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Anxiolytic-like Effects of Scrophularia buergeriana Miquel Using the
Elevated Plus-Maze in Mice
: Involvement of GABAergic Nervous System

Yun Hee Choi, Ji Wook Jung's

Department of Oriental Health Science, Wonkwang Digital University,
1: Department of Herbal Medicinal Pharmacology, Daegu Haany University

The present study was performed to investigate the putative anxiolytic-like effects of the aqueous extract of the
roots of Scrophularia buergeriana (SB-W) using elevated plus-maze (EPM) and hole-board apparatus in mice. SB-W
was orally administered at doses of 50, 100, 200 or 400 mg/kg to ICR mice, 1 h before the behavioral evaluation.
Control group were administered with an equal volume of saline, and positive control group with buspirone (2 mg/kg,
i.p.). The administration of SB-W significantly increased the percentage of time spent in open arms and entries into
the open arms of the EPM compared with saline-treated control group (P < 0.05). Futhermore, those anxiolytic-like
activities of SB-W were antagonized by flumazenil (a GABA4 antagonist, 10 mg/kg), but not by WAY-100635 (a 5-HT1a
antagonist, 0.3 mg/kg). Moreover, there were no changes in the locomotor activity and myorelaxant effects in any
group compared with saline-treated control group. In the hole-board test, the administration of SB-W (200 and 400
mg/kg) significantly increased the number of head-dipping compared with saline-treated control group (P < 0.05).
Therefore, these findings suggest that Scrophularia buergeriana promotes the anxiolytic-like activity mediated by
GABAergic nervous system in mice.
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Elevated Plus-MazeE ©]&3

&, 7198 Ao, ¢ &FA e ST ol V| T e A¥EEL 719 ICR mouse(SPF/VAF CrljBgi: CD-1) 5
T8 2L U 5 e IAHLS AV AW, A7 & FHE FAIYA LYAEATE, =)ol FF Lol A8
o] B¢t A mste FE e A= F&E 2UdE G2 o o AT ES 7t FEAA 747 FS A F gz
g AR 9 AT ST oflet M2 FE AL, 53 (Control Group), buspirones FoI3t Fdo] =+ (Positive
5-hydroxytryptamine(5-HT) &4 Al 52 7fde] A o] control Group) ¥ @4t -%%%% Fo3 #(SB-W Group)2.Z
BolA 1 Ao, A WL Ha e FEZE benzodiazepine TRt ALES AT APEES 25 23 2T, 5% 50 + 10%
Al e}, buspirone, hydroxyzine, zolpidem 5°] 1oy 91744 wel, |71 12413 —rﬂi LA FAE ARSAAA A
o7 FEeh adint ohlyt I, sEdRY HL T & nte] % polycarbonate mice cagedl &3t A&t S
& mFo] ARgol] AFE AFlok sl wdel . 71t ¢ AR S £S5 AT flo] T Utk A¥FE ] AA
M E B g AR RN A oty AT Fo 2 fAe A4¥FE @ YFHNIH publication No. 85-23,
RyEo] gy, EAQ GFEZE valerian? kavarl TP, revised 1985)7 it gtme] FE9 #e] 2 AME FA
o] °FE2 T GABA A AA O Z-gate] FEt 2ol U5 AZsted KAyt
S YE T U °]ﬂ°ﬂ§- 53] Az Zyzphus /uyuba var. 2) A
spinosa)& A& Fol M= FEQ AH}E e, L& FlAM = B ATl AHEE AAe AEARANA FASAAL, & it
AZAEE Mg FeA AP £F Jung 5 elevated of tigrejistule] &3 wyERE gs W }% AT
plus-mazeZ o] &3] Hvl(Gastrodia elata Blume.) 2] 8¢ & o] FEAo] E@3a JthNo. DHUHMP0904). A& ol A&
bR gst9oH 4-hydroxybenzyl alcoholZ} NEBE A %317 9t ALY 1089 =FHFE 78le Sb7
4-hyroxybenzaldehyde7} F8A4ES Bustgoh. o 9ldw WA oA 80 - 100C 2 247+ FE3HAth FF0] 98 F,
Kimura 5& <4te] F 2482 ginsenosides”} GABA 8- FZ 95 Whatman(No. 1) filter paperZ S #3}3, JAS U4
ot Agdta TR, ginsenoside Re B Rfe 97k 2 WA A w53 ¥ 2 X(Eyela, model
[3H]flunitrazepam®] A% 2-& F 7117111, Ree [3H]baclofen FDU-2000, Japan)3lod A3l AME-StHTH G5 & 15.3%). & F
affinity S Bmax2] W3} glo] Z7MAZta Bastgo?. o9 EES SB-W2 %93tk Buspirone hydrochloride,
2 A Qite] GABASH A58 dddte o8 P55 WAY-1000635, Tween 80(Polyethylene glycol sorbitan
7 Ay Ay Fa3%k 2ErAe] GAE AFe Yt monooleate), sodium chloride, flumazenil> A]Z1v} ¥=g]X]
A3 Scrophularia baergerjana Miquel)2 At} (St. Louis, Mo)9] AlES AHE-3FA o™, diazepam2 th A ¢F 2
(Scrophulariaceae)ll &3t thdA 28 ditel HelgE Ax AEFS AHESAT 7IEF Ak ATl A 9 & e HA
g Aer T, 4B B FFAM dEHLR g, 5280l T AR TH
Aok Gl Uek g stell A #ahe A EFS (L), 3
S (ReED) S Asol ol S (REH)TS B 2. Ay
#)ol Ao} ko Mool st e Hd, BE, W], A% 1) FE=AF
4 2 AFES Asdvn gEA A mI @itelA SB-W A 2] 4l 4=l 54 50, 100, 200 2 400 mg/kg &%
iridoid glycoside, phenylpropanoid, terpenoid ¥ flavonoid *J o7 A¥ AF 1 A7 A AT Fo3E, ERFS SB-W
FEo] Higo] 9o Kim 52 scopolamine® 2 53 T 5Y Ruo AYAE5E AT TSk FHU =
A5 Edo| A phenylpropanoid ¥ 2 buerger1s1de Al, o= A2 Aol 52l buspirone(2 mg/kg)S A3 30% A
E-p-methoxycinnamic acid ¥ e-isoferulic acid7} 719 & 7§ ¢] o E7 F4390. 2L AMSS WAY-100635(0.3
S-S FastAdnt”. o] 9ol = malondialdehyded] ©]3 Al ¥ 5% mg/kg)< A2 AFol, flumazenil(10 mg/kg)> 10% Tween
4& A4t phenylpropanoid AlE¢ =30 gAY TET 80 &M =] A 308 Ao 7 T3}t Horizontal
ER7) QS FAeg?. 2y #ste] A8 3t e wire testo] Al | Z2FEE AE-$ diazepame 5 mg/kge] &%
Me o7 dHA A gom, ol B AFelrs #4te oz AgAgad 5o B T
T FEEO ABAAS FdA EdF v aRE 2) Elevated plus-maze(EPM)
elevated plus-maze, hole-board test, open field test 5 5 &3 & (1) EPMS ©]83F SB-We] &HE-9F -8 &<l
AL Fatol BAAL, ol AF} ofF A E T8k FEG EH= &4 ICR mices ©]83}9 elevated
Zg=AE gl A plus-mazeo| A  ZA3Ath. FANETOSEZE  buspirone(2

mg/kg)S AF 30% Ao BF Ft¢al, SB-WE 50, 100,
e W oEe 200 2 400 mg/kg £ T
AZ 1A Aol Foih RHYES Sgon daEe 484

kdy 8

L AR % F32 Ax d5E AT Foladrh 2 22 8 - 107k 2 Sy
N ddse FEQF 7o) ZA | AS-H elevated plus-maze= 737841
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of ofz2E R AFHJLH, upeol A 50 em Eolol] A H Az}
P+) PIZEA, 1Y BE 72 vEEE 270(Z°] 30 om, F
5 cm)= AWHO SlaL, 2717 9 o 219 FEE &0
20 cm&] Ho = ?”Q‘ﬂ Atk T4 platforme 7F2 5 cm 2
AE 5 cmZE 3H 3L, mazed FUF HA vt v S A
Aete] T2 des 7IHsIHor Fre 20 luxZ 2453
th AEE AZE o) vl-22F maze?] open armol] HZE ¥o
2 A ¥ e mazed AHrEA BASERE A AF
o ZalHd o, upg-27} open arm¥ closed arme]
F AIZE 2 arm9] Y 34 2 F o5 AP 52 EthoVision
program(Noldus Technology, = Wageningen,
Netherlands) 0.2 747t Z343to] 89k G342 s,
7} arme] £9] 34+ open arm ©|Y closed arm®] AAHE
72 & ol o g}y o] SXsHA AYHUS
£ 13] & 33l open arm¥} closed armeoll W3t 747t S gt
mo] P AZEe] A2 Zb armel] IYE F o2 AH

T & SASAT. 4 Ao Ed Fole W HITE

S 70 % EtOHZ A Hsto] thg A3l 43S FA &
HAtt.

(2) WAY-100635%} flumazenil®] 243 2}-&

Aol FE Adte] A8 7S BEsty] fel 5-HIa &
&9 antagonistd] WAY-1006359F GABAA -8
%l flumazenilS AM8-3}od elevated plus-mazedll A 373t
SB-W= 200 mg/kg & &2 47 Foistslen 43 A% 308
Ao Z+zb WAY-100635(0.3 mg/kg, ip) H flumazenil(10
mg/kg, ip)S W& FAsAth xTe AHEFE T *
2 AT FAsGth 4 #& 8107t 2 st
3) Hole-board Test

Hole-board test= & %]
plus-mazest &7 d2] AHEHE WY T shutolth?. gt
5749 £4L 93l hole-board &8 AXE A&t om 2 &
Ae A ofadeA ALY HdE ARHAL, 16719 73
(diameter: 3 cm, depth: 2.2 cm)o] o] A X = o] ITH40 x 40
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cm, 2.2 cm, Ugo Basile, Italy). &FE o T8 1 AIF & o] &
2 T FES £8¥1 5% 52U head-dipping 355 %Xj
391}, SB-WE 50, 100, 200 2 400 mg/kg £Fo 2 A 14
R AT Fostlon 7t 2 8 - 10vh = Sl
4) Locomotor activity &%

Locomotor activitye= A3FEY &sA4& FAse A

OFE 9] B FEo] TEY FFA AW JFS n|=x
A Flst= AWy elth. Locomotor activityw= A7} A 2H
open field test§ boxE °]&3ld &3 a7 1= Open field test
€ boxt 7FE 415 cm, A E 415 cm, =°] 43 cm7} HEE A
z3}al, shtbe] boxdl A & mhE] ¥ ZA4 skt SB-W= 50, 100,
200 B 400 mg/kg EFOE BT FoAsIgoH o= Foi= A
P A1 AR A FRHES AT 2T E A AT
£ 7Y I BT FAsAh

5) Horizontal wire test

far fu

S AAS

Horizontal wire test= 235 &9 280 A E 8913}
Aoty Ik o g FEet FEES
o] FAEE oF7|3tE R SB-W7t o] gt F4-8-o] LAst=A
horizontal wire testS %3 &<13}$t}. Horizontal wire test
& 7158 AX3a nfHOZHE 30 cm9] FO|E 31
74 1 mm, ZA°] 40 cm®] wireE F£HOZ AA3t] FH5A
A wpg-2=0] ohto] wired FA ¢ th, e E oKL
L 3 3 & o] wires FHAY, gto] 10x o]
g wireol] Wlge 2o Ud Jri Q1gstA . SB-WE 50, 100,
200 % 400 mg/kg &% BT Fostlen o4& Fos A
zZH1 A7 Aol 5 E]EE- stk dzroz AAds
omn, fEGFER !

- R 2l diazepam-2 %
el B2 FoAHA 43 %}:OES i
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3. sAAE
2E A% A= one way analysis of variance(ANOVA)E
olgsted  FAAE  etdla,  freAel  JIFE Ae
]

Student-Newman-Keuls MethodS ©]-&3} P< 0.05 =5 ©
N frod #AE HAASAT

3

Z 3}
1. Elevated Plus-maze®l| A SB-W<] &9 a3 9 & 7|3
1) Open arm°llA] =& /\]Z_ 2 EY4s s

mg/kg %Ek«] SB-W -roi:r“ﬂ/ﬂ open armdl| E AlZte] W)
E&o] 2T H&F Haste &F EHo2 {4 U
7ol #EHAG (T2 41.3 + 1.7%, 37.1 + 3.8% versus 27.7
+31%, P<0.05). FdHETL] buspirone FHTo A= 434 +
215%2 WETED o4 A SIS & & AUAHP <
0.05). T3 open armoll ZUg 359 g 200 F 400
mg/kg & %] SB-W Foie] Hlgo] gz v&¥ Has}
o &% gEHoZ FoA A FUEIE S BEY F AN
(27} 50.2 + 2.7%, 46.3 + 2.7% versus 34.8 + 3. %, P <0.05,
Fig. 1). FHET<2] buspirone T ol = 51.7 + 24% = o
Zao HERt §94 A 3 ¢ F 3 AE}(P< 0.05).
2) WAY-100635 2 flumazenil®] Z 32§
Fig. 2014 & & Sl vk} o] open arme] ™ 5= A]7P9]
W Rgo] 2T 29.0 + 2.7% 2™, open armell &S
o WEZL 395 + 18%E YENGT Flumazenil B
WAY-100635 FJoll A1) open armol] WF-= A|7ke] W&
Z¥7} 30.0 + 25%, 31.6 + 322 ZTI H st F2oA
W37 IATh 3 flumazenil =5 WAY-100635 Fof FHol| A2
open armo| &g 5o HEFLS 77} 403 + 1.9%, 41.1
25%Z YE S, open armdl ¥ Al7te] W& 3 npztrt
A2 27 vluwste {994 Ae 2tel7h #FHA Fotrth
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Elevated Plus-MazeE ©]

22t SB-W9F WAY-1006359] W8 F339] open armof =%
= AlZEY WES 2 open armell EYS g9 NESEL 747
494 + 3.7%, 543 + 15% 2 SB-W T3} vlwate] fo4 9l
= Zpol7t #AH A ekgko}, SB-W9} flumazenile] B4 FoF
9] open armel W¥= A|7Fe] WEE I open armol] EYU 3 3
o] W8 717} 296 + 3.0%, 401 + 28% % SB-W T3}
st Fo4 A ZAHASS AT = AATHP < 0.05,
Fig. 2). ©o] A%E 5Fdlx, SB-We &< 28] GABA
complex®] benzodiazepine 4~8#¢] antangonistql flumazenil
o ¢kl zetEoj A= A o2 Hof SB-W7F GABA A4S
7Afrete] FEt 8-S UedS A + Atk

mmm % of time spent in open arms
[=""1 % of entry into open arms
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Buspirone SB-W

Fig. 1. Effect of a single treatment of the aqueous extract of
Scrophularia buergeriana (SB-W) on the percentage of the time
spent in open arms and the number of entries into open arms of the
elevated plus-maze over a 5 min test period in the mice. Each bar
represents mean + S.E.M. of 8-10 mice. P values for the group comparisons were
obtained by one way ANOVA followed by Student-Newman-Keuls test (+~ < 0.05
as compared with saline-treated control group).

60 -

EEEE % of time spent in open arms *
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&~ 20
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04 L Ll

Control 0 0 200 200 200 (mgkg)
- + - + - WAY-100635
= -t - - + Flumazenil
SB-W

Fig. 2. Anxiolytic-like effects of the aqueous extract of Scrophularia
buergeriana (SB-W) were blocked by flumazenil but not by
WAY-100635. The data is expressed as the mean (S.E.M.) of the percentage
of the time spent in and the number of entries into the open arms of the elevated
plus-maze, 1 h after the oral administration of SB-W (200 mg/kg), SB-W (200
mg/kg) + WAY-100635 (0.3 mg/kg) or flumazenil (10 mg/kg) (30 min prior
testing, i.p.), or saline; N = 8-10 mice per group. P values for the group
comparisons  were obtained by one way ANOVA followed by
Student-Newman-Keuls test (+~ < 0.05 versus saline-treated control, #7 < 0.05 as
compared with the SB-W-treated group).

2. Hole-board testo] A SB-W<] &<t &3}

Hole-board testZ ©]-&3} SB-W9] gE< 87F Fig. 3¢l
Ue ATt Fig. 3914 & & Sl= ket o], 200 3 400 mg/kg
£-2F9] SB-W Fo ol A head—dipping Sl7F izl Histo

o
Y
o
o,
ot
e
2
fol
k)

&F Aoz o4 A F7hEe] BEHAHAL 881 +
29, 843 + 30 versus 71.9 + 32, P < 0.05).

Number of head-dipping

Control 50 100 200 400 (mg/kg)
SB-W

Fig. 3. Effects of the aqueous extract of Scrophularia buergeriana
(SB-W) on the changes in head-dipping behaviors in mice tested on
the hole-board. Mice were administered SB-W (50, 100, 200 or 400
mg/kg, p.0). Each bar represents the mean + S.EMM. of 8-10 mice. P values for
group comparisons were obtained by one way ANOVA followed by
Student-Newman-Keuls test (+£ < 0.05 versus saline-treated control).

3. Locomotor activity test

SB-We] Foizl Aue5e] plNE G FAs7) 93t
o] open field test® A8tk &2 2 SB-W(50, 100, 200
and 400 mg/kg) T+ F ol5AE ¥ rearing I5E 73
st A, 94 e Aols BEE § Glith(Table 1).

Table 1. Effects of the aqueous extract of Scrophuiaria buergeriana
(SB-W) on exploratory behavior of mice in the open field test.
Drugs  Dose (mg/kg) Locomotor activity (cm) Rearing Frequency (No.)

Control 2143.10 * 129.58 4770 + 563
50 202356 * 79.33 5157 + 425
SB-W 100 207921 + 76.96 5043 + 4.17
200 200332 + 57.68 5514 + 487
400 2085.79 + 58.76 4611 £ 275

Exploratory behaviors of mice in the open field test were observed for 5 min 1h after
being treated each drug or control. Each data represents the mean = SEM from 8 - 10
mice.

100 A

80

60 -

20 1

Percentage of mice grasping the wire (%)

Control 5 50 100 200 400
Diazepam SB-W

Fig. 4. Effects of the aqueous extract of Scrophularia buergeriana
(SB-W) on horizontal wire test. Performance of mice in the horizontal wire
test 1h after oral administration of control, diazepam (5 mg/kg), or SB-W. Data
represent percentage of mice grasping the wire after administration of SB-W. Each
bar represents the mean + S.E.M. of 8-10 mice. P values for group comparisons
were obtained by one way ANOVA followed by Student-Newman-Keuls test (2 <
0.05 versus saline-treated control).

(mg/kg)

4. Horizontal wire test
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SB-Wo| dubAQl gEet FEEo| 7tA e ZHo|ge] 74
29 Jeh =X 8213}7] 9314 horizontal wire testS A3}
At} Fig. 4014 & & Adxo] = F=E<2l diazepam 5 mg/kg
Fof 7ol A ired] Wigeg= @Fo] o Ha|
oA A skl Qe SASAHP < 0.05). 2HY
SB-W FoAToMe thxzol Bluste ojmg 94 = W
2 AF & F % ‘Ri i S

A9

s

Eotel digt @i ASS 9T 2, elevated
Al SB-We| 200 mg/kg 2 400
mg/kg FAol A dlE2Fel Bl5t open armoll A HEE A|2E
o ok WE&o] FUHetAom, g open armO 29| 3
o 3t WMESE 71319 th Hole-board testo] A= SB-WE)
200 mg/kg % 400 mg/kg FolTolAM tiETe] Ml
head-dipping®] 3 71§94 A F718EA . locomotor
854 dPdMe F olsAY It g,
T3 horizontal wire testo]l M= 272 FEF 7 Alold] 2}
ol & YeEtN A &ttt olejdt Ade SB-Wrt 2ol ¢ B A5
tho] Bzpgo] glowA FEQt 8-S VAL USS Yvlste
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buspirone, hydroxyzine, zolpidem So] gJom xAQ
}9-2 X BA|ol= TCAs, MAO inhibitors, SSRIs, 5-HT2
blockers, mirtazapine, venlafaxine 5 ©°] AH&-5 o] ko F7|7F
AFE A, 2 RASRR ol WA % SEg B 5o 2

ol WA Aol AFEH ] FlojA Hot Hdd HAGE

o
)

kel 2o Ae] AAstin & 4 Y. e AT A
453 Qe HIFESY HAME o}AA] FEEY 247
Ao tha) s BRI FrolodA o} AgolE Ee)
A7} Be FEolng ol @ sl A& WAUES el
E Aol AFstn & & Utk B9k HR A% oy
A fage] Aede BHA Agolng oAl g4 3
AEA AFAME ol theA AL Atz wge 5 9l
A4 dE AP YA T A}%ol T Fofof Fh.
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anticonflict tests, hole-board test, social interaction test,

geller-typeolt}  vogel-type<]

elevated plus-maze 50] O‘hfﬂ o] Z elevated plus-mazet &
5] B¢ Ay Bt k] A dST | 2ol B

42, FIi oFE X ’LEE‘}E 8# 54E o] & Aotk
) o] A9 closed arm R Ho] ¢l open armol| A H
B2 E2ehE =77 Wi Ete] B FEYUSFE open arm
o MFE 7IZte] &tk FES FE 9 AL open armol A |
T A7 A% 2 open arm O 29 YL FIIERA Bt
H=t o]€ closed arm9] F§) 34 9 HE AZEY AR ®
deh wha 2 AT A elevated plus-mazeE o] &3 EF
AATE RddA SB-W Foie] g FES Aot X3k

F ok =3 2 e‘@ﬂl*ﬂ% SB-We| Fofd 9
locomotor activity7} W3tH A=A &213l7) 3 F olFAY
S 343 23 SB-W & §&olA tizad v A Aols
Holx| ergtt). A2 02 SB-W+ locomotor activity 2 9]
& Age] Wzt glo] FEt A&S zte Aoyt &+ 9l
T FEAAQ benzodiazepineAl FE <] 2874 <
E2¢] y-amino butyric acid(GABA)Y] Z3lety &
AH. GABAE EHF HolH T2 A4 AAA
2 AP & GABAL 8419 B8 A o)A chloride ©]-2
2 & A X (postsynaptic cell| 2] F#4HE FIHAZ O
FEFE oA AHEAZY A& ot 54
Wl 2t oAl A F= GABAC] I3k chloride
& A3sle] 1 H 02 GABA AAALE 43}

Aoz 4EA Y. Liao S& baicalein? baicalin®] &
87 ] antangonist?! flumazenildl] ]3] &

wat Y. Fig. 2014 & § 91%o] 5-HTal]
antagonistd]  WAY-1006352} SB—W—"F%%«] HE FofoA
WAY-1006357} SB-We] &<t F ool Aaalgo] M3 AX
7, GABAAY antagonist?! flumazenil®} SB-WHFE &9 B & F
A+ flumazenilo] SB-W&] &9t gulo] 23288 3la
& Atk olg3 Aae SB-W7l GABAAIAAE 7

285 YEH, 5-HTia A A A b= #d o] gk
Wska e Aotk & A3 A xTe=
2] 5-HT1a9 agonist
el AZEYORE Qs e e A3 T2 Ads)
HE FEAA FEG LS 7HTa B gtk
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