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SUMMARY

I . Subject

“Development of food ingredient for auditory function by enhancement of baicalein content

in the scutellaria baicaleinsis”

. Purpose and need for research and development

— Purpose of this research is to commercialize of scutellaria baicaleinsis—containing
high dose of baicalein through Lactic acid fermentation process improved the efficacy
of hearing function enhancement and protection.

- Development of drugs or technology of hearing loss prevention or treatment in
natural product will be a breakthrough technology, as well as the current and future

major aging disease, hearing loss will be a big help to resolve.

II. Content and scope of research and development

1. Baicalein increased process development: scutellaria baicaleinsis—containing high dose
of baicalein through Lactic acid fermentation process development

2. Biloconversion scutellaria baicaleinsis containing high dose baicalein standard: HPLC
analysis of scutellaria baicaleinsis standard containing high dose baicalein

3. Raw materials of scutellaria baicaleinsis and product standard: HPLC analysis of of
scutellaria baicaleinsis and product

4. Auditory function tests of bioconversion scutellaria baicaleinsis: Electrophysiologic
evaluation using hearing loss animal model to confirm the preventing or therapeutic
efficacy of bioconversion scutellaria baicaleinsis against hearing loss and to compare
the efficacy between before and after bioconversion.

5. Prototype production: Prototype production of bioconversion scutellaria baicaleinsis

containing high dose baicalein

IV. Results of research and development

1. Completion of prototypes production of bioconversion scutellaria baicaleinsis
containing high dose baicalein

2. Establishment of the optimal process and validation of bioconversion scutellaria
baicaleinsis containing high dose baicalein

3. Standardization of bioconversion scutellaria baicaleinsis containing high dose baicalein
through HPLC analysis



4. Safety confirmation of bioconversion scutellaria baicaleinsis in an animal model
through the LD50 toxicity test

5. bioconversion of scutellaria baicaleinsis enhances auditory function in noise—induced
hearing loss animal model compared with before bioconversion of scutellaria
baicaleinsis treated animal.

6. bioconversion of scutellaria baicaleinsis showed the superior efficacy than NAC, is

known as noise-induced hearing loss improved material, in animal model.

V. Research utilization plan and performance

1. Patented one cases have been completed and SCl-grade paper is being prepared. In
addition to the technology transfer agreement is being in Edennature.

2. Development of hearing—-protection food using preclinical efficacy data in animal
models

3. Secure the world's first leading technology of hearing loss prevention or treatment

in natural product
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- 919 177HA #E gl dis) HPLC 24 &2 npo]Z-e Q13 nfol byl 3haks

=

HPLC 2 X2

Mobile phase(%) WATER(85) : ACN(15)
Flow rate 1.0 mi/min
UV detector 280 nm
Oven 40°C
Column Biochoff chromatography,

ProntoSIL 250 * 4.6 mm

HPLC : LC—20A HPLC instrument, Shimadzu

bioconversion baicalein ratio
3004

200+

150

ratio (%)

100+

-

sample NO.
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L}, Aspergillus niger 3] 42 SM enzyme® % bioconversion
- Aspergillus niger 3 &4 SM enzymel® 55 T 48A17F &<t incubatorol A

bioconversion

Fig. biocnversion #}7%

th HPLCE ol §& @& 7 EZ5
- HPLCE ol§3ko] uholZe|el, wpo]
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HPLC

Mobile phase

Flow rate

UV detector

Column

Oven

Acetic acid 0.5% DW(80) :

Acetonitrile(20)
1.0 ml/min
254 nm
40°C

Shimadzu, Shim-pack VP-ODS,

250%4.6 mm

HPLC : LC-20A HPLC instrument, Shimadzu

uV uw
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£50000+
100000+
100000+
0000+
50000+ L
|~ i
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0 1n 0 30 40 50 60 70 i) 10 20 40 50 60 70
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1 i E @ 50 @ 0 0 1 P 10 50 d 70
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Fig. wpo]ze)<l,

wpo) Zel, 9yl

’

a1 AFo] = standard chromatogram
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Fig. 3% chromatogram

Z}. HPLCZ o] &3} SM enzyme &4 2] bioconversion

- SM enzyme &49] bioconversion Z ¥} uvpe]zrg|Qle] Mg - 28u) o] F7HEF S

HE - -
Tl haieali °" 2 baicalein
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" ]
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- ﬁm@gm wel l L l
il | é LS
0 B A P - P P 7 » » » © % @ n
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SB 339% 0.04 %
BSB 0.08 % 1.13 %

Fig. W& &5 npolZdd, nfo] e ql 3 &4
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2% 8 mg ©]’Fel A& baicalein®] 3ol FT7tEHA R

3000 =

2500

2000 +

1500

1000 -

S7hek hicalein®] < (9%)

S00 ¢

.
o

0 5 10 15 20
SM enzyme 9% (mg)

L~

Fig. &2 oF&f | wpelze el &3 &4

- HolZ Y I i FE TEE ALY FAEFE V] A8 23dd GATH F
127}A19] FAt# o2 &5 W vz dFS Fole dFE 4T 43 47

A (sample NO. 1, 11, 12, 16)8 FATFAA T Hlo|ZH YA FFol FokA+

- A3 FATFE =Y SM enzymes o] 83l @wF F ulo|Zd el gFo] Fo}
Ae AL HPLC B4 o2 FFslstAn, AH Y [FAdF9 A &3 =24 TH
S 9.




Female mice

Male mice

-+ BSB
-+ Normal

(B) 3yBlam Apoq

™
B £
m =
b

(B) 3yBlam Apoq

1
7
days

Fig. @& 33 (BSB) Folw3 H]

BSB £ mice

Normal mice

validation

)

I
TERY

e

ke

ojn
4

TR

=0

g/

@)

X
BN
g B
0
-
=
&)
L.E J)A:O
MW op
X
A
o )
A=Y
o T
-
o o
w8
X B7
T O
| m
mhy ~—
Wo o
R
3 o
7o Xq
ojn
SO

ﬁo

‘_JZ-O

4

7 ¢ (auditory

[e)
A

g

>

Hfo] @ w7 <l

Al A A

=

brainstem response, ABR)%

o]
FO

=0

H

sl
JJo

N~
o)

N

ﬂwmo

7
fy

g/

A}
2}

_29_



M =0 K i
,.i ‘WE ‘I%I O#D
op o {q
NI ez S 33 °
5 o o~ m m_,H.. oo e @
1Ho ) = - o
o - in o o\ on o oy <[ ooy =
T o S8 8% N A S
,ml 1Er¢ 1;1_ ™ — ™ i IU_ b i oAl
® N *
oF ) E .................... e o
N £ o K
{| 3 ml T\lag cd =] = o
o+ M2 EE wr
GO |2 b
i W % 9 cd o e o %0 5
o ® &
= T - 5
A v B —
T "
R
m th ) H - ( ojn
Ty} oS W o m._.u !
o A mu ) 1 o =
ol S XA
~ o —
™ =
o E i
o W £ -
L o ﬂ ~ J_,NO IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII O#D
a " <N <
o ../. m Eo O#D = .
o N N g A ©
,// ﬂDl ‘WE m A =) Hr m
e Mu_m s h m._rﬂ Mw_ N
— Mﬂ % O<.._ x_____._ \Alv_wl
A# \ﬂul‘._ - . L .ﬁ%
e =
= my —
Coo e _

=]
.

o

A ks mde] o HAd Ao AR

_30_

1ol 120 dB &9 =F°] 294 ¢

I3

7+ 37



Click threshold

8 8 3
L1
*
*
*

&
1

(2]
=
1

threshold (dB}
S

-
(=]
1

before after before after

110 dB noise 120 dB noise

- Ae EE S 1Y, 49, 7Y, 4 ke Ay 19 FE9A] S A e
= + permanent3t g H x| T UELY 2

W2 Age Ao AR

Click threshold

o
(=]
1
i
*
k3

404
30+

threshold (dB)
=

after-iD  after-4D  after-7D after-14D

= A rbe2 7ol HY A= 10 dB ©olEH(T10 dB), 10-20 dB (T20 dB),
B) Z18]al 31 dB ©]&(17 dB)= EFste] 27t 110 dBe 120 dB ==

3 279 A4 A 2% w=E A FHGA} Be 55 wE F GA FopA:
Aow UEhd. oleld AL 110 dBeh 120 dB BT W%ahA Uehg 284 ¢F wul
FERAE 29 w3 4 A9 @7 A 20 dB oate) BB AgaE o] vad @ 2
o7 Aleg

_31_



110 dB NIHL
@ 40
1=
£
E 30
]
3 1 *
£ 204
§ i
5:.. ¥
= 10- _
£
g o : . rrrrrrrL;m
= ~10 dB ~20 dB ~30 dB 31~ dB

pre-threshold

1D test after NIHL

mice without below 110 dB noise exposure

204

hearing threshold shifts (dB)

120 dB NIHL

T

~20dB  ~30 dB
pre-threshold

~10 dB

1D test after NIHL
all mice with over 120 dB noise exposure

5. vfolZdl st FaaAY A4V A AlE
O A7
- AZ7s H7F WwHoR AAFe=R AHRA vio]entARl  HARF
brainstem response, ABR)E HAl74 ¢ HHIXS H7}
- F¥9 FFAANEAZS Hrtste Wl AA SIS (auditory middle
response, AMLR) 2. & A7z} 3 7% #H7}
- gyol#e] FEAX FJHE Hrlels WHoeRE oS3
22 FRAXL A #Hr}
| wEeIo| M 7|5 It

Outer Ear

3 Auditory
t Art is An Option

Audit
'.““-?:,V.

Source

31~ dB

1A 9] (auditory

latency

AHotoacoustic emission, OAE)

Ol &AL
(otoacoustic
emission_ O

i
BYRUHS
(Auditory brainstem

\
BaguHe
(Auditory middle latency
res nnse\ AMLR)

5pv

_32_

100

1000 msec



- ABR& ©]&3fo] nt

o -+ 2

oy & (ny N
oW Ay M
: - -
) A w-
Q[0 .
i wf CHELE
X oo TP =
e H s sYver e ] g e feyieie G2 T HH
— = 2 s g | B = 2 S g 8
= X s N RE R 8 : g
T X s _ I By
o £ ; i T g
2 |
< = m i i ad m %o
b4 a Lo oF Z o~
= o/ b » _ Gt
w s 8 . a By
r X @ : I : i p Mt T
AT_ % 4 = =1 @ o MWH ™
T T o = o —
= - 5 - | 8l= = : e S oF
x g L al e | T Fa
oz .9 B g Wk =
o 8 g = = ot " g
o (8P) Hus ployse.u} e —— . o W T
. 2 5 gl e i B z m s\ s 8 2 =
! T® u s b a
'~ B ™3 _-m_._l I~ m _.- ‘I—ﬁl lan ]L
o] %) B od (C o e t o —y X0
o T W =500 i T ok
o T 5 i EEERIRELL | _ do T o 1l
O 0 jant | Tl R T I eyl Lo ) o
ﬂxﬁ moﬂkmm,m,m bod¢ . i i%w{du
A . lh K388 = > _ ® A N wk
%o o I in S = M o = - —_ B
N —~— 0 m M0 5 oo S z A . i T o = —
-~ < 0 n | X 8 = C)
R o ok OO O —|= - s o < - s | —_
o) L o S ns G
o Kiu [ = Q m % - z -l & = o oy
fe B oo ) H M ogok & m B oF W
AN A i ) En—— - )
a A fr B0 &G G A O [
5 o ol do M J E
—_—T i a L -~
w 0 ‘W HL 0 O_H ‘Nﬂ ‘Nv_ﬂ
T oo Gy, ey 8
N B — M e o
m NN < - oT M
N CRRNCUS
AT | \VJ.A ﬂ__,mo | ”ﬁ | ‘m.._

_33_



- uhgss ohsul fEAEY @vA B

SB300°] REAEZ e} 7t

oo

TEOAE

+ Normal
== Confrol
e o SB100
- SB 300
= SB 500

response intensity

Frequency (kHz)

»

b

28 E F FOTE 4R 37t 2nf E3(sB)2| S0 w2} off B
0l 37510 RE2M= 25 Tn} =l
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»
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Bioconversion of Scutellaria baicalensis enhances
otoprotective effect against noise induced hearing loss in mouse
Bin Na Hong!, Keun Ha Park?, Yeon-Ju Kim!, Ha Na Hong !, Tong Ho Kang!
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Bioconversion of Scurellaria baicalensis enhances

otoprotective effect against noise induced hearing loss in mouse.

Keun Ha Park?!, You Ri Hur', Bin Na Hong -2, Tong Ho Kang!

! College of Life Sciences. Kyung Hee University. Republic of Korea
2Department of Audiology. Nambu University, Republic of Korea

Scutellaria biacalensis Georgi (SB)

Scutellaria biacalensis Georgi (SB). commonly known as Skullcap. is rich in

polyphenols and flavonoids; baicalin, baicalein, oroxylin A, and wogonin. Baicalin
and baicalein, major flavoneids from SB. have attracted considerable attention I8 h e T
because it has a variety of interesting activities such as antitumor, anti-inflammatory, ‘f}:; ““"baicalin

and antioxidant effects. We had previously reported the protective effect of SB in
H
=

Several pharmacological approaches have been
attempted to preventing or treating hair cell damage
and hearing loss caused by NIHL. This
investigation examines bioconversion of
Scuftellaria baicalensis (SB) which is a natural

NIHL in a mouse model and we had elucidated its active principle being baicalein.

baicalein <&

O O ]/LJ
product contains various flavonoides enhances (Neuroscience Letters 469 (2010) 298-302). Therefore we developed bioconversion . il O’QYJ
otoprotective effect against NIHL in mouse. method to increase baicalein. bioconversion OH ©

- 7
Methods
‘ Bioconversion SB j o
Treatments in mouse Dg- ey %Y J
‘ 3 :‘ b = e 5
: . . | . =
Auditory function tests
‘ JIHLANAEE o = I ‘ i ionSB ~ HPLC analysis Animals : 7 weeks male [CR mice . + Anesthesis with xylazine and ketarrine
S + SB extract was standardizedby HPLC Treatments : 30 min. prior to noise exposure AL induction  mn-mm—
| Auditory function tests j + Biosonversion S8 extract * Control e - Auditory middle ateney respense
. SB was analysisby HPLC * Bioconversion $B 300 mg’kg (BSB) =~ Transient evoked otoacoustic emissions

~ E =S

( HPLC analysis | [ HearingthresholdsinABR | [ Central functionsin AMLR | [ Cochlear functions in OAE |
TB 4 kHz increased thresholds Pa latencies TEOAE 2z
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1.The bioconversion has increased baicalein level in the SB through enzymatic hydrolysis by CSB12.
2.The BSB efficacies were shown in ABR, AMLR, and TEOAE.

3.These findings suggest bioconversion of SB potentially enhances auditory function from noise-induced hearing loss.
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