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Objectives  Although ginseng has been reported to protect neuronal cells and improve various cognitive functions, relationship
between ginseng supplementation and response inhibition, one of the important cognitive domains has not been explored. In addi-
tion, effects of ginseng on in vivo human brain have not been investigated using the diffusion tensor imaging (DTI). The purpose of
the current study is to investigate changes in intrusion errors and white matter microstructure after Korean Red Ginseng supplemen-
tation using standardized neuropsychological tests and DTI.

Methods  Fifty-one healthy participants were randomly allocated to the Korean Red Ginseng (n = 26) or placebo (n = 25) groups
for 8 weeks. The California Verbal Learning Test was used to assess the number of intrusion errors. Intelligence quotient (IQ) was
measured with the Korean Wechsler Adult Intelligence Scale. Depressive and anxiety symptoms were evaluated using Hamilton De-
pression Rating Scale, Hamilton Anxiety Rating Scale, and Hopkins Symptom Checklist-25. The fractional anisotropy (FA) was mea-
sured from the brain DTI data.

Results  After the 8-week intervention, Korean Red Ginseng supplementation significantly reduced intrusion errors after adjusting
age, sex, IQ, and baseline score of the intrusion errors (p for interaction = 0.005). Change in FA values in the left anterior corona radia-
ta was greater in the Korean Red Ginseng group compared to the placebo group (t = 4.29, p = 0.04).

Conclusions Korean Red Ginseng supplementation may be efficacious for improving response inhibition and white matter micro-
structure integrity in the prefrontal cortex.
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ZAAHCalifornia Verbal Learning Test, ©]3} CVLT)<} &

Bl A (diffusion tensor imaging, ©]3} DTDS ©|-&3}
of, 87t FA9] ole WA kiR Al AAlsHTh =
Atoll A 7HEE 871] are B4t B8 5, fioftoll Blst
o SAS B85 Lol Al CVLT HAF Al 5 Wk ¢
S vhdst= 2] 2 F(intrusion erron7} 425
2015 Aolgkar AA3IAL] ESF DTI EAo A= AAFY
FeolA WA mAt2d FA4E YeEl = fractional
anisotropy(©|5} FA) #£9] S7Fo] a2 SatatollA] folst
Al 2 Aoz 753l
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of Structured Clinical Interview for Diagnostic and Statis-
tical Manual of Mental Disorders—4th edition®.2 &2l%]=
1= AAIRZ o] 2ekE 749 3) Personality Disorder Ques-
tionnaire-IV= ZRlE= VAR QAR |2 ARlA 75
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DTI %A FMRIB Software Library(FSL v5.0.2.1, Ox-
ford, UK)E ©]-&3}to] A5kt FSL diffusion tool(©]5}F
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Blpiie

= AR Abole] FA kel WslkE Whgsh= FA difference
mape ZF oAk M ' 85:AF FAS} 7144 FAQ Afol& A
Aksto] RAsEGIEt o] = - Akol€] difference mapoll 2
o7} 91=x] v|wskgict o] wf multiple comparison cor-
rection FSLAJA Al&3l+= Randomise 2132 o]-&
slo] 435}t (cluster—forming threshold t = 1.5, clus-
ter-wise significance level p < 0.05, 5000 permutations).

A2 folxe] AL alpha level 0.05 2 FSHHL
2 AoJs}e o, STATA version 12.1(StataCorp., College
Station, TX, USA)o| i&4of] AHE-=| i)

2 ¥

A7k D YA 54

% 5199] Aot me] B4k 26, Slob 250 R ¥

Table 1. Demographic and clinical characteristics of the study
participants

Group
Characteristics Korean Red Placebo p*
Ginseng (n = 26) (n=25)

Age (year) 38.0 + 15.1 40.1 £13.9  0.60
Sex (male) 7 (26.9%) 5 (20.0%) 0.74
Intelligence quotient 1154 £ 128 115.6 £ 138  0.95
HSCL depression

Baseline 1.4+04 1.3+04 0.25

Week | 1.3 +04" 1.2+03" 007

Week 4 1.3 03" 1.2+02° 013

Week 8 12 +03' 12+02° 041
HSCL anxiety

Baseline 1.3+03 1.2 +03 0.27

Week 1 1.3 +04' 1.1 +02" 012

Week 4 1.3+ 03" 1.2+02° 025

Week 8 1.1 0.2/ 1.1 +£028 067
HDRS

Baseline 29 +22 18+ 1.9 0.06

Week | 1.8+ 20" 12+1.0° 026

Week 4 25+ 22" 1.4+ 16 007

Week 8 23+ 1.9/ 1.5+ 1.4 0.4
HARS

Baseline 24+ 1.7 22+19 0.72

Week | 20+ 19" 13+12" 018

Week 4 21 +1.7" 1.7 198 045

Week 8 24+ 1.6 1.1 +£09 001

% 1 Student t-test was used for the comparison of continuous
variables and Fisher’s exact test for the comparison of cate-
gorical variables, T :n=24, ¥ :n=23,§:n=21, [ :n=20.
HDRS : Hamilton Depression Rating Scale, HARS : Hamilton Anx-
iety Rating Scale, HSCL : Hopkins Symptom Checklist-25
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=it vol= "734 4ol 380 £ 15.
+ 1BOMIZ T & 7t Folust zfo

+ Achp = 0.60). 4
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+ 1382 UER} g3t ZFol7l Iithp = 0.95). 7]A Ao
A HSCLE 243t 92 AvL 18] TAkLol|A 14 + 04

A, flektellA 1.3 £ 047001303l = 0.25), =9 o= 2L
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18 FARES z F47t 7IAA A 013014 854 -0.38
2 HSSIAIL(p = 0.048), YoFutS z H7t 7|A Aol A
-0.20014] 043202 WzlalATHp = 0.048). AFS AXE 2
4} A7} §3+37] Cohen's d7} 0.66Q i, G243 0.05014]
AR 0.6601t}. EZF 0.809] FAA HEHS 2P|
ko] Bash 7+ o] Zoja; 4= 367o| it 7|1} =

¢

r

o

i
=
85 Abolol A 2 2 7 A4 Wske] ABALE RS
2, 5] ajg Ameh W AHe] AEAga

fr 4
>
(o} r9|l_5

p ZF 0.0058 Yepytth

e Skt fokte] HQ o A wisto A AR
Hi7g el WHE A O] s akggol tiste] Yigte B4
< AAISE AY}= Table 29 2t} w8 A% 7144 CVLT
Aol A Auh-e-2] A, 71404 HSCLE S743%E &
2 Bol A 7|2 AoA] HDRSZ 43 &8 A=, 7]4]

------ Korean Red Ginseng group
Placebo group
p for interaction = 0.005

0.2
0.13 4

0.04

zscore

—-0.2 4

-0.38 4
~0.41

-0.6

Baseline 8 week

Fig. 1. Changes in intrusion errors over a 8-week study period.
Age, sex, intelligence quotient and intrusion error scores at the
baseline assessment were covaried out.

Table 2. Results from sensitivity analyses

Group by time

Additional covariates interaction term

t P

Fixed covariate

Years of education —2.81 0.005
Varying covariates

Baseline CVLT correct response —-2.92 0.004

Baseline HSCL depression score -2.90 0.004

Baseline HSCL anxiety score -2.83 0.005

Baseline HDRS score —2.92 0.003

Baseline HARS score -2.55 0.01

CVLT : Cdalifornia Verbal Learning Test, HSCL : Hopkins Symp-
tfom Checklist-25, HDRS : Hamilton Depression Rating Scale,
HARS : Hamilton Anxiety Rating Scale

*defA HARSE éx f& et Heg FHgo 2 mghlol
7} 73] thste] & 4
ol fofsient

S|
o A= fleFto] vls}od] _’34 A2 12 anterior corona
radiata oAl FA 7kl Z715Fo] $-2)81A Fith(peak MNI
coordinates : =24, 31, 10 ; cluster size = 946, t = 4.29, p =

0.04)(Fig. 2).
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Fig. 2. Results from tract-based spatial statistics analysis. Regions of increased fractional anisotropy values in Korean Red Ginseng
group are indicated as red dots [peak Montreal Neurological Institute (MNI) coordinates : -24, 31, 10 ; cluster size = 946, t = 4.29, p =

0.04].
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