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Abstract
From Toki-shakuyaku-san, an herbal formulation for “cleansing stagnated blood,” a key gene
regulatory compound was purified and identified through a screening based on DNA microarray and
real-time PCR.

An Oriental herbal formulation, Toki-shakuyaku-san (TSS), has long been used for the
treatments of various diseases related to circulation problems, including gynecological and
obstetric disorders.1,2 The formulation is made from six different herbs: Hoelin (Fu ling),
Cnidium Rhizome (Chuan xiong), Angelica Sinensis (Dang gui), Peony Root (Shao yao),
Atractylodes Rhizome (Bai zhu) and Alisma Rhizome (Ze xie). In the parlance of the Oriental
medicine, TSS is a formulation to “cleanse stagnated blood,” thereby nourishing the “yang”
of blood. In fact, this somewhat nebulous claim is scientifically supported by the beneficial
effects of TSS. The formulation exhibits therapeutic effects for various disorders associated
with poor blood circulation, such as hot flashes,2 and preeclampsia.3 Clearly, TSS contains
compounds that can improve blood circulation, although their identities have not been fully
clarified.

Here, we conducted a screening of TSS to uncover previously overlooked bioactive
compounds. To this end, this study employed a protocol called “genomic screening,” which
was recently established in our group.4 In genomic screening, biologically active compounds
are detected and purified based on their ability to regulate cellular messenger RNA (mRNA)
expression. DNA microarray is used first to identify the most prominent cellular transcriptional
responses to a mixture of compounds, such as herbal formulations. Real-time PCR of the
identified genes are then used to guide the purification of active compounds. Although DNA
microarray has been employed for the analyses of natural products,5 what sets this study apart
from others is the employment of DNA microarray for the purpose of purifying biologically
active compounds. The current screening uncovered a polyacetylene compound capable of
regulating genes associated with blood coagulation in endothelial cells.

As the first step of genomic screening, we determined the genes most distinctly regulated by
TSS. Human umbilical vein endothelial cells (HUVEC) were treated with 100 μg/ml of TSS
for 4 hours. Expression profiling with Affymetrix GeneChip™ Human Genome U133 Plus 2.0
array revealed that, out of over 47,000 transcripts on the array, 92 genes were differentially
regulated by TSS. Table 1 summarizes the most distinctly regulated genes (see also
Supplementary data). Among these genes was SerpinB2, which is also known as plasminogen
activator inhibitor type 2 (PAI-2). Since SerpinB2 is a well-characterized gene in terms of its
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roles in blood coagulation and circulation disorders,6,7 we decided to pursue the TSS
component that induces this gene.

The real-time PCR assay of SerpinB2 was used to guide the purification of active compound
(s). Fractionation of TSS was carried out as outlined in Figure 1a. Individual fractions were
submitted to the real-time PCR assay to examine their ability to induce SerpinB2. Activity was
observed in the fractions indicated by the red arrows in Figure 1a. After several steps of
fractionation, the active compound was isolated by reversed phase HPLC. The purified
compound gave a single LC/MS peak (Fig. 1b). At the concentration of 5 μg/ml the purified
compound caused approximately 2-fold induction (log2RQ ~1) of SerpinB2 in HUVEC (Fig.
1c).

The identity of the active compound was determined by spectroscopic analyses using high
resolution mass spectrometry (HRMS) and NMR. Briefly, the molecular formula of the active
compound was determined to be C18H22O4 based on HRMS. A partial structure was deduced
by 1H, HSQC, and COSY (Figs 2a and 2b). SciFinder search identified one compound with a
matching molecular formula (C18H22O4) and the partial structure (Fig 2b). This compound,
(6E,12E)-tetradecadiene-8,10-diyne-1,3-diol diacetate (TDEYA), is a known component in
Atractylodes Rhizome (Fig 2c).8 The 13C-NMR spectrum of the purified compound confirmed
its identity to be indeed TDEYA. Little is known about the biological properties of TDEYA
except for a modest inhibitory activity against xanthine oxidase (IC50 = 1.0 × 10−4 M).9

The identification of TDEYA as the regulator of SerpinB2 made us wonder whether TDEYA
regulates additional genes, especially those observed in the original expression profile of TSS
(Table 1). To address this issue, we conducted mRNA expression profiling of TDEYA. Table
2 summarizes the most distinctly regulated genes by TDEYA in HUVEC. It turned out that
many genes overlapped between the TSS and TDEYA profiles (e.g., the genes highlighted in
bold in Table 2; also see Supplementary data), indicating that TDEYA is a key gene regulatory
compound in TSS. Among the overlapped genes, regulation of perlecan, COX2 and TI-PARP
by TDEYA was further validated by real-time PCR (see Supplementary data).

Since TSS is a putative “blood cleansing” formulation, we looked into literature to see if the
overlapped genes have any links to blood coagulation. It turned out that three genes, i.e.,
SerpinB2, perlecan and COX2, are indeed associated with blood coagulation. SerpinB2 is
sometimes considered as a “coagulation factor” because of its ability to inhibit plasminogen
activator. However, insufficient SerpinB2 is actually linked to disorders associated with poor
blood circulation; for example, low plasma level of SerpinB2 in pregnant women is a prognostic
marker for decreased placental function and intrauterine growth retardation.7,10 Perlecan is
an extracellular matrix protein involved in various vascular processes, such as angiogenesis
and wound healing.11 A recent study found that perlecan is down-regulated in endothelial cells
treated by antithrombin, which inactivates several enzymes of the coagulation system.12
COX-2 is a pro-inflammatory gene involved in the biosynthesis of prostaglandins. However,
the anti-thrombotic function of COX-2 was revealed recently through the increased risk of
thrombotic cardiovascular events among the patients treated with COX-2 inhibitors.13 Taken
together, the links of these genes to blood coagulation suggest that the putative “blood
cleansing” activity of TSS is mediated, in part, at the transcriptional level.

Among the known constituents in TSS, paeoniflorin and ferulic acid have been reported to
slow thrombosis in animal models.14 Behind these compounds, however, TDEYA has been
quietly regulating the genes related to blood coagulation. The current finding warrants further
studies to define the biological properties of TDEYA, which, in turn, can provide novel insights
into the roles of the observed genes in thrombosis.
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In conclusion, genomic screening identified TDEYA, as a key gene regulatory compound in
TSS. TDEYA regulates the expression of genes associated with blood coagulation. Further
studies are needed to determine the therapeutic utilities of TDEYA.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(a) Real-time RT-PCR (SERPINB2) guided purification of a gene regulatory compound from
TSS. (b) LC/MS positive ion profile of the purified active compound. (c) SerpinB2 Real-time
PCR assay of the active compound (5 μg/ml). GAPDH was used as the endogenous control.
Log2(RQ) corresponds to the Log Ratio value in the expression profile (Table 1). RQ stands
for relative quantitation (i.e., the fold-change ratio) in real-time PCR analysis.
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Figure 2.
(a) COSY correlations of the purified active compound. (b) The partial fragment structure
deduced based on 1H NMR, HSQC and COSY spectra. (c) The identified structure of the active
compound.

Kawamura et al. Page 5

Bioorg Med Chem Lett. Author manuscript; available in PMC 2008 December 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kawamura et al. Page 6
Ta

bl
e 

1
En

do
th

el
ia

l g
en

es
 m

os
t d

is
tin

ct
ly

 re
gu

la
te

d 
by

 T
SS

 (1
00

 μ
g/

m
l, 

4 
ho

ur
s)

U
ni

G
en

e 
ID

G
en

e
L

og
 r

at
io

a
Fo

ld
 C

ha
ng

e
C

ha
ng

eb
C

ha
ng

e 
p-

va
lu

ec

H
s.1

28
13

TC
D

D
-in

du
ci

bl
e 

po
ly

(A
D

P-
rib

os
e)

 p
ol

ym
er

as
e

0.
7

1.
6

I
0.

00
00

2
H

s.1
96

38
4

Pr
os

ta
gl

an
di

n-
en

do
pe

ro
xi

de
 sy

nt
ha

se
 2

 (C
O

X
2)

1.
0

2.
0

I
0.

00
00

2
H

s.5
94

48
1

Se
rp

in
 p

ep
tid

as
e 

in
hi

bi
to

r, 
cl

ad
e 

B
, m

em
be

r 2
(S

er
pi

nB
2)

1.
0

2.
0

I
0.

00
00

2

H
s.4

33
79

1
Tr

an
sm

em
br

an
e 

pr
ot

ei
n 

46
0.

9
1.

9
I

0.
00

00
2

H
s.3

26
03

5
Ea

rly
 g

ro
w

th
 re

sp
on

se
 1

0.
8

1.
7

I
0.

00
00

2
H

s.6
51

23
1

H
ep

ar
an

 su
lfa

te
 p

ro
te

og
ly

ca
n 

2 
(p

er
le

ca
n)

−0
.7

−1
.6

D
0.

99
90

4
H

s.5
94

48
6

U
nk

no
w

n
−1

.9
−3

.7
D

0.
99

94
4

H
s.2

90
55

G
ua

ni
ne

 n
uc

le
ot

id
e 

bi
nd

in
g 

pr
ot

ei
n-

lik
e 

3
−0

.8
−1

.7
D

0.
99

95
5

H
s.5

57
98

0
U

nk
no

w
n

−0
.7

−1
.6

D
0.

99
99

6
H

s.3
55

75
3

1-
ac

yl
gl

yc
er

ol
-3

-p
ho

sp
ha

te
 O

-a
cy

ltr
an

sf
er

as
e 

6
−1

.2
−2

.3
D

0.
99

99
8

a Lo
g 

ra
tio

: L
og

2 
(s

ig
na

l i
n 

TS
S-

tre
at

ed
 H

U
V

EC
/s

ig
na

l i
n 

co
nt

ro
l H

U
V

EC
)

b C
ha

ng
e:

 D
ire

ct
io

n 
of

 c
ha

ng
e 

de
te

rm
in

ed
 b

y 
A

ff
ym

et
rix

 M
ic

ro
ar

ra
y 

Su
ite

 V
er

si
on

 5
.0

 (M
A

S5
) S

of
tw

ar
e

c C
ha

ng
e 

p-
va

lu
e:

 L
og

 p
-v

al
ue

s a
re

 c
al

cu
la

te
d 

us
in

g 
th

e 
W

ilc
ox

on
 si

gn
ed

 ra
nk

 te
st

 a
nd

 T
uk

ey
 B

iw
ei

gh
t o

n 
M

A
S5

. M
A

S5
 c

al
ls

 a
 g

en
e 

“d
ec

re
as

ed
 (D

)”
 w

he
n 

its
 p

-v
al

ue
 b

et
w

ee
n 

co
nt

ro
l a

nd
 d

ru
g-

tre
at

ed
 g

ro
up

s i
s b

et
w

ee
n 

1 
an

d 
0.

99
7,

 w
he

re
as

 a
 g

en
e 

is
 c

on
si

de
re

d 
“i

nc
re

as
ed

 (I
)”

 w
he

n 
its

 p
-v

al
ue

 is
 b

et
w

ee
n 

0 
an

d 
0.

00
3.

 S
ho

w
n 

on
 T

ab
le

 1
 a

re
 th

e 
to

p 
fiv

e 
up

 a
nd

 d
ow

n 
re

gu
la

te
d 

ge
ne

s b
as

ed
on

 th
e 

C
ha

ng
e 

p-
va

lu
es

.

Bioorg Med Chem Lett. Author manuscript; available in PMC 2008 December 15.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kawamura et al. Page 7
Ta

bl
e 

2
En

do
th

el
ia

l g
en

es
 m

os
t d

is
tin

ct
ly

 re
gu

la
te

d 
by

 th
e 

pu
rif

ie
d 

ac
tiv

e 
co

m
po

un
d 

(T
D

EY
A

; 5
 μ

g/
m

l, 
4 

ho
ur

s)

U
ni

G
en

e 
ID

G
en

e
L

og
 r

at
io

a
Fo

ld
 C

ha
ng

e
C

ha
ng

eb
C

ha
ng

e 
p-

va
lu

ec

H
s.1

28
13

T
C

D
D

-in
du

ci
bl

e 
po

ly
(A

D
P-

ri
bo

se
) p

ol
ym

er
as

e 
(T

I-
PA

R
P)

1.
2

2.
3

I
0.

00
00

2
H

s.1
96

38
4

Pr
os

ta
gl

an
di

n-
en

do
pe

ro
xi

de
 sy

nt
ha

se
 2

 (C
O

X
2)

1.
0

2.
0

I
0.

00
00

2
H

s.5
94

48
1

Se
rp

in
 p

ep
tid

as
e 

in
hi

bi
to

r,
 c

la
de

 B
, m

em
be

r 
2 

(S
er

pi
nB

2)
1.

0
2.

0
I

0.
00

00
2

H
s.1

54
65

4
C

yt
oc

hr
om

e 
P4

50
, f

am
ily

 1
, s

ub
fa

m
ily

 B
, p

ol
yp

ep
tid

e 
1

2.
7

6.
5

I
0.

00
00

2
H

s.3
90

59
4

So
lu

te
 c

ar
rie

r f
am

ily
 7

, m
em

be
r 1

1
1.

2
2.

3
I

0.
00

00
2

H
s.5

91
94

5
Zi

nc
 fi

ng
er

 a
nd

 B
TB

 d
om

ai
n 

co
nt

ai
ni

ng
 1

6
−1

.0
−2

.0
D

0.
99

99
2

H
s.1

24
64

9
A

TP
-b

in
di

ng
 c

as
se

tte
, s

ub
-f

am
ily

 G
, m

em
be

r 1
−0

.9
−1

.9
D

0.
99

99
5

H
s.6

51
23

1
H

ep
ar

an
 su

lfa
te

 p
ro

te
og

ly
ca

n 
2 

(p
er

le
ca

n)
−0

.8
−1

.7
D

0.
99

99
6

H
s.1

70
35

5
M

es
en

ch
ym

e 
ho

m
eo

bo
x 

2
−1

.1
−2

.1
D

0.
99

99
7

H
s.4

68
97

2
A

T 
ric

h 
in

te
ra

ct
iv

e 
do

m
ai

n 
1A

 (S
W

I-
lik

e)
−0

.9
−1

.9
D

0.
99

99
8

a,
 b

, a
nd

 c
Lo

g 
ra

tio
, C

ha
ng

e,
 a

nd
 C

ha
ng

e 
p-

va
lu

e:
 e

xp
la

in
ed

 u
nd

er
 T

ab
le

 1
. T

he
 to

p 
fiv

e 
up

 a
nd

 d
ow

n 
re

gu
la

te
d 

ge
ne

s a
re

 sh
ow

n 
(b

as
ed

 o
n 

th
e 

C
ha

ng
e 

p-
va

lu
e)

.

B
ol

d:
 T

he
se

 g
en

es
 w

er
e 

al
so

 se
en

 in
 th

e 
lis

t o
f t

he
 m

os
t d

is
tin

ct
ly

 re
gu

la
te

d 
ge

ne
s b

y 
TS

S 
(T

ab
le

 1
).

Bioorg Med Chem Lett. Author manuscript; available in PMC 2008 December 15.


