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SUMMARY
(FE29H7)

I. Title : Red Liriopis tuber production by steam and drying process of Liriopis tuber and

development of its functional food products
II. The purpose and necessity of reasearch

1. Purpose

Dried root of Maekmundong (Lirigpe platyphylla Wang et Tang; Liriopis tuber; LP) has
been used for traditional medicine in Korea for many years for the treatment of asthma
and bronchial and lung inflammation. A number of previous studies have reported the
preventative effects of Liriopis tuber extracts on diabetes, cancer, inflammation, and
neurodegenerative disease. Although hot water extracts of Liriopis tuber have numerous
pharmaceutical benefits and thus they have been used as a tonic in Korea to stamina and
also as an expectorant, their sour and astringent tastes are acting as a disadvantage for
their applications in functional beverage. Therefore, in this study of Lirigpis tuber using
techniques such as steaming and fermentation production, we tried to develop a variety of
Lirigpis tuber-related products ofhigh value-added functionality and mass production of
biologically active substances, thereby improving the income of farmers and businesses to

contribute to the promotion of sales.

2. Necessity

Although the increase of the national income, the wellness boom in our society, and the
interest of consumers in functional products, various functional food products from
botanical origin are insufficient to meet the needs of the consumers. In addition, with the
development of the Internet through the sharing of information, the desire for minimally
processed products and the high quality of the products has been accelerated. Lirigpis tuber
cultivated in Miryang contains a variety of bioactive compounds such as saponin, isoflavon,
[B-sitosterol, stigmasterol, steroidal glycosides, oligosaccharides, etc. but Liriope platyphylla is
often used in landscaping for evergreen foliage as a groundcover in temperate latitude. The
development of Liriopis tuber products was attempted but was not a success. The needs of
consumers about ginseng and red ginseng products which contain lots of saponin contents
is increasing, but ginseng needs at least four years of cultivation period and the price of
ginseng is high. Lirigpis tuber is easy to cultivate compared to ginseng, and has a variety
of functional ingredients rich, especially in saponin contents. From these points of view, it

is necessary to develop the functional food product using Lirigpis tuber.



[M. Content and scope of research and development

O Development of steamed and dried Lirigpis tuber (red Lirigpis tuber)

Establishing optimal extraction process of functional ingredients

Establishing optimal beverage products formulation and process

Consumer’s acceptance and market research of the product

Establishing marketing and promotion strategies

O Steaming and drying process of Lirigpis tuber and its physicochemical analysis

- Optimization of steaming and drying process of Lirigpis tuber

- Analysis and purification of biologically active compounds in steamed and dried Lirigpis
tuber(red Liriopis tuber)

- Structural analysis and purification of biologically active compounds

- Analysis of biologically active compounds in fermented Lirigpis tuber

O Improvement of functional properties of Liriopis tuber and red Lirigpis tuber by
fermentation

- Screening of strain for fermentation of Liriopis tuber

- Identification and functional analysis of selected strains

- Optimization of fermentation conditions

- Functional analysis of fermented Lirigpis tuber and red Lirigpis tuber

O Efficacy study of Red Liriopis tuber on the biological activity

- Analysis of biological activity according to steaming and drying process of Liriopis tuber
(anti-diabetic, and cognitive improvement)

- Evaluation of the biological activity on red Lirigpis tuber in vitro (anti-diabetic, and
cognitive improvement)

- Evaluation of the biological activity on red Liriopis tuber in vivo (anti-diabetic, and
cognitive improvement)

- Toxicity analysis and pharmacological effects of red Lirigpis tuber

IV. Results of research and development

We tried to optimize the steaming and drying process of Lirigpis tuber which is one of
the ways of food processing, thereby increasing the content of bioactive components in
Liriopis tuber. Changes of general components, crude saponin, total phenolic compounds,
flavonoid compounds, and antioxidative activities were analyzed according to steaming
times and and steaming frequencies. From the results, the condition for steaming during 15
hours and drying for 72 hours at 70 C was the best condition to maximize the biologically

active compounds. During the steaming and drying process, newly forming toxic substances
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such as benzopyrene was not detected.

To analyze the bioactive components of steamed Liriopis tuber (red Liriopis tuber), the
methanol extract and the butanol extract were prepared. From these extracts, phenolic
compound, saponin, amino sugars, and sugar components were analyzed. Pure compound
produced during steaming process was purified by Prep HPLC and recycling HPLC. In
addition, large amounts of fractions was prepared by Prep HPLC and their anti-diabetic
effect on insulin secretion was confirmed, showing browning reaction produced during the
steaming process to be related with insulin secretion.

From the analysis of fermented Lirigpis tuber and fermented red Lirigpis tuber, similar
bioactive compounds found in red Lirigpis tuber were observed, which is due to the high
temperature and high pressure during the extraction process. Especially color of the
extracts, contents of HMF and amino sugar were increased in both cases. Spicatoside A,
one of the important saponin compounds in Lirigpis tuber was decreased, but diosgenin
and ruscogenin were newly produced in fermented Lirigois tuber and fermented red Liriopis
tuber.

Fermentation by microorganisms could enhance biological activity, as well as produce de
novo biologically active compounds. For the fermentation of Lirigpis tuber, microorganisms
(Lactobacillus 74 strains, Bacillus 50 strains) were screened from the Korea traditional food,
and the surface of various plants. The biological activity of these strains was confirmed by
antioxidant activity, anti-hypertensive activity (ACE inhibition activity), antimicrobial activity,
acid and bile acid resistance, enzymes activity toward cellular components.

Two strains having antioxidative activity and ACE inhibitory activity were selected for
further fermentation. With two strain, fermentation condition was optimized to maximize
the antioxidative activity and ACE inhibitory activity. Also, effects of Lirigpis tuber
extraction condition, growth rate of selected strains, and biological activities of culture broth
were analyzed. Based on the fermentation pattern, two strain showed the reduction of pH
and the production of titrable acid through the fermentation.

Among screened strains, Lactobacillus brevis DD1 was finally chosen according to DPPH

radical scavenging activity and ACE inhibitory activity for the fermentation of Lirigpis tuber
and red Liriopis tuber. Fermentation by this strain was monitored and optimized based on
incubation temperature, initial pH and amounts of initial inoculum. In addition, various
cultures parameters (titratable acidity, cell growth, too, total sugar and reducing sugar) and
physiological activity (DPPH radical scavenging activity, ACE inhibitory activity,
polyphenolic compounds and flavonoids) were investigated during the fermentation. From
these results, biological activities were increased during the fermentation and ACE
inhibitory activity was doubled by the fermentation process.
Optimal fermentation condition of hot water extract for the best ACE inhibitory activity
was pH 4.5, 35C, and 4% (v/v) initial inoculum, and optimal fermentation condition of
high temperature and high pressure water extract for the best ACE inhibitory activity was
pH 5.0, 30C, and 6% (v/v) initial inoculum, respectively.

_9_



Effects of steaming conditions on the physiological activity of the cells were investigated
in terms of anti-diabetics and memorial improvement. As a result, culture conditions of the
B35 neuronal cell line, PC12 pheochromocytoma cell line, and INS cell lines were
established. Toxicity and optimal concentration for insulin secretion was measured using
various red Lirigpis tuber extracts. In INS cell, highest insulin secretion was observed in 3
hour and 9 times steamed and dried Lirigpis tuber extracts. Also, insulin receptor signaling
pathway was investigated. For memorial improvement by B35 neuronal cell, 9 hour and 7
times steamed and dried Lirigpis tuber extracts showed highest NGF secretion activity. From
these results, steaming and drying process of Lirigpis tuber affects in insulin secretion and
NGF secretion activity.

From in vitro results, the insulin secretion ability and glucose receptor signaling pathway
was confirmed in an animal model of for type I diabetes. The following results were
obtained: i) insulin secretion was induced in red Liriopis tuber extract-treated OLETF rats,
although there were no significant differences in body weight, glucose tolerance test and
glucose concentration; ii) the red Lirigpis tuber extract-treated OLETF rats showed a
significant increase in adiponectin concentration but the concentration of triglyceride and
LDL decreased compared to the vehicle-treated rats; iii) although the abdominal fat mass
and adipocyte size did not change with red Lirigpis tuber extract treatment, expression of
the adipocyte marker genes and [3-oxidation genes in fat tissue was recovered to the level
of the LETO rats; These results suggest that red Lirigpis tuber extract may stimulate insulin
secretion and a decrease in lipid in serum, and may also suppress fatty liver formation
through the regulation of fatty acid oxidation. The data presented here highlight the
possibility that red Liriopis tuber extract can be considered a candidate for the prevention
or alleviation of obesity-related diseases. To examine the therapeutic effects of Red LP
(RLP) manufactured by steaming process on neurodegenerative disorders, significant
alteration of the key factors influencing Alzheimer’'s Disease (AD) was detected in
NSE/hAPPsw transgenic (Tg) mice after red Lirigpis tuber extract treatment. The
concentration of nerve growth factor (NGF) in serum increased in red Lirigpis tuber
extract-treated NSE/hAPPsw Tg mice compared with vehicle-treated Tg mice. Further,
analysis of y-secretase components showed that A[B-42 peptide expression was
downregulated. Overall, these results suggest that red Lirigpis tuber extract can help relieve
neurodegenerative diseases, especially AD, through upregulation of NGF secretion ability,
activation of NGF signaling pathway, downregulation of APB-42 peptide deposition, and
alteration of y-secretase components.

The toxicity tests and efficacy test were investigated for approval of the final product
and the data to promote the product certification by KFDA approval. Investigation of GLP
protocol and single dose toxicity test was conducted to analyze the effects of red Lirigpis
tuber extract on body weight, hehepatotoxicity, nephrotoxicity with renal function test,
which showed that red Lirigpis tuber extract has no effects. As a non-clinical trial stage, the

pharmacological effects and the mechanism of action as well as target organs to assess the
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effects of the undesirable pharmacological action were evaluated and red Lirigpis tuber
extract did not cause a toxic effect and showed relief of the immune response induced by
PA. In addition, the pharmacokinetic study showed that red Lirigpis tuber extract improved
the constipation induced by loperamide.

To establish optimum conditions of extraction process, the extraction yield and
antioxidative activity were analyzed on the hot water extract and ethanol extract. Hot water
extract showed highest extraction yield with the high antioxidative activity. From these
results, development of beverage products is suitable item for the industrial production and
beverage product formulation and manufacturing conditions has been established. In
addition, product name and desgine were fabricated and nutrient value was analyzed for
the manufacturing beverage product. Sensory evaluation and cosumer’s acceptance was
investigated and these results would be adapted in final products.

For the development of various fermented Lirigpis tuber and fermented red Liriopis tuber
products, lactic acid bacteria selected from cooperative study was chosen, and its
fermentation condition was established for the production of items. Product formulation and
manufacturing conditions has been established and product desgine was selected. In
addition, nutrient value was analyzed for the manufacturing the product. Sensory
evaluation and cosumer’s acceptance were investigated and these results would be also

adapted in final products.

V. Results of the study and application plan

The results of this study have been published or approved for publication in nine
scientific papers and two domestic patents is pending, of which the patent for development
of steamed and dried Liriopis tuber is approved for registration in Korean Intellectual
property office. A lot of functional beverage products from red Lirgpis tuber and fermented
Liriopis tuber have been developed through the research, and they could be practically

operated and come out in the market near future.
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Table 1. & WEF (T3 5 T8
FE58(%)
A&
80% MeOH 70% 74 AFFZ
NSLT 83.64 87.14 83.26
SLT-3 92.88 8858 82.00
SLT-6 9341 93.04 85.08
SLT-9 87.38 91.74 87.08
SLT-12 98.97 9159 86.41
SLT-15 95.11 90.03 87.05
SLT-18 96.46 89.25 84.36
SLT-21 93.30 85.14 83.98
SLT-24 90.37 88.48 86.18
NSLT, #&%5; SLT-3, 3413t S4 #EF; SLT-6, 647F S5 WiEF; SLT-9, 94t S5 #E
&, SLT-12, 12741t &% ¥#5; SLT-15, 1541t S5 W&5; SLT-18, 18A1F T4 WES;
SLT-21, 21A17F 54 WE5; SLT-24, 24A|3F 54 HE5.
80.0
HaH0 80% MeOH ®70% z=x Mg

60.0

50.0

40.0

30.0

20.0

Radical scavenging activity (%)

10.0

0.0

SLT-6
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g AES NG 2 3R 24 Y
FEES o8F AT Aol dolne SuE 22 584 2 NS 2HE THa
2 ou Aeuze Adelt 593 AFonel Adel 14 AFF Ao BeAth wmep

A 6‘]— = ==
a%k (redness), bgk (yvellowness)o.2 SH3stHom, Ao FFe B=AE A8t 1 &
S Table 29} Table 3o YEIN AT TE&S AFR37] A SHA0] AAASFE L F
A3s| Aaskal, agkd bk 7k AEES U g 2AaS Yepfiglon, S5A]7te
w2 1P E o] Fol= A Qv Ao ATEEHUG
Table 2. $&& €4 FEEEYY 4= ¥ =
Color Brix
Al 5
L 4 b (%)
NSLT 98.44+0.036" ~0.44+0.030° 3.28+0.032° 1.1
SLT-6 66.87+0.050° 16.91+0.045" 79.04+0.051° 16
SLT-15 49.91+0.095" 28.67+0.029° 79.27+0.176° 1.8
SLT-24 32.61+0.059 34.05+0.038° 55.53+0.126" 1.7
Table 3. & €5 FE=0H 34)9 A= 3 B=
Color Brix
Al &
L a b (%)
NSLT 99.660.015" 0.01+0.046° 0.65+0.006° 0.2
SLT-6 91.84+0.006° -2.12+0.056" 30.73+0.025" 0.3
SLT-15 86.25+0.026" -0.72+0.040" 46.59+0.029° 0.4
SLT-24 79.59+0.020* 3.11+0.066 59.13+0.055° 0.4

Values are mean t S.D

4 Data are significantly different by one-way ANOVA followed Duncan’s multiple range
test at the 0.05 level of significance.

NSLT, #&%5; SLT-6, 62Xt S5 WEF; SLT-15, 1541t S5 #ES; SLT-24, 24070 55

=]
o 5,
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Table 7. AlF¥E 559 #eH7}
5 A B C

1. A 5.79+1.31 6.64+1.01° 457+1.09"
2. ot
<A FAQL Bt HI>
Q& =% 550+1.16° 4.64+1.60™ 3.79+1.31
@ &% 2.43+1.34° 2.71+1.73" 3.36+1.98"
@ Al =t 2.50+2.03" 2.07+1.27° 2.36+1.65°
@ H2 Bt 2.93+1.73" 3.00+1.71 3.93+2.02°
©® 3 =t 5.29+1.44" 371+1.77 3.93+1.21°

<FHAQ vt B> 5.43+1.09° 5.14+1.17" 4.43+1.34°
3. & 5.86+1.46" 4.86+1.17° 479+1.67°
4. FTFHA 7% 6.14+1.17° 5.14+1.10 4.71+1.20°
5. T &3 5.29+1.73 4.93+1.59" 3.79+1.31°

Values are mean + S.D

*“ Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test

at the 0.05 level of significance.

Table 8. XS89 M 4 oo
Color Brix
Sample o
L 4 (%)
A 77.47+0.117 6.83+0.090° 46.93+0.058" 0.4°
B 78.04+0.070° 4.81+0.107" 59.52+0.060° 0.4°
C 91.14+0.284¢ -2.87+0.049° 33.21+0.108° 0.3

Values are mean + S.D

““ Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test

at the 0.01 level of significance.
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Table 9. %% 59 W3 =2Ho & H537}
&8 A B C D
1. A 4.50+0.84% 6.00+1.10" 6.33£1.21" 4.17+1.33°
2. ©t
<AEA Q] g H >
O < = 5.83+0.98" 6.33+0.52" 4.00£1.26° 3.831.17°
Q@ & =% 2.83+1.83° 2.50+1.76° 2.33+1.21° 2.00+0.89"
@ 4 gt 3.33£1.75 2.83+1.94% 2.83+].83° 2.67+1.37°
@ He 2 3.67+1.63" 2.83+0.98" 2.50+0.84% 2.00+0.89°
® #4d % 5.00+1.10% 6.00+1.67% 4.1742.04° 4.83+2.14°
<ZgH & F7> 467+1.03" 6.33+1.21° 4.00£1.79° 450£1.05 *
3. & 4.50+0.84% 6.00+0.89" 3.83+1.17* 5.00+1.41%
4. A 7z = 467+1.37° 6.33+0.82" 3.83+1.47 4.00+0.89°
5. vl <] g 5.00£1.10" 6.33+1.03" 3.83£1.72° 4.00+0.89°

Values are mean + S.D

*® Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test

at the 0.05 level of significance.
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=5 A B C D

1. A 485+1.91% 462+1.61%° 3.38+2.06 5.08+1.50"

2. ot

<AFA QD uk FrE>

O = = 5.62+1.61¢ 1.92+0.95 5.54+2.47¢ 3.46+1.71°

@ & " 3.69+1.44° 7.85+1.86° 5.62+2.36" 4.85+2.27

@ 4l 5t 3.54+2.40° 3.62+2.33" 3.83+2.44° 4.00£2.42°

@ H2 Bt 3.23£1.17° 6.08+1.89" 454%2.15° 4.08+2.18"

©® ## = 3.77£1.36° 3.00£1.47° 3.69+1.49" 3.69+1.32°
<FHAQ vt B> 5.08+1.55" 3.00+1.63" 4.00%2.00™ 3.77+1.30™

3. % 4.92+1.26° 2.92+1.66" 3.46+1.98° 3.92+1.66®

4. TEA V5= 5.08+1.55 2.54+0.97° 3.31+1.80" 3.62+1.26"

5. 7-vi o] & 4.23+1.69° 1.46+0.88" 2.69+2.10™ 3.15+1.68™

Values are mean + S.D

*d Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test

at the 0.05 level of significance.

Brix
Sample o
L a b (%))
A 0.34+0.040% 4.52+0.208" 0.54+0.023° 42°
B 38.72+0.010¢ 18.62+0.076° 57.31+0.116¢ 2.23
C 1.38+0.235" 851+1.260 2.35+0.391° 27.13°
D 27.04+0.532° 20.67+0.049¢ 43.56+0.756° 42°

Values are mean + S.D

“d Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test

at the 0.01 level of significance.
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Table 12. ¥&d W& A% 7/

T 7 - g MRS AE
- A5 WEE
R - =7
FEZ£4 - .
AFFE9 (100C, 3417
a1gdEsT FE9 (121T, 3A1%h)
- w5 : Lactobacillus brevis DD1
_ -z
| .. .
429 (35T, pH 45, 3¢ JEu<d)
AFEF FEY (30T, pH 5.0, 3 R Eajd)
- Phenolic compound
715 ER - Flavonoid compound
W Ex - ACE A& &%
- 3k}
s S — TS /Y ol

E UEE AFS GRE 05 Ko} Lol SR FUR AAFORA 2uAS] 4A A
2 8%

Ql 30mIF=e] WEH =7 =&

100% &4 24 a2

- ZuEU0| £98 B et
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=3
1)

—
W
N
o
k
Yo
i
\:o{‘
=)
Sl
offl
oo
k
Lo
r 2|
ofr
o,
AN

)

<) A B C
1. A 5.83+1.59" 4.22+1.73° 5.43+1.72°
2. ut
<AF-A Q1 gt Fo>
O < = 457+1.97 2.83+1.92° 3.26+1.82"
@ &% 3.00£1.91™ 3.48+1.82"° 3.13+1.71"
@ 4l ot 3.09+2.19% 7.13+2.68 6.43+2.48"
@ "He g 2.96+1.64° 4.35+1.77° 3.74+1.70™
® 73 % 4.17+2.19 2.61+1.94" 3.09+1.75"
<EFgEel o Hk> 4.91+2.29° 3.2242.15" 3.48+1.85%
3. & 5.39+1.53° 3.39+1.88" 4.35+1.72°
4. FFH 3= 5.35+1.53° 2.83+1.89° 3.30+1.71°
5. o) gk 4.65£2.08° 2.26+2.05" 2.87+1.86"

Values are mean + S.D
*“ Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test at the
0.05 level of significance.

NS o
Non significance

Table 14. Af58< & HEF =59 A 2 3%
Color Brix
Sample . ) N (%)
A 78.04+0.07° 4.81+0.11° 59.52+0.06° 0.4°
B 97.59+0.02° ~1.23+0.04 9.12+0.03" 0.5°
C 94.01+0.02" -2.43+0.04° 22.89+0.01" 0.3"

Values are mean = S.D

a-c

Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test at the

0.01 level of significance.
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g 2750 i AHAe VEEE
5T =2 Al gty e o gto=g <l
dHF &3t AFHIE AASS
of Fuj ok FolA FS HIbsA ZF2
T HE S84 ¢ =2 A5 skt
A ZHol 7t AR
AARE A9} CAFAA = CAFl F93
SAA AYE bR o E WEFs UHE &
AHE AAEHE

Table 15. B3 7} vl & W& WHES

bR 12 AAIGE s H b A 2 E
7S 57 HolA olE Hstr] 9
A= Table 159 2ok T2 7]
AZFRT 1%, 2%, 4% TS H7}3
<= . EZ¥AQ NsEdE AAET B, CAl
o, Fuj o e AXET BAE IHdE
ojF oz Fujefdo] =A Yk
2% B= H7bsteo A

[e)
T
A

29l Aol 7} ¢l
gepd B 3

5 A B C E
L. A 6.40+0.55° 6.20+0.84° 5.2020.45 4.200.45"
2. ©
<AF-AH Qg G 7>

ORI 2.60+2.07° 6.20+1.92" 7.20+1.30 8.40+0.55"

@ 2% 3.00+1.41™ 1.80+0.84™° 2.00+1.00™ 1.60+0.89™°

@ 4l g 6.60+0.55" 4.20+0.84° 2.80+1.48" 3.002.00°

@ g q 4.00£2.00™ 2.80+1.64™° 3.2041.79"™ 2.40+1.14™

® 73" =t 2.40+1.52™ 3.60£1.67"° 3.40+1.14™ 3.80£2.39™°
<EZ§H<d o Hr> 3.00+1.22" 4.80+1.48™ 4.80+0.84™ 3.60+1.52"°

3. % 2.80+0.84° 4.20+1.30°" 4.20+1.30™ 4.60+1.14°

4. FFH< 5= 2.80+0.45" 4.40+1.14° 4.80+1.10 3.40+1.52

5. Tl o & 2.20+0.84° 3.80+1.48" 4.20+1.48 3.00+1.58"

Values are mean + S.D

a-C

0.05 level of significance.

NS -
Non significance

A:0% 3 A7EB:1% 9 37E C:2% F AHA7E D ;4% 3 H7}
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Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test at the
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NEER Qg EEEa) HAAM #F 1 &
9 # =

Az 5 718%)

e A) 055-351-0420
2 ¥
2 A" E 2 3 %D T FEX
g i 2.5 kal/100g
g3l E 0.6 g/100g 0.2%
R 0.0 g/100g 0.0%
A v} 0.0 g/100g 0.0%
Y EE 7.4 ug/100g 0.4%
23} A 0.0 g/100g 0.0%
E @A 0.0 g/100g =
K3 0.5 g/100g -
Ed42H = 0.0 mg/100g 0.0%
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Table 17. A58 ME TE5 89 537}
5 A B C
1. A 5.83+1.59™° 6.17+1.71™° 6.30+1.73™°
2. ut
<AF-A < gt RG>
R 457£1.97° 3.65+1.82%° 3.87+1.88"
@ &% 3.00£1.91™ 3.43+1.76™ 2.96+1.75™
@ A = 3.09+2.19% 6.04+2.31 5.17+2.26
@ "He g 2.96+1.64"° 3.70+1.66™ 3.70+1.67
® 73 % 4.17+2.19™ 3.30+1.69" 357+1.66™°
<FFAA % H7> 4.91+2.29™° 4.26+1.76™° 4.48+1.75™
3. & 5.39+1.53" 4.17+1.64° 4.96+1.66™
4. FFH 3= 5.35+1.53" 3.74£1.67* 452+1.76™
5. 7ml o & 4.65+2.08" 3.30+1.80° 3.96+1.86™

Values are mean + S.D
a-b

0.05 level of significance.

NS o
Non significance

Data are signifantly different by one-way ANOVA followed Duncan’s multiple range test at the

Table 18. 259 &HE T & 259 Ax ¥ 5
Color Brix
Sample o
L a b (%)
A 78.04+0.07° 4.81+0.11° 59.52+0.06° 0.4°
B 88.40+0.07° -0.36+1.09° 37.25+0.03° 0.3
C 82.94+0.04° 1.49+0.04° 54.03+0.02° 0.4°

Values are mean * S.D

a-C

0.01 level of significanc

e.

Data are signifantly different by one-way

ANOVA followed Duncan’s multiple range test at the
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Table 1. Conditions for steaming and drying of Lirigpis tuber with different times.

Steaming Hot-air drying Freeze drying
Sample
Temp (TC) Time (hr) Temp (C) Time (hr) Temp (TC) Time (hr)

NSLT 99 0 70 72 -80 48
SLT-3 99 3 70 72 -80 48
SLT-6 99 6 70 72 -80 48
SLT-9 99 9 70 72 -80 48
SLT-12 99 12 70 72 -80 48
SLT-15 99 15 70 72 -80 48
SLT-18 99 18 70 72 -80 48
SLT-21 99 21 70 72 -80 48
SLT-24 99 24 70 72 -80 48

NSLT, not-steamed Liriopis tuber(LP); SLT-3, steamed LP for 3 hours; SLT-6, steamed LP for
6 hours; SLT-9, steamed LP for 9 hours; SLT-12, steamed LP for 12 hours; SLT-15, steamed
LP for 15 hours; SLT-18, steamed LP for 18 hours; SLT-21, steamed LP for 21 hours;

SLT-24, steamed LP for 24 hours.

Table 2. Conditions for steaming and drying of Lirigpis tuber with different steaming

frequency.
Steaming Hot-air drying Freeze drying
sample Tem e 0 Times o™ Time o™ Time ()
() (C) (C)

NSLT 99 3 0 70 72 -80 48
RSLT-1 99 3 1 70 72 -80 43
RSLT-3 99 3 3 70 72 -80 43
RSLT-5 99 3 5 70 72 -80 48
RSLT-7 99 3 7 70 72 -80 48
RSLT-9 99 3 9 70 72 -80 48

NSLT, not-steamed Lirigpis tuber(LP); RSLT-1, steamed and dried LP; RSLT-3, 3 times
steamed and dried LP repeatedly;

repeatedly.
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RSLT-5, 5 times steamed and dried LP repeatedly;
RSLT-7, 7 times steamed and dried LP repeatedly; RSLT-9, 9 times steamed and dried LP
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Fig. 1. Schematic diagram of steaming and drying process of Lirigpis tuber
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SLT-3 SLT-6 SLT-9 SLT-12

pd

SLT-15 SLT-18 SLT-21 SLT-24
Fig. 2. Steamed and dried Lirigpis tuber (red Liriopis tuber) produced with different steaming

time.
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Fig. 3. Steamed and dried Lirigpis tuber (red Liriopis tuber) produced with different steaming

frequency.
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Fig. 4. DPPH radical scavenging activities of red Lirigpis tuber produced with different

steaming time (A) and frequency (B).
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Table 3. General composition of steamed and dried Lirigpis tuber with different times.

Contents (%)

Component
NSLTY SLT-3 SLT-6 SLT-9 SLT-12 SLT-15 SLT-18 SLT-21 SLT-24

Moisture 1420 + 008 842 + 0.13 9.96 + 053 921 £ 033 1273 £ 054 1215+ 074 1050 £ 082  9.07 + 063 758 £ 013
Crude protein 451 £ 004 524 £ 021 494 + 012 499 £ 0.05 503 £ 017 515 + 011 501 £ 013 491 + 0.10 523 + 005
Carbohydrate 7848 + 0.09 8337 + 045 8251 + 028 7974 £ 040 7694 + 377 8107 + 044 8354 + 076 8445 + 026 8283 + 0.19

Crude fat 051 £010 082 013 0.69 + 0.06 0.90 + 0.04 0.26 + 0.13 0.87 £ 0.10 0.77 £ 0.12 0.37 + 0.08 0.39 £ 0.02

Crude ash 230 £ 008 248 + 013 245+ 005 239 +010 225+ 010 216 £ 010 255 + 031 211 £ 008 235+ 024

U Abbreviations are same as Table 1.

Values are mean + S.D.

Table 4. General composition of steamed and dried Lirigpis tuber with different frequency.

Contents (%)

Component
NSLTV RSLT-1 RSLT-3 RSLT-5 RSLT-7 RSLT-9
Moisture 14.20 + 0.08 8.42 + 0.13 9.30 = 0.16 1148 + 0.41 718 £ 0.15 824 £ 0.09
Crude protein 451 + 0.04 524 + 0.21 496 + 0.05 504 + 0.12 4.86 + 0.06 494 + 0.24
Carbohydrate 7848 £ 0.09 83.37 £ 0.45 82.88 £ 0.19 80.74 + 0.18 84.80 + 0.05 83.22 + 0.37
Crude fat 051 + 0.10 0.82 + 0.13 0.48 + 0.03 0.28 + 0.06 054 + 0.10 0.94 + 0.04
Crude ash 2.30 = 0.08 248 + 0.13 2.38 £ 0.09 246 + 0.06 2.61 + 0.06 2.66 = 0.08

U Abbreviations are same as Table 2.

Values are mean + S.D.
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Table 5. Changes on colors of Lirigpis tuber according to different steaming time

Color
Sample
L a b

NsLTV 90.47 = 0.03 052 + 0.03 * 781 + 0.01 *
SLT-3 74.08 £ 002 " 517 £ 014 ° 2193 + 0.39 ¢
SLT-6 6343 + 0.05 ¢ 6.27 + 0.02 ° 2442 + 0.03 €
SLT-9 5417 £ 0.07 ' 890 + 0.04 ¢ 2947 + 0.06 "
SLT-12 3820 + 0.00 ¢ 12.10 + 0.02 * 2866 + 0.03 #
SLT-15 3278 + 0.01 © 13.92 + 0.06 " 2743 + 003 |
SLT-18 2665 + 0.02 ° 12.04 + 0.03 ® 1893 + 0.04 ©
SLT-21 25.36 + 0.01 * 1146 + 0.04 © 1678 + 0.03 "
SLT-24 4056 + 0.02 © 11.87 + 0.03 30.16 + 0.03 '

D Abbreviations are same as Table 1.
Values are mean + S.D.
*! Data are significantly different by one-way ANOVA followed Duncan’s multiple range

test at the 0.05 level of significance.
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Table 6. Changes on colors of Liriopis tuber according to different steaming frequency

Color
Sample
L a b

NsLTY 90.47 + 0.03 ' 052 + 0.03 * 781 + 001 °
RSLT-1 7408 + 0.02 © 517 + 014 ° 2193 + 0.39 ©
RSLT-3 4333 + 0.03 ¢ 852 + 0.07 ° 21.00 + 0.02
RSLT-5 3292 + 003 © 10.01 £ 0.05 ' 21.28 + 0.04 ¢
RSLT-7 25.79 + 0.03 * 9.66 + 0.07 ° 1533 £ 0.11 °
RSLT-9 3273 + 0.07 " 874 + 0.08 ¢ 20.82 + 0.04 ©

D Abbreviations are same as Table 2.
Values are mean + S.D.
* Data are significantly different by one-way ANOVA followed Duncan’s multiple range

test at the 0.05 level of significance.
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Fig. 5. Browning index of red Liriopis tuber produced with different steaming time (A) and
frequency (B).
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of 51 WHESE A5 HX|Q 45.95% 9] A& UERAOH, 1 o]
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Table 7. Antioxdative activities of Liriopis tuber according to different steaming time

Sample Supf:roxide.a.nion Hydl”.oxyl r.a(.iical Ni.tn'c ox.id'e TEAC |
savenging activity (%) scavenging avitivy (%) scavenging activity (%) (mM Trolox equivalent)
NSLT 2567 + 1.23 13.24 + 3.37 451 + 1.89 0.291 + 0.000
SLT-3 32.86 + 1.77 18.65 = 0.09 587 + 0.96 0.313 + 0.001
SLT-6 3451 + 2.44 19.25 + 0.75 6.60 £ 1.97 0.328 + 0.001
SLT-9 3545 + 215 30.13 + 3.94 859 + 1.84 0.375 + 0.009
SLT-12 3850 + 1.47 31.05 + 758 12.37 + 1.73 0.404 + 0.005
SLT-15 46.24 + 361 50.79 + 0.68 14.46 + 3.82 0.413 = 0.007
SLT-18 46.95 + 1.47 5247 + 142 11.32 + 0.63 0.421 + 0.003
SLT-21 47.18 £+ 0.00 31.54 + 4.88 1048 = 1.84 0.418 + 0.004
SLT-24 4460 = 0.81 3247 £ 0.28 10.38 = 1.13 0.412 £ 0.003

Y Abbreviations are same as Table 1.

Values are mean + S.D.

Table 8. Antioxdative activities of Lirigpis tuber according to different steaming frequency

Sample Superoxide anion Hydroxyl radical Nitric oxide TEAC
savenging activity (%) scavenging avitivy (%) scavenging activity (%) (mM Trolox equivalent)

NSLT 2567 + 1.23 13.24 + 3.37 451 = 1.89 0.291 = 0.000
RSLT-1 32.86 = 1.77 18.65 + 0.09 587 + 0.96 0.313 £ 0.001
RSLT-3 36.94 + 3.12 4541 + 1.72 755 + 1.44 0.361 = 0.006
RSLT-5 4595 + 2.71 46.82 £ 0.99 765 + 1.31 0.409 £ 0.002
RSLT-7 1892 + 2.70 4432 + 2.37 12.37 + 2.52 0.432 + 0.005
RSLT-9 541 £ 0.00 4312 = 0.77 12.89 + 0.55 0.450 = 0.003

D Abbreviations are same as Table 2.

Values are mean + S.D.
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o] gk W<l 1,1-Diphenyl-2-picrylhydrazyl (DPPH) &AZ4S SA3IATH 50% &g &
Tz &A% FEE 100409 60uM 1,1-diphenyl-2-picrylhydrazyl (DPPH) 10040Z 96 well
platec] ¥& & Testo] @3t & oA 3087 WX A 7] F ELISA readerg AR8-3hod
540nmell A FHEE SASAT AEE HUbekA @2 iz Hluste] DPPH &ARHE
WES(%)2 JER AT

w2 H4HZd A dehilen, B3 S5 g met Azd FEEY 45, S5 AR
o]

X =
= e &
A T 5 Ao & A 3o gty FEE TR JEFH o T IUEe AEFS UE
WY oH(Fig. 10). o]de] Aue wet, S5 A 3o e s Hl2gh FE3S HolBE TE
=9 MeL F%E9 DPPH radical 2A%L 18A17F =<0 e 739 434 A7}
A3 Aoz AdHEYy. duty oz AP F& WhHol S5 3l vt I dAF 2
A A\ SIFE 7R3 e rm g wEla 184179 S5 AP she Aol TiF Axdd Ao
e 7FE 2849 o E dddE

60
—_ N 500ppm d
R 50 - | 3 750ppm
= . 1000 i C
= b :
5 40 c & C
[11]
o)) [
|
2 30 ~ g d
E b b c
[11]
@ 20 -
S a
]
§ 10 4 a &

0

MNSLT SLT-6 SLT-12 SLT-18 SLT-24

Fig. 9. DPPH radical scavenging activities of Red Lirignis tuber MeOH extracts produced

with different steaming time.
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Fig 10. DPPH radical scavenging activities of Red Lirigpis tuber MeOH extracts produced

with different steaming frequency.

%

i

T "WEgE FEE9 AYgEAd = uwe}t DPPH radical 4&A5 0|99
superoxide anion 42A%, hydroxyl radical A%, nitrite &A%, F34F8H5(Trolox
equivalent antioxidant capacity, TEAC)oll tjg+ &7} o]z} ym, o]# 3t zjol= 2tstE o

W7t F Y Zpololl A fFrefEm oo whe} veke B les UEhiAl "d. wEbA

o] W& WEF 9 superoxide anion £71%, hydroxyl radical &7, nitrite 2H% 2 F
A

ofN rir

(
O~

3}5 (Trolox equivalent antioxidant capacity, TEAC)S =743} AT}
Superoxide anion 4759 742 100mM phosphate buffer (pH 7.4)o] == &A%
FZ= 10019 500uM xanthine 10040, 3mM nitrobluetetrazolium (NBT) 10040, 0.25U/ml
xanthine oxidase 1000, 0.IM phosphate buffer (pH 7.4) 100x0S 3 7}sted 37TColA 1083t
WSSt o] EtAE 96 well plated] ¥ ¥ 540nmelA FREE SAAT AlRE A
7VekAl @2 dlZ7 = vlalste] superoxide anion &~AEHE WEE(%)Z YER T Table
9o - e} o] FT&HAIZro] FU1Ee] Wl superoxide anion &A% F7FsE AEFE UEA

[e)
o, 1813t &t T3 FEFAAM 7HE =& % 77.14% 2 Aes HEHALH F

=5t

A e Aol wste 38 Axe] F7HE YEhdT 3 S5 e LATe B¢
Sa B x| g7t SUHstel wed Srbete] 79 whES B AW A Q) 56.87% 2] A&
YR o, 2413 S WEFe] A9 Haste 4EFS UEhHAY. Superoxide anion 4
59 B A-RE Fxo] Basta g F59 Fee 238 Hidte AFS UES]
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Table 9. Antioxidative activities of Red Liriopis tuber MeOH extracts according to different

steaming time.

Sample Superoxide anion Hydroxyl radical Nitric oxide TEAC
scavenging activity (%) scavenging activity (%) scavenging activity (%) (mM Trolox equivalent)
NSLT 22.23 £ 1.84 21.43 £ 1.50 15.56 £ 1.10 3.60 £ 0.01
SLT—-6 40.72 £ 1.26 28.66 £ 0.61 23.49 * 3.40 3.68 = 0.05
SLT-12 50.29 = 0.50 35.01 £ 1.50 27.42 T 0.82 3.77 £ 0.02
SLT—-18 77.14 £ 0.13 46.10 = 1.51 26.94 £ 1.21 4.01 £ 0.11
SLT-24 72.65 * 0.88 33.80 = 0.90 24.94 = 0.82 3.78 £ 0.01

D Abbreviations are same as Table 1.

Values are mean + S.D.

Table 10. Antioxidative activities of Red Liriopis tuber MeOH extracts according to different

steaming frequency.

Sample Superoxide anion Hydroxyl radical Nitric oxide TEAC
scavenging activity (%) scavenging activity (%) scavenging activity (%) (mM Trolox equivalent)

NSLT 22.23 £ 1.84 21.43 £ 1.50 15.56 £ 1.10 3.60 * 0.01
RSLT-1 32.98 * 0.80 25.82 £ 0.79 18.22 £ 0.58 3.67 * 0.04
RSLT-3 33.73 * 0.14 29.71 £ 1.13 23.24 T 0.98 3.67 = 0.06
RSLT-5 42.05 = 1.09 19.75 * 0.63 23.70 © 0.71 3.74 £ 0.12
RSLT-7 56.87 = 1.12 13.53 £ 0.35 32.20 £ 0.71 3.88 * 0.04
RSLT-9 48.62 * 1.04 11.04 £ 0.98 19.39 £ 1.80 3.90 £ 0.01

D Abbreviations are same as Table 2.

Values are mean * S.D

Hydroxyl radical =715 57442 PBSol|l &3)X%1 F=& 17502 10mM FeSO-EDTA 25/,
10mM Deoxyribose 25p0, 10mM H,O, 25u0S H7Fste] 37ColA 447 ¥H-&-3tATh 28 %
trichloroacetic acid 25010, 1% tribarbituric acid 2504S 7}3Fea] 100TCeol] 2] ¥HE A XA Al F
ok o] EFAE 96 well plated] P& F 540nmelM FFEE FF3IAT AEE HUIEHA

H
22 =T vluste] hydroxyl radical 2ABHE WEE(%)Z JEIHAT. S5 Ato] 5
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7}te| whel hydroxyl radical &A% F7Feke A3S UEHoH, 1847

FAA 7Y =& # 46.10% 9 AMES YEol S5 sHA] 2 Aol Histe 20 A=
o] F7He YEhl Atk(Table 9). iy 24417 S5 FE< Zaste A4S el Aot =3
SH3lgd WE 2ATe A S5 2 Axe 3t Sl wep Srkske] 3W whES
B AWAYD 2971% 2] A& Jetl o, 33 o]t Fxo Bf FolHORE Fadte
&S UEhl o] 1843 53 33 S5oAM Foldez 7MY =2 Hydroxyl radical 2715
= YER A TH(Table 10).

A<l nitrosoamine A9 AFAZ AE3st= ofALES
100mM Nitroprusside-&9 40000 A5 100u0S &
gt % 100mM phosphate buffer (pH 7.4)2 X3 o Aol 2417 307 &< BAIA7]
I 200pe® HATE ths ZA|SE Griess(30% acetic acid® ZA|$ 1% Sulfanilic acid®} 0.1%
Naphtylethylene diamine dihydrochlorideE 1:1¥l&2 &% A) AlSF 200E 7ot & &
& 5 3087 WAL sonmel A FHEE FAHst] JEdhe opENFS AESAT o

£TE Griess A% Aol $H5 2008 7hhel AT PO ARG S5
A nitite £A5E SEAL ol w37 e A%E wslon 1240 1542
Gl QAT AL JERIRon, 12403 S50 A9l AU 27.42%F YT

(Table 9), S&3Fo| WE AATLS 73 3220%9 FYHoZ =& AHIAES YHEHIAT
(Table 10).

Z 48k (Trolox  equivalent  antioxidant capacity, TEAC)®] =42 7mM ABTS
(2,2'-azono-bis(3-ethylbenzthiazoline-6-sulphonate)) 2} 2.45mM potassium persulfates & 33}
ABTS radical cation (ABTS - )& w50} 12A]7F X3 & 734nmol X &3 =7} 0.70+0.027}F
H=Z PBS (pH 74)2 ZAT & A83Ah 20ue 5% UEF EFFEEY Trolox(EF
Ed)el ABTS-" & 1mlE A7t 734nmolA 623 FFEE F43ted Ftsbs

I

=
=
Trolox #F &d& o] &3t AT FFFHOZREH AE3ATh S5 Azl
. = S

KX
|

= =
e g FE2Y FIYdE FHFES AR 50uet S 50000l Folin AlSF 10040
& < 10% NaxCO; &HE 100l 7}ste] &3 ohs, A4

ki
sto] A2oA 1417 AAgE & UV- spectrophotometera /\}9-0}04 725nmol A FFE=E ZAL
_]
o
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Fig. 11. Contents of total phenolic compound of Red Liriopis tuber MeOH extracts

produced with different steaming time (a) and frequency (b).
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Fig. 12. Contents of flavonoid of Red Lirigpis tuber MeOH extracts produced with

different steaming time (a) and frequency (b).
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o FF A¥ BN Feit B8F ol AN FHURE] IF FEE ABE
43} Boppwols Bd BUb B ¥ UEAt 348 A8 2 H4EA LB A
2ol ZeldEd BnkolE FFE FoHO FAHA ot 34 & B I AAH
Az BAL WEAS FAs] AsE WEE 240 B FFRY FF Sl 719054
om BHBYEA §F0] FolHABM BelAE L /54 FPEe] FAUUL AR
sl 754 BAY B 2 P2 BAS dud SQo

(1) MeOH F&%° H

PLC &4

MeOH FE&% 80% "WEE&= 343} syringe filter(0.45pm)E BEH 3t 4mg/ml]

AlEE Table 119} %
3000 AHE3AY. &

Pihe BAL T

detector

i
o
oo
ol
ol
£

spectrum< 578383tk UV Peak 1, 2, 3, 4 7} Z42F /3 345 Yo 2 g9

Z7o=Z HPLC ®4& F335t9°1 HPLCH X+ Interface iLC

1A e WEge] mustel 3% F AREFS 280nme] P F

A2 Yelgor, UV §3& 3A &+ EZS Charged aerosol
=

=319t UV Peak 1, 2, 3, 4 59 2 AAEH A, 34 =
P E2do A Y-S golr A SFHTE  Fig. 139 o] AAHE &
3l 260~340nme] ©IF HE7]E o83 EZo] Yeh=

2

& AuE AFH] 2219 sandard FZo] UehlE 143 gt mmste] FF ATA
3 o

218l7] 98 71x AR E AMEstaA s Th

Table 11 . HPLC condition for methanol extract from Red Liriopis tuber

Column

Detector

Injection volume

Flow rate

Mobile phase

SHISEIDO CAPCELLPAC C18 MG

Photodiode array detection (PAD) at 280nm
Charged aerosol detection (CAD)

20 1l

0.8 ml/min

0~30 min (B: 8—12%) 30~35 min (B: 12—100%)
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Fig 13. HPLC Chromatogram of red Liriopis tuber methanol extract by HPLC with
photodiode array detection (PAD) at 280nm (upper) and its 3D spectrum (lower).

(2) Preparative HPLCE ©]-§-3gF 4 =
S WEFY Ve AEY BHE Hste S5 WESES WEs F
HPLC(Agilent 1100, USA)E A}&-3t% chromatogram= 8] #& o2 U+

AA S 3FEe Tz L ARG BAG1A Yt BEAZXAL Table 127 #31 A&

A
A
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retention time ¥ peak slope/time®. 2 7}7}S Fraction A, B, C, D, E #+3°o2 77}
o FY3tATH (Fig. 14). 28 Al8= &35+ 0.45um membrane filterS A}-8-5}¢
st} GA B 2 240 ARSskaH

Fig. 159} o] S5M L5 A Preparative HPLCE F3}o] &€ Fraction B, C, D & #
7} isocratic condition (0—25min : ACN 8%)°.2 HPLC ¥ TLCZ ®#43% Ay EH9 A
Al 2 EE7F o) @750 Recycling HPLCE ©] &3t A8} th,
Ace A 2HE o]83tY target compound®] X & ¥E°]i, FT-IR ¥ NMRG9 +x #4
5 7154 240 ADBAE BAFE AR olgaaA sk

r—{u:
el o
T Ao
ot ol

.|_4

Table 12. Preparative HPLC condition for methanol extract from Red Liriopis tuber

Column Phenomenex Gemini—NX b5 xm, C18, 250%21.2mm
Detector photodiode array detection (PAD) at 280nm
Injection volume 1800 uf
Flow rate 20 ml/min

Mobile phase 0~30 min (B: 8—12%) 30~35 min (B: 12—100%)

600
400
S |
<
£ 200
0 _ﬂ_,_r_,ﬂ__AJJ\ﬂ___Jk_ﬂ___f_‘/k A__
A B C D E
0 5 10 25 20

Retention time [min]

Fig 14. HPLC Chromatogram of compounds (A-E) isolated from red Liriopis tuber methanol
extract by Preparative HPLC with photodiode array detection (PAD) at 280nm

- 101 -



500

400

300 ~

200 ~

mAU

100 ~

-100

Fraction B

10

Reteintion time [min]

20

100

80 ~

80 -

40 -

mAU

20

Fraction C

10

Retention time [min]

15

20

B¢ B

1600
1400 -
1200
1000 -
800 +
600
400 ~
200

mAU

-200

Fraction D

10

Retention time [min]

15

20

Fig. 15. HPLC chromatogram and TLC analysis of isolated fractions in Fig. 14.
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b

(3) Recycling HPLCE ©|&3%

12417 54 HE5 Wee FEFES Preparative HPLCE ©]83l% A% 33 Fraction D
£ 53t Recycling HPLC (JAl, Japan)oll ¢3] 53] A¢dsted =245 Fdtt Z2HE
JAIGEL ODS-AP (200X500mm), &%+ 30T °]&739 &%+ 3.5ml/min, U S
o] &/ /4L 50% Methanol &2 AHE-3HAH. Fig. 163 o] Recycling HPLC o] ¢}
8¢ compoundE TLC, analytical HPLC ¥ HPLC/MS & 53t & % Massol| ¢]3t<]
Zte] EAFE Gzt stk 5o el st 8 A T BeEES AAS
target compound ®HS st F& WEFO WEE FE=d FHE 7]%*3 EAs &
g B AAstAT. AANG FA = 4
Fig. 17914 H= wpep o] w38t 229 Zoe=2 dddn.
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e
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-0.03 T T T
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Fig. 16. Recycling HPLC chromatogram for isolation of Fraction D from SLT12 MeOH
extract. : (A) with photodiode array detection (PAD) at 280nm (B) with RI detector
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Fig. 17. HPLC chromatogram before(A) and after(B) recycling HPLC of Fraction D.

@) *+x B4

Recycling HPLCE ©]-&3le] #2], ZAH EA(Fig. 17) +2E4S 95+, LC-MS-APCI
(Aglient 1100/G2708DA, Agilent tech., US), FT-IR, "C-NMR, 'H-NMRSE3}o] o3 F=2
o] Bxlekyl o) wrE FXE BEAE AT LC/MSE  APCI o] &3S o]&3to] Table 13
o] ko =m FAHen, +4 A Fig 187 Z©°] m/z (mass-to-charge ratio: wA+& of 3

sl EEEAG-HME)S Aa2RE 4" AFaAEe] T won =9
HPLC-DADS] UVAHEHE dAste] F E42 22 25 AFHAT APCI ©]23 ¥H
o

PN

S o] &3 FAH % fragmentation pattern< positive ion [m+H]+ 127.1, 832 2 I UL

H, o F3EFE2 A 5-Hydroxmethyl-2-furfural [CeHeOs]2 &1 5] SltH(Table 14).
27] T4l NMR (Nuclear Magnetic Resornance Spectrometery, Bruker-AMX 400
S AHA] 3t spectraE AT A7) FH EA4ES g §WiE= CDOD & ©|&

=

(400MHz)
dgen, NMR ®4  ZAdE Fg 199 2o 'H.NMR (400 MHz,
CD3;0OD)9.53(1H,s,H-6),7.38(1H,d,/ = 3.4 Hz, H-3), 6.58(1H, d, / = 34 Hz, H-4), 460 (2H, s,
H-7); “C-NMR(400MHz,CD;0D) 179.42(C-6), 163.21(C-5), 153.92(C-2), 124.87(C-3), 110.86(C-4),
57.64(C-7) = ERsTY.

Fourier transform infrared spectroscopy (FT-IR) spectrum®] Z¥I}+= Fig. 202 291 3400,
2850, 1670, 1450 (CHClg,cmfl) 2" Edo] YEY Furan ring =CH, C=0O, Furan ring C=C,

Furan ring C-O-C¢] 77} Q15 RFEQAY 723 FY3 Ao 2 Yeyth
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Table 13. LC/APCI-MS condition for compound D from Red Liriopis tuber

Column SHISEIDO CAPCELLPAC C18 MG
Detector photodiode array detection (PAD) at 280nm

Injection volume 10,0
Flow rate 1 ml/min

Mobile phase 0~10 min (B: 10%)

Ionization mode Negative APCI

Nebulizer pressure 60 psi

Drying gas flow 12L/min

Drying gas temperature  325T

Vaporizer temperature 425C
Capillary voltage 4 kV
Fragmentor voltage 55 kV

Table 14. Identification of compound isolated from SLT methanol extract elucidated by

APCI'ion showing their molecular mass and molecular formula.

. . Molecular Approximate ) . )
Identification Adduct with H Identity
formula molecular mass

5-Hydromethyl-2-furfural CsHeOs 126.1 g/mol 127.1 [M+H]"
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Figure 20. FT-IR spectra of compound isolated from SLT methanol extract
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o] ZA¥} ZEFNA Prep-LCE  #FHZ  compoundE  5-Hydroxmethyl-2-furfural
[CeHeOs] = 7% &4 = Ath(Fig. 21).

0
HO” \\ / YO

Figure 21. Chemical structure of 5-hydroxymethyl-2-furfural

5) =<l wWE 5- Hydroxylmethylfurfural (5-HMF) & w3}
5-HMF (5-hydroxymethyl-2-furaldhyde)= F<olvt €48 #AAA B/ 7F el &
ol F=7F S7lsHAl Hal EefidteE 5 stUE AAEHe EEE AF FY BlEF Z2awn
o2 & dHA e AR gigerde sX%9 ¢ 5-HMFE AxEd= 01% ©]
Tt 3 =44, vy, 44 45 S5 AHANAM vHy= AR =2
2 ARgH A #HEFO A9 obd AFE Aol flew 5-HMF= 4bst &4 o
thyrosinase A3l &4 59 7154 5ol
T4 A we}l 5-HMFS] 3ol F7hstglom S Algte] ZAoldAS4E S e BES
UERi T 24017 S5 H2F9] 4 5-HMFe dio] fastes AL
& 3 Ay vg =
s gt S 2
W o] (Fig. 23), HPLC chromatogram< 5-HMF %5
& 43, Fig 249 gol THIA e WEFA
oA ol 3] v dx FAFAA APE=
= +r 5

Aol
A 2xoA FEde] EdlEH 5-HMFE AAste] 18213 49 3% 100g%
2

—

Rul-)
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Fig. 22. HPLC chromatogram of MeOH extracts of Red Liriopis tuber according to different
steaming time with photodiode array detection (PAD) at 280nm

(A) NSLT MeOH extract (conc. 200 ppm, in 5% M), (B) SLT-6; (C) SLT-12; (D) SLT-18; (E)
SLT-24.
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Fig. 23. HPLC chromatogram of MeOH extracts of Red Liriopis tuber according to different
steaming frequency with photodiode array detection (PAD) at 280nm

(A) NSLT BuOH extract (conc. 500 ppm, in 80% M); (B) RSLT-1; (C) RSLT-3; (D) RSLT-5;
(E) RSLT-7; (F) RSLT-9.
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Fig. 24. Contents of 5-Hydroxylmethylfurfural of Red Lirigpis tuber MeOH extracts produced

with different steaming time (a) and frequency (b).
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Table 15. HPLC-CAD condition for butanol extract from Red Lirigpis tuber

Column SHISEIDO CAPCELLPAC C18 MG
Detector Charged aerosol detection (CAD)
Injection volume 20
Drying gas flow 35psi

Flow rate 0.8 ml/min
0~7 min (B: 8—=12%, C: 10%), 7~23 min (B: 18—60% C:
Mobile phase 10%), 23~35% min (B: 60%, C: 10%), 35~45 min (B: 60—
90%, C: 10%) 45~60 min (B: 90%, C: 10%)
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Fig. 25. HPLC chromatogram of BuOH extracts of Red Liriopis tuber according to different

steaming time with charged aerosol detector (CAD).
(A) NSLT BuOH extract (conc. 500 ppm, in 80% M); (B) SLT-6; (C) SLT-12; (D) SLT-18; (E)
SLT-24.
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Fig. 26. HPLC chromatogram of BuOH extracts of Red Liriopis tuber according to different

steaming frequency.

(A) NSLT BuOH extract (conc. 500 ppm, in 80% M); (B) RSLT-1; (C) RSLT-3; (D) RSLT-5;

(E) RSLT-7; (F) RSLT-9.
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Fig. 27. HPLC chromatogram of diosgenin standard(A) and BuOH extracts of Red Liriopis
tuber(B).
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Fig. 28. TLC analysis of reaction products of various amino acid with reducing sugars.
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Fig. 29. HPAEC chromatogram of sugar standard (A), Liriopis tuber (B), and red Liriopis
tuber (C).
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Figure 30. HPLC chromatogram of fractions A, B and C isolated from SLT methanol extract

by preparative HPLC with PAD at 280nm
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Fig. 33. Effects of SLT methanol extract according to steaming time of insulin secretion
in INS-1 cells

Cells in well of 96-well plates (2x104 cells/well) were pre-incubated for 24 hours, and
the incubated with different steaming time of SLT methanol extract for 24 hours.
Insulin concentration in the supernatant was measured using an anti-insulin ELISA Kkit.
The values of data represented the meanstSD in triplicate experiments. *P<0.05 is the

significance level relative to the vehicle-treated group.
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Fig. 34. Effects of SLT methanol extract according to steaming frequency of insulin
secretion in INS-1 cells

Cells in well of 96-well plates (2x104 cells/well) were pre-incubated for 24 hours, and
the incubated with different steaming frequency of RSLT methanol extract for 24
hours. Insulin concentration in the supernatant was measured using an anti-insulin
ELISA kit. The values of data represented the meanstSD in triplicate experiments.

*P<0.05 is the significance level relative to the vehicle-treated group.
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Fig. 35. Effects of the fractions isolated from SLT-9R methanol extract of insulin secretion
in INS-1 cells

Cells in well of 96-well plates (2x104 cells/well) were pre-incubated for 24 hours, and the
incubated with LT, SLT-9R, and three fractions (fra A-C isolated from SLT-9R methanol
extract) for 24 hours. Insulin concentration in the supernatant was measured using an
anti-insulin ELISA kit.

The values of data represented the means*SD in triplicate experiments. *P<0.05 is the

significance level relative to the vehicle-treated group.
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blocking 3}il beta-actin antibody (Sigma-Aldrich), Insulin receptor beta antibody, GLUT-2,
GLUT-3 antibodyE ©]-&3}o] 12k ¥H&-A]7]al, peroxidase conjugated anti-rat IgG rabbit (or
mouse) JAE o]-&3t] 22 WA 71t} ¥FE ¥ membranes TNT solution (pH 8.0)5 ©]-&
sty Fw3] AlH$ F, Enhanced chemiluminescence reagent (ECL) detection kit
(Amersham)Z &3 JT & g2I3tA T

Vehicle (DMSO), #&5, 93] %4\1‘%5‘%, 9= A (sugar fraction), &%¥& B (Maillard
reaction products enriched fraction C (color fraction)& #2]g INS-1 cell¥ insulin
receptor beta & A wEENA 7HF & dS YeEld o AR ] insulin receptor beta <]
HES F7HAA insulin BHIFS S7HAZ0 Ao 2 AZLETH(Fig. 36).
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Fig. 36. Effects of the fractions isolated from SLT-9R methanol extract on the insulin
receptor 3 expression of the insulin receptor signaling pathway via Western blotting.

Total cell lysates were prepared from INS-1 cells treated with vehicle, LT, SLT-9R and three
different fractions isolated from SLT-9R. Thirty micrograms of protein per sample were
immunobolotted with antibodies for each protein. Three samples were assayed in triplicate
via Western blotting. The values are expressed as meanstSD. *° Data are significantly
different by one-way ANOVA followed Duncan’s multiple range test at the 0.05 level of

significance.
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Fig. 37. Effects of the fractions isolated from SLT-9R methanol extract on the Akt
phosphorylation of the insulin receptor signaling pathway via Western blotting.

Total cell lysates were prepared from INS-1 cells treated with vehicle, LT, SLT-9R and three
different fractions isolated from SLT-9R. Thirty micrograms of protein per sample were
immunobolotted with antibodies for each protein. Three samples were assayed in triplicate

via Western blotting. The values are expressed as meansiSD. d

Data are significantly
different by one-way ANOVA followed Duncan’s multiple range test at the 0.05 level of

significance.
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Fig. 38. Effects of the fractions isolated from SLT-9R methanol extract on the Glu2
expression of the insulin receptor signaling pathway via Western blotting.

Total cell lysates were prepared from INS-1 cells treated with vehicle, LT, SLT-9R and three
different fractions isolated from SLT-9R. Thirty micrograms of protein per sample were
immunobolotted with antibodies for each protein. Three samples were assayed in triplicate

via Western blotting. The values are expressed as means+SD. *¢

Data are significantly
different by one-way ANOVA followed Duncan’s multiple range test at the 0.05 level of

significance.
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Fig. 39. HPAEC-PAD chromatograms of (1) Arg-Fru and (2) Arg-Fru-Glc from model

system of amino sugar

(A)Arginine-Glucose; (B)Arginine-Maltose (C) SLT-5R methanol extract.
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Fig. 40. Changes on arginyl-fructose(AF) and arginyl-fructosyl-glucose(AFG) level of SLT
methanol extracts with different steaming time by HPAEC with PAD
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Fig. 41. Changes on arginyl-fructose(AF) and arginyl-fructosyl-glucose(AFG) level of SLT
methanol extracts with different steaming frequency by HPAEC with PAD
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vl B FEES ©| 8% saponin F= EF HIH =4
WEFY T3 AEFTY shvbe steroidal saponinZ €< spicatoside AZ HIlE3l 1o
T
= 9u
.

™, BuOHS ©]&3 F&2 ZAIXUAIGY =2E8 F=317] fdl AHeH
g

Table 16. HPLC-CAD condition for butanol extract from SLTs

Agilent Zorbax Ecliose XDB C18 (3.0

Column
mm X 150 mm, i.d 3.5 g m)
Detector Charged aerosol detection (CAD)
Injection volume 20 b
Drying gas flow 1.53 L/min, 35 psi
Flow rate 0.5 ml/min

0-30 min : 8—12% B,

Mobile phase
30~35min 12—100% B,
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Fig. 42. Changes on crude saponin contents of SLT n-butanol extracts produced with

different steaming time
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Fig. 43. Changes on crude saponin contents of SLT n-butanol extracts produced with

different steaming frequency
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Fig. 44. Schematic diagram of decomposition products from spicatoside A
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Fig. 45. HPLC Chromatograms of SLT butanol extracts according to steaming
time with CAD ((A) LT extract; (B) SLT-6h extract; (C) SLT-12h extract; (D) SLT-18h extract;
(E) SLT-24h extract)
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Table 1. Number
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QL
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W
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SN

o) Apzlol}.

of strains isolated from various samples

Lactic acid bacteria
No. of isolates No. of isolates
Source Source
(tentative name) (tentative name)
Crop plant 23 (C1~C23) Kimchi 33 (K1~K33)
Pickle 3 (P1~P3) Jeotgal 2 (J1, J2)
Doinjang 8 (D1~D8) Sikhye 4 (S1~54)
Dongdongju 1 (DD1)
Bacillus
No. of isolates No. of isolates
Source ) Source .
(tentative name) (tentative name)
Doinjang 29 (BD1~BD29) Cheongkukjang 21 (BC1~BC21)

Fig. 1. Clear zones around colonies by lactic acid production.
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QAo HEgEE faite] A%, AR 9 BFANA APEEA 23 YEEL FIATE 2
o] Briolch webd BH AT WAY(ATAN S 2ASGOm, 1 Aok Table 29
A mEwtsl ol whS theFatAl Uehith WAL FHF pH 25 MRS brothel 4 AE&o]
10% olalel #FE % 21 #FAEH 538, C 12 F55 M2d 12 #FE AFAdel BF

AP E AT 90% ol AEES UEhd dF= C T, 80-80%°] WES
2 UEtd #F<= C 16 #F5
Ak @A microcapsulations 3
713 ot wEbA ATl gele
A 7hsdel Ase AR

e Jolot @k w2
2] 05% bile saltol] o] WEFEAHS ZAFsItH(Table 2). #8]€ 34Hd2] 0.5% bile saltol A
AEE I WS miZEA R s st Al dEst K 5 5= 91.8%, K 31 5=
80.9% 2] AEES YeHHGleH, 1 9 dF52 79% olstY] AEES YEAY 53] C 15
2 DD 1 #F< 47 204 18 YT F Aok

Table 2. Survival rates of isolates in MRS broth containing artificial gastric fluid or 0.5%

bile salt.
Survival rate (%) Survival rate (%)
Isolate . . . . . . Source
in artificial gastric fluid in 0.5% bile salt

C1 96.9 744

C-2 88.1 67.6

C3 90.2 30.9

C-4 55.5 46.2

C-5 21.2 37.2

C-6 29.6 43.1

C7 99.0 32.6

C-8 88.0 23.9

C9 84.6 21.5

C-10 66.8 39.1

C-11 91.5 54.3 C 1

rop plant

C-12 0 57.1

C-13 53.9 63.3

C-14 1.5 40.7

C-15 0 0

C-16 74.9 50.0

C-17 59.0 63.5

C-18 86.1 59.1

C-19 6.8 234

C-20 42.6 34.8

C-21 79.4 34.0
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Cc-22 0 12.4
C-23 26.8 18.1
DD-1 22.6 0 Dongdongju
K-1 0 77.2
K-2 0 37.3
K-3 50.7 22.5
K-4 0 60.5
K-5 0 91.8
K-6 74.6 20.9
K-7 54.3 34.7
K-8 78.3 244
K-9 90.8 14.6
K-10 83.7 64.5
K-11 422 484
K-12 719 56.2
K-13 0 11.1
K-14 92.9 154
K-15 10.2 22.2
K-16 77.6 234
K-17 0 36.2 Kimchi
K-18 84.5 20.2
K-19 75.6 26.6
K-21 36.7 17.2
K-21 0 25.6
K-22 0 8.9
K-23 1.1 16.0
K-24 0 484
K-25 1.2 10.7
K-25 5.4 244
K-27 96.3 10.2
K-28 97.8 8.8
K-29 114 39.2
K-30 97.3 20.8
K-31 78.6 80.9
K-32 84.6 68.9
K-33 84.0 67.7
P1 97.2 56.8
P2 69.3 35.1 Pickle
P3 91.6 46.1
J1 94.0 443
2 67.2 603 Yzl
D-1 10.3 57.0
D-2 5.4 21.7
D-3 4.7 17.7
D-4 7.7 414 Doinjang
D-5 68.3 54.1
D-6 92.7 154
D-7 8.8 16.4
D-8 96.5 22.0




51 55.1 183
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53 219 26.7 Sikhye
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[e)
= = [} = 12
ol FoE #WEFY Ax TheAde AAMRT AR F5e] 7] A mAdEol W I
58 VAP AL Fig 2014 miviel 2.
Table 3. Extracellular hydrolytic enzyme and antibacterial activities of isolates
Enzyme activity Antibacterial activity (mm)
Isolate [Amylas| Cellula | Proteas i P. L. Source
E. coli . S. aureus
e se e aeruginoasa|monocytogenes
C-1 - - + 170 - - 110
C-2 - - + 160 220 - -
C3 - - + 170 210 - -
C-4 - - + - 220 - - Crop
C-5 - - + - 160 - - p]ant
C-6 - - + - 160 - -
C-7 - - + - 170 - -
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C-8 - n . 160 ; :
C-9 . T 150 160 - -
C-10 - n _ 160 ; -
C-11 - n _ _ 160 ;
C-12 - + - - - =
C-13 - + - 140 120 -
C-14 - + 120 160 - -
C-15 - a4 = 180 - -
C-16 - + 220 200 120 -
C-17 - + 220 210 170 -
C-18 - + 230 210 150 -
C-19 - A = 120 - -
C-20 - A = 130 - -
C-21 - + - 130 - -
C-22 - -+ = - 150 -
C-23 - e = - 150 -
DD-1 - + 120 160 - - Dongdongju
K-1 - + - 190 180 -
K-2 - + 160 190 150 -
K-3 - + 160 200 200 -
K-4 - + 160 150 - -
K-5 - + - 150 - -
K-6 - + 180 210 - -
K-7 - + 170 170 - -
K-8 - + 170 170 - -
K-9 - + 160 190 - -
K-10 - + 180 200 120 -
K-11 - + 170 220 - -
K-12 - + 160 220 - -
K-13 - + 180 200 120 -
K-14 - + 180 200 110 -
K-15 + + 180 - - -
K-16 + + 230 220 120 -
K-17 = + = 130 - 120 Kimchi
K-18 - + 170 210 120 -
K-19 - + 180 190 120 -
K-21 - + 180 200 130 -
K-21 - + 190 200 110 -
K-22 - + 170 190 - -
K-23 - + 180 180 - -
K-24 - + 160 180 - -
K-25 - + 150 160 - -
K-25 - + 200 210 120 -
K-27 - + 190 210 130 100
K-28 - + 180 190 140 -
K-29 + + 170 200 130
K-30 - + 180 190 - 110
K-31 - A 150 - - -
K-32 - + 140 - - -
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K-33 - = + 170 - - -
P-1 - - + 180 - - _
P-2 - - + 190 - - - Pickle
P-3 - - + - - - -
—- - - =+ - - -
%-; _ _ + 128 ~ : 3 Jeotgal
D-1 - - + 180 - - 110
D-2 - - + - 150 - i
D-3 - - + - 150 - _
D4 - - A - 130 - - Doinjang
D-5 - - + - 210 - _
D-6 - - + 180 190 - -
D-7 - - + - 120 - _
D-8 - + + 180 190 - 110
S-1 - = + - 180 - _
S-2 = - + - 170 - = )
5.3 - _ + B 170 : 3 Sikhye
S-4 - = + - 180 -

AA W AR Foll 2" o
2 FAxRA T 22 g 4HeE ~EF X (oxidative
oxidative damage)= &3ttt weba ol =
EY2E 2AT F s s 249 NEe vl$ Fa3 FAo|t ofd E AN E

H RE ZAFY F2sl5S DPPH guZ AASo2 24890, 1 AFE Table 4914

)
o
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)
Lo
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T, AlUA a7 s ACE ddE

Abe] ¥t oy 1" T 2] angiotensin-converting enzyme(ACE)ol| 9]3te] Z =] 7]

T 3o wEbM ACES 24S A & vy nEgS U S Aon wEd &
A8 RE ZAF ACE Aslse ZASACH, I ATE Table 4914 Rivlsl 2ot
2t
AA| 1
l angiotesinogen
L 4,l HEL 22 WIMZ S
Angiotensin | l
l -— ACE
@ 22aY)
|
soras U Ay

MRS brotholl 4 ®jF3t wE A7 ACE AdsS Uehgilen, A8z 19.5%(C9
T)-97.2% (K10, K14, K27 )9 ®9loll ARk A574A 24 e] ACE Asfsel B3 A
T= A Eise] A ¥k 2y # ﬁ% ot B Bikdo] ACE Adfss B
3t A2 ¢ F IArE Skim milk7}t § MRS brothol| 4] vl &H FAHTL MRS broth
Bt ACE Aslse] 55 ZoR odatd %7}*‘6‘4—% AN AT a2y BE ] O
23 AEFS dell= 2ol otyer, mi¢ FrEE AARE Yeldo = dade 349
Jeloz YelytEt], MRS broth®th ACE Asiso] v ZH$-(C6 C8, C9, Cl1, C13, Cl6,
C20, C22, K10, K14, K15, K16, K21, K22, K25, K27, K28, K29, K31, K32, K33, P3, J1, D3,
D6. D8, S2, S3 ), ACE A5l YelA && H9(C2, C5 Cl17, K1, K2, K3, K4, S4
F) B ACE Adlsol =2 A & #F)elth 53] ACE Adlso] YettA 22 dF
Aegtdo g AFs] Bve 77 e Ao R AdHdnh aokstd s & dAst
£y
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Table 4. Antioxidant and ACE inhibitory activities of isolates

o . ACE inibitory activity(%)
Isolate Antioxidant activity(%) - - Source
MRS Skim milk

C-1 53.2 49.7 723
C-2 60.1 53.1 -

C-3 56.8 60.6 98.2
C-4 52.7 79.7 95.3
C-5 85.9 60.1 -

C-6 36.9 40.6 7.1
C-7 284 31.6 62.0
C-8 54.3 69.9 7.1
C-9 51.8 19.5 61.1
C-10 47.0 37.4 54.4
C-11 58.6 52.8 51.6
C-12 48.9 57.5 70.1 Crop plant
C-13 39.6 82.2 82.7
C-14 56.5 65.9 87.8
C-15 45.1 241 51.6
C-16 61.0 26.2 11.1
C-17 39.7 445 -
C-18 58.2 53.1 67.2
C-19 425 443 59.8
C-20 53.5 60.2 39.5
C-21 55.0 61.7 80.2
Cc-22 55.6 58.2 30.4
C-23 54.3 55.9 62.9
DD-1 82.7 62.5 98.6 Dongdongju
K-1 61.1 35.2 -

K-2 63.5 39.5 -

K-3 49.6 48.1 -

K-4 62.8 754 -

K-5 53.6 23.8 447
K-6 78.6 324 35.2
K-7 57.3 36.8 62.7
K-8 62.2 38.7 76.3
K-9 61.2 40.8 53.5
K-10 59.4 97.2 72.3
K-11 479 61.5 91.5 Kimchi
K-12 57.8 26.4 71.2
K-13 50.1 844 95.0
K-14 54.8 97.2 35.6
K-15 66.7 71.9 70.5
K-16 52.8 86.9 65.5
K-17 59.8 42.0 57.3
K-18 55.7 83.4 97.5
K-19 38.4 71.9 77.7
K-21 31.4 941 69.4
K-21 56.8 431 484
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K-22 352 781 63.0
K-23 503 385 481
K-24 64.0 47.7 63.9
K-25 481 744 975
K-25 499 86.6 68.7
K-27 57.2 972 734
K-28 45.7 934 198
K-29 491 469 442
K-30 615 72.8 89.2
K-31 794 328 12
K-32 58.9 51.2 34.0
K-33 771 483 202
P-1 555 45.0 885
P2 71.8 65.9 913 Pickle
P33 408 731 683
1 54.1 69.0 65.2
2 525 534 55.7 il
D-1 535 408 411
D-2 56.5 68.4 748
D-3 574 847 78.8
D-4 53.6 65.6 76.6 Doinjang
D-5 69.9 406 66.8
D-6 725 79.3 395
D-7 497 461 741
D-8 63.4 819 56.1
51 455 457 648
52 43.9 66.0 401 .
53 29.0 615 60.1 Sdime
S4 266 69.9 -

uh, B At BFo] W& Bacillus®] protease A5 W3}
wal=ol protease &5 7Hxl BAHEH A protease S 7HX BadllusEs
TGS B9, ACE A3 FE =5 Ho Be] AT + Js Aow Addy wepA o
& a9 starter® Badllusg ©]-&3t7] 93t EElE F 9] protease BAdFS vl
AIZE B3l wEt ZAFSEAT. 2 dF9] protease &/d°] H ]’2} S7FetAl = AR 7A A
1 protease &3S AT Table 504 Ee=nkel Zo] HAoA EE]E BD 6, 13,
20, 27 FF 2 AFANA EE=E BC 2, 10, 19 F59 protease HA 5ol AwrHog 953}
Kot 53] BC 19 @59 protease 350 7Hd ¢t =d wF 48 A A 7MY =2 2
4 Yetdidth BC 18 B 21 #F = M YF=E7] protease B0 7 SEdk=tl A w FAIL
AA g8 gFEEY ¥ Z4S YedYh Fig. 32 7] @59 skim milk agar plate
o| A ¢] protease TS HES A S E A, proteolysis zonedl FHE| 272 BC 2 ¥F
oA 7 =Adth &, AA A A protease WS HET A (Table 5)<F LA Hl =] ol A

A 1
FHEe A4S B4 243 2= A dASHA vk AR F5-, WA e =

=2
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8] E proteased] &4t ©

Table 5. Time course of protease production and cell growth by isolates

Protease activity (Azso) Cell growth (Aseo)
ﬁ:j:late BD1 | BD2 | BD3 | BD4 | BD5 | BD1 | BD2 | BD3 | BD4 | BD5
24h | 0467 | 0444 | 0431 | 0442 | 0446 | 0330 | 0292 | 0352 | 0214 | 0347
36h | 0500 | 0510 | 0482 | 0500 | 0501 | 0524 | 0493 | 0.491 | 0424 | 0.493
48 h | 0481 | 0475 | 0501 | 0586 | 0504 | 0.247 | 0475 | 0275 | 0.238 | 0.309
60 h | 0.554 0510 | 0.286 | 0.536 | 0.214 0.266 | 0.210 | 0.378
72h | 0479 0.503 0489 | 0.158 0.222 0.271
ﬁj:me BD6 | BD7 | BDS | BD9 | BD1I0 | BD6 | BD7 | BDS | BD9 | BD10
24h | 0473 | 0422 | 0412 | 0441 | 0452 | 0422 | 0264 | 0226 | 0310 | 0.320
36 h | 0417 | 0453 | 0469 | 0515 | 0468 | 0580 | 0594 | 0.464 | 0206 | 0.329
48 h | 0530 | 0508 | 0491 | 0483 | 0503 | 0.375 | 0307 | 0.260 | 0.359 | 0.326
60 h | 0612 | 0273 | 0544 | 0525 | 0514 | 0276 | 0290 | 0.235 | 0.154 | 0.318
72h | 0549 0.498 | 0.500 0.236 0.236 | 0.300
ﬂ;f:‘“e BD11 | BD12 | BD13 | BD14 | BD15 | BD11 | BD12 | BD13 | BD14 | BD15
24h | 0472 | 0486 | 0463 | 0456 | 0459 | 0.245 | 0349 | 0366 | 0419 | 0.441
36 h | 0506 | 0524 | 0575 | 0548 | 0529 | 0.428 | 0.659 | 0.482 | 0.894 | 0.549
48 h | 0517 | 0524 | 0623 | 0556 | 0543 | 0.268 | 0316 | 0.260 | 0311 | 0.330
60 h | 0528 | 0555 | 0545 | 0549 | 0541 | 0.291 | 0254 | 0298 | 0.313 | 0318
72 h 0.539 0.221
ﬁ:jzl“e BD16 | BD17 | BD18 | BD19 | BD20 | BD16 | BD17 | BD18 | BD19 | BD20
12h | 0521 | 0530 | 0471 | 0463 | 0507 | 0.122 | 0173 | 0276 | 0.292 | 0.273
24h | 0541 | 0536 | 0488 | 0501 | 0527 | 0541 | 0536 | 0.488 | 0501 | 0.527
36 h | 0481 | 0503 | 0534 | 0512 | 0597 | 0.340 | 0339 | 0.388 | 0.411 | 0377
48 h 0506 | 0516 | 0513 | 0535 | 0339 | 0327 | 0393 | 0383 | 0316
ﬂ;f:‘“e BD21 | BD22 | BD23 | BD24 | BD25 | BD21 | BD22 | BD23 | BD24 | BD25
12h | 0480 | 0507 | 0417 | 0517 | 0480 | 0353 | 0224 | 0235 | 0296 | 0.248
24h | 0438 | 0501 | 0467 | 0511 | 0482 | 0438 | 0501 | 0467 | 0511 | 0.482
36 h | 0409 | 0549 | 0524 | 0554 | 0504 | 0318 | 0416 | 0567 | 0418 | 0.464
48 h 0468 | 0516 | 0527 | 0516 0449 | 0516 | 0337 | 0463
| iolate | BD26 | BD27 | BD28 | BD29 | BC1 | BD26 | BD27 | BD28 | BD29 | BCl1
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\t‘h‘m\
12h | 0405 | 0509 | 0525 | 0497 | 0544 | 0206 | 0232 | 0153 | 0.115 | 0.196
24h | 0535 | 0617 | 0550 | 0537 | 0504 | 0.505 | 0517 | 0550 | 0537 | 0.504
36 h | 0564 | 0652 | 0566 | 0538 | 0518 | 0.340 | 0.346 | 0.588 | 0.328 | 0.292
48 h | 0508 | 0.620 | 0561 | 0557 | 0528 | 0327 | 0342 | 0356 | 0351 | 0.290
isolate
S BC2 | BC3 | BC4 | BG5 | BC6 | BC2 | BC3 | BC4 | BC5 | BC6
12h | 0588 | 0572 | 0553 | 0488 | 0511 | 0233 | 0174 | 0.310 | 0.304 | 0.132
24h | 0445 | 0575 | 0478 | 0525 | 0579 | 0.255 | 0.247 | 0318 | 0416 | 0.248
36 h | 0603 | 0547 | 0494 | 0568 | 0551 | 0309 | 0332 | 0264 | 0390 | 0.437
48 h | 0.601 0444 | 0557 | 0572 | 0289 | 0307 0416
ﬁ:j:late BC7 | BCS | BC9 | BC10 | BC11 | BC7 | BCS | BC9 | BC10 | BCI1
12h | 0497 | 0461 | 0477 | 0515 | 0494 | 0250 | 0294 | 0.345 | 0.326 | 0.362
24h | 0527 | 0550 | 0542 | 0534 | 0.113 | 0.309 | 0256 | 0514 | 0.428 | 0.293
36 h | 0547 | 0502 | 0566 | 0506 | 0521 | 0.420 | 0429 | 0390 | 0353 | 0.279
48 h | 0553 | 0.447 | 0573 | 0.621 | 0548 | 0.496 | 0445 | 0378 | 0250 | 0.279
60 h 0512 | 0.695 | 0514 | 0.467 | 0.449 0.260
ﬁ:j;""“e BC12 | BC13 | BC14 | BC15 | BCl6 | BC12 | BC13 | BC14 | BC15 | BCl16
12h | 0486 | 0440 | 0461 | 0455 | 0454 | 0353 | 0274 | 0337 | 0.244 | 0.240
24h | 0541 | 0450 | 0460 | 0567 | 0505 | 0412 | 0275 | 0.417 | 0329 | 0.277
36 h | 0442 | 0463 | 0472 | 0520 | 0482 | 0315 | 0249 | 0402 | 0490 | 0.422
48 h | 0412 | 0570 | 0557 | 0535 | 0545 | 0262 | 0270 | 0.255 | 0.308 | 0.395
60 h 0.506 | 0.534 0.548 0213 | 0.236 0.353
ﬁ:j;"“e BC17 | BC18 | BC19 | BC20 | BC21 | BC17 | BC18 | BC19 | BC20 | BC21
12h | 0477 | 0541 | 0536 | 0462 | 0541 | 0306 | 0.007 | 0223 | 0313 | 0.079
24h | 0534 | 0507 | 0616 | 0426 | 0481 | 0.440 | 0109 | 0305 | 0510 | 0.240
36 h | 0500 | 0448 | 0.688 | 0.397 | 0499 | 0392 | 0278 | 0.284 | 0405 | 0226
48 h | 0298 | 0.421 | 0778 0.500 | 0.341 | 0232 | 0.329 0.256
60 h 0.735 0.225 | 0.255 0.209
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Fig. 3. Proteolytic activity of Bacillus spp. selected in skim milk agar plate(From upper left
to right : BD 6, BD 13, BD 20, BD 27, BC 2, BC 10, BC 19).

Rt 2 Bacillus 7V g A4S 71A| 3L, proteolysis o] 428 A
= WAl AR sko] Biolog B 165 rRNA gene @7|ME &4 At £/FsHH HAAE A

228 Bacillus 78 Wl FAIZE ol whE} protease ABAdF0] 7HE 439 W BC 2, BC
19, BD 6, BD 10, BD 13, BD 20, BD 27 ¥ 55 41743} Biolog ¥ 165 rRNA gene ¢7]X &
o 9Ast 43 th WA Biolog metabolic finger printe] x}ojol] 9]l A3 A3}, BC
2 9 BC 27 #FE B amyloliquefaciens®t Z7; 0.79, 0.832] fAME (similarity)S YERH O H,
BC 19, BD 6, BD 10, BD 13, BD 20 ¥+ B subtilis®t Z+Z} 0.94, 0.87, 0.90, 0.78, 0.829]
A} (similarity) S UEF QATHTable 6). Biolog user guided] ¢]&}#H MicroLog™ system2 ©]
gate] Mg 5T A9, 42 4Nz 2 24AZE wA], 75 similarity7} 0.75 2 0.5 ©]
go] Hojoprt A2 5‘}71] s H A== YEdH

AR dFe] "ot gt %gE 9l8ted 16S tRNA gene?] #7IME #4418 AAsah A
A9 genomic DNAE FZ3t% 165 rRNA gene primerEs ©]-83l PCRE G335t F
ZH gened| & HUIMES AT A= Fig 494 He upeh 2o o
GenBankell 5% AL TF9F BluE4ste] AR Z@de Lok 23, BC 2 ¥ BD
27 W= B amyldliquefaciens 9‘r Z+7} 98%9] “3&7d (homology)E YEI NS ™, BC 19, BD 6,
BD 10, BD 13, BD 20 @+ B. subtilis?} Z+2t 99%, 98%, 98%, 97%, 98% <] &3S YEH
ATHTable 6). $+H, 16S rRNA gene Tl 7|xste] AATF} 71€9 &% Badllus
spp.(type strains)2}] #AHAFHE FABAE 9oFslr] #38ke] neighbor-joining method ]
o]3lo] Al 547 (phylogenetic tree)E ZAJ3tR 1, 1 Z#E Fig. 59 el &, EXAAS

87 RANE AAFFEE Fuillus £& EFAE AFHH 1gel Sa90m, 47 B
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amyloliquefacians 2 B. subtilis?} 7}

BD20

BD13

CATCGGCGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGT
GTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATT
ACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATT
TGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGT
AGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACC
GGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTT
GCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACT
CTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGG
TTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCC
TTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCA
CTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGT
ATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCG
CCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTC
TCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTC
ACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTG
CCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAGGTACCG
TCAAGGTGCCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACANAGAGCTTTACGATCCGA
AAACCTTCATCACTCACGCGGNGTTGCTCGTCAGACTTTCGTNNNGCGNNATCCCTACTGC
TGCCTCCC

TCTGTTCNCATCAGCGGCTGGCTCCTAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTC
TCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATC
CGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGA
ACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCA
CGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTT
TGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGC
GCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACC
TGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCT
GGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCG
TCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGC
TGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTA
CCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAG
AGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAA
TTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGG
GGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACA
ACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTA
GGTACCGTCAAGGTACCGCCCTATTCGAACGGTACTTGTTCTTCCCTAACANCAGAGCTTTA
CGATCCGAAAACCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCNNGCNNNAT
TCCCTACTGCTGCCTCCCGTAGAGTCT

BD6

BC10

TTCGGCGGCTGGCTCCAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGT
GACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTA
CTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTT
GTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGCCCATTGTAGCACGTGTGTA
GCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCG
GCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTG
CGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTC
TGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGGT
TCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCT
TTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCAC
TAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTA
TCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGC
CTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCT
CCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTC
ACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTG
CCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGGTTAGGTACC
GTNAGGTGCCGCCCTATTTGAACGGCACTTGTTCTTCCTAACAACAGAAGCTTACGATCCGA
AACNTCATCACTCACGCGGGCGTGCTCGTCAGACTTCGTCATGCGNNATTCCNACTGCTGC
NTCCGTAGANTCTG

GTTCNCATTCGGCGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCT
CGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATC
CGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGA
ACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCA
CGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTT
TGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGC
GCTCGTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACC
TGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCT
GGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCG
TCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGC
TGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTA
CCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAG
AGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAA
TTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGG
GGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACA
CGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAG
GTACCGTCAAGGTACCGCCCTATTCGAACGGTACTTGNTCTTCCCTACANAGAGCTTTACGA
TCCGAAAACCTNCATCACCTCACGCGGNNNNCTCGTCAGACTTCGTTCNTGNGAAGATTC
CNACTGCTGCTTCCGTAGAGTCTGGNNGNGTCTCAGTCCCAGGTGTNNCGNATCNCCCTC
CNCAGG

BC19

BC2

TTCGGCGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTG
TGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTA
CTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTT
GTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTA
GCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCG
GCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTG
CGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTC
TGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGGT
TCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCT
TTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCAC
TAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTA
TCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGC
CTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCT
CCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTC
ACATCAGACTTAAGAAACCGGCCTGCGAGCCCTTTACGCCCNATAANTCCGGACAACGCTT
GCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCCTTTCTGGNTAAGTAC
CGTCAAGNACCGCCCTATTCGAACGGTACTTGTTCTTCCCTAACAANNGAGCTTACGATCC
GAAANNNNATCACTCANGCGGCNNNCTCGTCNNGACTTTCGTCATGCGANATNCCTACT
GCTGCCTCCGTAGNNNCTGG

TCGGCGGCTGGCTCCAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTG
ACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACT
AGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGT
GGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGCCCATTGTAGCACGTGTGTAGC
CCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGC
AGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCG
GGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTCTG
CCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGGTTC
TTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTT
GAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGCAGCACTA
AGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATC
TAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCT
TCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCC
TCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGGCTTTCAC
ATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCC
ACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGGTTAGGTACCGT
NAGGTGCCGCCCTATTTGAACGGCACTTGTTCTTCCTAACAACAGAAGCTTACGATCCGAAA
CNTCATCACTCACGCGGGCGTGCTCGTCAGACTTCGTCATGCGNNATTCCNACTGCTGCNT
CCGTAGANTCTG

BD27

CNCATNGGCGGCTGGCTCCAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTG
GTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCG
ATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAG
ATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGCCCATTGTAGCACGTG
TGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTC
ACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTC
GTTGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTC
ACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTA
AGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAA
TTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGC
AGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTTTACGGCGTGGACTACCA
GGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGA
GTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTACACGTGGAATTCC
ACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGGG
CTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTTCCGGACAAC
GCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGGTTAG
GTACCGTCAAGGTGCCGCCCTTATTGGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTA
CGATCGAAAANCTTCATCACCTCACGCGGGCGTTGCTCGTCNGACTTTC

Fig. 4. Partial nucleotide sequence of 165 rRNA gene from Bacillus selected.
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Table 6. Identification results of Bacillus strains selected.

Strain Identification by Biolog Identification by 165 rRNA gene
(similarity) (homology)

BC2 B. amyloliquefacians (0.79) B. amyldliquefacians (98%)
BC19 B. subtilis (0.94) B. subtilis (99%)

BD6 B. subtilis (0.87) B. subtilis (98%)

BD10 B. subtilis (0.90) B. subtilis (98%)

BD13 B. subtilis (0.78) B. subtilis (97%)

BD20 B. subtilis (0.82) B. subtilis (98%)

BD27 B. amyloliquefacians (0.83) B. amyloliquefacians (98%)

Strain BD20
[Strain BD13
Strain BD6
JStrain BG10
|_Strain BC19

| Baciflus subtilis DSM10 (AJ276351)

train BC2
train BD27
Bacillus amylofiguefaciens (ABODGI20)

LT
Bacilfus anthracis ATCC 14578 (AB190217)

Bacilfus pumilus ATCC 7061 (AY876289)

Saccharococcus thermaphilus (L09227)

Escherichia colf ATCC 11775T (X8072)

—_
Q.05

Fig. 5. Phylogenetic tree based on 165 rRNA gene sequences showing the positions of

strains selected and the type strains of some Bacillus species.

T3 A" B4HTo] 165 rRNA gene® @714 E #4415 A8t

DNAZS #Z3}o] 165 rRNA gene primerE ©]-§38l] PCRS 433}

JINEE A8 F, o] 4714 ES NCBI GenBankdl] 5% AL
_]

A7E g RS Lol A= Table 7914 Henkeh 2ot

o o

- 185 -



Table 7.

Identification results of Lactic acid bacteria selected.

Strain Identification by 16S rRNA gene (homology)
C-3 Lactobacillus plantarum (98%)
C-5 L. brevis (97%)

C-6 Weissella cibaria (97 %)
C-7 Enterococcus durans (98%)

C-12 L. brevis (98%)
C-14 L. palntarum (97 %)
C-17 L. fermentum (97%)
C-20 W. cibaria (98%)
C-21 L. pentasus (98%)
C-22 W. cibaria (97%)
C-23 L. pentasus (99%)
C-26 W. cibaria (97%)

D-1 Pediococcus pentosaceus (98%)
D-5 E. durans (99%)
D-6 W. cibaria (99%)
DD-1 L. brevis (98%)
J-1 L. plantarum (99%)
J-2 L. plantarum (97 %)
K-1 E. durans (99%)
K-2 E. faecium (98%)
K-3 P. pentosaceus (98%)
K-4 P. pentosaceus (97 %)
K-6 L. pentosus (96%)

K-10 L. pentous (98%)
K-15 L. pentasus(98%)
K-18 L. brevis (98%)
K-22 L. sakei (98%)

K-23 E. durans (98%)
K-31 L. brevis (98%)

P-2 L. plantarum (98%)
S-2 L. brevis (97%)
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2. daFF 7TAHAER ARX

47 A7 Bate] FrRE FAFY Bacllus  DPPH }t]ZF 27447 ACE A4 ol
Holh FFE 217} Mgskel 2 FFe) DPPH iz 2484 8 ACE 4184 42 #%
272 APsgon, A55E 2A0A GFF Fu3 B 2AdGT £ ARES I
F5E % A A5FE T, Fo2AS vasidon, 4 F22L AR gL U 2
Aol A% AL 2ASAT A4E NS FHOR ol§dlel 4 WEE F2EL AY
2 AR GFHEN PN Ao hE A4F BENSY WSS AL

7h RETEFY VA ER Adxd g9

1) o5 43

7] @7ell4 DPPH &t 27243 ACE Asl24de 7H g&d gdd 9 Badlluss
Tt gRd dF5S BT Badllus= R3] Zt7 DPPH oz &2AEAAH
ACE Asj@ddo] -3 d#F& AIdF2 A8t =, DPPH 2ty Zd 27 &/d0] Hojd
Lactobacillus plantarum K31 2 Bacillus subtilis BD6= 1783l DPPH =tz &AGAG A4t
HAAZAL FAEI¥ oW, ACE As|&Ao] w ot  Lactobacillus brevis DD1 2 Bacillus
amyloliquefaciens BC2E AT T2 A5t ACE A& A HHXAES A

(2 71&u A A3

ARTR ARR NRAAE Q5] Aste] DI NAF o8] WAL TE
time curveE A3t ACE Asi&A *‘“‘%% gk HiAl o] A5, dRlddS F3ske] DD1

= MRS(HI A ZF 124]%F), BC2 #5& TSB(Wl FA1ZF 24217 7F A3 591ty DPPH 2tz

iﬂ%@% A3 WA A, K31 #FE TYLEIFAIZE 124171, BD6 #FE TSB(H %Azt
1241274 A = Ao

MRS®] ZA]& Proteose peptone No. 3 1%, beef extract 1%, yeast extract 0.5%, glucose
2%, Tween 80 0.1%, ammonium citrate 0.2%, sodium acetate 0.5%, MgSOs; 7H>O 0.01%,
MnSO; 4H,O 0.005%, KoHPOs 0.2%(pH 6.8)0]o™, TSBS] FAJ2 tryptone 1.7%, soytone
0.3%, NaCl 0.5%, K;HPO4 0.25%, glucose 0.25%(pH 6.8)°]Ath. TS TYLSY ZA-2 tryptone
1%, yeast extract 0.5%, lactose 0.5%, Tween 80 0.1%, L-cysteine HCl 0.01%(pH 6.8)°] 31t}

DPPH #tiZ &AZ4 2 ACE AfEA A4 A=z

o< Lactobacillus brevis DD1(ACE A3]&7d) 2 Lactobacillus plantarum
K31(DPPH #tHZ AAZA)o|th. ACE As|&Ad3} DPPH oz &AASdLS 742 Juig
B2 xdstith Be A9 3WE 3 ¥, Higoes d3E HeEhhit:

() AT OB HE
Age AgE
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ChH 4% dadd nE I

gago] DD1 #F9 ACE Aafi&Ael mA= &S AR 8t 7128 A1¢1 MRS
7+E A 2%E H7Fe 30TolA 12A17H-5<t st on, 1 A¥= Table 894 H=
H}9} 2t} Fructose, maltose, sucrose % lactose S|4 53t ACE A& &Ado] YeEltoH,
E3] sucrosed| A 7FE =& ACE A4S HAY. SucroseE FHZ B@Ahgo=z XA s
ACE AsEds St 3 w55 A 23, 25%4 71 =2 Afg4dS B A(Fig.
6).

Table 8. Effect of carbon source on ACE inhibition activity of strain DD1

Relative ACE inhibition
activity (%)

Carbon source

None 63.1
Glucose 31.0
Galactose 31.0
Fructose 70.3
Sucrose 100.0
Maltose 69.1
Lactose 73.9

110
£ 100
90
80
70
&0
50
40
30
20
10 |

T ey

L @l 1| 1

Relative ACE inhibition activity

T T T T T T T
a 05 1 15 2 2.5 3 35 4

Sucrose concentration (%)

Fig. 6. Effect of sucrose concentration on ACE inhibition activity of strain DDI.

~

] K31 #5¢] DPPH =7 2ARAG] vlX= FF= AR HAste] 712 A<d
TYLAl 2% &4 05%E F71sked 30TCoA 1241752 vl 3t Axb= Table 9014 B

e} 2 Ba9e WE uREe] APTeA DPPH FiZ 2ARHL epiged, g
~9¢ B7heA @9kS W 7 = DPPH #h 7 2A8AS Btk
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Table 9. Effect of carbon source on DPPH radical scavenging activity of strain K31

Relative DPPH scavenging
Carbon source o
activity (%)

None 100.0
Galactose 90.4
Fructose 89.5
Sucrose 93.3
Maltose 92.4
Lactose 96.0
Glucose 97.1

W) a4F 242 HE I
Aol DD1 752 ACE A&l v J3FS ZAsH7] Y5t 2.5% sucrose’} &
Aol 2+E A9 25%E ket 30CelA 12A413bE 2 i 2= Table 10904
FH7} 8 A], bactopeptone, casein, skim milk, beef extract, gelatin %
S WA= ACE Asi&Ade]l yetuA & 1 9 dads H7He
ACE Aaf&4dS Yedll e, 53], polypeptone? proteose peptone No. 30f A
ANEdS Bt HH ALY O=E polypeptoneT} proteose peptone No. 3S 417 3}
£ 33 F(Fig. 7), F A2 A/MEFHFTFE 25%)°] WE ACE
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Table 10. Effect of nitrogen source on ACE inhibition activity of strain DD1

Relative ACE inhibition

Nitrogen source o
activity (%)

Proteose peptone No. 3 1% + beef extract 1%

84.6

+ yeast extract 0.5%
Polypeptone 98.1
Bactopeptone 0.0
Proteose peptone No. 3 100.0
Soytone 87.5
Tryptone 37.5
Casein 0.0
Skim milk 0.0
Beef extract 0.0
Corn steep liquor 38.5
Casamino acid 17.3
Malt extract 0.0
Gelatin 0.0
Yeast extract 74.0
NH4NO; 0.0
(NH4)2504 0.0
NH.,Cl 0.0
None 0.0

110

=
g o=l @ 0o
oo o oo

=
=1

W
(=]

=== nrotoeose peptone

L
=]

== polypeptone

Relative ACE inhibition activity (%)
L
o

=y
o
I

o

T T T T
05 1 15 2 25 3 35 4

Concentration (%5)

Fig. 7. Effect of proteose peptone No. 3 and polypeptone concentration on ACE inhibition
activity of strain DD1.
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2.5% proteose 2% proteose 1.5% proteose 1% protecse 0.5% proteose 0% proteose
peptone+0% peptons+0.5% peptone+1% peptone+1.5% peptone+2% peptone+2.5%
polypeptone polypeptone polypeptone polypeptone polypeptone polypeptone

Fig. 8. Effect of proteose peptone No. 3 and poypeptone combination ratio on ACE
inhibition activity of strain DDI.

Az9o] K31 #59 DPPH #tlz 2AZ4el Mt 432 2487 st 4% dx
4E 1.5% FH7Est 30ToA 124175 vl st A= Table 11914 E+= ule} 2o} Skim

milk F gelatinE A|2]3 YA dads 4713 wjAelA DPPH =tdZd 2A&4< JEry

S 53|, bactopeptone, polypeptone, casamino acid, tryptonetyeast extracts 7}k Hj =
M L 2ALEES YEHUT o5 2AAS 02% FEHEE HUbete] AASAS vl
A3}, 0.5% bactopeptoned| X 7} =2 DPPH 2tz &AALAS Y ATH(Fig. 9).
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Table 11. Effect of nitrogen source on DPPH radical scavenging activity of strain K31

. Relative DPPH scavenging
Nitrogen source

activity (%)

Tryptone 1%+yeast extract 0.5% 97.1
Polypeptone 98.5
Bactopeptone 100.0

Proteose peptone No. 3 78.2
Soytone 93.8
Tryptone 99.2
Casein 93.1

Skim milk 0.0
Beef extract 73.6
Corn steep liquor 91.5
Casamino acid 98.2
Malt extract 91.3
Gelatin 0.0
Yeast extract 56.9
NH4NO3 62.7
(NH4)2504 79.2
NH,Cl1 82.4
None 84.7

Casamino acid 2.0%
Casamino acid 1.5%
Casamino acid 1.0%
Casamino acid 0.5%
Tryptone 2.0%
Tryptone 1.5%
Tryptone 1.0%
Tryptone 0.5%
Bacto Peptone 2.0%
Bacto Peptone 1.5%
Bacto Peptone 1.0%
Bacto Peptone 0.5%
Polypeptone 2.0%
Polypeptone 1.5%
Polypeptone 1.0%

Polypeptone 0.5%

=]
=
1=

20 30 40 50 60 740 80
Relative DPPH radical scavenging activity (%)

w0
(=]
[y
(=)
o

Fig. 9. Effect of nitrogen source concentration on DPPH radical scavenging activity of strain
K31.
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omission techniques ©]-83}%Th. =, ammonium citrate, Tween 80, K;HPOs, MgSOs 7HO,
sodium acetate @ MnSO, 4H,O7} Z}7; A9 H v X E o]&3le] 30ToA 124 &<t vl 3t
A3+ Fig. 10014 R+ vk} Zo] ammonium citrate, Tween 802 A &|gF EE v AJ#0]
ACE Asja4 Axe Best Aoz yeuth wmabd KGHPO, MgSO; 7H,O, sodium
acetate @ MnSO; 4H,09] FXo| WME ACE AASAH LS ZAIA LW, 1 Ai= Fig. 1190 A]
e vkel 7ol 02% K,HPOs 0.005% MgSO, 7H>O, 0.1% sodium acetate a2l 0.001%
MnSO, 4H01A 7Hd &8 ACE A &S Ye it
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citrate acetate THIO 4H20

Fig. 10. Effect of medium component omission on ACE inhibition activity of strain DD1.
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Fig. 11. Effect of inorganic salt and sodium acetate on ACE inhibition activity of strain

DD1. A, KoHPOy; B, MgSOs 7H>O; C, sodium acetate; D, MnSO, 4H:O.

L-cysteine HCI®] &%7} K31 #59 DPPH v}z &AAZA vX& JTFS A 27
Fig. 12014 E= upel 2ol 0.02%4 7HE 52 &2AS8ES HEl AT E3F Tween 80
X7t K31 #59 DPPH #ttZ &AEA ] mX]= z
Ee aAgAES JUEATHFig. 13). ZIEHiAl EFEo] JA XS VIE AHE
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Ao Uebgth(Fig. 14)
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Fig. 12. Effect of L-cysteine HCI concentration on DPPH radical scavenging activity of strain
K31.
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Fig. 13. Effect of tween 80 concentration on DPPH radical scavenging activity of strain K31.
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Fig. 14. Effect of additional inorganic compound on DPPH radical scavenging activity of

strain K31.
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Fig. 15. Effect of temperature on ACE inhibition activity of strain DDI.

100
90
80 4
70 4
60 1
50 A d
40 A
30
20

Relative ACE inhibition activity (35)

10 1
0

T T T T T T T T T T T T T T T
FFE M 45 FEF O S F 5 B BS F 55 20 10573
pH

Fig. 16. Effect of initial pH on ACE inhibition activity of strain DDI.
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Fig. 17. Effect of temperature on DPPH radical scavenging activity of strain K31.
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Fig. 18. Effect of initial pH on DPPH radical scavenging activity of strain K31.
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Fig. 19. Effect of shaking speed on ACE inhibition activity of strain DDI.
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Fig. 20. Effect of shaking speed on DPPH radical scavenging activity of strain K31.
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Fig. 21. Effect of inoculum volume on ACE inhibition activity of strain DD1.
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Fig. 22. Effect of inoculum volume on DPPH radical scavenging activity of strain K31.
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Table 12. Bioactive activities of selected strain under optimal condition

Lactobacillus brevis
Lactobacillus plantarum K31

DD1
Cell growth (Asso) 0.385 0.168
DPPH radical scavenging activity (%) 94.1 94.6
ABTS radical scavenging activity (%) 99.9 429
Metal(Fe”") chelation activity (%) 65.4 48.0
SOD-like activity (%) 254 329
Reducing power (%) 10.1 3.4
NO scavenging activity (%) 50.7 44.6
OH scavenging activity (%) 7.6 28.1
ACE inhibition activity (%) 93.3 38.8
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(4) Bacillus2%-¥] DPPH tiZ £AEA 2 ACE A4 A §F3=A

Ao AMEH T Badllus amyloliquefaciens BC2(ACE A 3N&4) 9 Bacillus subtilis
BD6(DPPH #}tZd £7&4d)olth. ACE Asi&4d 3 DPPH =tvzd 2AZAdL 742 e
B(h)e2 AT e AP 3RHE 3 §, e A3E YeEdt

Oh 1% wadd g I
gadlo] B2 #59 ACE Asi@Ael mAE G$e 2Aet7] Slshel Z1Eu2 TSBo

ZtE &9 025% 5 #H7Fshke] 30TColA 24X 7HE <t v Fstlen, 1 A= Table 13414 K
= vk} 2ok gAY HUSE ZE iAolA ACE A4S YE AT sadS Hut

A e AN 1Y we AsBAS el

Table 13. Effect of carbon source on ACE inhibition activity of strain BC2

Relative ACE inhibition
activity (%)

Carbon source

None 100.0
Glucose 83.4
Galactose 60.9
Fructose 88.5
Sucrose 78.9
Maltose 85.3
Lactose 93.7
Mannitol 86.6
Sorbitol 89.7
Glycerol 90.4
Soluble starch 70.5

ga9do] BD6 w9 DPPH &tz &AZA O mA= &S A7) fste] 712 A
TSBoll Z+& &4 025%5 3 7Fsted 30TolA 12A17HE < wi kst A3+ Table 14914 H+&
npe} 2o} Galactose, maltose, glycerol ¥ sucrose oA %2 DPPH @tz £2ASHS B
A+=d E3], sucrosedl Al 7Y =& A2AFAS JEFN AT SucroseE HZF EHAYowE AHAA
&9 DPPH oz &2AZHE A% HA 555 A 4¥, 025%°1A4 713 & DPPH
gz AAEAS B Ath(Fig. 23).
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Table 14. Effect of carbon source on DPPH radical scavenging activity of strain BD6

Relative DPPH radical scavenging

Carbon source o
activity (%)

None 92.1
Galactose 91.5
Fructose 94.4
Sucrose 100.0
Maltose 99.2
Lactose 92.1
Mannitol 93.1
Sorbitol 98.0
Glycerol 98.2
Soluble Starch 55.3
Glucose 95.2

100
<r.f'" v‘N
90 A b

80 A
70 q
60
20 A
40 1

activity (3)

30 A
20 A

Relative DPPH radical scavenging

10 4

T T T T T T T T T T T
0 gE5c0E OF5 I 0 I25 A5-A7E (2 FAR 25 25 3

Sucrose concentration (%)
Fig. 23. Effect of sucrose concentration on DPPH radical scavenging activity of strain BD6.
) 2% dage) BE 9

Aaglo] BC2 79 ACE AsjBA PAE 9 2Abekr) Astel wa
AEH A 2F ARDL 2% HrHstel 30TNM 24405 WFF FFHE Table 15
[} KR

o) o
v 1l
ANM Hie= wiel 2ok AAdS ACE AsigA At 42 de & 4 e, gelatindt

Fr1Aads H7ME WA ACE Asidd2 vi¢- @t 2 o dads ke wjA
1= vlud =2 ACE AP S BIom 53|, tryptonetsoytones H7FgH vl A9} casein
= A7 WAl w2 ACE AsiE@Ade deEtdt et XA diaYdOo=E casein B
soytonettryptones g% &, casein®] F% % soytoned} tryptone®] FH7IRIEo]| WE ACE
A dde AR A, 2-25% caseine HIHS W M =2 A S UER AT (Fig.
24).
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Table 15. Effect of nitrogen source on ACE inhibition activity of strain BC2

Relative ACE inhibition

Nitrogen source o
activity (%)

None 0.0
Tryptone 1.7%+soytone 0.3% 96.3
Polypeptone 66.1
Bactopeptone 65.2
Soytone 91.1
Tryptone 80.4
Casein 100.0
Skim milk 80.4
Beef extract 81.3
Corn steep liquor 84.8
Casamino acid 70.5
Malt extract 74.1
Gelatin 31.3
NHiNO; 27.7
(NH4)2504 16.1
NH,4Cl 47.3

Casein 3%

Casein2.5%

Casein2%

Caseinl5%

Caseinl%

Casein0.5%

Soytone 0.3% +tryptone 2.5%
Soytone 0.3% +iryptone 2%
Soytone 0.3% +iryptone 1.5%
Soytone 0.3% +iryptone 1%
Soytone 0.3% +tryptone 05%
Tryptone 1.7%+ soytone 2.5%

Tryptone 1.7%+ soytone 2%
Tryptone 1.7%+ soytone 1.5%
Tryptone 1.7%+ soytone 1%
Tryptone 1.7%+ soytone 0.5%
Tryptonel.7%+soytone 0.3%
Tryptone 1.7%+ soytone 0.1%

~
=]
[
L=
=)
L=}

100

=]
=
[=]
(]
(=1
[
[=1

40 50 60
Relative ACE inhibition activity (%)

Fig. 24. Effect of nitrogen source concentration on ACE inhibition activity of strain BC2.

Aol BD6 w9 DPPH &tz &AGA vA = FFS ZASH] #18ted 0.25%9
sucrose’} H7FE iAo ZhE AAYES 2%HA HIEste] 30T A

Table 16914 H= ®iel 2o Aixds HrhehA] B2 Wi, Fridads H7HE wiA,
casein ¥ yeast extract® F7}g i A|olA DPPH @t 2AZAHLS wdth 2 9 A4S
71t v Ao A= DPPH HZ &AAZA o] vlud H%ew, 53] casamino acid, tryptone,
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bactopeptone, tryptone+soytoneol| Al -8 LAEAFS YEN AT wEkA ol59 Fxo o
€ DPPH =Yz A4S AR SD, I A3= Fig 2594 H= #iek Zo] 1%
bactopeptone®l A 7H¢ & &AAGAES YER I

Table 16. Effect of nitrogen source on DPPH radical scavenging activity of strain BD6

Relative DPPH radical scavenging
activity (%)

Nitrogen source

None 47.1
Tryptone 1.7%+ soytone 0.3% 100.0
Polypeptone 95.9
Bactopeptone 100.0
Soytone 79.7
Tryptone 98.0
Casein 341
Skim milk 88.7
Beef extract 62.5
Corn steep liquor 66.4
Casamino acid 99.0
Malt extract 89.5
Gelatin 84.1
Yeast extract 40.5
NH4NO; 38.8
(NH4)2S04 38.8
NH,CI 31.0
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Casamino acid 2.0%
Casamino acid 1.5%
Casamino acid 1.0%
Casamino acid 0.5%
Tryptone 2.0%
Tryptone 1.5%
Tryptone 1 .0%
Tryptone 0.5%
Bactopeptone 2.0%
Bactopeptone 1.5%
Bactopeptone 1.0%

Bactopeptone 0.5%

Tryptone 1%+soytone 0.3%

a 140 20 30 40 50 60 70 20 o0 100
Relative DPPH radical scavenging activity (%)

Fig. 25. Effect of nitrogen source concentration on DPPH radical scavenging activity of

strain BD6.

F

oot

(th NaCl 2 JA4Eo ©wE 3

NaCl ¥ <12Fgo] BC2 #59 ACE Ao vAe dFS FAts7] 93t Nadl,
K;HPO; ¥ NapHPO,E FEH=E HjX|o] FH7bste] 30TAA 24A17H5 < vt A3 = Fig.
26014 H= nkel 2o NaCle A A¥sEoX =2 ACE Asigds Baom, 53] 05%
NaClol A 7Fg =& AsfEdAdS Jetdidg. £33 KHPOS H7138S o NaHPORU H&
ACE A &4ds vetlidloy, s T3 7P =2 Asigds et

g4, BD6 w52 4%, NaCl 3 K,HPOso| F7b= DPPH #@tHZ &ASA ] obFd F&
= PIAA & SkHH(Fig. 27).
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Fig. 26. Effect of NaCl, K;HPO; and Na,HPO, on ACE inhibition activity of strain BC2. A,
NaCl; B, K;HPO, and Na,HPO.,.
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Fig. 27. Effect of NaCl and K;HPO; on DPPH radical scavenging activity of strain BD6. A,
NaCl; B, KoHPO,,

() 718 #7149 A7t wE 3%
Z1Zj Ao EeFE o A e 7E 7199 247}7} BC2 #52] ACE As|&Ael vlA=
3¢S A7) 9fste] 24 A4S 0.05% 2 0.01% i47}-3}o4 30Tl A 24225 <QE vl
A Fig. 2894 B upel Zo] AN BE F7199 HUbE ACE A4 F7hel ofF
d FFS vAA Fskrh

s, BD6 759 A5, FH7F v AR CaCl, 2H0, CuSOs 5H,08F MgS0O, 7TH.0S 37}
g wj Aol ¥ DPPH tHZE A4S YellRew, 2% 0.01% MgSOs 7H0E 73
S W 2AZA 7PF E}THFig. 29). CaCly 2H,0, CuSO; 5H08F MgSOs 7H,09] =X 3
DPPH &t 2AGA obi-dl &S XA & kthFig. 30).
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KClO01% —

KCl0.005%
MnCI2 4H20 0.01%
MnCl2 4H20 0.005%
Mg504 4H20 0.01%
MgS04 4H20 0.005%
CusO4 5H20 0.01%
Cus04 5H20 0.005%
FeCl36H200.01%
FeCl36H20 0.005% )
Zn504 7H20 0.01%
Zns04 7HZ0 0.005%
Mn304 H20 0.01%
Mn504 H2Z0 0.005%
Fes04 H20 0.01%
Fe504 H20 0.005%
CaCl2 2H20 0.01%
CaCl2 2H20 0.005%

none —

0 10 20 30 40 50 &80 70 80 o0 100
Relative ACE inhibition activity (%)

Fig. 28. Effect of additional inorganic compound on ACE inhibition activity of strain BC2.

RClO.01%
KCl0.005%
MNClz-4Hz0 0.01%
MACEz-4H0 0.005%
MgS50.-7H0 0.01%
Mg50.-FH2O0 0.005%
Cu50.-5H0 0.01%
CuS50.-5H:0 0.005%
FeCls6H:0 0.01%
FeCls-6H:0 0.005%
Zn505-7H0 0.01%
Zn50s-7HO0 0.005%
MnS0.-HzO 0.01%
MnN504-H=0 0.005%
FeS0s-FH0 0.01%
Fe50.-7Hz0 0.005%
CaClz-2Hz0 0.01%
CaClz-2Hz0 0.005%

Mone

T T T
a 10 20 30 40 50 60 70 20 20 100
Relative DPPH radical scavenging activity (%)

Fig. 29. Effect of additional inorganic compound on DPPH radical scavenging activity of

strain BD6.
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CaCl;-2H:0 0.005%
+CuS0.s-5H,00.005%
+Mg50.7H:0 0.01%

CuS0.-5H:0 0.005%
+Mg50.-7H:0 0.01%

CaCly2H.0 0.005%
+Mg50s-7H:0 0.01%

CaCly2H:0 0.005%
+Cu50.-5H:00.005%

Mg50s-7H:0 0.01%

CuS0.4-5H20 0.005%

CaCl:-2H:0 0.005%

Mone

T T T T
o 10 20 30 40 50 60 70 80 90 100
Relative DPPH radical scavenging activity (%)

Fig. 30. Effect of inorganic compound combination ratio on DPPH radical scavenging

activity of strain BDe6.

(7l W= ¥ pHYl we& I
=t iAo 27] pHZF BC2 TF¢ ACE Asi&del vAle dFS A 2=
Fig. 31 2 32014 H vk} o] 35C 2 pH 794 7}E & ACE AfZ4ES Jehhid.
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Fig. 31. Effect of temperature on ACE inhibition activity of strain BC2.
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Fig. 32. Effect of initial pH on ACE inhibition activity of strain BC2.
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Fig. 33. Effect of temperature on DPPH radical scavenging activity of strain BD6.
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Fig. 34. Effect of initial pH on DPPH radical scavenging activity of strain BD6.
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(vh T71% e IF

AT R SAC wet §r]%e] BC2 @79 ACE Asf&do] mAe JFs =
ALgt A3, Fig. 35914 HE nkel o] 50ml/250ml flaskol Al 7HE =& ACEA &4 S e

At
$9, BD #79) 3%, 2A LE 5715 ¥9lol4 DPPH 27 £AB49) wste gl
th(Fig. 36).
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Fig. 35. Effect of aeration on ACE inhibition activity of strain BC2.
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Fig. 36. Effect of aeration on DPPH radical scavenging activity of strain BD6.
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Fig. 37. Effect of shaking speed on ACE inhibition activity of strain BC2.
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Fig. 38. Effect of shaking speed on DPPH radical scavenging activity of strain BD6.
(oh) EFo) ve I
T AEFol BC2 5 B BD6 @+ ACE A3i&A3 DPPH 2tz &7AZ/gd] vA=
[e)

GFe A ATE Fig 39904 B Hsh 2ok B2 #79 A%, 2% TS AEAL
& ACE As|24e Jerjov, 1 olde HEFelE Aol dushi

&3, K31 w59 4%, HF5%°l DPPH 2tHzd A2 & &S vAA dkor 4%
© & 2GS UEh )lek(Fig. 40).
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Fig. 39. Effect of inoculum volume on ACE inhibition activity of strain BC2.
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Fig. 40. Effect of inoculum volume on DPPH radical scavenging activity of strain BD6.

h AFzANAN A 5= 2 A8

BC2 @+ ACE Aq&AHS 9% HHxHL casein 2%, NaCl 05%, pH 7, 35T,
50ml/250ml flask, 200 rpm, T HFFF 2%°|Ath. BD6 w9 DPPH @tz LASES ¢
s HAZ7WL sucrose 0.25%, bactopeptone 1%, MgSOs 7HO 0.01%, pH 6.5, 30T,
50ml/250ml flask, 200 rpm, Fd HZHF 4%l Ak

HHZ A A BC2 75 2 BD6 TFS 7M7) vdstEA AR Ao #A4 A%

] A &AdE Table 17014 R nie} 2ok BD6 w59 74, DPPH &tz AAEA
& HAxHNA 920%9] 2AZAHS BAS B ofyg}t OH E‘rl‘%% aAgY gl
oIt T2 AYFAHE 19.3-99.8%2 Wl AUtk BC2 #59 A9, ACE ANE3S
HAxzHAA 100%2] A4S Bem, NO gz LA dddS A0 v A
2 EAHE 29.1-100% 2] H Lol AATh

Table 17. Bioactive activities of selected strain under optimal condition
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Bacillus anyldliquelaciens Bacilllus subtilis

BC2 BD6

Cell growth (Aeeo) 2.941 4777

DPPH radical scavenging activity (%) 100 92.0
ABTS radical scavenging activity (%) 99.9 99.8
Metal(Fe”") chelation activity (%) 84.0 65.8
SOD-like activity (%) 29.1 33.5
Reducing power (%) 7.1 3.7

NO scavenging activity (%) 15.0 19.3
OH scavenging activity (%) 65.1 7.2
ACE inhibition activity (%) 100 49.0

e

2 2= £ Y73t &, whatman no.l
ARAZ Anste] wits IS AASAT. FEAE 20T HastaA Aol A8l
o

HEse F= ol g AAF 7152 ey WEs 7Hdy 49, Algdd e =9
Fa HlEe] 10 Heldd Aoz <dA o w23 dEEe] ves 1012 2335k
d719 204 ke FESAT. 4 FE299 dgxRdS 4 2T ek =AM 4

2 031

FHEA 3gE(gallic acid 7]1F)¥ FEH o] = (quercetin 71F)9 & 27+ 2523 mg/l
2 50 mg/I1Ath AYLEFFEEY] A nFEL 1988% e, 33 UG FFe
77y 17.4% 2 0.46% 0.007% % 0.04%Fom, FH=4 =7
FEHREol=9 e 77t 4408 mg/l E 7.3 mg/I1ATh E3 ¢ 2 3 dFFEE]

pHE 217} 583 9 594tk

—

U4
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o
1%
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rlo

Table 18. Concentration of general component in hot water and autoclaved extracts
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Hot water extract Autoclaved extract

Total soluble solid(%) 19.43 19.88
Total sugar(%) 16.1 17.4
Reducing sugar(%) 0.31 0.46
Protein(%) 0.006 0.007
Lipid(%) 0.04 0.04
Total phenolic compound(mg/1) 252.3 440.8
Total flavonoid(mg/1) 5.0 7.3
pH 5.83 5.90
g, 985 590 247 459 WAL I

HEs FEAAH FF 10% 2 15%7F HESE 424 4% FEH48 At A5S AT
S35t AujgS MRS HiA(pH 6.8) 100 mlol Z+ XA FF A 237085 HE3
3, 30°ColA 24275 AR uj ettt Bujke Arlolx =AW Z+ A8 pHE 682 %
g 5, AujFAS 1% (v/v) FESL, 30T A= L egn
r Ao wep AAHoR wigAS A F, 660 nmol A TA A
25 AL v 71 de] AS-E+= MRS brothE ARE-3FA T
BE APTFAA it Aol gRlHNeH, FEAY, TF 15%=2 =T =
10%2 2He FE299 FHZ 74 AFT7F =UTH(Fig. 41-42). D] Z 5,
HRT dFFEAd A, DD1 FFET K31 TFFdA 74 AS=7F dvtygow
o ARG AR SET RE AT TA AT Egoy FEde
AR g Bl A4S e Atk &< MRS broth=
4 Az =2 74 AFES RAFAEd, 53 K31
S, W = wA AEEES EM?M Fig. 43). H|Z
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Cell growth-hot water extract
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Fig. 41. Cell growth of selected strain using shaking mode in each extract.




Cell growth-hot water extract Cell growth-hot water extract

(static mode, strain DD1) (static mode, strain K31)
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Fig. 42. Cell growth of selected strain using static mode in each extract.
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Fig. 43. Cell growth of selected strain using shaking and static modes in MRS.
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Fig. 45. Changes of pH and titratable acidity during static fermentation in each extract.
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Table 19. ACE inhibition activity during shaking fermentation in each extract

Autoclaved extract - shaking mode, strain DD1

Time (h) 6 12 18 24 30

Raw extract 74.9 91.7 428 30.6 22.6

CE
inhibition Total sugar
activity 15% 53.7 67.8 64.8 56.9 22.6
(%) T"t"iloiéugar 502 | 722 | 749 | €81 | 357
Autoclaved extract - shaking mode, strain 31
Time (h) 6 12 18 24 30
iz Raw extract 72.5 55.6 39.9 33.3 16.7
inhibition Total sugar
activity 15% 51.1 76.1 39.1 31.0 8.30
(%) TOtallOE/O“gar 526 | 683 | 659 | 314 | 60
Hot water extract - shaking mode, strain DD1
Time (h) 6 12 18 24 30
. Raw extract 48.8 83.3 54.3 19.0 5.6
inhibition Total sugar
activity 15% 455 55.6 46.4 26.9 17.9
(%) TOtalloi/ougar 370 | 428 | 429 | 217 | 28
Hot water extract - shaking mode, strain K31
Time (h) 6 12 18 24 30
. Raw extract 54.0 70.0 42.0 9.2 10.7
inhibition Total sugar
activity 15% 47.8 65.4 31.7 25.7 0
(%) TOtalloﬁ/ougar 351 | 417 | 486 | 486 | 811
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Table 20. ACE inhibition activity during static fermentation in each extract

Autoclaved extract - static mode, strain DD1
Time (h) 6 12 18 24 30
ACE inhibition Raw extract 72.1 100.0 95.1 68.6 43.3
activity Total sugar 15%| 52.7 74.7 65.7 54.9 31.4
(%) Total sugar 10% | 44.7 51.1 59.3 65.7 73.1
Autoclaved extract - static mode, strain K31
Time (h) 6 12 18 24 30
ACE fllisiem Raw extract 76.0 80.0 100.0 88.1 51.4
activity  |Total sugar 15%| 453 | 647 | 93.9 62.7 37.1
(%) Total sugar 10%| 347 | 373 | 507 | 257 | 224
Hot water extract - static mode, strain DD1
Time (h) 6 12 18 24 30
ACE inhibition Raw extract 64.7 66.7 67.4 62.9 74.6
activity Total sugar 15%| 44.0 47.2 47.8 34.1 20.0

(%) Total sugar 10%| 31.3 375 293 229 17.9
Hot water extract - static mode, strain K31
Time (h) 6 12 18 24 30
ACE inhibition Raw extract 53.3 56.9 73.7 74.6 34.3
ac?’;])lty Total sugar 15%| 36.0 36.1 68.7 18.3 0

Total sugar 10% | 32.7 36.4 59.0 443 10.3

47 478 Bl Fue g—aﬁ—
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() A32=e g 27) pHY I

REERESY pH7} APazel PiAE 9T ZAEY] 95te] 74 28 pHE 472 =
gom, 1 AT Fig. 47904 HE vist

=7b AAHgom, AgggelMe I F

A FEEEHT w0y, $AIA0E g mt Wi Aol vebud.

- 190 -



0.7 05

—8— pH40

0.6
0.4

054

0.3
0.4

03 A 024 —— pH40
—m— pH45
—A— pHS5.0
0.2 = p
5—]" g —&— pH5S5
% § 0.1 —O— pH 6.0
0.1 £ —0— pH6S5
e e —— pH 70
o Q.
a g
00 ; ; ; ; ; Z00 ;
Q 0 12 24 36 48 60 72 X 0 12 24 36 48 60 72
3 <
Time (hour) Time (hour)
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autoclaved extract, right) fermentation by Lactfobacillus brevis DDI.

(thH 9 Fol A 7] pHY I

WA 27 pHZE % Fl vINE TS 2AR] sl 2 $EEe pHE 472 =
A%,

gste] 30TA wiFstiem, 2 dxe Fig. 48914 H= uiel Ao EF FEE9
[e) o
X

250

200

150 4

100 S
= |
5 S
g g
£ 50 A z
@ @
g 2
E) E)
= 0 12 24 36 48 60 72 = 0 12 24 36 48 60 72
Time (hour) Time (hour)

Fig. 48. Effect of pH on total sugar content during Maekmundong (hot water extract, left;
autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 50. Effect of pH on total flavonoid content during Maekmundong (hot water extract,
left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 51. Effect of pH on total phenolic content during Maekmundong (hot water extract,
left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 52. Effect of pH on DPPH radical scavenging activity during Maekmundong (hot water

extract, left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 53. Effect of pH on ACE inhibition activity during Maekmundong (hot water extract,
left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 54. Effect of temperature on cell growth during Maekmundong (hot water extract, left;

autoclaved extract, right)fermentation by L &revis DD1.
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Fig. 56. Effect of temperature on total sugar content during Maekmundong (hot water

extract, left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 57. Effect of temperature on reducing sugar content during Maekmundong (hot water

extract, left; autoclaved extract, right) fermentation by L brevis DD1.
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Fig. 58. Effect of temperature on total flavonoid content during Maekmundong (hot water

extract, left; autoclaved extract, right) fermentation by L. brevis DD1.
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Fig. 59. Effect of temperature on total phenolic content during Maekmundong (hot water

extract, left; autoclaved extract, right) fermentation by L brevis DD1.
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Fig. 60. Effect of temperature on DPPH radical scavenging activity during Maekmundong (hot

water extract, left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 61. Effect of temperature on ACE inhibition activity during Maekmundong (hot water
extract, left; autoclaved extract, right) fermentation by L &revis DD1.
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extract, left; autoclaved extract, right)fermentation by L &revis DD1.
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Fig. 64. Effect of inoculum size on total sugar content during Maekmundong (hot water

extract, left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 65. Effect of inoculum size on reducing sugar content during Maekmundong (hot water
extract, left; autoclaved extract, right) fermentation by L brevis DD1.
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Fig. 66. Effect of inoculum size on total flavonoid content during Maekmundong (hot water

extract, left; autoclaved extract, right)) fermentation by L. brevis DDI.
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Fig. 67. Effect of inoculum size on total phenolic content during Maekmundong (hot water

extract, left; autoclaved extract, right) fermentation by L &revis DD1.
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Fig. 68. Effect of inoculum size on DPPH radical scavenging activity during Maekmundong

(hot water extract, left; autoclaved extract, right) fermentation by L. brevis DDLI.
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Fig. 70. Change of cell growth during Hongmundong fermentation by L. b&revis DDI.
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Fig. 71. Change of titratable acidity during Hongmundong fermentation by L. brevis DDLI.
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Fig. 73. Change of reducing sugar content during Hongmundong fermentation by L JArevis
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A4d AYEFE TEFY AHZAH AT

g
NEsd SHUEF(EES) FE=0] ded Axd X IdFS H7Fstr] st

S AFESFYtH(Fig. 1). Humman®] beta celllA 7]€E INS AXFE= 10% fetal
bovine serum (FBS), L-glutamine, penicillin % streptomycing 33 RPMI-1640 uj Aol 3
7C, 5% CO, Z7A9 incubatord|l A vjY3Ith viX+= AYEZ wAPgoy, AXE7F vjx Wl
80~90% A& g7gsty AHAIZTH

o

. ABAEF B

HEEol AR Ao PiAl= = BrEet] f1ste] B35 celld}t PCI2 cell& ARS-shalTh
(Fig. 1). Neuroblastomaql B35 AXZF= 10% fetal bovine serum (FBS), L-glutamine,
penicillin ¥ streptomycins 33§+ Dulbecco”’s modified Eagle medium (DMEM) uj =]l 3
7C, 5% CO, %719 incubatorol Al Hj st} Pheochromocytoma®l PCI12 cell> 0% fetal
bovine serum (FBS), L-glutamine, penicillin 2 streptomycing 33+ RPMI-1640 8] Ao 3
7C, 5% CO, 719 incubatoro] A vl dstHTh WX+ AY=E wAom, X7} vzl o
80~90% 4= /g3t Adhshdrt.

SINS cells> LR35 cells
Figure 1. St ¥ AFMEFTL MAAEFY dn7d AR

W F, $EE) 5EE AW dsd, uA AEES
&8k (500, 250, 125, 625, 31.3, 156, 7.8, 3.9 w/ml) 2 &3t MTT assay "
Insulin ELISAE %3] HHF=E ZAAQ3Ath WA AXx54S H7I8t7] $18] MTT assay
FstRom, MIT (3-[4,5-Dimethylthiazol-2-yl]-2,5- diphenyl tetrazolium bromide, Sigma

e
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chemical Co. USA)= Aoldle AlX U vEZE=go} Yuto] EA)3t= oxido-reductase®] &
s gl o)a) 950 Webael formazans WASA Hwl, S50 W} B formazan
O WAYEE FRET FAPOA AE AEHS A3 AP o8Fn g

(Gerlier and Thomasset, 1986). ©]E <¢|&] INS cellS 96 well (5 x 10* cell/well)ol] &3}

2477 #j g H, Vehicle (dH0)% ®&E%E FZE-S 500, 250, 125, 62.5, 31.3, 15.6, 7.8, 3.9
p/mle) B2 AEL, 443 BAS GG MGG MAZ AALL MIT 42

50 pb H7FSE H, 4XZF Fob wieFetTh AE el BEepA Aol HAEW  Dimethly
sulphoxide(DMSO, Sigma Co.) &4 150 w# i1, formazang S AT ZF welldl e
A o] W3S ELISA-reader (VERSA max, micro-reader, MDS. Co, USA)E ©]-8-3} 540 nmol
A SA s

WiEse] 93 A& FHFS Mercodiart®] human Insulin ELISA kit (Cat. 10-1113-01)&
o] &3t A we} ST WA AEd EHIAMER INS cell& 96 well platedl] 5 x
10* cell/wello] T2 BEF3 3 80-90%= AL wj 712 37 C, CO, incubatorol A Hl ¥a}<]
o). 283 7 welld] BEE FE2S =500, 250, 125, 625, 31.3, 15.6, 7.8, 3.9 ul/ml)=
A7Vsled 24417 St ke & wjFA S AFHSA 15000 rpmol A 3% T AEE HFA
A AFNE F8EA T ELISA kite] ZF wellol]l 25 pl9] viFdS @i1, 100 xl9] enzyme
conjugate solutions 7 7}3le] plate shakerel]l 1A1ZF &<t W3t FA-dA vk

o
At 1A & A5 AES AASEAL, wash buffer (350 wl)E ©]-&3te] HlEo|Ho=z Agte o

ol N A ATt o716 200 o] substrate (TMB)S A7}t
Lo 158 B¢ EANSS 58 FH 50 w9 stop solutionS H71ste] ¥E3-& FAIA
(@)
<l

WM 3l+= ELISA-reader (VERSA max, micro-reader, MDS. Co,
USA)E ©] 43} 450 nmollA =

I A3 500~39 W/ ml & FEE
HEE A A THFig. 24A). 28y A& -Ecﬂl%koﬂ 62.5 ﬂe/mlg} 313 ul/ml TE9 =
S AP aBdA FoHA =712 JERN U THFig. 2B). TEtA HESS 243 IRE

INS cello| Al A Elsle 355 50 w/mlZ ZAA3AT
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effect of the different concentration of Lirigpe platyphylla on insulin secretion of INS cell (B)
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Figure 3. Toxity(A) and effect of Insulin secretion(B) of Korean White Ginseng (KWG), Korean
Red Ginseng (KRG), Lirigpe platyphylla (LP) and Red Liriope platyphylla (RLP) manufactured
by different steaming times (3h, 9h, 15h, 24h) on the INS cell.
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Figure 4. Toxity(A) and effect of Insulin secretion(B) of Korean White Ginseng (KWG), Korean
Red Ginseng (KRG), Liriope platyphylla (LP) and KRed Liriope platyphylla (RLP) manufactured
by different steaming frequency (1, 3, 5, 7, 9 times) on the INS cell.
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Figure 5. Effect of the Korean White Ginseng (KWG), Korean Red Ginseng (KRG), Liriope
platyphylla (LP) and  Red Liriope platyphylla (RLP) manufactured by different steaming
frequency (1, 3, 5, 7, 9 times) about expression of Insulin receptor {3, insulin signaling

pathway (IRS-1, p-Akt, Akt), glucose transporter (Glut) 2 and 3 on the INS cell.
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Figure 6. Effect of the Liriope platyphylla (LP) and  Red Liriope platyphylla (RLP)
manufactured by different steaming frequency about expression of Insulin receptor [3,
insulin signaling pathway (IRS-1, p-Akt, Akt), glucose transporter (Glut) 2 and 3 on the
INS cell.
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24h)S H2A &t AxX3 TET= AHEste] MIT assays Tl AlE AE3 MilliporeAl2]
NGF ELISA kitZ ©o]§3}¢] NGF ®ul%g =4351%ch WA B35 cellS 96 well (5 x 10°
cell/well)ol] &3} 24A17F w3t H, Vehicle (dH0)3 HiEsS S5 H=2 50 ul/ml
o] FEE APstaL, 2443t FehE wikedn wiEE wiAE A AstAL, MITE A4S 50 ul
A7Es H, 4N Tt widE St AlE el B AAo] A=W Dimethly sulphoxide
(DMSO, Sigma Co.) &4-& 150 w2 ¥il, formazans SH T 7+ wellol YeERd 2729 3}
£ ELISA-reader (VERSA max, micro-reader, MDS. Co, USA)E ©]83}4 540 nmolA =743}
At
NGF+= cholinergic 7H9] 714 A3 Adaloln, S4, £3}, A&} ABAHEL AHEd
FFE FHH NGF= 9% cytokines 52 WiEFs FEE0 W38t thdst AEFH o 9
ajA e =, NGFE AAtste AlE < neuron, inflammatory cell (lymphocytes 2+ mast
cell), structural cell (fibroblast, epithelial cell, smooth muscle cells) &©°] 2ZF= X7t
(Freund-Michel and Frossard, 2008), ®<#5<] butanol¥ ethanol fraction< primary astrocyte
celld} vl§2oME BHS {FEIoh(Hur e al, 2004; Lee et al, 2005). NGF W]z
Millipore®] NGF ELISA kitg T3t #el whet S48ttt WA neuronal cellql B35
cell-S 96well platedl] 5 x 10* cell/welle] HE& BF3 3 80-90%= A< W) 714 37°C, CO,

incubatoro| A v FatA T 18] Zb welle|l Vehicle (dH0), A4t 4, WEs3 S5 A
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Z¥(3h, 9h, 15h, 24h)& ©2A dto AxF FEFS H7bste] 24X T W Fe F gy
< AFA3F 15000 rpmollA] 3 F< AEZE FJAAA FESHS FHISHA S ELISA kitd] 7}
welloll 100 0] W YgA-S ¥l plate sealer2 plateE Yl A& w35ttt Plates
wash buffer 250 w2 4% A3}, anti-mouse NGF monoclonal antibody 100 pE 37}t
I Ao A shaking WlY3EA T 2A17F & wash buffer2 4% A& 531, peroxidase
conjugated donkey anti-mouse IgG polyclonal antibody 100 (& F7}3stal 4204 shaking
Hj 3Rt A 7]e] 100 0] substrate (TMB)S H7}ste] AdA 158 ¢ &48-8S
T3k H, 100 xe] stop solutions H7bste] ¥H&-& FTASIAT WHEF Ao wet Yehd s
+ ELISA-reader (VERSA max, micro- reader, MDS Co., USA)E ©]-&3}4 450 nmol|A 574

OO
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¥ =
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A 5
ELP manufactured RELP manufactured
by steaming time (hours) by steaming time (hours)

Figure 7. Toxity(A) and effect of NGF secretion(B) of Karean White Ginseng (KWG), Korean
Red Ginseng (KRG), Liriope platyphylla (LP) and Red Liriope platyphylla (RLP) manufactured
by different steaming times (3h, 9h, 15h, 24h) on the B35 cell.
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439, 1 2% AL
o AEYEE] Egom, 5
FuT A %Z°M2WWﬁi%ﬂﬂ%ﬂ.ﬂﬂHE%%%%%%ﬂ% £
2 AN UthFig. 8A). NGFe] FHge Qi 4 A8 AT 5§
golout 53 249 WEFS AT ALNARE F7ke7] sl 73] 253 ARF 4
A AZAA A e wegel FEaifn 98 248 AEE AdEAA o

2
(Fig. 8B). o188 Ao WESS] Z%o0] NGF 2ulo] Gnpdoz 488< Yehjn o
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Figure 8. Toxity(A) and effect of NGF secretion(B) of Korean White Ginseng (KWG), Korean
Red Ginseng (KRG), Liriope platyphylla (LP) and Red Liriope platyphylla (RLP) manufactured
by different steaming frequency (1, 3, 5, 7, 9 times) on the B35 cell.

(3) TsAIZel wet AxE WiEsol el ERIE NGF7} PC12 celld] S0 mx= I

189 NGF7} AZBAEY #3}ol] wx= &S B7Eetr] 9kl PCl12
cell & o] &3k vl FEnksS AASAY. WA AAMERQ B35 cello] Vehicled} A4, &
A, EE 2 SHAIe] BE SETS HUEste] 24413 v Fste], NGF7 #HlE af <
A AFASA AE wjgdS é}ié}%ﬂ‘r EulE wjekd S PCI2 cellol X zlsle] A7ke] 7w
o e celld] W3tE A & 3 (Leica)& ©o]-&3te] AE ZElE #Fstitt. 1 23,
At T4HS Al B35 cell HI Y-S vehicle A2l o] FAS EAEE eSS
v, MEsd S BETAAE £37F S7HE S skt NGF #0%3 234 =7 35
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o] Ao s #Hl¥ NGF+= PC12

Figure 9. Microscope images of PC12 cell incubated with sup after 24hrs of treatment with
Korean White Ginseng (KWG), Korean Red Ginseng (KRG), Liriope platyphylla (LP) and Red
Liriope platyphylla (RLP) manufactured by different steaming times (3h, %h, 15h, 24h) on the
B35 cell. A, PC12 cells; B, Vehicle, C, KWG; D, KRG; E, LP; F, 3h steamed LP;, G, %h
steamed LP; H, 15h steamed LP; I, 24h steamed LP.
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Figure 10. Microscope images of PC12 cell incubated with sup after 24hrs of treatment with
Liriope platyphylla (LP) and Red Liriope platyphylla (RLP) manufactured by different steaming
frequency (1, 3, 5, 7, 9 times) on the B35 cell. A, PC12 cells; B, Vehicle; C, LP; D, 1
steaming repeats LP; E, 3 steaming repeats LP; F, 5 steaming repeats LP; I, 7 steaming

repeats LP; 9 steaming repeat LP.

(5) Tt FsAIZA AxH FE5°] NGF receptor TrkA signaling pathway®l]l 7] X]=
3

(
)

NGF receptor Z oAl TrkA receptor= high affinityE Zt=Ttt. NGF7} target cell®] ¢&4
2ol A] AR = high-affinity tyrosine kinase receptorQl TrkAel ZA3tslH, 7 &A1 WA
/4 tyrosine kinase activity7} Zt At FE8AE gt & th. <1AstE TrkA &A=
Ras @ A3} ERK/p-ERK ¢ SA A ¥g& F'@eta, thefs @A kinase 49 23
£ 7MLt o]E kinase® YF-= CREBH #2 AL AIAE E4FA717] faf o=
o] A1 Z1th. NGF 74 Z¢] Ras-based componentw= 7|22 S =2 NGF-sensitive neuron | 3}
g =3t fA3e 9&e 9. T3 TrkAY JikstE AlX AMES AAEe oA
kinase(Akt kinase)®] &4 fF=3tH, w3 d 7H2 7Y NGF-dependent A &S i
Mttt FEF9 S50 TrkA9 TrkA downstream signaling pathwayel ¥ X+= TS
olH 7] 93le, western blotS E3] EA3+4c)

Vehicle(dH,0)3 <14}, &4t W&%, 283l T4 A|ZH(Bh, 9h, 15h, 24h)o] W& FT&&
< A2]8k Ao PRO-PREP Protein Extraction Solution (iNtRON Biotechnology, Korea)<
A7vete] F4g $ 13,000 rpmell A 5& et A4 st Gl AS Fesian EeE ©
WA FE= SMARTTM BCA Protein Assay Kit (iNtRON Biotechnology)< ©|-&3to A&
3910, 50-100 mge] T AS western blotol] AH&3FATH WA, 4-20% SDS-PAGE gelel T

WHS 71953 $ Enhanced Chemiluminescence (ECL) membrane (Amersham Life

rr
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Science, Piscataway, NJ)ol o|stal, 5% skim milkel|A 1A12F &<t S22 Ao 2
membrane-2 anti-TrkA 3}#|(Cell Signaling Technology), anti-p-TrkA 34 (Cell Signaling
Technology), anti-Akt A (Cell Signaling Technology), anti-p-Akt ¥A|(Cell Signaling
Technology), anti-ERK %A|(Santa Cruz Biotechnology, Santa Cruz, CA), anti-p-ERK & 4|
(Santa Cruz Biotechnology), anti-B-actin 34| (Sigma-Aldrich)s <] 1% FAZ 4CAA] BHAY
Hj ¥3t % HRP-conjugated® secondary A& F7Fste ECL Kit (Amersham Life Science,
Piscataway, N])E ©]-&3t 23S gl

I Ay, TrkAY L3S QA ET FatoA F7tstR AT, WEsolA= 3,

9,
¥ MESIAE o] 28l AAAT 1547 S5 WREAN A% Be wAE 4

! RLP manufactured by steaming time (hours)
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Figure 11. Effect of the Liriope platyphylla (LP) and  Red Liriope platyphylla (RLP)
manufactured by different steaming time on the NGF receptor Trk signaling pathway of
B35 cells.
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(6) TSt T3 FoA AxH FE5°] NGF receptor TrkA signaling pathway®l]l 7] X]=
I

TEFTY F53147F NGF9 high affinityE 2+ NGF receptor?l  TrkA$} TrkA

downstream signaling pathway®ll ¥ G3FS Folr 7] fste], AAGAET thFs WE

TS AT F, MEFESES o] 83l western blotS F3l F4AT. 1 A3, TrkAe] &

de SH3F7E SO wet felHom Frbste] 739 93] S5d WEEA M =
] °

T ?:r
FEAYY. Akte] ABFE 2% A5 2 FFL M e Aom IS
A A 7

%= 140-kDa

= G0-kDa

= G0-kDa

= 45kDa

= 43-kDa

= 33-kDa

=

o --
=220
-

1.00
020
0.60
0.40
020

1 DL
080
D60
040
020
0.00

nehithe expression of
P-Aki! Akl
h'el.llilr expression ol

S N S

Rebue expression of Ttk

ELF manufactursd RLP wanufactured ELF manufactursd
by tesming frequency (fimes) by teamnz frequency {times) by tesming frequency (fimes)

Figure 12. Effect of the Liriope platyphylla (LP) and  Red Lirigpe platyphylla (RLP)
manufactured by different steaming frequency on the NGF receptor Trk signaling pathway

of B35 cells.

(7) WEE9 F5A17ko] NGF receptor p75NTR signaling pathwayoll ¥ X|& 9%

NGF receptor FolA p75"'™" receptore low affinityS 2t=T} Low affinity receptord]
p75 "= G-protein receptor familyol 43w, AEA 9ol chopper domain@} death
domaing Ztil 9lo] AsAGS F33th(di Mola e al, 2000; Freund-Michel and Frossard,
2008). TEF 9 F<%AI7to] p75NRek p75N downstream signaling pathwaydl v X& FE¢S
olr 7] 91514], western blotS E3l #4353
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Vehicle(dH,0)3 914+, £}, WE% T8]1 Z4 A]7HGh, 9h, 15h, 24h)ol] @& 3 &
< Ag3gk M3z PRO-PREP Protein Extraction Solution (iNtRON Biotechnology, Korea)
Fate] E4ist + 13,000 rpmol A 5% &<t dAEE S @A S FEsn. £ E
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! RLP manufactured by steaming time (hours)
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Figure 13. Effect of the Lirigpe platyphylla (LP) and  Red Lirigpe platyphylla (RLP)

manufactured by different steaming time on the NGF receptor p75" " signaling pathway of
B35 cells.

(8) W5 S35 7F NGF receptor p75NTR signaling pathwayol] ¥ X]= <3 &F

BE5Y %3157 NGFSF low affinityS 2E= NGF receptorg] — p75" "¢} p75™ '~
downstream signaling pathwaydll W|X|= G3S Folr 7] 93}, western blotS T3l &
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!- BLP manufactured by steaming frequency (times)
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Figure 14. Effect of the Liriope platyphylla (LP) and  Red Lirigpe platyphylla (RLP)
manufactured by different steaming frequency on the NGF receptor p75" " signaling

pathway of B35 cells.

- 227 -



TEES FEEC AWd vwAE JFS Hrlstr] Hsted, AWAIFERDS
NSE/hAPPsw & 2 A $k(transgenic: Tg) "H$-25 AFE-3F % THFig. 15A). AHEE F 2 1S v}
F2E Ao AAFAARE G APPsw FHAE AAAE SolHo g A do 7 A

AGAEA AB-4 23lEte|=7F 4 5= RdF=olt

Vehicle RLP
1 2 3 1 2 3

Figure 15B. The identification of the Tg mice.
NSE/hAPPsw harbors the encoding hAPPsw under
the control of the NSE gene promoter. In analysis
Figure 15A. NSE/hAPPsw mouse. for Tg mice identification, PCR was performed on
the genomic DNA isolated from the tail of founder
mice, and the resulting products (512-bp) are
shown.

B Aol AMEE Tg vhe2E diFFe=2 FHE7] fste AuRdss vhes
C57BL/6 Pk} anjste] oh A abst ). Aakd = 4

ste], vl mE] oA FE3 genomic DNAE polymerase chain reaction (PCR) #2415 &
ko] et ATh AFESE kol e o3 2T ; NSE-specific primers, sense : 5-CTG
AGT CTG CAG TCC TCG A-3 and APP-specific primers, antisense : 5-CTC TTC TCA
CTG CAT GTC TC-3". NSE- ¢} hAPPsw- ©] 50]# <] PCR 4F=S 1.0 % agarose Aol 7]
QE3te] 512-bpe) AP S FelstAthFig. 15B). L Ad BE vheaE FAAE 5E
s FAdstAom, F e 25 0=3): vehicle g TEF AT OoE vFo Aol
AH-&-F AT

g PHy2E AR

o A BRAFEY DB V% YUAR Fu
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NSE/hAPPsw w225 232 k& A ol A microinjectiondte] A4kst FH A3 nhg
20| Th(Fig. 16). AF4-¥ NSE/APPsw t}-9-2& 541 12719 W B28 4 Az

St AB-42 band®] @4l 3lo] Tg vh¢-2=9 HolA FE whES Yehez, o= 2l &
T de AR FII Zd3E Hole AoE AU o MG v mde
APPswE @dA17]7] 93] NSE promoterE AME3tH o™, wiZl FeFize
swimming trialo| A 1 &4 AL, dEo|A Iyt vpe-2ole o J

d# A UATH(Fig. 17).
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Figure 16. Tissue-specific expression of the transgene in transgenic mice. Expression of the
NSE-APPsw fusion gene was regulated in a brainspecific manner. The h-actin signal
served as a control, and their transcripts (640 bp) are shown to indicate RNA loading.
Transcript (A) and protein levels (B) in the various tissues were determined. Since the
thick band was visible in the brains of transgenic mice, 5 Ag of protein was used to test
whether this thick band appeared with two bands. Amounts of protein were indicated. (C)
Immunoreactivities for APP in the cortex layer (b, d) and throughout the hippocampus (f)
are unique to the Tg mouse when compared to those in a non-Tg mouse (a, c, e). The
resulting tissues were viewed with a microscope; 40magnification (a, b, e, f) and

400magnification (c, d).

- 229 -



s

Escape latancy Escape distance Velocity
40 0
P<0.003 — SO0 P<0,004 T | - | P=0.725
Za = ~§ 15 I
o o ]
g T =
g2 4 210
] 5 ‘g 15.245.6
M S 268107 = 200 —T 387.6164.1 g2 14.441.2
1 1:_‘42 100 ;E 3
10,5044 149.1167.1
0 0
Normal NSE-APPsw Normal NSE-APPsw Normal NSE-APPsw
B

Normal NSE-APPsw
Figure 17. Water maze. (A) Patterns of the escape latency, escape distance, and swimming

velocity in crossing to the former platform location in the water maze. Transgenic mice, at
12 months, showed a consistent trend toward longer escape latencies and distances than
the control mice. However, the swimming velocity shows only a small difference between
the transgenic and age-matched control mice. (B) Patterns of swimming shown in the
transgenic and age-matched control mice. The patterns show a significant difference
between the transgenic and controls in the crossing to the former platform location. Each

value represents the mean + SD of three to five mice. (Hwang et al.,, 2004)
Zt B TS Ueidle 29 559 FHE(OLETF rat)

T FEEo] ol vA= FFa HUie7] st A2¥ =t EEl]l OLETF

Aol AHEH A3 5 ELS specified pathogen-free(SPF) €] 2] OLETF rat
19245 2N TGAHE P 5 E(Seoul, Korea)ol A Fuljste] AMESHATH Ee A=+ WAL
A ZAFE AFE(Purina Com., Seongnam, Korea)E A5 4 3t=& ‘S}S\’i_ﬂ, 124171 %=+
T71(06:00~18:00)= SPF ZgefQl FAttHstn HAPAdAT=AEH(=E 22+1C, FHEE
50£5%)° Al Ak53 A THFig. 18).
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Figure 18. #|23

OLETF rat2 ¥ Otsuka A|Fol|A 7/fEst G 55 Zd=Z J
v, vty 34 el led Ay, 189 59 A= A2Y

U g9 fAbske], vwd A2Y 93 $E R9E 9y ol§¥w g
=Y Aol st 183050 A nlaEddFo] TS, 405 o] Fol=
MELe] 7 Zhao] e A1y Zxwel 21 YERATH OLETF rat 85% 3
rati o} Al F 2 S7F7F 543 S7FshH, Triglyceride®| &&=7F S7Hth 3 1
g3 Q&Y F=7F LETO ratlth Z71gHS HITthFig. 19)
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Figure 19. Time courses of body weight (A) and fasting serum levels of triglyceride (B),
glucose (C) and insulin (D)in OLETF (red line) and LETO (blue line) rats (10 each). Values
are the mean (SD). *P<0.01, **P<0.05.

4. In vivo 81&X a5H7}
7h RdFEES &83 WETe d9d= 85 4

(1) AZFoAN FEF0] ZEgsexdd v 9F
INS cell®] A|Zuje] Z<ol
FE(25, 50, 100, 200 wg/ml)Z A 2|3t Fura-2 assay H<S
Fura2E E% A3E FJL& v HIHE calcium? 4L =As= WH o2 calciumyo
binding affinity7} wl-$- o} wAlg 2 Fx WIS AT 4= JoH, calcium ZFH3}A
%S we 380 nM, A2FS wle 340 nMZ F 53] wsHgo] e Awe TS
g = o o]E #3] INS cellS 100mm disho] RPMI 1640 media® w3t &, disholl
7]& mediax suctionstil, 1xPBS 10 mlZ A HsA k. A7l IxTry S ©]&3t cellS dish
ZHE #2332 media 10 ml resuspend$t Fol YAEZ st FFTAS AAFOZHN cellS
dojith ARl cell T 1xPBS 20 ml¥ 2¥ 9] washing #8-& %31, HKR buffer 10
mlZ o MAHsh 283 YA HKR buffer 10mlZ resuspenddtil Fura-2-AM 5 pMZE 37T
oA 40%  wiFtAT. vl ol AR st ASHS HEal Al HKR buffer® A #3F &
1709 cuvetted] 1.5 ml¥ cell& Y7ol 02% 7HH S =2 F4500 fluorescence spectrophotometer
(Hitachi, Japna)©.2 ZA3IAT EAA = —f—?‘é Al 50% wlo] EEFS AHEsta, 175% W)
of Mxzut F3AdEZAQ Digitonin, 250 wjoll Ay ZA¥3st= EDTAE A st9SH, 300%
d of APES TESIATH

s

g
L
hu

A\

2 A% FEE 25 50, 100 pg/ml o2 AW W AXYS ZEEEE FEEY TR o
EHow F7IHS B ATHFig 20A-0). L & S&F 100 pg/mE AP W AXHS 25
FTEE HUE SAHAT 28U FEF 200 pg/mE W AEW] ZFo] HhFHE NS

&5 A

=
=
a

_iZi tot

gkeld 4= A ATh(Fig. 20D). wEbA], INS cenoﬂ AEY 24 52 ZF7HA7E
= 100 pg/m¢Y wijolth
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Figure 20. Dose effects of Red L. Platyphylla (RLP) on intracellular calcium in
INS cells. Fura-2-loaded INS cells were challenged with four different concentration
of RLP (25, 50, 100, 200 mg/ml) or vehicle at the time indicated by the arrow.
Relative level of intracellular calcium concentration was expressed as fluorescence

ratio (340:380 nm). Data are representative of three independent experiments.

INS cell AJZWe] Zgel i FEE A= dF= Lotir] st =24 (A, &

=
A, BEE, TEE)E 100 pg/mb o F=FE 2238 Fura-2 assay¥H-2 T3l 2AsATH 1

A A AE Y <, diE Ho S5 dAS AR F4h, FEE0] INS cell A e &
Foll 3 dFol ° & Aoz SAHHMUT(Fig 21). T FAME FHETGE FEFS A
s W AEW] ZesEE 7MY A FES & dua stk wEb FEES o
€ SAHT INS cell AXW ] Z# w29 S7HE A5 5 Ao
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Figure 21. Comparison of Red L. Platyphylla (RLP) on the increase ability of

intracellular calcium in INS cells. Fura-2-loaded INS cells were challenged with 100
mg/ml four different samples (LP, RLP, KWG and KRG) or vehicle at the time

indicated by the arrow. Relative level of intracellular calcium concentration was

expressed as fluorescence ratio (340:380 nm). Data are representative of three

independent experiments.
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% o ATEC] Atk 3% F, AEE CO, gasE WHASIIL, 24L& HEFAT. BEARE
2 ol§% FRUYL FUAD YU @A AP Foln WX AWt 229 o Am
A,

(3) TEZo| )3 OLETF A=9 AZ7 ddo] tdt nxe g
B0l B OLETF rats] A% 499) Wslel e £h& $4eh7) AHIOLETF rat
°f 25 A2d wo] Body weight, 5

o Ao = 8417 o] FES A3 AEldlA glucoseS 4 mg
g 52 AT7F493 F, 0, 15, 30, 60, 120%0] mAHo)q HP3le] TG WAL
AstRoerm, sEsol ot ded EHIEHS MercodiaAle] Rat Insulin ELISA Kit (Cat.
39t 3RES HAE e T UL 228 F
o]- &3}t ELISA Kite] 7+ well
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0 /A%PJ enzyme conjugate solutions 3 7}3}o] plate shakerol] 2
A st - A vESS '3}9&‘3]- 2A1E & A5 NS A ASEAL, wash buffer (350
WA AlHstAt. o7
o

Jo
k1
o,
dd
a1
S
=
Lo
g
o]

solutions  F7}eted &S FHIAG. WEFH we} vEhd Wsl= ELISA-reader
(VERSA max, micro-reader, MDS. Co, USA)E ©]8-3}4] 450 nmol|A SA 33t

T A3 LETO FEu Vehicle-OLETF # 9] A Fo] o AT, EE&5S A2 2153 vl
S v TAVE FATH(Fig. 22A). LETO A=} Hlw S o) OLETF HE=

st o
EQAY, FREL ALY T§W MusEe W 8 Folg wold ggrh gy 27 =
9 WA4E OLETFS] Vehicle 1Rt FE5S AT 1514 o s Z95I9100(Fig

22B), &5l A% dFe AFEE WItE HolA Fskrh(Fig. 220).

Insulin ELISAE &% #4]dlA4= LETO L& OLETF® Vehicle®RU $#5S Mg 1

FoM 64 g/l 2 FAAHA SIS UERAATH(Fg. 22D).  E=3,  FAREE di™

Immunostaining 45 o] &3] AFY Isletol A TA3ATHFig. 22E). wWEHA, FE5
o

o
OLETF9] E3A Qed &¥les 77 &35 Bt
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Figure 22. Change in body weight, glucose tolerance response, glucose concentration
and insulin concentration after the RLP treatment. (A) Body weight of the rats in
the three groups was measured using a chemical balance after the final RLP
treatment. (B) The serum glucose level in the OGTT test was monitored over time
after an L.P. injection of glucose (2 g/kg BW). A difference in the glucose level was
observed between the two groups 15 min after the injection. Five rats per group
were assayed in the OGTT test. (C) The rats were treated orally with RLP (50
mg/kg body weight/day) for 3 weeks. The control group received the vehicle only.
On the final day, the glucose concentration was measured in the blood collected
from the abdominal vein of rats. In addition, the insulin concentration (D) was
detected in the serum using ELISA kit. This kit has 0.1 ng/ml of sensitivity and
inter-assay coefficient of variation was in the 2.86-5.17 range. (E) Immunostaining
analysis for insulin expression. The expression level of insulin was detected in the
pancreatic islets of vehicle-treated and AEtLP-treated mice by immunostaining
analysis. A high intensity was observed in the pancreatic islets of the RLP-treated
rats as compared with the vehicle-treated rats at 200x magnification. The data is
reported as the mean * SD from three replicates. * p<0.05 is the significance level

compared to the LETO rat. ** p<0.05 is the significance level compared to the
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vehicle-treated OLETF rat.

(4) S5l digk OLETF P =9] Adiponectin® Lipid concentration®] tgt v]x]= 33k

ZE%ol dig OLETF #E=¢ Adiponectin®] 3lo] g &g H7] 939
Adiponectin Kit(Cat. AG-45A-0005TP-K101)§— o] &3t A wet FH}AY. HLS ¥
Tee AT AT F 24N 43 Fo dAS AF 6, Aol 30 ARzt 2
Serum< ©]8-3H . Adiponectin Kit9] 2+ wellol Serum 100 x# i1, 1A1ZF 71 6] 43}
ATk 1AIZE Fof] S HE A A3FAL, wash buffer(250 )2 AH 3L, o719 secondary
antibody 100 @04 231 1A17F vttt 1A17F o 45 HS A ASEAL, wash buffer(250 pL)
2 AlFsFH A, detector 100 w2 ¥ 1A17F v gsted HAESHA st vlA 2.2 wash
buffer(250 u)= A X 3}aL, substrate (TMB)= F7lste] 20 &< E4¥ES FX3g F, 100

w2 stop solutions H7}ste] WHE-S FASYT wHSF A wEl Yehd WHsl= ELISA -
reader (VERSA max, micro-reader, MDS. Co, USA)E ©]-&3}<

Ad F=+v OLETF H=9 IS o]gstilen, T&52 Agsta 2443 543
OLETF H =9 &4 GoolM 2Hste F2oA 30 A&
2 Aoty o] ¥AHL Automatic Serum Analyzer (HITACHI 74, Japan)S Al&3}
Triglyceride (TG), Cholesterol, Low density lipoprotein (LDL)S 743t

WA, OLETF #=9] Adiponecting #41gt Z¥# LETO &% HlwstS o, OLETFY
Vehicle 1504 5718 BT A7t OLETFY $&5S A s LFNAE Vehicle 1&
Bt} Adiponectin® %2 J7FE HEIAoH(Fig. 23A). mWEbA, $EEFS OLETF HAES
Adiponectin®] FEE F7HA AT

TG, Cholesterol, Low density lipoprotein (LDL)S 233t A& 5= =
Tfiglyceride(TG)9] &%+ LETO 1§ Xt} OLETF-Vehicle 1HoA =& ¥4S Btk 19
Y OLETF-&&% ZLgolA Vehicle 1FET F=7F Yol th 18y 1 47| LETO 1§
wHEe Golxx] QkgIti(Fig. 23B). LDLY ®X+E OLETF-2&% 8°] LETO 1§
OLETF-vehicle 1&HtY YA B Y2}, Cholesterol 3=+ OLETF-&% % 1&9A =4 Y
StTH(Fig. 23D). wWehA, F852 OLETF H=9] Ao IdF A TEE Z0)& H o=

Bwo) gFee] grka B}

gen 2y,

l

N
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Figure 23. Concentration of adiponectin (A), triglyceride (B), cholesterol (C) and
LDL cholesterol (D) in the serum. Blood was collected from the abdominal vein of
rats, and triglyceride, cholesterol and LDL were analyzed in triplicate using serum
biochemical analyzer. The values are reported as the mean + SD. * p<0.05 is the
significance level compared to the LETO rat. ** p<0.05 is the significance level

compared to the vehicle-treated OLETF rat.
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4Z3t] homogenizers ©]&3te] 33 & RNAS FZ3%th RNAzol FE5E] X
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Aot ¥ A RNA= 260 n
RTHFS2 RNA®| Oligo dT (invitrogen, 18418-012)S *|2]3}al, 70 ColA 10% &< ¥HS-3}<
Oligo dTE RNA°| AFAFHTE 7] 5x 584, 10 mM dNTP, 0.1 M DTT, Superscript
I[[(Invitrogen, 18064-014, 200 U/ u)E Z7}sld A-2ox 108 &< WX F 42T A 508
¢ RT &S FPstAth RTEHS©] €4¥ RNaseH (Invitrogen, 18021-071)% A #fste] 3
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(30 sec), 72TC(45 sec) 30 cycleZ X2 Fo]#Ql AEF} actin® FolF A L(E-TGGAA
TCCTG TGGCA TCCAT GAAAC-3and 5-TAAAA CGCAG CTCAG TAACA GTCCG-3)<&
o] &3l PCRS AAISHATH SFH FAAE 1% agarose gelolA 7195S A% & UV
oA FFs AT

O A, BR A ZAE OLETF-Vehicle 1§94 LETO &3 Bluste] 675% =714
Atk 238y OLETF-3%%5 ZIEolAE OLETF-Vehicle®}t ®vluwdle] & zo)7b gl91Tth(Fig.
4-11A). A7}, AWAES HF =7]= LETO ZE Rt OLETF-Vehicle &4 161% Z%
=719 ztol& HUAR, OLETF-3-%%F IFde 1 Aol HolA FUth(Fig. 24A). whhA,
&< OLETF =9 A deka AAlxe] A7lols &S mAA d=t
S&F°] OLETF HE=¢ AA|xe] ni7 %jZ}OH FFS LotE7] 98| PPARy, aP2,
Leptin, VLCAD, MCAD®] #3S g¢13t A3, 5 x2]8}7] Aol PPARYy, aP2, Leptin
o] W&& LETO Z1EXt} OLETF-Vehicleol 1 i—%%u‘r. Hol| OLETF-3%% I18<S PPARy
9} Leptin> OLETF-Vehicle®.t} 49%, 39% A3t ow, aP29] ¥&dL OLETF-$%5 1ol
A =dohFig. 24B). wWetr, THEFL A UWW% Z A3 lepting} PPARyS] &d oA
24 4 Yo
Ao A o] At Akstel] it °%ix}fﬂ WS dotr 7] 9l VLCAD, MCAD®| &
S 3913 A3, OLETF-Vehicle 152 LETO 1gx T ©do] Yok, OLETF-3#% L
%2 OLETF-Vehicle ZEXt} VLCAD, MCAD® '#&o] Z71etth wehr, TEF2
VLCADS} MCAD?] =2 2dS Yeh A th(Fig. 240).
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Figure 24. Changes in the fat metabolism in abdominal fat after RLP treatment for

3 weeks. (A) After the final administration, they were euthanized in a CO2
chamber and the abdominal fat was collected from the abdominal cavity. Their
weight was measured in triplicate on a chemical balance. The abdominal fat
collected from the rats was fixed in 4% formalin and stained with H&E solution.
The longest diameter of the adipocytes was measured in triplicate using a Leica
Application Suite (Leica Mycrosystems, Switzerland) and is regarded as the cell size.
(B) Expression of adipocyte marker gene in abdominal fat. The level of PPARg
(340-bp), aP2 (417-bp) and leptin (275-bp) mRNA was determined by RT-PCR. (C)
Expression of the VLCAD and MCAD genes in abdominal fat. The levels of
VLCAD (263-bp) and MCAD (321-bp) mRNA were determined by RT-PCR. The {3
-actin signal was used as the control, and the transcript (350-bp) indicates the RNA
loading. The density of transcript was quantified using a Kodak Electrophoresis

Documentation and Analysis System 120. The values is reported as the mean=SD. *
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p<0.05 is the significance level compared to the LETO rat. ** p<0.05 is the

significance level compared to the vehicle-treated OLETF rat.

(6) F&Eol ek OLETF H=29] Froll o] Aduatel] tigh vA= J&

HozRE RNAE &35t RT-PCRE At =9 kx4 100 mges &3

homogenizerg ©]&3l #3#3 & RNAE FE3IUTH RNAzol FEE0 TIHEH oz
chloroforms ©]8-3l] F&3 $ isopropanols ©]83le] RNAE WA A 83ttt &
¥ A RNAE 260 nm F3ENAM Fe S4eaL, 5 pugs RTHES O] ARSSFAH: RTRES-Z

RNA®| Oligo dT (invitrogen, 18418-012) *jg]3}al, 70ClA 102 &<t #1835t Oligo dT
£ RNA°| AFAIAT o7l 5x ¢4F8&d, 10 mM dNTP, 01 M DTT, Superscrlpt 11
(Invitrogen, 18064-014, 200 U/u)E H71ste] Ao 108 5 W3 F 42T 508
&< RT ¥H&S 33ttt RTHES©] Jéur?i RNaseH (Invitrogen, 18021-071)2 | 2]3}o] 3
7CoAA 20 &< ¥ES3le] RNAE T3ttt F4%E (DNAE FHESZ 94T (45 sec), 62T
(30 sec), 72°C(45 sec) 30 cycle® Shin et al, 20109 AF&¥ Primere] So]&Ql A&7} actin®]
5o]3& ME(5-TGGAA TCCTG TGGCA TCCAT GAAAC-3and 5-TAAAA CGCAG CTCAG
TAACA GTCCG-3)g ©]&3l PCRS AAISIAT SFHE F-A= 1% agarose gelolA
719ES AR F UVeld BEst

71 A3}, H&E staining® 2 18 AW7ke] ¥4 LETO 15Xt OLETF-Vehicle L&
A =% 28y OLETF-&&% 152 Ao Aol LETO 1§59 FF7HA @A 3] 7
28 tHFig. 25A). AAEY vl FH29 aP29} leptin®] L&HL LETO 283 Blw st
< w, OLETF-Vehicle, 3% IwoAe S7Fe ey, PPARy= 743t th(Fig.25B). L&
Y OLETF-%i& IF°l4 PPARy%} aP2e] ¥d £+ LETO I1F°
leptin®] T#HE LETO 529 FEEY =55 YelAd. m2by, =&
A oJst= PPARY, aP2, leptin®] T3S

ool Agat Akste] A 2 d
A3}, LETO 15Xt OLETF-Vehicle 1

o] = OLETF-Vehicle 1 &3 vlud wj =73}
o] AL Abstol] ik fd2 Ao QG

golr 7] 93] VLCADSF MCADY Lzsﬂ_

- 241 -



140 ¢ =
5128 -
= 100 |
£ g0 |
=
= 60 |
é 40 F
= & &
Z 20t :
o
LETO Vehicle RLP
OLETF
B OLETF ("‘
LETO Vehicle ELP
OLETF
PPAR-T e
LETO Vehicla RLP
aF2 VLCAD - 263bp
Leptin MCAD - 31bp
Actin Actin RS P S - 350bp
12 )
=8 1 15
i
LE 06 o
E% 04 =5 1 T %
2E o i =
0 E%
LETO 22 05
2
T 15 ]
it LETO Vehicle
EE
EE 18
o -
LETO S T
3B x
= o=
15 Eg
& 4F 05
B
5= 08
¥ 0
25 LETOQ Vehicle
]
LETOQ ¥ ehicle RLP OLETE
OLETF

Figure 25. Changes in the fat metabolism in the liver after a RLP treatment for 3
weeks. (A) After final administration, the rats are euthanized in a CO2 chamber
and the liver was collected from the abdominal cavity. Their weight was measured
in triplicate on a chemical balance. The liver collected from the rats was fixed in
4% formalin and stained with H&E solution. The number of lipid pore was counted
in triplicate using a Leica Application Suite (Leica Mycrosystems, Switzerland). (B)
Expression of the adipocyte marker gene in liver tissue. The level of PPARg
(340-bp), aP2 (417-bp) and leptin (275-bp) mRNA was measured by RT-PCR. (C)
Expression of the VLCAD and MCAD genes in liver tissue. The levels of VLCAD
(263-bp) and MCAD (321-bp) mRNA were detected by RT-PCR. The [-actin signal
was used as the control, and the transcript (350-bp) indicates the RNA loading. The
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density of the transcript was quantified wusing a Kodak Electrophoresis
Documentation and Analysis System 120. The values are reported as the meanzSD.
* p<0.05 is the significance level compared to the LETO rat. ** p<0.05 is the
significance level compared to the vehicle-treated OLETF rat.
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F& Z£A3Ath NGF= cholinergic 7<) 713 ZgEg A 8clolH, F4], #3},
AET ABAEY] APEo)| JES v Y. NGF= 9% cytokines &2 WiF FEFo ¥
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rok
=
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cell (lymphocytes =- mast cell), structural cell (fibroblast, epithelial cell, smooth muscle
cells) o] Z3E A9k, WF-5 2] butanol?} ethanol fraction primary astrocyte cell¥ w}-$-2
NHM= BHS F=3th NGF 28 #FHS Millipore?] NGF ELISA kitE T43te] B3 w
2 ZA4stAt WA w29 dHS ELISA kitY ZF welloll 100 po] viFd S i1, plate
sealerZ plates Y3 WAL HlY3tA T PlateE wash buffer 250 w2 4 A # 3},
anti-mouse NGF monoclonal antibody 100 & F7}stal Ao A shaking B sttt 24
7t % wash buffer2 4% A H&|F11, peroxidase conjugated donkey anti-mouse IgG
polyclonal antibody 100 wtE FH7}stal A-2o)A shaking Bl F3tATE 7)o 100 0]
substrate (TMB)& F7}ste] Ao 15& &t BA¥ES F=3 F, 100 x stop
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solutiong A7}l W3S ZZAs9Y. ¥k 4do wgl yeEld WH3lE=  ELISA-reader
(VERSA max, micro- reader, MDS Co., USA)E ©]&3t 450 nmol|A] A3ttt 1 A7,
TEFS A3 Tg vb$29 Ao NGFe sx7F 150% © =4 el thFig. 26). o] &
g A5 3 &EF #2]7F NSE/hAPPsw Tg H}%iﬂ]/\i NGFe] #HlE FIAAUS & F

oncentration of NGF (ng/ml)

4

c

Vehicle RLP

Figure 26. The NGF concentration in the blood serum of NSE/hAPPsw Tg mice
was measured using an anti-NGF ELISA kit. The data is reported as the mean =
SD of three experiments. *P<0.05 is the significance level relative to the

vehicle-treated group.

(3) S5 °] NGF receptor TrkA signaling pathwayoll V] x|+= 33

NGF receptor Z o4 TrkA receptor= high affinityE 2¥=T}. NGF7} target cell®] €3
el A @A S = high-affinity tyrosine kinase receptor®l TrkAol ZA¥stH, ZF 4849 W)
/J tyrosine kinase activityZ7} 2t 4ol F&AE Qg SIEE St QI4HEE TrkA &A=
Ras T &3} ERK/p-ERK 59 ©@7A2Ql w35 fstal, thfek @A kinase €49 23}
£ 7IH&t. °o]5 kinase® ¥F< CREBH #2 AL EA41AE &A435A]7]7] 98] o=
o] A1tk NGF 74 Z9¢] Ras-based componentw= 7]22 S 2 NGF-sensitive neuron 9| &3}
g fEstl fAste 9&S ok ES TrkAY IAkste Alx AMES dAlste @id
kinase (Akt kinase)ﬁ gA4E s, A By 77 w9 NGF-dependent AEE w7l
gt} S E9 S5 AIZe] TrkA%F TrkA downstream signaling pathway©l]l P|X|= &S &
o}l X 7] -?43]-04, western blotS 53l #4353t}

Vehicle A2 # $&5 AT v HE2ZF 100 mgs A #3te], PRO-PREP Protein
Extraction Solution (iNtRON Biotechnology, Korea)< F7}ste] #33 £ 13,000 rpmolA] 5
T 5 ARt @ds Fesi. £eE @] == SMARTTM BCA Protein
Assay Kit (iNtRON Biotechnology)< ©]-83t &3t om, 30-50 uge] 4SS western

i
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blotel AF&3FATE. WA, 4-20% SDS-PAGE geldl @¥dS 7|53 F Enhanced
Chemiluminescence (ECL) membrane (Amersham Life Science, Piscataway, NJ)ol = o]3a}aL,
5% skim milkoll A 1417 &< E2H AT 2t membrane2 anti-TrkA &-A|(Cell Signaling
Technology), anti-p-TrkA &A)|(Cell Signaling Technology), anti-Akt 3}A|(Cell Signaling
Technology), anti-p-Akt #A|(Cell Signaling Technology), anti-ERK 3 A|(Santa Cruz

o~

Biotechnology, Santa Cruz, CA), anti-p-ERK @ #|(Santa Cruz Biotechnology), anti-B-actin 3
Al (Sigma-Aldrich)s 9] 12 A2 4T A wA] vl &gt & HRP-conjugated® secondary &
AE H7Fste] ECL Kit (Amersham Life Science, Piscataway, NJ)& o]&3lo] TdS &3}
Atk 2 A, TrkAe] 2L Vehice AMPTHT FTEF Aol 43R, down
signaling pathwayoll 1= Akte] Q14bsl= #F92Ql WS Yell A & skA|RE, ERKS] Q14
st T8 ATl 43t SUkstAT (Fig. 27). ol=3 Az

o

receptor TrkA signaling pathway©oll Al §2]4<] WH3lE F=3S & 4 AUtk

l

11

E L0 = *
Vehicle RLP = 08
E;; 0.6
TriA — — +77 kDa ;% 0.4
L 02
=2
= 001 T
P-TrikA | A ——— | +140kDa Vehide RLP
W 12
Akt | en—— |+00 kDa =3 10 T
TEoos
p-Akt | S —— | <60 kDa E‘E 06
T4 04
£ 02
Erk | o <emm— | +45 kDa 4 w0
— Vehicle RLP
Bk —— | +43 kDa i o :
-8 12
=% 10 =
Actin ET—— +42 kDa EE' 0.5
== 04
g2 02
= 00 r
Vehicle ERLP

Figure 27. Effects of RLP on the down-stream signaling pathway of the high affinity
NGF receptor, TrkA signaling pathway. The total cell lysates were prepared from
brain cortex of NSE/hAPPsw Tg mice treated with the vehicle and RLP as
described in the Materials and Methods sections. Fifiy micrograms of protein per
sample were immunoblotted with the antibodies for each protein. Three samples
were assayed in triplicate by Western blotting. The data is reported as the mean =
SD of three experiments. *P<0.05 is the significance level relative to the

vehicle-treated group.
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4) FE5°] NGF receptor p75"' " signaling pathwaydl w]X]& &k

NGF receptor Zoll* p75"'" receptor= low affinityS 2Zt=th Low  affinity
receptor$] p75" ‘& G-protein receptor familyoll 43}, A|EZ FE o] chopper domain}
death domaing zrz glo] ANFZHLS FPFt FTEFY FHAgte] prsVRep prstR
JskS <olH 7] 935t], western blotS E3] 4
3tATh.  Vehicle AT T AT vh¢2 HE2F 100 mgs A #H3te], PRO-PREP
Protein Extraction Solutions 3 7}sted #33 & 13,000 rpmoll A 52 &<t A8t &
WS Tt B dwd Y FE = SMARTTM BCA Protein Assay KitS ©]-8-3}
AR o, 30-50 uge] DM A-S western blotol] AFE-3FATE WA, 4-20% SDS-PAGE geldl
Gl dS 7953 & ECL membrane®] Zo]stal, 5% skim milkoll A 1A17F &<t 273}
9tk Z membranee anti-p75" < & (Cell Signaling Technology), anti-RhoA &+ (Cell
Signaling Technology), Bax &A (Abcam, Cambridge, UK), Bcl-2 &4 (Abcam), Caspase-3
Al (Abcam), anti-B-actin &A (Sigma-Aldrich)s 2] 12 FAZ 4Tl A HUH Hl &S
HRP-conjugated® secondary &AE #7138l ECL KitgE o] &3to] & o189}, 2
3}, p75""Re] W&} down stream signaling pathway®l] 1= RhoA¢] TdL FTFT i%a] aZqA 7
43 tH(Fig.28 Left). 3+ apoptosis ## Tl A<l Bcl-2, Bax, casepase-39] Ud-& A3 H fth(Fig.28
Right). Bcl-2/Bax®] 2&d HIE2 S2F AT odAM H A UEst ey, Caspase-39] Bd 25 g
oA FAEHATY. ol 2HES T, TEF0] NGF 584 p75"'" signaling pathwayoll A 2] 2 <]

WE FEDS ¢ F Atk

rr ru

downstream signaling pathway®l 7] X]

M rLllo
oo ‘1°l' o2t

r (

Vehicle RLP Vehicle RLP
PSR | - — | <75 kDa

§ Caspase-3
Actin | m—— <42 kDa "
12 Actin +42 kDa
E?‘ 10 < *
=2 08 s
£ 1206 1 § 12
= 0.4 B I B T
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Figure 28. Effects of RLP on the down-stream signaling pathway of the low affinity

- 246 -



NGF receptor, p75" " signaling pathway. The total cell lysates were prepared from
brain cortex of NSE/hAPPsw Tg mice treated with the vehicle and RLP as
described in the Materials and Methods sections. Fifiy micrograms of protein per
sample were immunoblotted with the antibodies for each protein. Three samples
were assayed in triplicate by Western blotting. The data is reported as the mean =+
SD of three experiments. *P<0.05 is the significance level relative to the

vehicle-treated group.

(6) 5ol AB-42 TRl A= FTF
A= Hz2Hol AB-42 FEtol=d] AFHHo 2 AAFARE] BH FJHE YElH=
B4 Aol mEkM FEFl AB-429] ] v A=

A7 F G3Foll tis] golr 7] 95t
HA AT Dot-blot, Human AB-42 ELISA &4& AAIStAY. WA, perfusions 433+
A FEANAN =3 Z2FS 10% formaling oA 48A17F 13 Aty WHHZZE Ho7 &z

o
2 F AEF 10 yime] Z7|E ddste] FHHEC YA JHEC @31 2H2 23387
(Thermo Shandon Ltd./Thermo Fisherr Scientific, Bakewell, England)E ©]-8-3}4 alcolo 70,
80, 90, 95, 100%°l Z+ZF 1-2A17F BE A 2l3tal, xylenel 2 4A|ZF A3t} Paraffin
Enbedding Station (Leica, Heidelberg, Germany)=< A}83} embedding 3§ $, ¥4 A
s E B3 F, Rotary Microtome (Leica, Heidelberg, ermany)< AF&-3te] E&(block)<
st 24 Sfol=s IdRbER 248 #H S A A hematoxylin & eosin (H&E) S 2
, 33w 7 (Olympus, PA, USA)S.2 23} % thH(Data is not shown). =3 HAY
< 002 M A2ALFA(pH 7.4; PBS)ollA oF 108 <t 23] FAS & UAX
o &4 AAE7] A8 03% HASFA(H00)7F 23E wEdLdaES HUHAR
2017 A Elsta, PBSE 10&%F 33 MAHS o 5% F4 2 ¥ (normal horse
serum)°] 307t FAT T F ZAAFASES AHEA & JPEA o] H o dAAIQL
anti-AB3-42 antibody (3]41®]& 1 : 100, Invitrogen Corporation, CA, USA)E 4 TolA
overnight H¥AIZIth 1 U3, PBSE 1084 33 A3, oo o]x&dAd (goat
anti-rabbit)-conjugated HRP streptavidin (Histostain-Plus Kit; Zymed, South San Francisco,
CA, USA)E 1:1,500 RI&=E 3JAste] A2olA 1A3F ¢t A ATY. T v ol& =44
HE PBSE 1084 33 A& %, 005 M Tris-HCl buffer (pH 7.6; Tris buffer)e] 0.05%
DAB (3, 3’ -diaminobenzine tetrahydrochloride, Invitrogen)¢} 0.01% Z2tsl47t E3E &
oz st o 10E3F AolA TAXAT. =HHA GAGHE HWFG stollA &<l
Sk % Tris buffer, PBS ¥ S®/olA 722t 10278 AH#El2 A A ¢ th5, Harris’ hematoxylin
o2 gxEAs sta, S4AQA AAFES AAX Permount (Polysciences, USA)E B¢ 3}
BX50F-3 optical microscpoe (Olympus, Tokyo, Japan)S &3l &1ttt 71 23} Vehicle %
gJrHtt $EF AHTolA sllvli(hippocampus)e] CAl, CA2, CA3 ¥-%]¢} DG #HollA <&
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A @A E AT (Fig. 29). oA T AT
A AFght.

Vehicle

RLP

Figure 29. Effects of RLP on the production of AP-42 peptides. Immunostaining
analysis of A[-42 peptides accumulation. The production of A[(-42 peptides in the
brain at 10-months of age NSE/hAPPsw Tg mice was detected by immunostaining. A
low intensity was observed in the hippocampus (CA1-3) and DG of the RLP-treated
NSE/hAPPsw Tg mice (e) as compared with the vehicle-treated mice (a) at 200x
magnification. Also, the detail histological features of several regions in hippocampus

were showed in beside three rectangles at 400x magnification (b-d and f-h).

T ZEEol WA AR-42 HA WA= FFS @uld FEor Q] A, A=
H Tg vh¢29 HERE FE53I @GS Dot Blot analysisE F3FAth @l @S Slot
Blot (Pharmacia Biotech, CA, USA)E ©]-&3}4] nitrocelulose membrane®]| ZoJAZ T
Membrane $HAI7HEQE A2 E27 & 3, dak A rabbit polyclonal anti-A[B-42
antibody2 vl &3t 1 %, wash buffer2 A #H3stal, ©]x3A| Q] horseradish peroxidase
conjugated goat anti-rabbit IgG (GenTest, MA)E 1:1,000°.2 3|45t AoA 1A1ZF v <F
stom, ECL Kitg ol &3t dds gttt I 23 Vehicle A2 RY F2& A2
A AB-429] ¥} 7235l th(Fig. 30).
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Figure 30. Effects of RLP on the production of A[B-42 peptides. The production of
AB-42 peptides in the brain at 12-months of age NSE/hAPPsw Tg mice was
detected by dot blot analysis. The data is reported as the mean * SD. *P<0.05 is

the significance level compared to the mice treated with the vehicle-treated.

H Yozt F&EEol HE2 oA solubledt AB-429] E& mA= FIFol Hal] &4t
2l BN 4 Ao Invitrogenrte] Human AB-42 ELISA kitE o] &3}, Al w
2 AB-42 EHFS S 1A Tg k29 HEZAES 100 mg 4 @3ted, guanidine-tris
buffer (5.0 M guanidine HCl/ 50 mM Tris-HCl, pH 8.0)2 Al&3to] ==& w23} 39t
T A43%tE sample F+ standardE ELISA kit®] 7} welldl ¥ 3, Human AB-42 detection
antibody solutions % 7}3}¢], plate sealer2 plateE il 4TColA HAEL vl F3HATE Plate
£ wash buffer 200 = 3% A|F3}iL, HRP conjugated antibody 100 (& F7}stal A9
A shaking i Fslth. 302 ¥ wash buffer2 3¥ A He|F31, 7)o 100 ple] substrate
(TMB)= #H7Fete] A2oA 307 & EAWES FXgh 5, 100 09 stop solutions 7}
gto] RbgS T2 whEs Aol wek YEhd ®st= ELISA-reader (VERSA max, micro-
reader, MDS Co., USA)E ©]&3}4] 450 nmollA SH39th 1 A3, 3585 HzdoA &
2 soluble AB-429] F=5 YEM A th(Fig. 31).
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Figure 31. Effects of RLP on the production of AB-42 peptides. The production of A[-42
peptides in the brain at 12-months of age NSE/hAPPsw Tg mice was detected by A[(3-42
ELISA analysis. The data is reported as the mean + SD. *P<0.05 is the significance level

compared to the mice treated with the vehicle-treated.

(6) S5 °] y-secretase components Y| P X|= FIF
olZgt Xu] AH o] o] = AB-42 FE}O|=+= B-secretase$} y-secretasel] H<:
2l oA Aok 93] APP (Amyloid precursor protein) ©HEZREH AAFEHG. y
-secretase™ Presenilin-1 (PS-1), PS-2, Nicastrin (NCT), APH-1, 18]l Pen-22 TFA4E
multimeric transmembrane T & E-3tA| o], A3 U Notch, E-cadherin, CD44%5 Th 3k 7]
A& ddste] dAEEES 2 H S} y-secretases TS HA @A S e A%
SolA zel7h EASAT HRAE FAsk= HE @uE S AL y-secretase T2
7M. B3 AB42 HElol=o FUE Frdth A $EF©] y-secretase components?]
o) wX]= gk sl ¥olR 1A}, western blots 3l 24351
Vehicle X272 &5 AT w2 HE24 100 mgs A #H3te], PRO-PREP Protein
Extraction Solutions F7}sted #2413 § 13,000 rpmol A 5% &< dAEZst oW dS
T3ttt weE dwde] F=5 SMARTTM BCA Protein Assay KitS ©]-83he] 3}
o, 30-50 ug® @ EE western blotol] AFESIATE WA, 4-20% SDS-PAGE gelol] @2
S A7]9%3 &, ECL membrane o #Zo]3}al, 5% skim milkol A 1A]17F ot E =73t}
7} membrane-> anti-PS-2 A (Cell Signaling Technology), anti-APH-1 3} (Sigma-Aldrich),
anti-NCT A (Cell Signaling Technology), anti-Pen-2 3}A|(Santacruz Biotechnology), anti-B
-actin A  (Sigma-Aldrich)5 9] 1% FAZ 4To|A wHA wjgs ¥, HRP-conjugated €
secondary FAHE FH7}ste] ECL Kit (Amersham Life Science, Piscataway, NJ)& ©]-&-3}<

Hl
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2 A3}, PS-29] full length®} C-terminal= W37} glloy, APH-1% NCTY #Hde &
s AgwolA Vehice A2l Ret Fds] A8t THFig. 32). RBHH, Pen-29] WL Fi
AT A Vehicle HETFETH Z71stdth mebx ogds AxE TEE A
NSE/hAPPsw Tg Ph-$-229] ¥ Z A oA y-secretase components®] WdS ZHE-S AJAFSHH

A B

gk

SY

g L2 =12
Vehicle RLP S 04 1 255l 1
o o [0 |
W - CRTR = S
Z: C inal E E
“terminal | S— < 24kDa ;] E M
3 oz 4 ¥ o2
APH-1 e {430 KDa L W 00
Ve RLP &= Ve RLF
NCT [ S S |<110kDa § .
o
L Lo —T P Ly
= * 6~
£ S 12
Pen-2 S | < 12 kDa E‘: 08 £ 0] =
E o5 4 E 0E 4
Actin = o
—_—— e |+ 42KDa  E o E ]
£ az R
= = B
= 0 3 oo
Ve RLP Ve RLP

Figure 32. Expression of g-secrease components in brain cortex of NSE/hAPPsw Tg
mice. The cortex region was prepared from brain tissue of vehicle- and RLP-treated
Tg mice. Fifty micrograms of protein per sample were immunoblotted with
antibody for each protein. The expression of four g-secrease components was
detected with specific antibody as described in Materials and Methods, and
horseradise peroxidase-conjugated goat anti-rabbit IgG. The intensity of each protein
was calculated using an imaging densitometer. The data represents the mean *+ SD
from three replicates. * p<0.05 is the significance level compared to the

vehicle-treated group.
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Detector (ESA Bioscinece, Inc., Chelmsford, MA, USA) &HIE 2171 iLC 3000 HPLC A
2~®l (Interface Engineering, Seoul, Korea)2. 2 #4314t A2rtE1e)3 #2+= CAPCELL
PAK MG C18 (4.6 mm x 250 mm, particle size 5 ym, Shiseido Co. Ltd., Tokyo, Japan)<
AREete] St ATTE 5 32 gradient elution TE 1S Faste] 0-25 E7H2 30-90%
solvent A (deionized water)&, 25-40 &3 90% solvent B (acetonitrile)E Al&3l=5F T4
AT AE 42 1.0 mL/min F50A AAE 9, 258 72 o
Atk 71AY 5% 9" A7 153 L/mingk 35+2 psis +AE}
ClarityTM chromatography software (DataApex, Prague, The Czech Republic)E ©]-&3le 7]
3tk 2 A3, FEES FEo| AAsAAT F g, grstE, TAY, FIEY T
< HEF Bt ST o5 FTAME 53] @s= o] /M U (Fig.
33A). T3 WEF 7 FFF o)A polyphenolic compounds®] $#-8 HPLCE ©| &3t H43}
Rqow, 1 Ay WEFo| HEt FELFNA polyphenolic compounds?t ZA F7lst= AL
2 #FEHAG(Fig. 33B). ol Ade WETS TH5HFS Bl 4Ry FF= FUte)

Ak 53] polyphenolic compounds?} A F7+sHS A AISkaL AT

A 1000 7 -——Crude fat
Crude ash
~ N
= 8004 ™, Crude protein
N AN
8 Moisture
"i sod T B Carbohydrate
B
N’
z
= 400 -
)
~—
g
O 2007
04
LP RLP
1000 1000
E 800 - LP E 800 RLP
& 600- < 6007
& 2
= 400 2 400
3 2o L
= 200- Z 200 M A
0 J’_".AW eI 0

0 10 20 30 40 50 (min) O 10 20 30 40 50 (min)

Figure 33. Composition of main components (A) and total phenolic
compounds in LP and RLP (B).
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Brketol Aal, FRES 3F U Fol F ARFES RSt 4 )9 @A Fe s
JNFAE A 2 gr1e] FAEL 33 FPste] BAS WEHPO, BE 3
4571%e 4o SHAY SOPIN ANGE 712 24tk 1 dd, ICRoS2e)
BE A70N §BHoR BWE o4 BAY FE Ak =W, PAS 23F 7 2
7] FolA 24 A4, 18, Aeke] 3 AIAAE £A Wssl BAAUL e A7E fe
49 WEE BAY & YUtk AL dE2TI vaste] FEE AP foHoR 7
391, AFE AeEn uEE AEANE F98 Wt dichFig 34B). £, 1
o AL G vse] AFE AUTAA FAHoT FARYAY, FEE ALTH B
s2 ARz folHe Wasl 2T (Fig 34D). WA FAE FEE ALZANT f
JgHo gagm, AFE AP 15 AZAAE W} AATHFg M4C). oY@
Avke AFEY FEES ICRPS29] 37] Fo 149 TAC 1o WaE 23S AN
sha givh

Fo Brrst7] s, 939 Asstd 24 5 249
Belsts AAbE s @9 ICR vH-2E Zoletils ©] 83t whHAIZH FoidH S
3 AHstAT AHT dAS Ao 0% WIS F, 4C, 15000 rpm, 15% A4 A]

i
el
ox!
filo
Jot
[ied
of
o,
3R
-
m {4
ol
o
ot
%
2
b
>
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245 Ay 8} 8F- A1 7] (Hitachi 747 model, Tokyo,

Japan)E ©]-&3l SASAT E3 TEFS Fo 3 ICR uh9-2odA AE3 F =32 10%
formalin& ol A] 48A17F 1% F, ¥HzZA F o7t #&d & UEE HI 27|22 dds)
o FHHEC ¥ FHHE 7 23 X2

2121 2] 7](Thermo Shandon Ltd./Thermo Fisher
Scientific, Bakewell, England)E ©¢]-&3l|4 alcohol 70, 80, 90, 95, 100%°l 2t7} 1-2A]7F A=
A skl xyleneS & 4A]7F A28t} Paraffin Embedding Station (Leica, Heidelberg,
Germany)< AH&3l] embedding 3+ ¥, WEAoA &FAHE HH3 F Rotary Microtome
(Leica, Heidelberg, Germany)S AF&-3to] &5 (block)S HHE3stth 237 EEfol=v uHE
d 2AAHE #HS AAH hematoxylin & eosin (H&E)S.Z FAgE & 3F5r& | 7 (Olympus,

PA, USA)o. = xZ9| ®ists #&3sAT
Ao g EAL FA U Akl BdE 471X EA(ALT, AST, ALP, LDH)Y]
sE=Wsl2 HWrlEt ALT+ GPT (Glutamic pyruvic transaminase)2tile ARS-E™ 7F 2 &
7o EAsk= ofn=4t Ao #ASE GAEA MEIFYA FHoz {FEFHU. ASTe
GOT (Glutamic oxaloacetic transaminase)2}il% AFEEH ofn| =it FHAdo| FoJdhs EAZEA
Zh 4 =4, ATl FE EATH. dutdew P 22 3 s DA AlxE F
Fge] wstel a4 AA Hleol zolo] s AST} ALPS] &AJH|&o] wolA|H, IhajArLrt
7o HE Hl&o] F7hgkth S ALPE/J2 Intra-, extra hepatic cholestasisol]
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o] &3} primary biliary cirrhosisol| Al o} Eo] FAFdnz gx #H Fo EFiEu A%
AxE=Z AT LDHe &3 FEXH Q= E42 A pyruvic acid®} lactic acid”7} 7+ 7}
g2 Mgl #oqste] FujRgS Fth. LDHE HEZ X

g} % LDH7} Asdty 1088 F3470] 43S Foh 2 4300A zgg—%g HEXNS T
7vet719fsl o5 37HA] @AW A4S ARE Ao
i P RS A

ASTO] &<
7} 1A tHFig. 35Ab). 3, ALTY HE+&
s AFFAME F9F o7t UAh(Fig. 35Ac). LDH vt TEFS A3 2E
Aol A FoHe=w YA Uetsth(Fig. 35Ad).
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Figure 34. Effects of RLP on body and organ weights of ICR mice. At 24 hr
after final RLP treatment, final body weight (A) and each organ weights (B-H)
of ICR mice were measured daily using an lectronic balance. Data represent the
meantSD from three replicates. *P<0.05 is the significance level compared to

vehicle-treated group.

Figure 35. Effects of RLP
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abdominal veins of vehicle- and RLP-treated mice. Serum concentrations of ALP (Aa), AST
(Ab), ALT (Ac), and LDH (Ad) were analyzed in duplicate using a serum biochemical
analyzer as described in Materials and Methods. (B) Liver tissue of ICR mice was prepared
on a histological slide, and cellular morphology was viewed at 200x magnification. Data
represent the meantSD from three replicates. *P<0.05 is the significance level compared to
vehicle-treated group.
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Figure 36. Effects of RLP on kidney toxicity in ICR mice. Blood was collected from
abdominal veins of vehicle- and RLP-treated mice. Serum concentrations of BUN (Aa) and
CA (Ab) were analyzed in duplicate using a serum biochemical analyzer as described in
Materials and Methods. (B) Cortex (Ba-h) and medulla regions (Bi-1) of kidney tissue of ICR
mice was prepared on a histological section, and the cellular morphology was viewed at
200x magnification. Data represent the meantSD from three replicates. *P<0.05 is the
significance level compared to vehicle-treated group.
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Figure 37. Change of body weight, stool number, stool weight and water contents before

and after administration of lopermamide and RLP.

*

, p<0.05 is the significance level

compared to No group. **, p<0.05 is the significance level compared to Lop group.
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Figure 39. Histophathology analysis of intestine tissue. Slide sections of intestine tissue were
stained with hematoxylin and eosin and observed at magnifications 200. The length of
villus and thickness of intenstinal gland were measured by microscope. Compare to Lop

group, the length of villus was increased and intestinal gland was thickened in Lop-RLP

group.

- 266 -



Ayl ALEH AYFES specified pathogen free (SPF) AE|Q] 47 IL4v}$-28F
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Figure 40. Differencens in body weight, ear thickness, and ear phenotypes. (A)Body weights

of mice in the five groups were measured with a chimical balance. PA solution was
repeatedly applied to the dorwun of ears of IL-4/Luc/CNS-1 Tg mice during oral gavage
of RLP. After 4 weeks, ear thickness(B) and phenotypes(C) were observed by following the
procedure scribed. Arrowhead indicated the ear vein. Data shown are the mean 7SD(N=5).
a, p<0.05 is the significance level compared to the AOO-treated group. b, p<0.05 is the
significance level compared to the PA+Vehicle-treated group.

(4) &5 °] Luciferase @l vX= F3F

Ao AE-SH L4 FE AR v+ Luciferase ¥ E 9] Human [L-4 promotor
gh3-o] e go] wet #REE AP cytokine F IL-4 TH
promotor &Z‘l.‘li FAdg b2 W9 Luciferase A Fo] HolAA €t} o]y
o]-&3t] AWl Luciferase®] 7]& F 3t<l D-luciferin(Sigma-Aldrich, MO, USA)
ol 5to] D-luciferin®] 3] W& FF=HFS In Vivo Imaging System(IVIS, Xenogen,

o
o
O 10
o e >
o
S,
0
HU
o
T
0
e
v
B

flo ol
Jo o

o W

)

- 268 -



CA, USA)< &3l =743ttt Whole body image A3+ Control(Non-Tg) 153 Vehicle 1
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Figure 41. Detection of luciferase signal in the whole body(A) and each organ(B) of
IL-4/Luc/CNS-1 Tg mice. Mice were treated with AOO, PA+Vehicle, PA+RLP25, and
PA+RLP50 for 4 weeks and imaged at 24h after final treatment using Living Image
Software. Color overlay on the image represents the photons per second emitted from the
organs, in accordance with the pseudo color scale shown nest to the image. In this image,
red indicates the highest number of photons per second while blue indicates the lowest
number of photons per second. L,Lung; KKidney; SSpleen; H,Heart; SL,Submandibular
lymphnode; ML ,Mesenteric lymphnode; T,Thymus; P,Pancreas.
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Figure 42. Changes in auricular lymphnode weight(A) and serum IgE concentration(B) in
IL-4/Luc/CNS-1 Tg mice. After final treatment, mice from each group were sacrifieced
under anesthesia. The auricular lymphnodes were then harvested from the neck region of
the mice using a microscissor, after which they were weighted using a chemical balance.
Serum used to measure the IgE concentration was quantified by ELISA. Data shown are
the mean 7SK(N=5).a, p<0.05 is the sinificance level compared to the AOO-treated group. b,
p<0.05 is the significance level compared to the PA+Vehicle-treated group.
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PA 59X 71 FARLH FA ® ofyel 24 Ul pore(adipocyte)d] % PA 1
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Figure 43. Histophathology of ear
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skin in non-Tg or IL-4/Luc/CNS-1 Tg mice treated with
AOO, PA, PA+RLP25, PA+RLP50. PA solution was repeatedly applied to the dorsum of ear
s of IL-4/Luc/CNS-1 tg mice during oral gavage of RLP. After 4 weeks, histological

changes were observed as described. Slide sections of ear tissue were stained with

hematoxylin and eosin and observed at magnifications of 100 or 200(A). Numbers of

adipocytes as well as thickness of the epidermis and dermis(B). Data shown are the mean

7SD(N=5). a, p<0.05 is the significance level compared to the AOO-treated group. b, p<0.05

is the significance level compared to the PA group.
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Figure 44. Infiltration of mast cells in non-Tg(A) or IL-4/Luc/CNS-1 Tg mice treated with
AOO(B), PA(C), PA+RLP25(D), PA+RLP50(E). Slide sections of ear tissue were stained with
0.25% toluidine blue and observed at magnifications of 200. Arrow head indicates infiltrated
mast cells in the dermis of ears. (F)Numbers of infiltrated mast cells. Data shown are the
mean 7SD(n=5). a, p<0.05 is the significance level compared to the ALL-treated group. b,
p<0.05 is the significance level compared to the PA treated group.
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Figure 45. Weight of feces through the time dependent. No-RLP group was treated only
RLP, Lop group was treated only loperamide, Lop-RLP group was treated loperamide and
cotreated with RLP on oral administration. According to time passes, the weight of feces

was increased steadily.
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HEE] HUYZAHL tail-cuff methodES o] &algomn, F 13 ZAs Pt =4 IA A3
TES 7T FAHE S40lM E¢EA7I(Non Invasive Blood Pressure Analyzer;NIBP,
) AolElsiejohol]l AHAIZ %, 33] ol RIEEHE SAHUY BE@gS ARSI 2 23,
TEF AEFEE Fo Ao 4L vehiclew S HIE3] SHR RS AFE3F BE 9
N AA4EEe JERRE WKY-controli#d] M3 9802 2718 AL #A8 4 A}
W, 7 7o Fol §9 e FEF UL FEE Fof dol Hal £949 W 9
F & dAT oY d Ade Fof Mo I SHR AE=TF Q] WKY B3] 4]
b Ee AL Fol SHR d=E ndAste] @ AELe #8 4 oy, BE Zo
N Fel AFe] qerel WEHIL 9k AL Fol FEE ABLFETL SHR AEolN AA
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Figure 47. Effects of RLP on body weight of WKY and SHR rats. (A) After
administration of three concentrations of RLP to SHR rats, body weight was measured
using an electronic balance everyday. Data are reported as the mean + SD of three

replicates.
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Figure 48. Changes of systolic blood pressure after RLP administration. Data are
reported as the mean * SD of three replicates. * p<0.05 is the significance level

compared to the control-treated group.
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| o ethyl alcohol 70, 80, 90, 95, 100% | Z+7+ 12412 B= A2 3tal, xylene
S 24X A3ttt Paraffin Enbedding Station (Leica, Heidelberg, Germany)< A}-&3}¢d
embedding ¥ %, WEAolA 3FHE HIAS F, Rotary Microtome (Leica, Heidelberg,
germany)& AR&3H] EF(block)S HHE 3} 1:} =24 gFtol=v Iditgd 2AAE AH &
A hematoxylin & eosin (H&E)S.2 AAet &, F5dw 4 (Olympus, PA, USA)C.2 #Z3}
ATH(Fig. 49A). -] T4 = Leica Application Suite (Leica Microsystems, Switzerland)<
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A dad o FAC da FFsI oW #ol Al wste #FEHA G AN FEE oY
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Figure 49. Thoracic aorta from WHY and SHR rats treated for 2 weeks with vehicle
and RLP extracts. Data are reported as the mean * SD of three replicates. a, p<0.05 is
the significance level compared to the control-treated group. b, p<0.05 is the

significance level compared to the vehicle-treated group.

(BhH SiEF AEEFEEC e FA FFS vX= Ak s JTF
o2 =2 HI-AAHA system?} nitric oxide system, aldosterone systemol <]
Sl MY dlsw @AY FA JFE vAE 820S dolR 7] 95t e FA

3 £ 2541 western blot2 F3Y3tH . WA, Vehicle A&+ &
& A+ 2= sy =4 100 mgs & F)ﬁ’é‘}@] PRO-PREP Protein Extraction Solution
(iINtRON Biotechnology, Korea)S 3 7}ste] 218k $ 13,000 rpmoll A 5% &<t A4 25t
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Systems), anti-eNOS 3} #|(Abcam), anti-p-eNOS & A|(Abcam), anti-Akt &-A|(Cell Signaling
Technology), anti-p-Akt 3} (Cell Signaling Technology), anti-B-actin 34| (Sigma-Aldrich)%
o] 12} AR 4To|A WA} vjFst & HRP-conjugated® secondary FAE FH7Fste] ECL
Kit (Amersham Life Science, Piscataway, NJ)& ©o|-&3ate] L3S &letqitt. 1 A7, dd-

AR LB systemol] #HA3t= ACE®} ACE2+= controliol| ¥Bl3)| vehiclew ] T& o] 7HA3}A|
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< A9 A =7 eNOSA Itk vehiclew 2+ RLP100NA o) 2o 2 F718 5
o} WA RLP5007- vehicleo] M3 eNOSS 14bslrt gaste A HolFth E3 Akt
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A4s= WKY FE=o] vl SHR H=ox o] oo g asigon, EEsFEEY
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Figure 50. Effects of RLP treatment on protein expression associated with hypertention
in WKY and SHR rats via Western blotting. Total homogenates were prepared from
aorta tissue of WKY and SHR rats treated with RLP for 2 weeks. Thirty micrograms
of protein per sample was immunoblotted with antibody for each protein (A). The
intensity of each band was determined using an imaging densitometer, and there relative
level of each protein was calculated based on the intensity of actin (B). Three samples
were assayed in triplicate via Western blotting. Values of the data represent the
means+SD. a, p<0.05 is the significance level compared to the control-treated group. b,

p<0.05 is the significance level compared to the vehicle-treated group.
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Figure 51. Effects of RLP treatment on p-eNOS expression in WKY and SHR rats.
Tissues from p-eNOS immunostaining were viewed using a microscope at 400x
magnification in the aorta tissue. Values of the data represent the means+SD of three

experiments.
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Figure 52. Alterations of nitric oxide expression. After final RLP administration, blood
sera were collected from each group of WKY and SHR rats. Endogenous nitrite
concentration (A) and total nitrite concentration (B) were detected using a total Nitric
Oxide and Nitrate/Nitrite ELISA kit. Data are reported as the mean +* SD of three

replicates. * p<0.05 is the significance level compared to the vehicle-treated group.

ANABIA F2olA 30w AR st FFARS EEste] A& Zlo]m, Automatic Serum
Analyzer (HITACHI 74, Japan)= A}&-3le] BUN, CRE, Na, K, CI& =743}t Aldosterone
< Radioimmunoassay (RIA) AAMEH 2 Coated A count Aldosterone (SIEMENS, USA) A
oFS 0]83}o] y-counter Quantum, USA (PACKARD, USA) AH|Z =A3lyd. 2 Ay, &
J W BUNY s%= WKY #: =0 Hl3] SHR A= groupdlA AAHOE &2 AoZ #zy
Atk 53] RLP100*¢] BUN &%=+ controlwtoll HI&| 7b¢ E3kem, ¥ RLP500+ ol A=
controlw-ol] B3] Z7}slR o), F9ZF <l =712 HolA] ¢dth Creatinine® 7% RLP500*
o] F%7} controli¥} vehicle ol W3] FJHoz 743 AL & 4 AATh EF Na, A
of v 7 T 7t FFHA #olr S 1, potassium® FX+ controliol
H]3) vehiclew oA F7}etT FEES FAg wodA OA] FAEHe e BAh
Aldosterone®] 3¢ T&F ANGSF=ES FAF 2FA control# vehiclewtol| HI3]

A3tE S JERQTE o]gld AFE SHR A== WKY Hl8] AA7)50] A5}
- )

-
r
e
)
D
52
32

- 284 -



(oI e) = = = =
dol des AAIET B, €9 el Na, K, C3 2 0|29 F3i3 wsE
235145, aldosterone®] FEE F9HQ Fat BFoLY VF FE gio o
A Al gt

15 1.2 -
a,b ]
20 ] & 1.0 T
= B
= a 508 a,b
= 15 -
e = - 0.6
e 107 204
P Pl
e 02
o . X1} v
Control Vehicle BELPLH ELPSH Confrol Vehicle ELP100 ELFSM
C 150 - D 20 -
145 - 1=
- =
S Zwq J
£ £
5 e
= 135 1 5
130 T 1] T
Control Vehicle RLP100 RLPSH Control Vehicle RLFP100 RLPSH
LERE o
E F=om -
o2 4 E
e e
= 88 A £
£ on 'E 160 T
. =
3—"‘-' E H 1
82 4 =
30 v £ 0 v
Control Vehicle RLF100 BLPSH N Control Vehicle RLF100 BELPEH

Figure 53. Effects of RLP on urea, creatinine, electrolyte and aldosterone levels In

plasma. After final RLP administration, blood sera were collected from each group of

WKY and SHR rats. (A) BUN,

(B) creatinine,

(C) Na, (D) K,

(E) Cl, and (F)

aldosterone level in WKY and SHR rats. Data are reported as the mean + SD of three

replicates. * p<0.05 is the significance level compared to the vehicle-treated group.
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