with various concentra-
tions of compound 2 for 21 days, in particular, compound 2
(1 lM) increased the hair-fiber length of vibrissa follicles signifi-
cantly by 135.5 ± 15.5% (p <0.01) compared with the control group
(Fig. 5). As shown in Figures 4 and 5, the dose of compound 2
needed to increase the proliferation of DPCs was higher than that
required to increase hair-fiber length. These results suggest the
following possibility: in vibrissa follicle culture, whenever the
medium was changed every 3 days, compound 2 was also added,
with the idea that compound 2 could accumulate in hair follicles.
As a result, the concentration of compound 2 sufficient to increase
hair-fiber length in the organ culture system could be lower than
that needed to increase the proliferation of DPCs.

Interestingly, the results of this study indicate that compounds
1, 2, 3, 6, and 10 have the potential to promote hair growth through
the proliferation of the DPCs. In particular, compound 2 from P.
multiflorum extract can stimulate hair growth via the promotion
of DPC proliferation in hair follicles. The results of this study show
that compound 2 and other compounds (torachrysone, stilbenes,
and anthraquinone derivatives) with a glucose group from
P. multiflorum may have therapeutic potential for the promotion
of hair growth.
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