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Objectives: Banhahoobak-tang has been used to treat plum-pit gi, chest and hypochondriac dis-
tension, moist or greasy tongue coat, and wiry slow or wiry slippery pulse. It might be used to control
coughing and vomiting. We observed that Banhahoobak-tang extract (BHTe) had anti-psychological
stress effect. The objective of this study was to determine the effect of BHTe on restoring the transcrip-
tional regulation of genes related to psychological stress.

Methods: After giving psychological stress to mice, BHTe was orally administered at 100 mg/kg/day for
five days. After extracting whole brain tissue from the mice, the gene expression changes were de-
termined by microarray. Transcription factor binding site (TFBS) analysis showed up- and down-regu-
lated genes related to psychological stress were protected by BHTe and segregated according to the
structure of TFBS. We performed text based Pubmed search to select significant target genes involved
in psychological stress affected by BHTe.

Results: 1. Serum corticosterone level was decreased in the BHTe administered group, although the

Eﬁ;‘:gf’g:i?rf to psychological stress was increased. 2. The BHTe administered group had no significant change in nora-
Department of Korean drenaline content in brain tissue, but the psychological stress group had decreased level. 3. The BHTe
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administered group had increased time of staying at open-arm than the psychological stress group.
4. Microarray revealed that TANK and RARA genes were up-regulated genes while AES, CDC42, FOS,
NCL, and PVR were down-regulated genes by psychological stress but restored by BHTe.
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Fig. 1. Scheme of the communication box. Foot shock mice were
placed individually in the eight shaded areas (foot shock compart-
ments). Sociopsychological mice were placed in the eight solid areas
(nonfoot shock compartment). Foot shocks were delivered in shaded
areas.
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Fig. 2. A bird's eye view of elevated plus-maze. Solid area consisted of
two opposite open arms, and shaded area crossed with two enclosed
arms with 40 cm high walls. The arms were connected with a central
square (10x10 cm®) to give the apparatus a plus sign appearance.
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Fig. 3. Effect of BHTe on corticosterone level of ICR-mice for 5 days.
Normal, normal group. Control, psychological stress group. Sample,
psychological stress group, and were administered BHTe containing
100 mg/kg/day.

*significantly different when compared (p <0.05).
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Fig. 4. Effect of BHTe on noradrenaline level in brain dorsal cortex area
of ICR-mice for 5 days. Normal, normal group. Control, psychological
stress group. Sample, psychological stress group, and were admini-
stered BHTe containing 100 mg/kg/day.

*significantly different when compared (p <0.05).
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Fig. 5. Effect of BHTe on the psychological stress on the time spent in
open arms of the elevated plus-maze test in mouse. Values represent
mean=S.E. of eight mice per group. Normal, normal group. Control,
psychological stress group. Sample, psychological stress group, and
were administered BHTe containing 100 mg/kg/day.

*significantly different when compared (p <0.05).
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Fig. 6. Effect of BHTe on the psychological stress on the number of
arm entries into the closed arms of the elevated plus-maze test in
mouse. Values represent mean=S.E. of eight mice per group. Normal,
normal group. Control, psychological stress group. Sample, spsycho-
logical stress group, and were administered BHTe containing 100
mg/kg/day.

*significantly different when compared (p <0.05).

oA Z47ZF 149.3+21.3%, 78.6+11.6% 9 121.3+13.3
258 UER} tixto] - A/l nisl folskA #4asst
L, AT izl Hish fefstAl S71st3irkFig. ).

Open arm¥} closed arm Alo]¢] o} 3145 &%t 2
T, it Yl Aol 242 7.6£1.09], 13.142.0
o] 9 13.9+1.33]2 Ueht, tixte Aidsto] vis) #-9
SHA Aol o, ATt et Afe]o] Aol= LRt
A FITKFig. 6).



122 Effect of Banhahoobak-tang (Banxiahoupo-tang) Extract (BHTe) on Psychological Stress

4. Microarray Zit

1) Microarray H|o|E| &AM

AT vl hRToIA] B Rl o] F7}
GO adhs SAAKE 27t 741 9 5240l Aol
AEF20] O3] Wde] Z7HE SHAE BHTe Xelo] 9
o PArEoR 28 fAARE 30650, el

FRAE ROR

20 ol WEo] 7
GAR= 242%0|t}. Table 191 BHTe A2jof <)

wro] Ao 24T §A% PAE F /M Webh B
I, A% §84 ARE E/KI
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Table 1. List of Restored Genes by BHTe Administration in Psychological Stress

. : Stress
Accession Unigene Symbol Name Stress BHTe
Up-regulated genes by psychological stress
NM 021793 Mm.304656 Tmem8 Transmembrane protein 8 (five membrane-spanning domains) 3.1 0.25
NM_145998 Mm.303357 Hmx2 H6 homeo box 2 1.6 0.084
NM 177379 Mm.46683 Grit Rho GTPase-activating protein 1.6 -0.15
NM 173425 Mm. 145511 A830043J08Rik RIKEN cDNA A830043J08 gene 1.5 0.49
NM 145447 Mm.301076 Fiver2 Feline leukemia virus subgroup C cellular receptor family, member2 1.4 0.22
NM_017391 Mm.217354 Slcha3 Mitochondrial ribosomal protein S6 1.4 0.22
BC022737 Mm.121705 A530088107Rik RIKEN cDNA A530088107 gene 1.4 0.10
AK017065 Mm.284462 Slc29a3 Solute carrier family 29 (nucleoside transporters), member 3 14 0.019
AK033569 Mm.26630 Slc5a9 Solute carrier family 5 (sodium/glucose cotransporter), member 9 1.4 0.32
NM_008390 Mm.105218 Irf1 Interferon regulatory factor 1 1.3 0.40
Down-regulated genes by psychological stress
NM_025351 Mm.20313 Chchd6 Coiled-coil-helix-coiled-coil-helix domain containing 6 -0.58  0.031
NM_010880 Mm.154378 Ncl Nucleolin -0.58 0.15
NM 029354 Mm.22351 2410018G20Rik RIKEN cDNA 2410018G20 gene -0.58 0.088
NM 007636 Mm.247788 Cct2 Chaperonin subunit 2 (beta) -058  -0.31
NM 013853 Mm.21629 Abcf2 ATP-binding cassette, sub-family F (GCN20), member 2 -0.58 0.025
NM_025809 Mm.280563 Clect4a C-type lectin domain family 14, member a -0.568  -0.16
NM 030081 Mm.290734 Zfyve20 Zinc finger, FYVE domain containing 20 -0.58  -047
NM 019519 Mm.87216 Rabggta Rab geranylgeranyl transferase, a subunit -0.58 0.18
NM 008615 Mm. 148155 Mef Malic enzyme 1, NADP(+)-dependent, cytosolic -0.68  -0.10
NM 015767 Mm.24375 Ttpa Tocopherol (alpha) transfer protein -0.568  -0.10
Table 2. Pathway Analysis of Restored Genes by BHTe Administration in Psychological Stress
Name KEGG pSize NDE tA pNDE pPERT pG
Up-regulated genes by psychological stress
Regulation of actin cytoskelet 4810 179 1 -3.9 0.010 0.31 0.021
RIG-I-like receptor signaling 4622 46 5 -1.2 0.0080 0.43 0.023
ECM-receptor interaction 4512 69 4 -0.98 0.1 0.094 0.061
Olfactory transduction 4740 173 8 29 0.10 0.18 0.094
Down-regulated genes by psychological stress
Dilated cardiomyopathy 5414 77 3 0.67 0.29 0.031 0.052
Epithelial cell signaling in H 5120 59 4 -0.19 0.056 0.21 0.065
Antigen processing and present 4612 42 2 -0.97 0.27 0.059 0.083
Notch signaling pathway 4330 43 4 0.58 0.020 0.82 0.086
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Fig. 7. Pathway analysis of genes regulated by psychological stress and BHTe administration. Pathways significantly enriched in genes up-regulated
(A) and down-regulated (B) by psychological stress and restored by BHTe were analyzed via the SPIA program in the brain of mice. The horizontal ax-
is shows the over-representation of a pathway (Pnpe) and the vertical axis represents the perturbation of a pathway (Peerr). Dotted horizontal and verti-
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Fig. 8. Promoter similarity profile of genes regulated by psychological
stress and BHTe. Promoter similarity was evaluated by hierarchically
clustering TFBS matrix measured in the promoter regions of genes
regulated by psychological stress and BHTe. Red and green color rep-
resent the high and low correlation, respectively, among promoter re-
gions of genes. Red and blue bar represents up-(240) and down-regu-
lated genes (231) by psychological stress and restored by BHTe. White
and yellow box was mainly composed of up- and down-regulated
genes by psychological stress.

Fig- 72 °E pathwayS-& $A Ratel upe} I3
H7|% R OR FHE 2L Papp, MREE Pre®] BAF

of 215 33t glot}. 7k 9 Al wWiko g Sl
pathway #Eﬁ];&oa o/]ﬂ_ Aog B ‘/71\—9)\9—‘:'% EY

FH oz Table 204 L& Poglo] $013 vjzsieha
% e,

3) MAIQIRE H9| QA 24

=~

H%ﬂ% SRIT 5 Sl RE Sl Al A2

E= 7:.‘ (231%) =I3oHt BHTe A2
5 §AREY] AR AES)
%_/\ A(—)]% é@ﬁ]—ﬁlﬂ(ﬁg 8). % JJ\H ] /K]—I:H?H [ =S /\]_/\401
O NGWAS S0 AT OR fAMo] W A
A% §AET} 2o 2ae] ool
RAAEE Held 2EY Ao

Ajo] golst aw SR ol

& o

ok
.

_>1_4

i,

X
~|

Lo
l
of
2
>
N
=
paca
o

whebi] A0
o] LAl S AREY © & pathway
stgom 11 A3KTable 3)E Table 2%} H]a
St pathway”} 322H 51 Al51 pathways 3

o sots
S B 4 goirk

of
e e
=2
<l
&

s
AN
N
=
F‘a
Y
BN
i)
i
(o]
o X

=

[o
4,
o
i
T

:Oé“,

i

rE o
o 4

oo M
t
=

g
Ol

1=

<
32,
o

l'
z

4) HIAE Olo|Y(text mining) &£

BHTe Aol oe o] Apo= oA
AAEAPAE 2o ofgf] S71e F3AF 46
SAZ} 702 Ao AEH AL} ATk of
S Yoo Pubmedd] EH =79 5

9

ofN i
<N

o (o]

!

oy, oy
B~

|\

oX,

o

S
22 i H



124 Effect of Banhahoobak-tang (Banxiahoupo-tang) Extract (BHTe) on Psychological Stress

Table 3. Pathway Analysis Showing TFBS Similarity by Psychological Stress

Name D pSize

NDE A pNDE pPERT oG

Up-regulated genes by psychological stress
RIG-I-like receptor signaling 4622 46
Regulation of actin cytoskelet 4810 179
Down-regulated genes by psychological stress
Neurotrophin signaling pathway 4722 115
SNARE interactions in vesicula 4130 34

1.8 0.20 0.031 0.038
-1.3 0.011 0.60 0.042

-3.0 0.60 0.012 0.043
0.0 0.030 1.0 0.13
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of genes based on text
search. Forty six up-(A) and
70 down-regulated genes
(B) by psychological stress
and restored by BHTe, which
were identified in previous
report as significant genes,
were text searched with re-
gard to diverse stress-re-
lated terms in Pubmed da-
tabase. Intensity of red col-
or represents the number of
text search results.
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