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Protection effect of New-Yeolda-Hanso tang against B-Amyloid Induced
Cytotoxicity in NGF-differentiated PC12 Cells

Bae Na-Young®®, Yang Hyun-Ok®, Ahn Taek-Won"

“Dept. of Sasang Constitution Medicine, College of Oriental Medicine, Daejeon Univ.
"Natural Product Research Center, Korea Institute of Science and Technology

1. Objectives

Yeolda-Hanso tang (YH) has long been used as traditional herbal formula in Korea as various diseases. Now we
modified Yeolda-Hanso tang (YH) for neurodegenerative diseases treatment and named New-Yeolda-Hanso tang
(NYH). We investigated neuroprotective effects of NYH on NGF-differentiated PC12 cells cytotoxicity induced by
B-Amyloid peptide (A325-35) and evaluated the ability of NYH to prevent and treat for neurodegenerative diseases
via autophagy enhancement.

2. Methods and Results

1) Protective effect of NYH on PC12 cells cytotoxity induced by AB325-35.

PC12 cells survival was measured by MTT and lactate dehydrogenase (LDH) assay. 20uM [(3-Amyloid peptide
(A325-35) induced cytotoxicity on NGF-differentiated PC12 cells. NYH attenuated the cytotoxic effects of AR
25-35 in a dose-dependent manner.

2) Pharmacological induction of Autophagy by NYH in PC12 cells

Autophagy induction and activation was measured by immunoblot assay. Marker of autophagy, LC3II expression
and the ratio of LC3-II/I was slightly increased in the protein treated with YH, and significantly augmented in the
protein treated with NYH. NYH-induced increase of LC3-II protein level was inhibited by 3MA.

3) Induction of Autophagy by NYH on A[325-35-induced injury in PC12 cells

In MTT assay, 100ug/ml pre-treated NYH attenuated 20uM A[325-35-induced cytotoxicity in PC12 cells. Protection
effect of NYH was blocked by autophagy inhibitor 3MA. In immunoblot assay, 1200ug/m{ pre-treated NYH activated
autophagy in 20pM A[25-35-induced cytotoxicity in PC12 cells. The observed effect was partially blocked by 3MA.

3. Conclusions

All the results indicated that NYH possesses neuroprotective potential partially mediated by autophagy
enhancement and NYH may be considered to be a promising new herbal formula to prevent and treat for
neurodegenerative diseases including Alzheimer's disease (AD).
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Table 1. Plant constituents of YH and YH-1
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YH YH-1
No. Scientific name Contents(g) Scientific name Contents(g)
1 Puaariae Radix 16g Pueariae Radix 16g
2 Angdiae Tanussinne Radix 8g Angiae Tanussinne Radix 8g
3 Sard/ariae Radix 8g Sardlariae Radix 4g
4 Platyad, Radix 4g Platyad Radix 2g
5 Angdiae Dahuricae Radix 4g Angdiae Dahuricae Radix 4g
6 Gmafuge Rhizam 4g Gmafuge Rhizam 4g
7 Raphani Serm 4g Raplani Senm 4g
total 48g 42g
Table 2. Plant constituents of NYH
No. Scientific name Contents(g)

1 Pueariae Radix 16g

2 Angdice Tenuissiome Radix 8g

3 Sawdlariae Radix 4g

4 Platyaxd Raclix 2

5 Angdiae Dahuriae Radix 4g

6 Gmafige Rhizam 4g

7 Raphani Sarm 4g

8 Pdygalae Radix 6g

9 Aari Graminai Rhizam 6g

total 54g
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Table 3. Protective effect of NYH extract pre-treatment for 2h at different concentrations on the differentiated PC12 cells
cytotoxicity of 24h AB25-35 exposure. (MTT assay, LDH assay) 1)

Fig.

MTT assay LDH assay
Cell viability(%) Cell death rate(%)
Control 100.00£0.2 0.00£0.2
A325-35 70.07+0.3# 20.95+0.2#

Dose(1g/ml) 300 600 300 600 1200
YH 83.79+0.3 87.80+0.6% 64.9310.4# 17.32+0.3 15.15%0.2 27.82+0.6#
YH-1 85.30+0.6 104.77+0.4* 127.1240.5%*# 17.3240.4 11.09£0.3%* 8.50£0.5%*
NYH 100.50+0.5% 129.03+0.4%%#  162.85+0.3%*## 11.12+0.3 3.27+0.5% -2.3410.2%%
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control beta-— 300 600 1200 beta-— 300 600 1200
amyloid amyloid
20uM 40uM
dose(ug/ml) dose(ug/ml)

1 Protective effect of YH pre-treatment at different concentrations on the differentiated PC12 cells cytotoxicity of AB25-35

exposure. (Lt. MTT assay, Rt. LDH assay)

The differentiated PC12 cells were pre-treated with YH at various concentration for 2h followed by addition of 20uM
ALss.35 for another 24h. The cell viability was measured by MTT assay and the results were expressed as % viability

of distilled water-treated control.

The differentiated PC12 cells were pre-treated with YH at various concentration for 2h followed by addition of 40uM

Ass35 for another 24h. The cell death rate was measured by LDH assay and the results were expressed as % cell

death rate of distilled water-treated control.

Differences are significant at # p<0.05, ## p<0.01 values against distilled water-treated control group. Differences are
significant at * p<0.03, ** p<<0.01 values against A3, ss-treated group. Each data represents the meant SEM(n=3). ANOVA

1

=

The differentiated PC12 cells were pre-treated with YH,
YH-1, NYH at various concentration (300, 600, 1200ug/
mé) for 2h followed by addition of 20uM A[325-35 for
another 24h. The cell viability was measured by MTT
assay and the results were expressed as % viability of
distilled water-treated control. The differentiated PC12
cells were pre-treated with YH, YH-1, NYH at various
concentration (300, 600, 1200ug/mé) for 2h followed by
addition of 40pM A[25-35 for another 24h. The cell
death rate was measured by LDH assay and the results
expressed as % cell death of distilled
water-treated control. Differences are significant at #
p<0.05, ## p<0.01 values against distilled water-treated
control group. Differences are significant at * p<<0.05, **
p<0.01 values against A[325-35-treated group. Each data
represents the meant SEM(n=3). ANOVA

were rate

T} (P<0.05). (Table 3, Fig. 1)
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Table 4. Protective effect of NYH exiract pre-treatment for 2h at different concentrations on the differentiated PC12 cells
cytotoxicity of 24h AB25-35 exposure. (MTT assay, LDH assay) 2)
MTT assay LDH assay
Cell viability(%) Cell death rate(%)
Control 100.00+0.2 0.00£0.2
AB25-35 70.07+0.3# 20.95+0.2#
Dose(1g/mf) 150 300 600 150 300 600
5 (Puerariae Radix) 99.01£0.1%  109.8620.1% 112.5440.1%  [19.7240.1# 17.2240.2  11.63+0.2%
B R(Angelicac Tenuissimac Radix) 89.38£0.6*  98.46+0.2% 118.8120.4%# | 14.12£0.2  10.700.1 9.65+0.2%
#i2(Scutellariae Radix) 7041303#  G6ATX0.T#  4059+0.5%## |20.78+03# 29.16+02# STATO.1xH#
F&Hi(Platycodi Radix) 85.28+0.3 80.33+0.5 56.03:02## |19.42403#  14.660.4 14.43£0.2
THiif(Angelicae Dahuricae Radix) ~ 100.15+0.3%  117.2620.7%  121.92+0.5%# |20.15+0.3# 18.62+0.3#  17.65+0.4
F11{Cimicifugae Rhizoma) 84.69+0.5 89.76+0.1%* 106.40£0.2% | 21.6420.3# 19.28+0.4#  15.70%0.5
AHJ T (Raphani Semen) 78.29+0.5 93.43+0.3* 10L.570.5% | 1833+0.5  15.60£0.2  21.81+0.2#
$ai&(Polygalae Radix) 92.09+0.7 96.26+0.4% 102.3420.5% | 2.6720.3%  0.75:0.6%  -4.38+0.7%*
11 E#(Acori Gramineri Rhizoma) 110.45%0.1% 136.43+0.2%%## 155.09+0.2%%## | 10.21£0.3  8.58+0.3* 5.67+0.4%
E3} A ZIARES 22} MIT, LDHYS AH8-81o] M AB25-35¢] B30 % izl Hlal 20% 571t
AFE ARl st F L A 2] 600ug/ml
A Fog AEIHAREY TAE s
(P<0.05). (Table 4)
o 20uM
2 Bk
Hlft*é% & 23 MIT AN Bk Bxjele
ToM A2FES T 08
Tolxe A2
oJskA| S7F8HAT (P<0.05). Al
. 40uM APB25-352]

2 150pgml &
3B 0H P<0.05), 600ug/ml =

B2 ZAA )T 300ug/md, 600ugml
= HEEHA] B30

%
=733k
2.1 BiR
B S 2AZFE 2t HAE] g PC12 A2
AB25-352 FAE S & AXAARES S
. 20uM AP25-359] EA 0 & TR
3l 70% 7 A EA37FE tiste] B HA
o U2 55
F= Eo| UE2THTE
EINH-S 54 IDH AAME
S0tz vIsl 20% S71sE AETARE] o)
sfod BaAR A 600ugmiE =X freIgk A
= 313} (P<0.05). (Table 4)

MIT Aol A=
1

2] A3
ol HEAAFES o
o (P<0.05), 300ug/ml, 600ug/ml
% =]
23 MEAFIE] vz o

o B A
2L 150ugml F5
o 05),
N2AZEC] T& IEH o= et
3 =, 40p
PrReY s
23 WA
MIT A3ollA|,
14 AB25-359] Z-dollA] M
et ]}\1‘_—_ o5
A3I3AT}H (P<0.01). IDH Aol|As, 4ouM
=gl diste] 600ugml #4555

ol A
herbs contents of NYH at various concentration (150,
300, 600xg/me) for 2h followed by addition of 20pM AR
2535 for another 24h. The cell viability was measured
control.  The
50 © y =t
) , (==
H, Q0ugml 5
H] 4092 7%
ARB25-357} ek A
ZAxE)e Aol AlETALEC] AB2S-35 Akt Bt

o2 FuA
X ooE
(P<0.05). MEIA RS 543 IDH A3 oA
) 2 i
by MTT assay and‘the results were expressed as %
T 805 218k RIS (P<0.05). (Table 4)

=t
2) The differentiated PC12 cells were pre-treated with

viability — of
contents of NYH at various concentration (150, 300,
600ug/me) for 2h followed by addition of 40pM ARy 35

distilled ~ water-treated
differentiated PC12 cells were pre-treated with herbs
for another 24h. The cell death rate was measured by
LDH assay and the results were expressed as % cell
death rate of distilled water-treated control. Differences

are significant at # p<0.05, # p<0.01 values against
distilled water-treated control group. Differences are
significant at * p<0.05, ** p<0.01 values against AP

»-35-treated group. Each data represents the mean#

SEM(n=3). ANOVA
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Fig. 2 Protective effect of YH-1 pre—treatment at different concentrations on the differentiated PC12 cells cytotoxicity of AB25-35

exposure. (Lt. MTT assay, Rt. LDH assay)

The differentiated PC12 cells were pre-treated with YH-1 at various concentration for 2h followed by addition of 20pM

A[325-35 for another 24h. The cell viability was measured by MTT assay and the results were expressed as % viability

of distilled water-treated control.

The differentiated PC12 cells were pre-treated with YH-1 at various concentration for 2h followed by addition of 40uM
A325-35 for another 24h. The cell death rate was measured by LDH assay and the results were expressed as % cell

death rate of distilled water-treated control.

Differences are significant at # p<0.05, ## p<0.01 values against distilled water-treated control group. Differences are significant
at * p<0.05, ** p<0.01 values against AQ325-35-treated group. Each data represents the meant SEM(n=3). ANOVA

24 FERE

A EAAELS 150ugml, 300ugml =N Z7}
ke AS B o 600ugml SEAAME b}
7R 2 AEAAE] hETY] S6%E ast
G} (P<0.01). MEIALE-E 40uM AB25-357}
Sk Al st KT 300ug/ml, 600ugmls A
Ae]gh Aol AEZAE0] AR O o]
A& IStk (Table 4)

2.5 FHit

NZAFEE FE GEA0E F71I=T), 150
pgnl F=oIM MERFES 2T 502 35
AZoH P<0.05), 600ugml EEAA = NEZAZE
o] &R} frofshAl SIS (P<0.05). A2
ARE-E 40uM AB25-357} kst Al de] Tt
THiE Ax2)gt AT A AFHARE-0] s}
© AeS B0y frolde fIlth (Table 4)

HE PSS T A o= S7FI=ET, 300

pg/mt, 600ug/ml FEOA frejdo] FRIE T
(P<0.05). A|EZIAE-L 40uM AR25-357} S A
EEAC gt FEE AR AdatolA] MR
FAEo] Ak AES HF o 942 gl
t} (Table 4)

2.7 HFH T

AZAFELE T J&doz kY
(P<0.05). MEIARE-L 40uM AB25-357} F3H Al
F5/30l tisted A 1 A2 300ug/ml &=
o AEZzIEo] Tadhes HES BP0 ol
2 ATk (Table 4)

3. B3R5 MRA (NYH)O| AB25—352
S PC12 MESHo| njX[= &
3.1 BRIy B, RS RE(YH-D)
AZFES S48 MIT AFolA AB25-35 A&
o HIgte] MEAFE] F& EH TV B
o (G00ug/ml FENA P<0.05, 1200ug/ml =
A P<0.01), 1200pgm! FEANMAE = thH]
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127%7} Z7} (P<0.05)3}3 k. o YH-1 Ao] A3
£ REahs A B opel HEslHew Mxe 4

F& 200 B AEINEL A
H Aol A= 40pM AB25-357} kel Al E=4
(T EH AZZARE©] 20% F7hel) 1‘410}04
AWy W, RIYH-)S A
A %4«1 A0 A|EHAREo| TS &
t}. (P<0.05) (Table 3, Fig. 2)
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AERAES T o&F 07 Z78et, 150
pgml FZA A Tl ti] 92%714] §EE$0H
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Fo g FJELITH (P<0.05). AHEIAE-L 40uM AR
25-357} e MEZA0l ke 150ugml =2
oGS AP AT R 07 A
FARE-o] 7H4EIE oM (P<0.05), 600ug/ml FEAA
© WETET A ZAREo] FHAste] w7k Ak

B-Amyloid2 FT=! AE=Mof chist

79| At

) AEIAIALE SlAlefe B3] 2ok B
oAt} (Table 4)

322 fiE{E

AZAAZEL 150pgml TN 2T FFo02
3] E5]Q) 0 H(P<0.05), 300ug/ml EE] A T
tH] 1369%(P<0.01), 600ug/ml S == 155% A E
AAAE0] Z7KP<0.01) 313t A EIAS-E 4opuM
AR25-357} ek ME=A) tist £ S A
At APTIN FEYEH 02 MEIAREo| T
23RS 3915149t} (P<0.05) (Table 4)

33 BN IR W A, RS RE N EGE B
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3B O HP<0.05), hET tH] X 4ZE0]
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oA 162% Z7KP<0.01)3FITtE o)1= 20uM AB25-35
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Fig. 3 Protective effect of NYH pre-treatment at different concentrations on the differentiated PC12 cells cytotoxicity of AB25-35

exposure. (Lt. MTT assay, Rt. LDH assay)

The differentiated PC12 cells were pre-treated with NYH at various concentration for 2h followed by addition of 20uM
A[325-35 for another 24h. The cell viability was measured by MTT assay and the results were expressed as % viability

of distilled water-treated control.

The differentiated PC12 cells were pre-treated with NYH at various concentration for 2h followed by addition of 40uM
A325-35 for another 24h. The cell death rate was measured by LDH assay and the results were expressed as % cell

death rate of distilled water-treated control.

Differences are significant at # p<<0.05, ## p<0.01 values against distilled water-treated control group. Differences are significant
at * p<0.05, ** p<0.01 values against A{325-35-treated group. Each data represents the meant SEM(n=3). ANOVA
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Fig. 4 Induction of Autophagy-lysosomal pathway by YH, MYH in differentiated PC12 cells. (Immunoblotting assay)

The induction of autophagy by YH, NYH on the differentiated PC12 cells was determined by measuring the LC3
protein expression levels using immunoblotting assay with antibody against LC3. Cellular proteins extracted from pre-treat-
ed with 1200g/m¢ YH, NYH for 24h were examined by western blotting to determine the expression level of LC3 T,
LC31I proteins. The ratio of LC3B-II/I expression was evaluated by densitometric analysis and data were expressed
as folds of distilled watet-treated control. GapDH used as an equal loading of proteins.

o) S FANZIYA HRTh XIS A B H L5 (YH) 1200pg/mls A28t A3
40pM AR25-357} frakgh MRSl thste] #h 4o oA LC3 T oA L3I 20 thild 43} u]g-o] tf
DU A NYHE XS ATl AR Zol] visle] F7lshe Ao Yehd #4580
2535 Aol Hlgte] FEREH O Z MEIAE (YH)o] PC12 A|Z=0l T3} 1 £2{F Jfl (autophagy)

o] ZHaghs FRISIAT: (600ug/ml = P<0.05, & frEske At do5 89 o} ok TR0 2 B
1200ug/ml E=0) A P<0.01) (Table 3, Fig. 3) 590 I T INYH) ] 789 LC3-1I/T T d
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e
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Table 5. Protective effect of NYH extract pre—treatment for 2h on the differentiated PC12 cells cytotoxicity of 24h 20uM AB25-35
exposure. (MTT assay) 3

NYH+AR25-
Control 100gg/mé NYH — 20pM AB25-35 NYH+AB25-35  10mM 3MA > Ni >3
Cell viability(%) ~ 100.00+0.2 97.93+0.2 73.44+0.7# 100.29+0.5% 81.39+0.2# 70.97+0.8##

120
*
100
#
# #H
® 80
2
-g 60
B
S w0
20
0 L L L L L
control NYH beta amyloid NYH+beta 3MA 10mM  NYH+beta
100ug/ml 20uM amloid amloid+3MA
dose(ug/mi)

Fig. 5 Protective effect of NYH extract pre—treatment for 2h on the differentiated PC12 cells cytotoxicity of 24h 20pM AB25-35
exposure. (MTT assay)
The differentiated PC12 cells were pre-treated with 100ug/m¢ NYH with or without 10mM 3MA for 2h followed
by addition of 20puM A[325-35 for another 24h. The cell viability was measured by MTT assay and the results were
expressed as % viability of distilled water-treated control.
Differences are significant at # p<<0.05, ## p<0.01 values against distilled water-treated control group. Differences
are significant at * p<<0.05, ** p<<0.01 values against 20pM A[325-35-treated control group. Each data represents
the meant SEM(n=3). ANOVA

4.2.1 MIT assay M AB25-352 X]2J3}aL, 24A)7F Fof] MIT §942 3
MIT 415 913l v A=zl 244964055 i 7¥stod 1RSSR vkt %, ELISA 71715 o83}

WOTNYHS 100pg/ml SE2 A3 dga # FPEE Sk

29 Py I (NYH) 100ug/meol] autophagy 4] AR 20uM AB25-357F R Al 250l o

A9 3MA 10mMS- &9} A|2]gk A3TE 5% CO2, &ted 100ug/ml 4% 58 1 Inis i (NYHYS A2]&

37°C9] 27004 v 2417 Fof] 7} ol 20u Ao A EGFEC] UET 50 31550
S HE 1 I T INYH)O] AB25-357) Fatek A

3) The differentiated PC12 cells were pre-treated with

v =) hv=! o A S
100z¢/nt NYH with or without 10mM 3MA for 2h 5o wRy HABMES REshe a3} &<l
followed by addition of 20uM ARss-35 for another 24h. o] s &) tonh: inhibiton)©] 3MA
The cell death rate was measured by MTT assay and E]N:E}— E‘ ﬁﬂﬂfﬂ _,Z-]]Z-]](au ophagy 1 ]Djor)L 5
the results were expressed as % viability of distilled ¢} T3kA g3k AT NERTS a3t AY
water-treated control. Differences are significant at # .
p<0.05, # p<0.01 values against distilled water-treated ]’]'F/]'I’]'Z] ?%—9}'1:]1 (Table 5, Flg- 5)

control group. Differences are significant at * p<0.05,
wx p<0.01 values against 20uM AP s-treated group.
Each data represents the meant SEM(n=3). ANOVA
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Fig. 6 Induction of ALP by NYH on AB25-35-induced injury in differentiated PC12 cells. (Immunoblotting assay)
The induction of autophagy by NYH on the differentiated PC12 cells was determined by measuring the LC3 protein

levels using immunoblotting assay with antibody against LC3.

Cellular proteins extracted from pre-treated with 12001g/m¢ NYH with or without 10mM 3MA for 2h followed by addition
of 20uM A[325-35 for another 24h were examined by western blotting to determine the protein level of LC3 [ and LC3 1.
The amount of LC3II or LC3II/LC3 [ ratio correlates with the number of autophagosomes.

The ratio of LC3 II/I was evaluated by densitometric analysis and data were expressed as folds of distilled water-treated

control. GapDH used as an equal loading of proteins.

4.2.2 western-blotting assay

Wi FE PCL2 Mol £4% %01 Inik F (NYH)
S 1200pgml FE2 A2 AT B S
g 5 (NYH) 12004g/mé®} 3MA 10mMS- £3F 22
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A LGN 29| 385 RIS A& 9/
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T a2 Yehl= 13 el do) Higo] 891]9)
1, AB25-35 Xl ME LGB [ L3I 2] A
gk vlgo] tiz2TF A9 Aol7t glo] HAlEH
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LG 1T THE o) whgo] SR1E S tEat o2} LGS
[ oM LGN ES] MEHH]|E0] 24 %0 G YHRE
At Aol vlsl| ks 7 155t
B S ITINYHE HA(F H% AAA
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o] o] VA @34t (Fig. 6)
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