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Abstract

Cognitive impairment is considered to be key research topics in the field of neurodegenerative diseases and in understanding
of learning and memory. In the present study, we investigated neuroprotective effects of Schisandra chinensis (SC) and Ribes
fasciculatum (RF) extracts in hydrogen peroxide-induced neuronal cell death in vitro and scopolamine-induced cognitive impairment
in Sprague Dawley® (SD) rat in vivo. Apoptotic cell death in neuroblastic PC12 cell line was induced by hydrogen peroxide for
1 hour at 100 uM. However, mixture of SC and RF treatment prevented peroxide induced PC12 cell death with no neurotoxic effects.
For in vivo experiment, the effect of SC and RF extracts on scopolamine-induced cognitive impairment in SD rat was evaluated
by spontaneous alternation behavior in Y-Maze test. After 30 min scopolamine injection, the scopolamine-induced rats presented
significantly decreased % spontaneous alteration and acetylcholine level, compared to non-induced group. However, treatment of
SCHRF extracts rescued the reduced % spontaneous alteration with acetylcholine concentration from hippocampus in scopolamine-
induced rats. These results suggested that mixture of SC and RF extract may be a potential natural therapeutic agent for the prevention
of cognitive impairment.
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HEAQ] Qg Agel d=sto|wE2 Aujo] 7 &
¢ Agto =z, A5 At 2 ARIEES] 71s7dol7 S
ZolE FH5HAl = (Kang & Choi-Kwon 2009), &=3to]H
¥ 3}2}9] 222 9] AL acetylcholine ZHAL 23t HE] 4
SH4o2 AeA U (Chuong 5 2014). AA| L=sto|m
LA A ottt ul oA FY F4(choline uptake)2}
acetylcholine©| Z}AsH= A0 & EHQ1E 9l 11, acetylcholineS
B3f5= @49 acetylcholinesterase(AChE) H&o] &2 7

o7 HIEQtH(Talesa VN 2001).

T} k5o QlojA 223 IS SH= cholinergic system©]
AR &40 93t Ao & g A UhPark 5 1996). =
Sto]H o] Q1A A= acetylcholineS AJ/d5k= A178A
32 9] &A1) acetylcholine& E-3l|5k= 8491 AChES] &-4Jo]
S7H= 0] 7199 A== oS 43kEA Erk(Kasa 5 2000).
& 2F 9] choline] BAZ4AE 7]9go] ZAEE7| W&o
u QAR BUy e PAsel] Sfatol AR
=29 acetylcholine?] 222 &4J35}A)7]+= cholinergic 2-&
A, AChEQ] E/44& AISk= AChE A|A| L&]1L acetylcholine
AAol et B2 A7 =L Arh(Bartus 5 1982
Canal 5 1996). AChE A A= tacrine, donepezil, rivastigmine,
galantamine 5-°] ¥ Zo]™, 1 % tacrined-> AChE JA|A|
2 FDA 5L WSkO, ALT 4415 A5A17)% 2880
g ARgo] FAIE At (Watkins 5 1994). 71 Qof|&= t-E
ACHE oA SFES T T, A197te, % 259 o457} 5
o] tpoket FAg o7 11 ARgo] ARtE L glow, o]#gt
R280] dgt 922 Tefol R-8o] 4 AARE of
8% 9 A F2E 7] UF A7 AEH T ArkXKiao
% 2014; Hasanein & Mahtaj 2015). AFZe91S Hu] ofjit-g
A5 a3 EZ R acetylcholine®] muscarinic cholinergic
receptoro]] A AA|A| = 2H-gsto] FZ| QAo et FEE
ohe A7 HEERE LEE S5k JHE HTto
2 AISHR] EolA StckBrand & Perry 1966; Kohl &
Homick 1983; Warburton & Wesnes 1984). S}A|9F AF-ZE}]
o] = A= QI TRt AR oot Ae417 A 9
2ol Uehd 4= e BRE 7ML s AR dEA
OITH(Price 5 1981). E3F AT BHYLS o] §3 A= UHE
= 2dof Slo] 7198 A TS R AAEE Astol digt
Q17 Rotol 4 Y] AGEE Bo]n, cholinergic dysfunction
7} Q1759 AehE FISACTIOh 5 2000), At o]
Sk A} A AollA FEL TR R 7198} QIAlE

2o] Asl7} et A& 2218t9{ThHaycock 5 1973;
Ghoneim & Mewaldt 1977).

=4 HAEEA uApAeE FE5E}E] ABARE
H S 3= Park 5(2018)0] =23 53] 8¢ sl o
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1. A2 M=

2 7o) A3 Qe WshE oHAl A2t BEEY
opzvislat T4t k2971 SAREE RO 2018
F3to] ALGIHATE. Park S(018)0] 5T WY
el B 2EYUS o] §dtel L2 S 2
Goul, F2RL -70T FHAL YELNH Bt F, B
199] ARE Ag3tact

e X

2. MANMIZE HHQE

PCI2 M| = A 328 (KCLB, KOREA)O[ A Q] 5}
of AHESFITE Al ARk 10% FBS(Gibeo, USA)2}
50 pgmL A (Gibeo, USAYE H7lstelom, 37°C, 5%
CO; incubator(Invitrogen, USA)Ol| A 8 F5}3A .

3. A-"E =AM JTI.17|-

Z=M T

PCI2 A|3zo] 4t} AEFAE Fiesty] Y8 BAitstea
(H,0.)E ©] 83519 2 ™(Peng & Zhaohui 2015; Shuheng &
2019), & 9ol ARET TikElpA 0] A5 E dotiT]
A8 PCI12 AIZE 96-well plateo] 1x10* cells/0.1 mL/well=
B 3 24Xt S WA H o, 2429 wello]] TSl
271 10~100 uMO] M7 A7l g S 1A A 2513l
Ch. MTT assayS ©]-85t0] Z242] 5o wE A17A| L2
AEES ZASHH 2T (Wang 5 2017), Al FARt H7b
3 AIFA LS} BT A 50%2] AT ASeA sEE 2
Aol ARGkt QuAHA S BEEE0] PCI2 Al
B7hs A AR AR A BB A 5
HH 0o 2 | ug/ml~100 pgmlLe] BT & &9] & A|X
Ho|7] o= 58 2 AFol &St
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4. Annexin-propidium iodide(Pl) FAMIE 24

QuRHA s g EdFEE0] A A Z1 PCI2A| 39
Al AL B A= FaFE 46171 AAsliA Al ZAE A &
A (flow cytometry(FACS Calbur, BD Biosciences. USA))E
o|-gsto] ERlsteltt. QuA sy EFEES ATt
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Aelahel, vjokel AES Helske] pBSE AN Al AT
AZE A3z AZAFEARR TAE AL FITC Annexin Vo
Propidium lodide buffer(BD Biosciences, USA)YS d7}ot0] 20&
ZF BEGAIZ1 3 PBSE All&I5tod, A 32et BESHA] obi= FAIE Al
AstAct. 1x10°A| LS 7+&E3S}a] Diva software (BD Biosciences,
USAFACSE ol-&sto] AZARE A5kt

5. EHiE =& g

A2 APBAF A5G} AT QI caspase-39t A
E oz 98 =451t} Protease inhibitor cocktail(Roche)
1} phosphatase inhibitor cocktail(Roche)©] -3 RIPA buffer
(Sigma, USA)S ¥ o] lysateS =5} bicinchoninic acid(BCA,
Pierce, USA)E T 52 SFGIT. 20 ng® ©HAE 4~
12% sodium dodecylsulfate-polyacrylamide gel(Invitrogen, USA)
oA 7] ¥ $t F, PVDF membrane(Millipore, Germany)
of o]5AlF . 5% skim milkZ 1A]7} blocking A171 & 1x}
S} 2 4] Casepase-3(Cell signaling, USA)S 4Cof|A 1247t
= WA &, 22 PAE A4 1A7F 2% BHAIR
o}, TR 9] THE-2 enhanced chemiluminescence(ECL, Santa
Cruz, USA)Z 0] &5}o] ¥k-8-A]7.0 M, iBright CL1000(Chemidoc,
Invitrogen, USA)& ©]-&5}o] =75}t

NBEES AT U M

YBEL Y=L 6739 S3ISprgue DawleE (I2.2)
AEvto] Qo4 FFurot ALgItALt. WY A FE o
HALE AN F o4l gl AAE Astgon], 9uzt
of ¢8lae AROw, 4gutelE Aste] Age] 48319
ok BB ARSI B LEQSH ), FE(G010%), 5T
Z7] 12417H(8:00~20:00), ZIE(150~300 Lux), 37](10~153]/4]
2ol AeBo R ARHglon], AE It ] ARst &8
Sb A5 Folstith. £ AL @lo] o5 AE ] FEA
o gUslo] o5 el ol PR rhHAMD: 190
292).

w
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7. Y-maze AE
A SD AEE o] &t eu|AHE FE23FEE 28

2
AgS A F Y-maze testE HAISt] AlEH0] 719
g Ao a3t F5E5 FRletaat A5t thKim 5 2007;
Jegal S 2010; Kang JS 2016; Park S 2019). 7}A| = FA =
<, 75, 150, 71231 300 mgkg 8-5F0] @ m|A}HA
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T}, SMART video tracking system(Smart 3.0, Panlab Harvard
Apparatus, Spainy& °©]&5to] ST, tho] 4]of
ofs) Axtsteirt.

# spontaneous alternations

Spontaneous alternation % = - X100
total number of arm entries — 2

. floI2| acetyicholine(Ach) S &

F 9] 7§A|9) sfjat ZZ]of|A19] acetylcholine(Ach) H& =
742 Universal Acetylcholine ELISA Kit(Lot No. 1BPB6CIFHC,
Novus Biologicals, LLC, CO, USAYE AR&oltt. 2 Qu|A}
Yol 22E0E AT WA Aot U 2
o 2% BEE 15 mL BHo] §7 L T, 109] volumee]
cold PBSE ¥ 3 homogenizer pestle ©|-&5}o] 12} E4) 1}
AES A% o1, sonicator(VCX130, Sonics & Materials INC.
CT, USA)E ©]-85}9] 20% amplitude, on 5 sec, off 10 sec, 6
cycled] 27102 234 B4 YL ARk 248 Shot 2
AE2 4Co)A 13,000 pmOZ 15 min 5 YA E2|Ft F,

JEAe B AP A

N o

0. SHAz

BE Y AT 2 R0 e BIEEUAR 84
Sttt BAIA 42 SPSS 20.0 KE ©]-8-5}19] one-way analy-
sis of variance(ANOVA)E A|3J5}9. 0™, Tukey’s HSD(honest
significant difference) post hoc testS Eof A HA S 51O,
p<005 Blgte] A9 BAROR fojs Aoz WHsAT
2ot 9 o

1. PC12 MIZEOIAM nrketra(H0,)2 A2(0f [IHE =4
ot

Aol AMEE THikSlA0] PCI2 A2 A2 52 E 2%
5t7] fisf THitekeAE 10~100 MO 5= 9] gl
= F, IAZE 59 ARl A7 A & A2o] A
&2 MTTassay®2 S5t 0H, 247 5o uhE A2 4
&2 A AEST} Bl asto] WME-E (%)= EAISHAITH 1
23}, Fig. 1914 K= v} o] 1HAiksl45 PCI2 Al 30
50 uM9] SOl A Al RHELOA 60%2] FHR] HAE
I 4= AN H(p<0.05), olof] & Ao A= PCI2 A3
of AEE itekpad = 50 iME ARESHRIH

Fl‘N ﬂllO oz,
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Fig. 1. Cell survival rate of H,O, concentrations in PC12
cells. Cells were treated with various concentrations(10, 20,
30, 40, 50, 60, 70, 80, 90, and 100 uM) of H,O, and cell
viability were measured by MTT assay. The data shown are
meansS.E. "p<0.05 vs. 0, p<0.05 vs. 40 pM, ¥p<0.05 vs.
50 uM.

2. PC12MZ0M 20|XtEsli=
H5 50} &0l

QuAHA S E FEEAE(SR)Y Al 5445 &Rlst] 9
3 1, 10, 183 100 pg/mLe] A7HA] B EE PCI12 A|ZJ
24A17F At &, ARl A ] BB FUS o
2 A ZYEES ERIstAt. 4] Fko whE Al PE
€2 Fig. 2004 H= vie} Zon, ouAtdsjs &35t
E2 A4ET v A BE APRolA] FAER gk A
eIkt ojol AgoA= FAakskea 50 pMe] 5% 14]
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2 B3 a5 gQlstaA} sty o, 11 A= Fig 2bi}
ot ouA A E FEETELT ISk ATRS A
w3 H| I A, 1 pg/mLe] FEofA9] A ZAgE2E&2 9%
2to]7F ZRIEA] 23t oH, 10 ng/mLe}t 100 pg/mLof A Z+
15%2} 11.5%2 §-o]4 08 NEZAPEgo] Z7l6t= AL
AT 5= AATHP<0.05). o= A E =&t
ugmL o]F9] oA TitSleaE FUE Al F40A
PCI2 AIZE HId|3t Aoz Alggrh

S Mot

3. QXS FE=eE A0 2lsh MZAL =l

QURANE 22EUBC Helo] ME PR A
& BA4517] fisto] & A9ol A= FACS(HI ZAE 34+
ZAA))E S8 Annexin V} P19] E-43} caspases-32} cleaved
caspase-32] Tl A WH E A2 Western blottingS -3f A3
A2 elstot

Annexin Ve} PI= A|ZAI} THAE iR AEA}
dojd AL, M EZZo] £A)5}= PS(phosphatidyl serine)= Al
I 3] eEHA Eo] Annexin VO} Z9SHA E o] HlZAF
Q071 Soi, olsh uiez Ajmute] 440 olat An3)
Ate] 7% PI 3RtEo] Al Qtof] F-olx o] s AMAI7|=
Aog 4#A o (Hong & Yi-min 2006; Park & Kang
2015), Caspase 3 THlA-2 A2 oA B]Z/3t 402
ZABHAIRE A AL 1Y F ubAE dAo A Fatt HehS
o], 2o BHES Uehj Ao 2 UrHNichokson
& Thormberry 1997; Janicke 5 1998; Hengartner MO 2000).
FACSZ ©]-85}9] Annexin Vo} PI 2H&-S &1t A 7HFig. 3a),
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Fig. 2. The effects of Schisandra chinensis and Ribes fasciculatum on cell survival rate and proliferation. Cells were treated
with three different concentrations (1, 10, and 100 pug/mL) of Schisandra chinensis and Ribes fasciculatum(SR) extracts. SR
extracts did not affect proliferation of neuronal cells. After induction of H,O,, SR extracts inhibited neuronal apoptosis in
PCI12 cells "Statistical significant difference, compared to control (p<0.05). "p<0.05 (Tukey’s honest significant difference post

hoc test, analysis of variance).
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Fig. 3. The effects of Schisandra chinensis and Ribes fasciculatum on neuronal apoptosis in PC12 cells. Cells were treated
with ethanol extracts of SC and RF(SR) in HOs-induced neuronal cells. Neuronal apoptosis and necrosis were analyzed by
Annexin V and PI positive cells using an immunophenotypic analysis. Neuronal apoptotic cells death was accessed by western
blotting, using Caspase-3 antibody. SR prevented protein expression of cleaved caspase-3, indicating protective effect of SR
in H,O,-induced neuronal cells.

PCI2AZO] TSR Aol A A 2 B4 Uehdeh 4 Y-maze AE
SAT on|AANE 225520 A A] Amexin VO] F A;Belvlom ke s]oY &) st 2mxs

AL 10 pgmLol Al 79%8} 100 pgmLolA] 65% PAEglo B 2EEEO] FIE Mlsly] FHAXAL Bl
o, AZyAe B po] B T3 7HAGHs AL gl Y-U|2E 0]83} HE ZEASS AR JEs gETH
g 4= AT} Fig. 3bof|A] Cleaved Caspase 32] W32 Qu|A} 8 E2A &7 o)A k= TQF n|2o] Eoj7t o] 312 7
Aohm 22 ETE] 10 yginl 9 100yl FEOIA 74 Soke] Al 7] wlzo] Wo] Soigk A9 144 Relse,
St ARES HYrh ol QuAAHE 2&£IFEL i spontaneous alternationS 37]2] 1|20 2} 2 o] Soj7t=
s E S E NE E402 Q3 A ZI AR A EAE A0 2 A9]5}9 21, spontaneous alternation2 AJAFeH 4= gl
AAZ ol & 4= Qglon, o] AY AFEHYH HAA = = B-7(43] o]stz Soi7t B9, tlolE 4tE 9 SAEA
zE=3 o Aﬂ TA} A 2} e AL B A gq oA ALttt 11 A= Fig 49 2o, AFETS
E B34 A1 4= A ATH Moon YH 2012; Shin 5 20 Fodt SAAHERTY A TS Y2 3159} spontaneous
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Fig. 4. The effects of Schisandra chinensis and Ribes fasciculatum on spontaneous alternationratio in the Y-maze test. Rats
were orally treated with three different concentrations of SC and RF (SR) (75, 150, or 300 mg/kg/day) for 23 days and
on scopolamine-induced cognitive impairment was assessed by Y-maze test in scopolamine-treated rats. ‘p<0.05 (Tukey’s

honest significant difference post hoc test, analysis of variance).

48 A0z Yo, ok ATEeT Fol2 oI5
Q=9 F|ofeo] Az oI5t Aoz Az dse)
Zo] mzof Sof7t SlgofA = euAAs)E FEEFE
Al 150 mg/kgo| A9t 2438]2 AFZeY] SRl 79
22l Z}olE &+ 4> 1} O W(Fig. 4a), Fig. 4b spontaneous
alternation®] 3l4=of| A= 1503} 300 mg/kgol| Al 22t 13.235]¢}
1083 = AFEHN F/AHWRTEY F716t= AolE &<l
g 4 A Hp<0.05). Spontaneous alternation(%)°ll A= Fig.
4bo} FLS ATE I = U2 H(Fig 4e), YdHET
ol ZATE A Folit e S/dtEto] vl AT
E FYoH S7HE A (p<0.05). °l= AFEH oz 7]

B9 o

o

ey

g &o] fid ddsEdlA B3 FE=, WA &4
FEE, 183 AdEgES ol8otd dixad Bt A

S~

AadE Yepgths E1ET 22 298 I 5 9
©0(0h 5 2004; Lee S 2008; Kang JS 2016), A&% =ojt
2l 75 mgkg®] 7% Byun SN(2010)0] ¥FIESH K 719} o]
5 BE oA f9F<l Zo)7t YrEhA]

_'%_
ore Aow A
CEE

5. sli0F2| acetylcholine(Ach) S
717 52F SD HAE9] o] FFA HE AFAR = BEE
fon, & Ado AMEH HE 859 uAHsE

of 23 2 EE FolZolA A s &
3}, & W3} 5o] WALA LAUTHFig. Sa).
Ta T, 2449 SEofA 29 sfak(hippocampus)
51o] acetylcholine®] & &35t Z¥}+= Fig. 5b
€} e}, Acetylcholine AIGA| ZENA TAH, 554174
Aol 94 AFAI AR BAM0] =2 o= ATA QL
THChoe 5 2016). S/ AFAARE B9 417 ALGEH
AoA Fa% AIAR T SPUHE 7|93 Shgo] 2% I
= B30k Jlom, AdEE 9 AAFATolA] acetylcholine]
AR fiE S AFAAHY 422 Y= 7]
A3t sk AEE 7] g2sto|uge] £ YRlo
2 & A Qlth(Davies & Maloney 1976; Park 5 1996). &
oM E AFERNE Tt SANETY acetylcholineQf
2 137.2 pg/100 mg hippocampusZ AT Z-2] 202.9 ¢/100
o2 gofs FaEdc

= 11—
O oz
1. - T O

[e),
5

o

%

L% P

mg hippocampus©]] B3} =4

(p<0.001). LUAAHNE FE2EFTE 75 mgkgFo
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Fig. 5. The effects of Schisandra chinensis and Ribes fasciculatum on body weight and acetylcholine concentration in
scopolamine-treated rats. Seven-week-old male Sprague Dawley® rats were orally administered a mixture of SC and RF(SR)

for 28 days before scopolamine injection. Total body weight was measured at the end of experiment. The hippocampus of

rats was dissected, and acetylcholine content was measured with the Amplex® Red Acetylcholine/Acetylcholinesterase Assay

Kit. Fluorescence was measured in a multimode microplate reader at an excitation of 540 nm and emission of 595 nm. p<0.05

vs. Induction, "p<0.05 vs. SR75. (Tukey’s honest significant difference post hoc test, analysis of variance).

2t} 2o & HolA] ko, 1502 300 mgkg Foiof
A 2062 p/100 me(150.03%)TF 193.6 pe/100 me(141.14%) ©.2
SAHZET(137.1 pg/100 mg)Ett Fo]H0 g2 F7HEl o
(p<0.05), F2R ZATEIN AL SAYHRAT H]
BEE Hole 20 ZIT = U ol nRg]
HolxE 50| AFEEQ =9 dfjuto|A] acetylcholine2]
Ao AtmH

TASIRAE o] 83 Alst AEHAS |86l] SIA]
AE =4 B7F &, 50 iM9] =5 2 A7) AREStAL
™, QuatdEE FE54E] A A A A
=0 e AlZ F40] gle AL gelsiit. 2uAs)
& FE5E=2 49, 10 ngmLe} 100 ng/mLe] FI:=oflA 2}
Aglea Ao e AStAE A0 ittt Al ZHES g3}
gl o= Ao, MZAFEAL HAoA F23 F
o= Aoz A7 Annexin VI PIZ FACS 24
Annexin VO] $3] e 100 pg/mLof A 21513
FZAFEARS] FQ SHARL capase-32] S SIS

=
=

10 ng/mLe} 100 pg/mLe] ‘X o)A cleaved caspase-32] Zdl
o] IHASteA AP FE T S0l A AT 5= 3
At ol=3t A= eu|AHA o) Ak
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