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ABSTRACT

Background: Ginseng produced by hydroponics can be cultivated without using agricultural chemicals; thus, it can be used as a raw
materials for functional foods, medicines, and cosmetics. This study aimed to determine the optimal harvesting time to obtain the
highest levels of ginsenoside and ginseng, as this was not previously unknown.

Methods and Results: One-year-old organic ginseng seedlings were transplanted and cultivated using hydroponics for 150 days in
a venlo-type greenhouse, using ginseng nursery bed soil and a nutrient solution (NO; -N; 6.165, P; 3.525, K; 5.625, Ca; 4.365, Mg;
5.085, S; 5.31 mEqg/0). Ginsenoside content and fresh and dry weights were higher at 120 days after transplanting than at 30, 60, 90,
and 150 days. Total ginsenoside content was 11.86 times higher in the leaf and stem than in the root at 120 days after transplanting.
Ginsenosides F1, F2, F3, and F5 were detected in ginseng leaves and stems. These chemical compounds are known to be effective in
altering skin properties, including whitening, anti-inflammation, and anti-aging.

Conclusions: Optimal harvesting time for ginseng cultivated using hydroponics was 120 days after transplanting when the biomass
and ginsenoside content were highest.
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Table 1. Growth average of 100 ginseng seedlings used for the

experiment.
Root Root Latent bud Root weight
length  diameter (mm) (g/plant)
(cm) (mm) length width Fresh ~ Dry

13.61x0.32* 5.62x0.28 2.55x0.16 2.83+0.24 1.10+0.08 0.15

*Values are presented as means + SE (n = 100).
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7ol ZE|RE AP =] slFEo] WX 2m Fo|7t &
EE AxEla 2 @ W= F A, A4 (Panax ginseng
C. A. Meyer) §58& &A% (Shinsung Mineral Co.,
Ltd., Seongnam, Korea)S 20cm Zo]2 x| ¥ H=nlt}
10cm 7HA o8 Evbgo] HojA= A EAE 15em 7ML

= wjdsitt.
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BARS 20143 39 39 AREl] 7€ 31971K] 150 L7F
AefsiRon, g Al Bike] AJEl= Table 13} 24T
NO;™-N; 6.165, P; 3.525, K; 5.625, Ca; 4365, Mg;

5085 2 S; 531 mEq/ ¢ 9] §=2 4E A4 §85E g
A (IPET, 2000)< A5 %Fd 3374 (HP-6000, Agronics
Inc., Albuquerque, NM, USA)S o]&3lo] A A87|7F %"J
GHe] pHE= 5.8, EC (electrical conductivity)= 44

7M1= 0.5dS/m, 2 5 150 Y7HAE= 0.7 dS/m=z &4 o}oq
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FOE A4S, Imm 7HA9] FeplE A5 o] &3t =%
5, A% (RE 260, CAS, Seoul, Koreayg— ol&-sto] YA
3 AESS, 984 (Delta-T Devices Ltd., Cambridge,
England)E ©]&-3t 9AAS 27 AR

o1aF AUl w9} UALERS T A}ER] ) (Kipp
and Zonen Inc., Delft, Netherlands)E 4 AEA|2] 244
o Y3 Fold dX|et] SFAsI o, 4 Ae] B
EX o= SAS (Enterprise Guide 7.1, SAS Institute Inc.,
Cary, NC, USA) Z278)5 o] &3]t}
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Ginsenoside®] #41& 93+ ¥FZ Rbl, Rb2, Rb3, Re,
Rd, Re, Rf, Rgl, Rg2, Rhl, FI, F2, F3 % F5&

ChromaDexA} (Irvine, CA, USA)2] A<, HPLCY] ©|&7
& uiQl MeOH¥ acetonitrile HPLCH &7 (J. T Baker
Chemical Co., Phillipsburg, NJ, USAYE z}7z+ Al&-35}3it).
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2 (Panax ginseng C. A. Meyer)2] A5 (Table 2)
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St 71 source-sink theoryZ AW 4 St} (Lemoine et
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Table 2. Growth of ginseng seedlings in hydroponics culture according to the days after transplanting.

Fresh weight Dry weight Dry matter
Daysafier  [ant  No. . Leaf (g/plant) (g/plant %)

transplanting "8t of - area Whole T Whole T Whol
(cm) leaflets (ci/plant) ~ 'OP Root ole op Root ole op Root ole

part plant part pant part plant
30 22.100° 2.300° 74.200¢ 1.150Y 0.660° 1.810° 0.125¢ 0.098d 0.223° 10.900° 14.800° 12.900"*

60 24.500* 2.400° 86.900° 1.380° 1.690° 3.070¢ 0.142° 0.260° 0.402° 12.400* 15.400° 13.900°
90 24.700* 2.300° 93.000° 1.510° 2.420® 3.930° 0.162" 0.375* 0.537* 10.800° 15.500° 13.700°
120 24.900* 2.300° 101.300* 1.740° 2.510° 4.250* 0.182* 0.383" 0.565* 10.500° 15.300* 13.300"
150 24.000° 0.900° 71.300d 1.500° 2.530* 4.030° 0.160° 0.392*° 0.552° 10.700° 15.500° 13.100°

*Mean with difference letters are significantly at p < 0.05 by Duncan’s Multiple Range Test (DMRT).

466



<2l Al OJA]

35
&
E —g— Temperature
z
= =€~ Lightintensity /‘
W 33 /
[}
o
£
-
=
o
= L= mal
c - SSeas
(S _- = -=0
g
i o
o
5
= 29 T T T T
30 60 a0 120 150

Days after transplanting

1. Change of air temperature and light intensity
according to the (§rowing days after transplanting
of one-year-old ginseng seedlings in a

greenhouse.
OTop MWRoot Rg2
a
b
c c g
Wi
-
2 a
p @b
CREEE
Rb1

o
a
. N I
a C
e, <Hc N |
Rb3

OTop
mRoot

Fig.

aTop Rgl

mRoot

NN

OTop

IU
I=
°

2 - mRoot

b
c C
0.5
0
aop Rh1

0.016

0.012

a
o b
0.004 a a a
0
Rb2

12
OTop

Ginsenoside content (%/DW)

mRoot

09 a

=

b

AN
L

120 150

0.6

031 ¢

OTop

1
b
o

Harvest dates after transplantation

e L Sl iy
JH S Ym b [T1b b
30 60 90 30 60 90

Ginsenoside content of top part and root of ginseng
seedlings in hydroponics culture according to the days
after transplanting. Vertical bars indicated = standard
errors (n = 3). Different lower-case letter above each bar
indicated that the means were significantly different
according to the Duncan’s Multiple Range Test (DMRT)
at p < 0.05.

2017).
el A9 90-150 4 Atololl= AT
4

Fel 57}
7} s ol Roigont Age] AT AT

AE
=52 120

e

467

OAlO
P

SERUS

oo

ol% 150 L7kA] Thas
A3 ABFo] 1

-

FAck 120 & o]

5|
KR
=

fm S D

PAD S
gk A

7] wEolt} (Table 2).
Yol 150 A7 FFHo =z [FAHA|
& L2 21-25C HYo)a, 30T o]

2w
=

2P AL A4t
’go] =
t] (Jeong, 2007), ¥ Adolrs L4190
A4 5 30 9FE 31.7CE doldl,

-150 & Aloldl= 32.7-332TC W99 224 =23 A
2oz ZAer} (Fig. 1).

rl

8 il 2 Lo

o
g

5

o

N,

O%
roro
¢
it
rlo

q
)

flo o &
b

tlo tlo o

N
2 Jo do L A

)
o
U

3
o
N
il
o
%
=)

o

K
o

S
HE

[}

HT o
2
o
i
rr
o

uZHU

v
i
i
rlo
>

14

o ofy
©
il

oL o
g
a4

n
8 & 2o
[e]
o
R
il
i

b2o)y Agto] A1E
AR, 21ire] A
a7le ol B A8e
Bl 2m Eolel glojd AEnT} 7o) o &

;
2 g
il',
ox
>

O

2

n

e

N

r

o

Jo

)

2 o

fr

N
rO
i

32 |1 o

£

2] 2o vl a2l Qlake] AR 717He A%
AN S-S FASHEH 2FEC] 85% AR
A gEBxiA]e] oo, 24 YRl AFFE 50%<]
2gere 24zt A=)k S &4 2Eg

Jo

E

el

}_

ol
ox

J
¢

p
-

=4

Ex
[e]

o
-

U] o= L H
olof & Zle|t}, z2elil F7IE W
|3t 7hsshd 24 W 7S
(Woo et al., 1994). ¥ut
0.5 mZ W79 =
(RDA, 2013) o]&]gh 1+

#al}.

1=}
it o R

o

e Y
¥

N

2.
ginsenoside
1A BARS A2jste] 150 U7 7300 g <1ate] Hreet
Aol e ginsenoside®] AAIA Wsh= Fig. 29} 7T}
#z]o] 718 ginsenoside TS AT HW ginsenoside Rgl,
Rg2, Re, Rf, Rbl, Rb2, Rb3 % Rc (°]3} “ginsenoside]

1144

¥7)= A=Fsla 71 ginsenoside®] AN ¥7])e] sk
30-60 & Atolo] Thi 7ASATIE 2 & uAsHAl Z718h

o 120 Yol 27} Hujx|o| =253t Rh12] 2 30 ¢
o1F 150 A7 0.003% T2 A5, Rde T
30 A o]F 53] FUIsled 150 ol 30 Le] 4.9 =il
0.336%% YERNSITE.

AP &A= /NE ginsenoside % Rgl, Rg2, Rhl,
Rbl, Rb2, Rb3, Rc, Rd 5 8 £ TFHS 30-60 L7HA|



gois| - olcHy - Fel - 7 &

S7kste] 120 Loll Hhixol] =2-sl3iTt.
9] ginsenoside g TRl wEl 2k
o7} JUAIRF B nlste] ZFYPolA 3.6-20.7 vt Bk
v RfPF Rb19] S AR Bajola 29 v 9 1.8
A o gokor, - Adox #Ae 10 £l ginsenoside
Z Rgl3 Re, 2 Fo| 2HAEH= H1&-2 60.4%= w$- =3ht).
Balo] ZA)ske thHE2] ginsenoside $Eo]l 60 U7HA|
aek AL ginsenosideE TSI U Fol AHL] Al
83k FEoR AREHAN, HA] B9 90 G7HA A
AL 60 A o]F Al et WAste] S Sekal 3
’d AHEo] S AAE7E st 2 ool A4
ol #eje] A= AREEO] sink size’t S718F H] 7]
H Aoz FAHEY (Julius ef al., 2017).
Aslo] e a3} AE 8 F2| ginsenoside TS B
glol vlste] Al o ¥kt &, AJAH 714 (Ghaeminia
et al, 2018)3 E#s FAste] Y-S Alsk= Rgl
(Mook-Jung et al., 2001), @3z} FPS Y= Re, Rbl,
Rb2 2 Rb3 (Yokozawa et al., 1985; Attele et al., 2002;
Wang et al, 2014), Xv|E o W3l= Rd (Zhang et dl,
2016), &85 &7} & Re (Yu et al, 2017), A=2)4 B
o &3 9§ &4 A7sE Re2 (Ha et al., 2010),
o} WS oJA)|3l= Rhl (Lee ef al., 2003) 5°] ZAlo|t}.
a8y g% (Lee er al, 20182) ¥ &A9F (Kim et al.,
2018) &7} = Rb1Z RfY] g2 ZFel vlste] dejol
o Bk

7320
Qe o

ginsenoside

3
8

=
hvi
=

= ol

©

i el H)ate]
TR E okt HF
SHgol F7lsle A2 ohrh 3 a7t
d A EdolA Auisiz fee] Hste] A9
ginsenoside ool B @Wolx 7z &l wiek 2 Alo]
7} §1tk (Choi et al., 2009).

a3 S7HAE ] A AEATE ARk sl dE e
2 go| =EHuE F7 248 o|&3l= Al Hlste
WallEel Hafi7t B el itk wEtx AR SA| ] A
& flole BN AL FA7F ofH 2R ol S5E
QA 71e] o] HashH, WallFo WA 7|ee] JidEct
A Zo] AHIZE v RS & dee itk a2
ok BIsAIA] 92 7 ginsenoside®] &3 F7HH o=
HETH, gl b =0 U= ginsenoside®] HrT}h &
2421 o] WIRtE miEE 4 Qlth 53] £ Ao E4
g 10 F°] ginsenoside & & 60% oS AAs= Rgl
7 Re®] AR EEHRF ST vy g HAEa &

LN = O . =
o]
ATt

ZAHolM 7AEE ginsenoside T Fl19| T2 60 A olF

Q4] ginsenoside -2 T
BUAA T REEA]

o) ArS
ua=

=Q

& A

d

[e)
-
PN

_1

o H

BE S718p7] AlZFsled 150 Lol 048%% 78 Etel wbA |

x| .

468

= o= = =0
HY|1E - 0125 - Y& - Hi=
4 [m]
mF2
mF3

W|FS

a
b a
c a b
a a c
b.c c ¢ B © b.b a
30 60 90 120 150

Days after transplanting

Ginsenoside content (%/DW)

Fig. 3. Ginsenoside F1, F2, F3 and F4 content of leaf and

stem of ginseng seedlings in hydroponics culture
according to the days after transplanting. Vertical
bars indicated + standard errors (n = 3). Different
lower-case letter above each bar indicated that the
means were significantly different according to the
Duncan’s Multiple Range Test (DMRT) at p < 0.05.
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indicated that the means were significantly different
according to the Duncan’s Multiple Range Test (DMRT)
at p = 0.05.

Arolgk TolE AREsle] TR Eﬂ%— Sisst 22t 9
71 e A =AE Fl, F2, F3, F5 5 4

9]
ginsenosideZ A1l 7 THEA] ¢]’9§\ttﬂ, ojJATIO B L H o

TE A Qe Ao & & 3l
< ginsenoside S He]e] 749 30 & ©o]F 90 L7k
ALST7E 120 ol 142%% S71sIRlout 4 5 30 <
o

o] 2212%H = EX ARt 739l ¥ ginsenoside T
60 4 FHE ¥ Skt 120 %loﬂL wajo] 11.86 ui

o fFsh= 16.842%= UERAATH (Fig. 4).

% ginsenoside % major ginsenoside?] Rgl, Re, Rbl,
Re, Rb2, Rd 5 6 ¢ &2 Haleh ZAYelM 88.9%¢<t
97.5%% 2}z YEMIIA, PT A9 major ginsenoside $HafF
2 7t 53.5%, A0l 37.1%S ZH7F 2AA sk el A
= Cui 5 (2013)°] gk Hl&3} HISzaRl o), oA

9] vl&2 3] wolx PTAlO] 43l= major ginsenoside?]
SH HIES A=A —‘?-or]"ﬂ et Zpol7t Jes & AUATh

2 AelA] =AM et He] PDPTE Hl&2 1342
o} 132602 & X}OW ATt Han 5 (20132 2 apAjul
sk 4dA AE A4t Bele] PDPT BlE2 Hele] #7]e
et FZAME 0.76-1.08, A< 134-159, Al 1.81-
2.19¢] 72y Rt B arskgi. o] 59 Hd PD/
PT H]&L 135602 E Agoa A 2d4 #ie] PD/
PT H|& 1.342¢F A°] U815t

71 Ak s 3 AE ZE9)
22 59 1599 1.29 (Choi et al.,
ZAFE 99 PD/PT Hl& 132634 &

o

HeE

Yol g5 PD/PT H]
2009)%, 2 A-FolA
zol7F fiSlth. 18yt

Kim 5 010y 190] alate] 4 AL =740 o
T E 04 oo FH5-¥ PD/PTO HI&-S wjx|9] EFHo| ule}

469

AHX}
[=1=]

=

0.413-0.741¢] H91E et sl #5 3 Al =4
o wel 1 vlgo] gEtS & & ANTh

B ATE Soto] AARAE, SPEE, oE T4 U8
Z 2237 93 FAAN] oo HA 3 Al71= A4
120 &= L}ﬂ-l/h:]- o] A FAAN] e FElE
w150 dell= Al de] gslol i Age] JIALR
sto] AAFE] % i%— ZY e 8 ohde}, Apl7IZke] 120 &
HT} 30 dol © Zojx7] we] Axhae] 7t gle] HE
2 o]fo] gl AR Azt aEu 150 doll el 7t
& B2 Ao Fl, Helol EAlskes Rdo o877} §A
3] Atk 150 o ez A7k sole A= s
T ot

oto 2 zul7|7k
A ex

ro 401.

o

O

_I;Lat o]
8] zdste] YA F
Fayslojo} &

=

ginsenoside?]

o]t

F71<71997FI @AM S 115100-3)]
A= ol ZA=HYT

REFERENCES

Attele AS, Zhou YP, Xie JT, Wu JA, Zhang L, Dey L, Pugh
W, Rue PA, Polonsky KS and Yuan CS. (2002). Antidiabetic
effects of Panax Ginseng berry extract and the identification of
an effective component. Diabetes. 51:1851-1858.

Choi JE, Li X, Han YH and Lee KT. (2009). Changes of
saponin contents of leaves, stems and flower-buds of Panax
ginseng C. A. Meyer by harvesting days. Korean Journal of
Medicinal Crop Science. 17:251-256.

Cui CH, Liu QM, Kim JK, Sung BH, Kim SG Kim SC and Im
WT. (2013). Identification and characterization of Mucilaginibacter
sp. stain QM49 B-glucosidase and its use in the production of the
pharmaceutically active minor ginsenosides (S)-Rh; and (S)-Rg,.
Applied and Environmental Microbiology. 79:5788-5798.

Ghaeminia M, Rajkumar R, Kor HL, Dawe GS and Tan CH.
(2018). Ginsenoside Rgl modulates medial prefrontal cortical
firing and supresses the hippocampo-medial prefrontal cortical
long-term potentiation. Jouranl of Ginseng Research. 42:298-
303.

Ha SE, Shin DH, Kim HD, Shin SM, Kim HS, Kim BH, Lee
JS and Park JK. (2010). Effects of ginsenosides Rg2 on the
ultraviolet B-induced DNA damage responses in HaCaT cells.
Naunyu-Schmiedeberg’s Archives of Pharmacology. 382:89-
101.

Han JS, Tak HS, Lee GS, Kim JS and Choi JE. (2013).
Comparison of ginsenoside content according to age and
diameter in Panax ginseng C. A. Meyer cultivated by direct
seedling. Korean Journal of Medicinal Crop Science. 21:184-190.



ol - ojch

Jeong CM. (2007). Standard ginseng cultivation method. Joongbu
Publiisher. Cheongju, Korea. p.530.

Jimémez-Pérez ZE, Singh P, Kim YJ, Mathiyalagan R, Kim
DH, Lee MH and Yang DC. (2018). Applications of Panax
ginseng leaves-mediated gold nanoparticles in cosmetics
relation to antioxidant, moisture retention, and whitening effect
on B16BL6 cells. Journal of Ginseng Research. 42:327-333.

Julius BT, Leach KA, Tran TM, Mertz RA and Braun DM.
(2017). Sugar transporters in plants: New insights and
discoveries. Plant and Cell Physiology. 58:1442-1460.

Kim GS, Hyun DY, Kim YO, Lee SE, Kwon H, Cha SW, Park
CB and Kim YB. (2010). Investigation of ginsenosides in
different parts of Panax ginseng cultured by hydroponics.
Korean Journal of Horticultural Science and Technology.
28:216-226.

Kim GS, Hyun DY, Kim YO, Lee SW, Kim YC, Lee SE, Son
YD, Lee MJ, Park CB, Park HK, Cha SW and Song KS.
(2008). Extraction and preprocessing methods for ginsenosides
analysis of Panax ginseng C. A. Meyer. Korean Journal of
Medicinal Crop Science. 16:446-454.

Kim MK, Kang H, Baek CW, Jung YH, Woo YC, Choi GJ,
Shin HY and Kim KS. (2018). Antinociceptive and anti-
inflammatory effects of ginsenoside Rf in a rat model of
incisional pain. Journal of Ginseng Research. 42:183-191.

Korea Institute of Planing and Evaluation for Technology and
Food, Agriculture, Forestry and Fisheries(IPET). (2000).
Development on the method of nutrition culture for production
of high quality ginseng seedling. Research Report of Korea
Institute of Planing and Evaluation for Technology and Food,
Agriculture, Forestry and Fisheries. p.39-72.

Lee DH, Lee DS, Jung KW, Hwang GS, Lee HL, Yamabe N,
Lee HJ, Eom DW, Kim KH and Kang KS. (2018a).
Protective effect of ginsenoside Rbl against tacrolimus-induced
apoptosis in renal proximal tubular LLC-PK1 cells. Journal of
Ginseng Research. 42:75-80.

Lee HY, Choi WY, Suh YC, Song CH, Lee CG and Im HW.
(2014). Cosmetic composition comprising of gingenoside F2 for
skin wrinkle improvement, skin whitening or anti-acne. Korea
Patent. 10,146,056,9B1.

Lee JO, Kim EJ, Kim JH, Hong YH, Kim HG, Jeong D, Kim
JW, Kim SH, Park CW, Seo DB, Son YJ, Han SY and Cho
JY. (2018b). Antimelanogenesis and skin-protective activities of
Panax ginseng calyx ethanol extract. Journal of Ginseng
Research. 42:389-399.

Lee YJ, Jin YR, Lim WC, Ji SM, Choi SH, Jang SY and Lee
SK. (2003). A ginsenoside-Rhl, a component of ginseng
saponin, activates estrogen receptor in human breast carcinoma
MCF-7 cells. Journal of Steroid Biochemistry and Molecular
Biology. 84:463-468.

Lemoine RR, Camera SL, Atanassova R, Dedaldechamp F,
Allario T, Pourtau N, Bonnemain JL, Laloi M, Coutos-

CERM) 7 T - uplE

470

. 2104

[=) oo

e

Thevenot P, Maurousset L, Faucher M, Girousses C,
Lemonnier P, Parrilla J and Durand M. (2013). Source-to-
think transport of sugar and regulation by environmental
factors. Frontiers in Plant Science. https://doi.org/10.3389/
pls.2013.00272 (cited by 2018 Sep 16).

Mook-Jung IH, Hong HS, Boo JH, Lee KH, Yun SH, Cheong
MY, Joo IS, Hur K and Jung MW. (2001). Ginsenoside Rbl
and Rgl improve spatial learning and increase hippocampal
synaptophysin levels in mice. Journal of Neuroscience
Research. 63:509-515.

Rural Development Administration(RDA). (2013). Development
of stable production technology for tomato by the improvement
of greenhouse. Rural Development Administration. Suwon,
Korea. p.7.

Tung NH, Song GY, Kim JA, Hyun JH, Kang HK and Kim
YH. (2010). Dammarane-type saponins from the flower buds of
Panax ginseng and their effects on human leukemia cells.
Bioorganic and Medicinal Chemistry Letters. 20:309-314.

Wang L, Zhang F, Cao Z, Xiao Y, Li S, Yu B and Qi J. (2017).
Ginsenoside F2 induces the release of mediators associated with
anaphylactoid reactions. Fitoterapia. 121:223-228.

Wang Y, Choi KD, Yu H, Jin F and Im WT. (2016). Production
of ginsenoside F1 using commercial enzyme cellulase KN.
Journal of Ginseng Research. 40:121-126.

Wang Y, Dong J, Liu P, Lau CW, Gao Z, Zhou D, Tang J, Ng
CF and Huang Y. (2014). Ginsenoside Rb3 attenuates oxidative
stress and preserves endothelial function in renal arteries from
hypertensive rats. British Journal of Pharmacology. 171:3171-
3181.

Woo YH, Nam YI, Song CH, Kim HJ and Kim DE. (1994).
Studies on management of effective temperature and humidity
in greenhouse at summer season. Journal of Biological
Production Facilities and Environmental Control. 3:58-65.

Yokozawa T, Kobayashi T, Oura H and Kawashima Y. (1985).
Studies on the mechanism of the hypoglycemic activity of
ginsenoside-Rb, in streptozotocin-diabetic rats. Chemical and
Pharmaceutical Bulletin. 33:869-872.

Yu JL, Dou DQ, Chen XH, Yang HZ, Guo N and Cheng GF.
(2004). Immunoenhancing activity of protopanaxatriol-type
ginsenoside-F3 in murine spleen cells. Acta Pharmacologica
Sinica. 25:1671-1676.

Yu T, Yang Y, Kwak YS, Song GG, Kim MY, Rhee MH and
Cho JY. (2017). Ginsenoside Rc from Panax ginseng exerts
anti-inflammatory activity by targeting TANK-binding kinase 1/
interferon regulatory factor-3 and p38/ATF-2. Journal of
Ginseng Research. 41:127-133.

Zhang X, Wang Y, Ma C, Yan Y, Wang X and Rausch WD.
(2016). Ginsenoside Rd and ginsenoside Re offer neuroprotection
in novel model of Parkinson’s disease. American Journal of
Neurodegenerative Disease. 5:52-61.



