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This study evaluated the effects of Ginseng Radix and Rehmanniae Radix extracts on cognitive function and
Alzheimer's disease(AD)-related biomarkers in APPswe/PSEN1dE9 transgenic mice. Behavioral testing, AChE activity
assays, immunohistochemistry for PB-amyloid, Tau protein, and CD68, as well as Western blot analyses, were
performed. Ginseng Radix significantly improved cognitive performance in behavioral tests. Both Ginseng Radix and
Rehmanniae Radix extracts reduced AChE activity, suggesting their potential to delay AD progression.
Immunohistochemical analysis showed decreased B-amyloid and CD68 expression with Rehmanniae Radix, while
combined treatment reduced Tau-protein levels. Western blot results further confirmed B-amyloid suppression by
Ginseng Radix and Tau inhibition by the combined treatment. These findings suggest that Ginseng Radix may be more
effective in enhancing cognitive function, while Rehmanniae Radix may play a greater role in modulating AD-related
pathology.
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Q4N Ginseng Radix)it *3R|¥HRehmanniae Radix)& @4
5]H(Daegu, Korea)o|A] 1¢5to] E%3t st &, 70 %, 80 %,
95 % ofgtea Meoq 197+ AX|- 33 %ﬁ} (c12H]: 5 m),
ojalole Zlotexs 5 & 1A 27.63 %, "3
A& 13.81 %y Aol AREsHA
2) AW =A<}t Fof
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914H(1383 mg/kg), Rioll= AIX|ZH690 mg/kg) GRZ= 9l
(690 mg/kg)t ABX|ZH(345 mg/kgls Y & 53], 8F% F
sheict.
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W7l 9 ERIA 52 WrkE g, 1200 Zwo] YA
713 37(7Y2)X3(M| 2)%x15(%=0]) cm, M polyvinyl plastic® A}
8319k AFE A B, C 5 & 29 51, %2 £o] A4
Z, 8% 3o 583 A{EA olssHA g §, SMART VIDEO
TRACKING software (ver. 3.0.05, Panlab, Spain)2 35 &
gatgick. mapix] YAs] MY ek ZrE o] oAl AR
Sl4&(number of arm entries)g 715t 22 Al 719 74
of ABC, CAB, BCA9] &0 2 7 314 (alternation
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A HES AN AEAR W3 3)FE(spontaneous
alternation, %) C}2 Aoz A&sioict.?
Spontaneous alternation(%) =

Alternation number <100

Max. alternation number
(Max. alternation number = total number of arm entries-2)

380 5L F MBS 542 olgl A5 U 719l b
2 T J9doz 1} shuttle box(Panlab,
Spain)g AMESI, W2 X2 25(7F2)X25(M2)X24(%°]) cm,
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5) Al2o] A2let A

8% 3.0 12Xt BAl A|A diethyl ether2 uOF]sto] AR
st Ao 3087 ¥k 5 YA1ER2](3,000 rpm, 4 °C, 10
wstel @4 22 %, ¥ A¥ U AChE BN BA0] 2R
o A¥ F ANgRE BRYEslgon, Uu: 4 %
paraformaldehyde2 3087 #&H-1A & &= AE35t0 20 %
phosphate buffered sucroseo] ®#stQict. FZAME7|(Leica,
Jung CM3000, Germany)Z 35um 7] ™A} AHZS AR5t
12-wello] ¥ysly AFQHoHoa wodxxstst JMstAct.
ox WxAe PBSZ AR % ajukg Eal-AFgstel 70 Col B
o5t western blotof] AN&-519ict.
6) Aars 4

(1) 2 24

A9 glucose,

HDL-cholesterol, AST+= o}XtA|2K(Korea)?] enzymatic kitZ &
A5t1, microplate reader(Molecular Devices, VERSAmax,
USA)Z F73st

(2) €% AChE &4

AChE &£%2 colorimetric assay kit(K764-100, Biovision,
USA)Z EAstct. BESH U A8E wello] £33 & assay
buffer2 3 50pL2 XA 3, reaction mixture(50 pL)S A
7¥sto] 37 “ColA 3027t BHEAIZ1 § 570 nmofN FF= FAst
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triglyceride, total cholesterol,
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VECTASTAIN® ABC kit(Vector Lab., USA)Z WA ZXAIsIstA
A AlA|5tgct. =24 AWML (0.1 M phosphate buffer2 A|A35}H
I MeOH(0.3 % H,0.)2 108 YrSA|A U4 1stg 4 A
Asta 0.1 M PBR 58, 33] A|AlSt1, normal goat serum© 2
3027t vIEold AYZ ArDstgich. 1A FA(rabbit anti B
-amyloid, 1:400; rabbit anti Tau, 1:200; mouse anti CD68,
1:30; Abcam, USA)Z X285t 4 °C, 24A]7t ¥ESA]AH PB=Z 33]
N % Hsu®So] wrloz 2z §A9l biotinylated anti-rabbit
(or mouse) IgG(1:200, Vector lab. Inc., USA)S AL, 3087t
Hr2 A7 0.1 M PBZ 584, 33] A& § VECTASTAIN® ABC
reagent (1:50, Vector lab. Inc., USA)E 308 YI2A|7l & 0.1
M PBZ 58, 33] A& & DAB ZAA|(H202 : final 0.005 %)=
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Z¥7ro] sfjutR2A 20 mgE A|-2(Entris224i-1S, Sartorius,
Germany)2 AZst H, RIPA buffer(N653, AMRESCO, USA)9}t
protease inhibitor cocktail(87785, Thermo Scientific, USA)&
£330 homogenizer2 #A3MSIACE 3087 43 ¢ WA &
4 °C, 15,000 rpm, 10837 ¥AE2)5l0 A= Bradforddo
2 ould Aekstoct, TlA 40 ugS 10 % acrylamide gelo]]
295}o] SDS-PAGEZ &2 &, PVDF membrane (0.2 pm)of| 1
AlZH4 °C) tranferdti, 5 % skim mikzZ 1A]7F AL20)4
blockingsl¥tt. 1X} &A| rabbit anti B-amyloid (1:3000,
Abcam Inc.), rabbit anti Tau (1:3000, Abcam Inc.), mouse
anti B-actin(C4) (1:1000, Santa Cruz Biotechnology Inc.)&
3% BSA9] 3]435to] 4 °C, overnight &, TBS-T(0.05 % Tween
20)2 43] AAgt § HRP-conjugated 2X} gA|(anti-mouse ®
L+ anti-rabbit, 1:3000, Bio-Rad Lab Inc., USA)S 3% BSA9]
8]x5te] 1X]7F ¥R2A|ZCH A& & ECL Wogz Wwicg A&siy

oJAF o]u]x| A A|AElo 2 aho]-B A5 aTH?,

3. AR
At YF+BFEUA (MeantSD)2, FAEZHL SPSS
version 22.0(SPSS Inc.)& AFgstgct AdFE  Rpol:=

one-way ANOVAES A 83t & Duncan's multiple range testZ
A% AL, 5 Wats

A3 A TH(p<0.05).
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Wit gigloi(Fig. 1), dizdEoh= A9 5 433471 37t
g oz maE.
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Aol sARez Fouldt Wate Qe s
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3) APEA W7 BEE(%) vl A

AY £ gxzoAts Fo ARG 85 & APEA ¥R P

O HFig. 2), 9EA>=
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Fig. 1. The Effects of Ginseng Radix and Rehmanniae Radix Extracts
on APPswe/PSEN1dE9 Mice in the Total Arm Entries for Y-maze Test.
C, Control Group; G, Ginseng Group; R, Rehmanniae Group; GR, Ginseng
& Rehmanniae Group. * : Mean significantly different between all the
experimental groups at p<0.05 by Wilcoxon's signed-ranks test.
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Fig. 2. The Effects of Ginseng Radix and Rehmanniae Radix Extracts
on APPswe/PSEN1TdE9 Mice in the Alternation Number for Y-maze
Test. C, Control Group; G, Ginseng Group; R, Rehmanniae Group; GR,
Ginseng & Rehmanniae Group. * : Mean significantly different between all
the experimental groups at p<0.05 by Wilcoxon's signed-ranks test.
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Fig. 3. The Effects of Ginseng Radix and Rehmanniae Radix Extracts
on APPswe/PSEN1dE9 Mice in the Spontaneous Alternation(%) for
Y-maze Test. C, Control Group; G, Ginseng Group; R, Rehmanniae Group;
GR, Ginseng & Rehmanniae Group. * : Mean significantly different between
all the experimental groups at p<0.05 by Wilcoxon's signed-ranks test.
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1) X|AA]ZHlatency) vl

dzast 2 AN 2z g & XA 0] FAEA
ou|, 459 850 G, R¥, GR¥ A|HAIZto] tjxo] H]5}o]
SARCR {olulst 5715 0](p<0.05) &&at 719530 FAt
g Zloz modEd. £of Ay vlust Ay, g=7, RE% GRE
2 470 R AA|to] FolulsHA F71etY oL (p<0.05), 8F& &
ojujgt xlo]lE Ho|X] ofgirt. VHH, GE2 45M9t 85A BEo
A AARZ]l foujsiAl F71s}e](p<0.05), A|&FQ QXI5
A&z yepd 2oz WAECH(Fig. 4).
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Fig. 4. The effects of G/nseng Radix and Rehmanniae Radix extracts
on APPswe/PSENTdE9 mice in the latency(s) for passive avoidance
test. C, Control Group; G, Ginseng Group; R, Rehmanniae Group; GR,
Ginseng & Rehmanniae Group. Different superscript letter(a,b) mean
significantly different between all the experimental groups at p<0.05 by
Duncan's multiple range test. * : Mean significantly different between all
the experimental groups at p<0.05 by Wilcoxon's signed-ranks test.
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) 85 42
Y F2 & ¥Y 4E 2A AT: Table 1] Yehpgct

dZ glucose 5= GR#0] 133.38+1.00 mg/dt2 71 =1
gx2ZoA 77.79+1.21 mg/de2 71} JIokct. triglyceride: Cf
Zo] H|s] GRgo] 151.77+1.84 mg/db=2 7} 9ttt total
cholesterol2 R4to] 103.05+1.23 mg/dt2 7MF =11, GZ0]
92.46+0.47 mg/d2 71 Yokon], HDL- cholesterol2 GR#
o] 67.41+0.79 mg/d02 7F} =1, GZo] 60.06+0.39 mg/dez
71 wokth ASTE: G#oA] 16.05+0.18 mg/d02 7} =11,
GR+o] 15.59+0.08 mg/d02 7} Fofct.

Table 1. Blood Analysis Measurement Results

(Mean%SD)
glucose triglyceride total cholesterol HDL cholesterol AST
(mg/de) (mg/de) (mg/de) (mg/de) (IU/ml)

C  77.79+121° 19496+6.04° 92.92+347° 61.19+035°  15.67+0.16®
G 84.18+045° 17905+324° 92.46+047 60.06+0.39°  16.05+0.18°
R 86.34+036° 179704191 103.054¢1.23°  66.25+0.23° 1581+0.24°
GR 133.38+1.00¢ 151.77+1.84% 102.66+1.10°  6741+079% 1559+0.08°

C, Control Group; G, Ginseng Group; R, Rehmanniae Group; GR, Ginseng &
Rehmanniae Group. Values are expressed mean + SD. Different superscript
letter(a,b,c,d) mean significantly different between all the experimental groups at
p<0.05 by Duncan's multiple range test.

2) AChE &7

¥¥ 32 ¥ ¥ ) AChEY Wk AZAZ Buyg

xvﬂ

7193} 8t&o] WAL acetylcholine2 &Hls}7] 93t uhyolct.
dZ  acetylcholinesterasex= tfx+0] 231.50+9.47 mU/mLZ
7V =9%m  GZ, RZ  GRZE  Z7  140.90+11.83,
130.13+13.99, 137.34+30.36 mU/mL2ZA EARo=z §olu]st
A Z4ast 7&(p<0.05) acetylcholineo] Z7tE]o] 7|3} sh&s
o] gojujal MY o2 WLEICkFig. 5).
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Fig. 5. Concentration acetylcholinesterase activity in serum for
APPswe/PSENTdE9 mice. C, Control Group; G, Ginseng Group; R,
Rehmanniae Group; GR, Ginseng & Rehmanniae Group. Values are
expressed mean + SD. Different superscript letter(a,b) mean significantly
different between all the experimental groups at p<0.05 by Duncan's
multiple range test.

4. W xAlo] Yol xajstery oAl A}
NECECER SR
(1) anti B-amyloid

3late] B-amyloido] AIZAAZ U ¥stS &Holst
7 918 AdzAslerd Qe UAlskiCHFig. 6). AL D
oA & Fd(+++)&, CAlZt PoDGOA 55 FA(++)S eI
G#2 CAL, PoDG, DGoJA HxRez Fe FP(+)E U
oh. Re2 CALOJATE 35 Fd(++)2 YL UHA] B= 3
d(-)olgltt. GR#& CAl, DGOJN & ¥/(++), PoDG X +=
+4(-)2 YEHHcHTable 2).

Fig. 6. Photomicrograph on expression of B-Amyloid positive cells in
the  hippocampus  of  APPswe/PSENTdE9  mice  (B-amyloid
immunohistochemistry, x50), Bar size-300um. C, Control Group; G,
Ginseng Group; R, Rehmanniae Group; GR, Ginseng & Rehmanniae Group.
CA1 : Cornu Ammonis Area 1, D3V : Dorsal 3rd Ventricle DG : Dentate
Gyrus, PoDG : Polymorphic layer of the Dentate Gyrus

Y 32 %
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Table 2. The Change of B-amyloid Immunoreactive Neurons in
Hippocampus of APPswe/PSEN1dE9 Mice

C G R GR

CA1 ++ + ++ ++
PoDG ++ + - -
DG 4+ + - ++
Total 7 3 2 4

+++ 1 strong positive, ++ : moderate positive, + : weak positive, - : negative
CA1 : Cornu Ammonis Area 1, D3V : Dorsal 3rd Ventricle DG : Dentate Gyrus,
PoDG : Polymorphic layer of the Dentate Gyrus Total : Total number of '+
(2) anti Tau-protein

Ad £ S fufolA] Tau-protein®] AFNE U H3}E
g}QIat7] 18] Tau-protein &A|S A}&sto] WAz st @AY
2 UABCHFig. 7). BT CA2% CA3OIA 728 G(+++)
2. CAIAE A= PY(). DEANE S4() BEL 62
CA39A 35 ¥/d(++)&, CAl CA2004 ZH= F(+), DGOIA
+ 24 YErTh RE2 CAlL, CA2, CA30JA 2% A& %
B(+)2, DCAME S43(-)2 BEHH. GREZ CALAMT H= &

d(+)o] HAE|Qon], CA2, CA3, DGIA = ZF 374(-)2 UE
WcK(Table 3).

Fig. 7. Photomicrograph on expression of Tau-protein positive cells
in  the hippocampus ~ of  APPswe/PSENTdE9 mice(Tau
immunohistochemistry, x50), Bar size-300pm. C, Control Group; G,
Ginseng Group; R, Rehmanniae Group; GR, Ginseng & Rehmanniae Group.
CA1 : Cornu Ammonis Area 1, CA2 : Cornu Ammonis Area 2 CA3 : Cornu
Ammonis Area 3, DG : Dentate Gyrus

Table 3. The Change of Tau-protein Immunoreactive Neurons in
Hippocampus of APPswe/PSEN1dE9 Mice

C G R GR

CA1 + + + +

CA2 4 + + -

CA3 4 ++ + -

DG - - - -

Total 7 4 3 1
+++ @ strong positive, ++ : moderate positive, + : weak positive, - : negative

CA1 : Cornu Ammonis Area 1, CA2 : Cornu Ammonis Area 2, CA3 : Cornu
Ammonis Area 3, DG : Dentate Gyrus Total : Total number of '+

(3) anti CD68
Ag 52 % ofulolA CD68 UIHOFZAE st BAIRLe]
WekE Selshs] Slo CD68 YRS ol 8 AARNIA YA

Al3YstAcHFig. 8). thix=2 CAl, PoDG, DGOJA] 7Fgt F/d(+++)

= CAME= = FE(+)ZE B G2 DGoM 55 ¥4
(++), CAL CA3, PoDGOIM = 2% F= F4(+)2 UEAS. R
¥& CAl, CA3, PoDG, DGOIH 2% A= FY(+)2 HPon,
GRF2 CAl, PoDG, DGOIA 35
3(+)& UEFHTHTable 4).

FE(++). CA3NE e &

Fig. 8. Photomicrograph on expression of CD68-positive cells in the
hippocampus of APPswe/PSENT1dE9 mice(CD68
immunohistochemistry, x50), Bar size-300um. C, Control Group; G,
Ginseng Group; R, Rehmanniae Group; GR, Ginseng & Rehmanniae Group.
CA1 : Cornu Ammonis Area 1, CA3 : Cornu Ammonis Area 3 DG : Dentate
Gyrus, PoDG : Polymorphic layer of the Dentate Gyrus D3V : Dorsal 3rd
Ventricle

Table 4. The Change of CD68 Immunoreactive Neurons in
Hippocampus of APPswe/PSENTdE9 Mice

C G R GR

CA1 +++ + + ++

CA3 + + + +

PoDG +++ + + ++

DG 4 ++ + ++

Total 10 5 4 7
+++ © strong positive, ++ : moderate positive, + : weak positive, - : negative

CA1 : Cornu Ammonis Area 1, CA2 : Cornu Ammonis Area 2, DG : Dentate
Gyrus, PoDG : Polymorphic layer of the Dentate Gyrus Total : Total number of
b

2) Western blot
(1) anti B-amyloid
A 32 Z ofiuolA B-amyloid TRA TAFS st
9J5ll western blotg Al3Y5tcHFig. 9). iz 1.68+0.
7P B2 LS Hgon, G 1.02+0.092 7 Wttt R
it GRZZ 1.11+0.10, 1.10£0.158 Uepjon, 2E APF
A p-amyloid T wdlo] iz ofu] EAHCZ gojush
A 519 tH(p<0.05).
(2) anti Tau-protein
AE Z8 % dofoA Tau-proteing ERIst7] 93]
Alg§stchFig. 10). &2 1.27+0.052 7H%+
e WIZ o0 G#, R#, GR¥# £22 1.06+0.07,
0.86+0.08, 0.71+0.16&  YEo nE AALE 0“1“]
Tau-protein2 Jx 1} v|wslo] EARACR GoJu|stA ZH4ast
HHp<0.05).
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Fig. 9. Western blot analysis expression on B-amyloid-positive cells in
the hippocampus of APPswe/PSENT1dE9 mice. C, Control Group; G,
Ginseng Group; R, Rehmanniae Group; GR, Ginseng & Rehmanniae Group.
Different superscript letter(a,b) mean significantly different between all

the experimental groups at p<0.05 by Duncan's multiple range test.
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Fig. 10. Western blot analysis expression on Tau-protein-positive cells
in the hippocampus of APPswe/PSEN1dE9 mice. C, Control Group; G,
Ginseng Group; R, Rehmanniae Group; GR, Ginseng & Rehmanniae Group.
Different superscript letter(a,b) mean significantly different between all

the experimental groups at p<0.05 by Duncan's multiple range test.
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