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The emergence of biofilms have generated urgent alarm in clinical and medicine manufacturing
fields engaged in the search for novel antimicrobials from ethno-medicinal plants. The National
Institutes of Health (NIH) has estimated that 70% of all microbial infections in the world are
associated with biofilms. In addition, the emergence of strains resistant to conventional antibiotics
has become a serious threat to global public health. Therefore, finding alternative medicines is a
major issue in the field of integrative medicine. In this study, four different herb extracts were
screened for biofilm formation and the activities of Alebsiella pneumoniae. Of them, Scutellaria
scordifolia Fisch. ex Schrank extracts had inhibitory effects on bacterial growth and biofilm
formation. The Scutellaia scordifolia Fisch. ex Schrank extracts did not cause any cytotoxicity to
1929 cells. The growth of A. pneumoniae was inhibited compared to other comparators in the
experimental group containing Scutellaia scordifolia Fisch. ex Schrank. In a group of experiments
with plant extracts, a maximum of 60 times the level of living bacteria was confirmed compared to
the controls without the addition of the Scutellaia scordifolia Fisch. ex Schrank extracts. In a group
of experiments with a significantly lower level of fluorescence extraction, differential interference
contrast imaging showed that the number of A. pneumonae was reduced. These results suggest
that extracts of this plant be applied as antimicrobial agents against A. pneumoniae, particularly in
biofilm forms.
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Scutellaria baicalensis Georgi 7} hepatocellular carcinoma
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Aol FA49] Yt A= ) FE methicillin-resistant
Staphylococcus aureus MRSA)O] g A4 B AT E]o] Q)=
A7 oleH5, 6l. weba] AR ol A FAIE oF7I8tkal Sl t
St Ui gl ehe aat sl ek At7E B astal[7] WA
Alite] S7h= 35 BAH 0 & Akt ZA1E of7|skal 9
om, oefet A E SHAsH| 1o dat=d Al b4 2] A
o] F a3t theko & AL QITHS, 9], T, WA Alate] &
7he A A RO B o gRE of7I8lal Qlom HE oFE
B2 A ARt 25k Bt S84S5 A=) ofgstalat
Sz AF7FEES] 35 AL QITH10, 111, & Atol|A] o8-
Scutellaria scordifolia Fisch. ex Schrank A1 &2 tj 55 =
(Shurbs)®} 8] B (Hurbs)H= 0714 ¢li=t] Lamiceae} 4]
52 37 253 9K Mediterranean region)oll @ 2] B 5]
o] 9lom E3] gHl=(Lebanon)A Foll= 29%(Genera)<]
AlEo] AulEl Ql=Al o= A Q12 o] AlEE &
T8 ALS- =24 O] Al 7} o] Fo X] AL glo] s A 2ol A
9 HAA o]ol& AEdh= AlEolt) Lamiceaedt A5
Ay FZ(external grandular structure)= sl Wk
(aromatic) g2 Hal glom o2t Bo] FxE <l
volatile & %2 AATsY W= A 0= el A QIH13]. #llHl= 4]
ool A= Lamiceae¥}9] AEol 4] 253t @ U o]-&-3f Fut
ElA A Y A5 A W e o= ARG o] 2|11 9]
CH13]. o]l & Lol A= Lamicead}oll 30U Scurellaria
scordifolia Fisch. ex Schrank 212 F%5&E ol4sto] H¥
(pneumonia), w&%(bacteriemia) X Aol st WA
(antibiotics resistance)S U 0.71%= Klebsiella pnemoniaest
< 14102 HEFAOFLHE) A 252 o ot
gl Hio] AF oA o] thet AE S AA] ST
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1.

il

o} A&t W Veronica longifolia, Aquilegia sibirica
Lam, Oxytropis pseudoglandulosa Gontsch. ex Grub,
Scutellaria scordifolia Fisch. ex Schrank 200 g2 1.5 L&k
< &0 7ok $, 50°CoNA 2SR (1542417 7H4) 5}
Hghe 397 =T Al o A2 TE §F ¥,
45°Coll A 78 w5019l o, 5= ol 25 4 X0}
Ack B AellHE A pneumoniae (ATCC 700831
Muller-Hinton (MH) agar, broth 8i#|(KisanBio, Korea)®l
& 3to] 37°CollA] 24417 23] AlcHulske] &3} ot o Al
Aol ARGt

2. Colony forming unit (CFU)

AlEFEdo] ot o] 44 A axkE FRIsH| 919
CFUHE o83t A5 =74 sioith. A¥ A K pneu-
moniaew-& MH agarol] =8 3t 3, 37°C 18A|7F B FAIA
At A ks o] &8l T8 % 6001m=0.19] o F-FA=
o] & &, Tt w0 AlE 2} oA 37°C 24417E
HFAIA T8It o] %, vl 100 pL A& MH agaro]] &= o}
o] 37°C 24AI%F F=7} wl| A A 3Tt

3. MZ=4 A|Z(LDH assay)

LDH (lactate dehydrogenase) assayoll AR 215 9] A
OFA3E(1.929)=Dulbeco’s Modified Eagle’s Media (DMEM)
1 2|(Gibco, USA)ell 10% FBS, 100 unit mL"¢] penicillin/
streptomycing H7Fet A& AR 61901, 37°C, 5% CO, vl
Y& o8t FASFA.

2x10°9] L929M| S 96-well platec] £33+ 2, 0.3, 0.6,
0.9 mg/mL 9] 25 552 AEFEHI Z9ksto] 37°C, 5%
CO2 71014 24A17F &<T vl sFolth. 24A17F 3= i uf
A 50 pLot 52| LDH 714 -8 (Promega, USA)»2 30-27¢
A Lol A WE-A171 5 1 M acetic acid S 50 uLA 2 718}o] vt
& AA A T2, B3 = Al (spectrophotometry) 490 nm
a}ol| A 248+ 531 (optical density, OD) o8& A=A
(cytotoxicity) FE=g thal} o] WE-&= AAkskGiTt. ol
g tx-E Triton X-1005 7ol ¥EEAIX A5 &

A 2L wfope] W TP ARE ARG,
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NFZ=A(%)=(X-B)/(A-B) x 100
(X: A¥ 0D, A SFAU 2L, B=2AU %)

4. HIO|QE S X 2T TIIAE X HOHY

oo

1=
IF

24-well plate (TPP Trasad- ingen, Switzerland) Z+ well

of] 10’CFU/mL 243t #-==H(MH broth)3} A| X EA4J0] gl
Aoz el ¥ 0.9 mg/mLA H}E HEE AE2ZNE K7}

OF &, 37°Coll A 244171 E3F vkt SR o2
AR wjokslglon] FATIRIECEE gentamicin
(final conc. 200 pg/mL)o] 47Fe 50 vl FskelTt.

HjoFo] Tk Alel 9l o %78 phosphate buffered
saline (PBS)Z 53] M&3et & 4% paraformaldehyde=® A2
oA 2087 IAAIA FoAck o], Lipid A anti-LPS
(Thermo, USA) 3A|2}F AoflA] 1AI7Fs?t WHGAIASE 2,
Donkey anti-goat alexa Fluor488 (Thermo, USA)- A1 oF
AofA] TAIZE 27HRREAIA 900 BE QA Igo] B &
confocal laser microscope (Olympus, Japan)& ©]-&-3f vlo]
QI E P AR TSI

¢

5. EAIA2

B Ao A BE AV S-S mean+standard
deviation© 2 LFERH It} A% of w2 glofej7te] 5414
Lo AAS 913 ANOVAS} student’s t-testS 52§31 Ich
(P<0.05).

4 1
1. Scutellaria scordifolia Fisch. ex Schrank A2 Z=20H0||
olst o ME AX| =t

GtEo] Q= A& FZol(Table 1)& AH3}7| Yo 22}
o] Al 29 0.5 mg/mL (% 55)7 O.D 600,m=0.12]
K. pneumoniaedt 5348 | 37°C, 24172t o <F A1
St ouf, St RO B= AEFE NI FRFQ1 50 pLe]

Table 1. Information on plant extracts used in this study

=)

:
og
o
=
BN

-9 2= Gentamicin (ZOO ug/ mL)2 A7}
= e} 3191k o) ¥, a4 CFUg o
T}, Scutellaria SCOfd/fo/za Fisch. ex Schrank
T6.710g10+5.25 CFU/mL) ol 4] th A& 3¢

Z3-00|(7.710g10+6.16 CFU/mL) H]3f 5414
28 K. pneumoniaew-2] /370] A H 7L 2l
CHFigure 1).
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Scutellaria scordifolia Fisch. ex Shrank A2 &9
SIFRFOMIZE(L929)0]| CHEt M= T}
A3zl kolat H 713k th 272 109.4+1.1%2) A 3E &
< How, 03 mg/mLly F& Fxof 1’41011*1%
101.5+2.1%, 0.6 mg/mL+= 98.0%+2.8%, 0.9 mg/mL+=
98.6+1.9%2] NIEAE=E-S BRACEMN Scutellaria scordifolia
Fisch. ex Schrank 32201 19294 3E0]| theh Al 3254dS T
A F3-S 2l stk Figure 2).

3. Scutellaria scordifolia Fisch. ex Schrank =&=9]
ST K pneumoniae T 3% x| 2t

LDHAEANE v o7 w5 W Scutelaria scordifolia

CFU assay

ok

10+

Number of CFUs

1024

100

6 0.3 0.6 0.9 Gentamicin

Scutellaria scordifolia Fisch. ex Schrank extracts (mg/mL)

Figure 1. Measurement results of the bacterial number after
incubation with the plant extraction solution (1: Veronica longifolia
L., 2. Aquilegia sibirica Lam., 3: Oxytropis pseudoglandulosa Gontsch.
ex Grub, 4: Scutellaria scordifolia Fisch. ex Schrank) (***P<0.001).

No. Botanical Name Family Extracts Traditional uses

1 Veronica longifolia L. Scrophulariaceae  Methanol Gastro—enteritis, Endometritisjaundic,
Cold-cough, Short breath, Lung tuberculosis

2 Aquilegia sibirica Lam. Ranunculaceae  Methanol Gastro-intestinal function, Chronic gastritis, Colitis

3 Oxytropis pseudoglandulosa Gontsch. ex Grub. Fabaceae Methanol Stomatitis

4 Scutellaria scordifolia Fisch. ex Schrank Lamiaceae Methanol Gastrointestinal diseases,

Kidney and liver colics, Malaria, Anorexia,
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Fisch. ex Schrank 59| RS RISk 0.D
6001m=0.19] K. pneumoniaest 592 0.3, 0.6, 0.9
mg/mLe] 27| ©W Scutellaria scordifolia Fisch. ex Schrank
FE= G 37°C 24407 wjosrgion, o] & A
CFUH o & 27 s3ict.

A%l AT}, Scutellaria scordifolia Fisch. ex Schrank %
oHo] H7h]A] oF2 th ol A= 7.91og10+6.28 CFU/mLO
A7 S5 WA, Als ol 471 AdltelA=0.3
mg/mL (7.9log10+6.28 CFU/mL), 0.6 mg/mL (7.17log10+6.5
CFU/mL), 0.9 mg/mL (5.9l0g10+ 5.45 CFU/mL)= $==9]
F || SHA ABt57E o oF 60H A E] A5 =l 5k
CHFigure 1).

4. Scutellaria scordifolia Fisch. ex Schrank 2&&2| K.

pneumoniaedt HIO|REE &Y x|zt

Scutellaria scordifolia Fisch. ex Schrank A& 32292 K.
pneumoniaest Hlo| L BE F4 Al =elshr]| ¢l
Lipid-AGAE o]-82t WY FFAMH(immunofluorescence
staining)& ATt Lipid-A+= Acylated glucosamine
phosphate disaccharide24] LPS (lipopolysaccharide)2] 7+
g o, 15 S/ ARt efatol EAfstar et Lipid-A
YAE o] 83t K pneumoniaes-& 9 8192, confocal
microscopesr ©J-8-5te] Hio| IE FA {5 A28l
o, P37 (fluorescent intensity) af= B O A}
SFlk. 24-well plateol] 10’CFU/MLO.E 243t K. pneu-
moniae T8I} 9 CFUA AN A o 7 A B3= Hof
2 B2l 0.9 mg/mLe| Scutellaria scordifolia Fisch. ex
Schrank A& FE0-& 2950, 37°C 24417 52t v sl
AT} K pneumoniae <ol I3t vto] @ FF FAJo| A {5+

3A. DIC _ o-Lipid A

Control

Extracts

Bar = 10 pm

3B.

Fluorescence intensity
8
<
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= differential interference contrast (DIC) 3 &34 1}4H(488
nm) o8-8k F3gA 7] (fluorescence intensity) = H] wH-415}
HchFigure 3A, 3B). A8 A3k, A2kl vls) Scurellaria
scordifolia Fisch. ex Schrank 5220] 31 A9 oA A
pneumoniae 2] |A|57F &0] &0 3= DICO|[ A& &
o gelstelon, FAI71Y Bl A4S Bl SRS
(645£91.92 a.well Hlel F=Z=o] L A 7H(410£26.28
a.WollAl FFA717 BASH 02 G281 WolbA Q= A&
2helstthFigure 3B).

Klebsiellz=12r&A uhfjdo g2 #9927k Je]u d
ASS 210 7)1 o] MBS o}

22479, 29352 UYL Lo
7| $18) 8% e PSS Hon

= al
pneumoniae "8 WA &5 U4

2
2L
N
—_-
<=
>
—t
(@)
=}
a.
D
5

LDH assay
NS

100

Cell Survival
(% of control)
8

0 0.3 0.6 0.9 Triton-X100

Scutellaria scordifolia Fisch ex Schrank (mg/mlL)
Figure 2. The results found after adding different concentrations

of Scutellaria scordifolia Fisch. ex extracts to the L929 cells.
Abbreviation: NS, no significance.

800

600

Figure 3. Biofilm inhibition effects of
K. pneumoniae by Scutellaria scor-
2004 difolia Fisch. ex Schrank extract (*P
<0.01). 3A: Comparing biofilm for-
mation to A pneumoniae with dif-
ferential interface contrast (DIC) and
fluorescent wavelength (488nm). 3B:
Comparison of control and expe-
rimental groups for the number of A
pneumoniae by fluorscences intensity.

=]

T
Control Extract
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A2 AARR] A7 =] Sl a 288k e e oA e
Z2Fo] = @8}cH17]. Buropean Antimicrobial Resistance
Surveillance System (EARSS)| W2 H, §-H 5ol A 182
K.pneumoniae| X 7V =& WES Folal =], 7h}
HW-2 46%, H=E-2 58%, A AlEEAZELS 63%0]0t
[18]. 2, Hwang (191 S-2juetellA 9 A7t
= GAA e
2 2 TI¥(antimicrobial stewardship programmes, ASPs)}>
s Y E APTEllE HEPT GO HAE A AR
ofu] QA Zol il YA WEE 2= 5= A SkSith
Scutellaria scordifolia Fisch. ex SchrankS-LamiceaX}of| £
W= AR W8 R 2180 = TR A (R FsiAg Dol A Al
=31 @Ik Lamicead} A1E-2 Hls/d(phenolic compound)$S
SRl glof FksKantioxidant) ! SHantibacterial) Y17}
UEAoR AHA 1om(20], Thyme (7hymus vulgaris L),
rosemary (Rosmarinus officinalis L.), oregano (Origanum

(infectious diseases specialist, IDS)7} 58}

vulgare L.), peppermint (Mentha piperita L.) 3 sage (Salvia
officinalis L.) ‘- Lamicead}ol| £31= Alo] offehe: 7|8 2 E-2
Proteus vulgaris, Listeria monocytogenes 1043501| Tt &t
o] Q2 2ol 3t v} 9o GC-MSAEZET, o5 AlEol=
Eugenol, Ledol’d&o] thF TiElo] l=Alo] €1l =3IcH21l.
Eugenol A%-2- Salmonella typhi®) A|3EHre] AtfEAIS HEA]
AO=E 3f FaVdE S A7 = Hel| & iyt Qo=
B = v} Qlom[22], Ledold-2 Escherichia coli, MRSA,
K pneumonize®) tet St o= Nardostachys jatamansi
Aol Tl aEokEo] QA o =t Hars vl Qlr23).

B AL A= Lamiceaed}2] Scurellaria scordifolia Fisch.
ex Schranka22] 71&0] Gl A QA g2 gFte Y Hlo]
IE F4 AA=of| diet AEE AWsltt. Scurellaria
scordifolia Fisch. ex Schrank %222 DF4H-GoMHE
(L929)°ll tiet Al 257 B7HE AAISHRITE L929+= YR ©
2 ojH &40 54e Hdd of 7|Eo] B Al E2A A
FO|OREPA o A =/ BT Aloll ARG = Al ol 3=
Z50] L9294 E o A= Al 25702 dotk 7] fste] MTT
assay & Aot MBCEEE 7|50 2 Akt A5 L2
FEEL AT TXHANEQX 107/ wel)2} 2441 7F vl g3}
RTH19]. A A}, Al eyt 7ot th 242 109.4%9]
AlE AE2ES H9oH, 0.3 mg/mLe] 5% Fkof tiefiA]
= 101.5%, 0.6 mg/mL= 97.99%, 0.9 mg/mlL= 98.63%2]
M| A 8-S Ko L9294 3] T3t M E540S BA] o=

skl 3191 K pneumoniae”] FEIE Bch 59 9]

www.kjcls.org

Gt aiE 57 98 AR At 42 Z4 1t vl . B A
(=l &33A)7], fluorescence intensity)ollAl 2] 47} &
OfSHA oA glis A& RISt 4= qlglom TAXCRE &
ofgt Aol & H i} ¢ A3e w]Fo] F2lo] AURiel ol
elo] B HH diot tet Pt 1ok HEEA
< Z8oh o B2 gt A7 B8 A0 ' Atn Tk

O OF
a5

T2 o5& o] &= AlEoAM ML P EdE A
= Sl vho] P FO] HH-L- A, OfTF A2 Rofell A o
TS E B0 9l Zloloh, A B NI AlA &
£ A= 1H9] 70%7F Hro] 853t At of Qlral 4}
a1 glom, 71Ee] Ao ol Sl W] S8 HAA
S5 Hxdof Azt e1ge] AL qick. whebA i ofet 242
Aol U= 212 SR EAY) olete] 583 ot o] At

o
A Klebsiella pneumoniae®) vto] Q. D= A7} H4slof| of
Y| 7HA] | B 2258 AT oGl B AN ARSH A E
Ze2eW Zof| Scuteljaria scordifolia Fisch. ex Schrank 2%
ol ue|gjote] gt Hie] @ F-E Aol A IS Hof =81
t}. Scutellaria scordifolia Fisch. ex Schrank 5220] L929A|
3Eof| o3t M| E55A0E EA] o2 31 B13AT ScutellariaS: A
7Rt ARlto| A o2t 2toll 8ISl AL pneumoniae®] 787g|
ANA UL}, Scutellaria scordifolia Fisch. ex Schrank 524
o] 7P| A] g2 2w} v whH, AlE FEo] 7bE A
ol A= A7t F o] oF 60ul JA|E 8- gl B3t
Scutellaria scordifolia Fisch. ex Schrank F%-=0] 391 4
o oAlA K. pneumoniae w2] TG S50 U2
differential interference contrast (DIC)2] ©]0| A& F3llA =
SRISIG o1, FFA 7] 9] H] AtAS B3l /g T Rtoll BlsH
F=Eo| T3 AATolA FFA 17 sATH 0 & fofst
A FobA Gl A& 2RIstat. o]et Ail= o] A& FEE
o] K. pneumoniae®), E3] 8lo] @ LE & Ao A S4tA| 24 2]

£ % 912 QI8 F= Alelet.
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