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Abstract

Background: Korean red ginseng (KRG) has a nootropic effect. This study assessed the efficacy of KRG on
cognitive function and quantitative electroencephalography (EEG) in patients with Alzheimer’s disease (AD).
Methods: Fourteen patients with AD (mean age, 74.93 years; 11 women and 3 men) were recruited and treated
with KRG (4.5 g per day) for 12 weeks. Cognitive function was assessed by the Korean Mini-Mental State
Examination (K-MMSE) and the Frontal Assessment Battery (FAB). EEG performed before and after treatment
were analyzed with quantitative spectral analysis.

Results: The FAB score improved significantly after 12 weeks of treatment. In the relative power spectrum
analysis performed according to responsiveness, alpha power increased significantly in the right temporal area
of the responders. The increments of relative alpha power in the right temporal, parietal, and occipital areas
were significantly higher in the responders than the nonresponders.

Conclusions: This study indicates the efficacy of KRG on frontal lobe function in AD, related to increasing

relative alpha power.

Introduction

EXPERIMENTAL AND CLINICAL DATA have indicated the
efficacy of ginseng against Alzheimer’s disease (AD).'™
Although the exact action mechanism of ginseng is unclear,
cholinergic, anti-amyloidogenic, and neuroprotective effects
have been suggested.””’

Several studies showed positive efficacy of commercial
anti-dementia drugs on quantitative electroencephalography
(EEG) in patients with AD by decreasing slow activity and
increasing fast activity.®® Additionally, efficacies were re-
vealed in frontal, parietal, and temporal areas, which were
well known to be affected in AD.’

The aims of this study were to elucidate the effect of
Korean red ginseng (KRG) on cognition and on quantitative
EEG in AD.

Materials and Methods
Patients

Fourteen patients with AD were recruited at Seoul Med-
ical Center. Their mean age (+ standard deviation) was
74.93+7.63 years, and 78.57% were women (n=11). The
National Institute of Neurological Disorders and Stroke—
Alzheimer’s Disease and Related Disorders Association cri-

teria were used for the diagnosis of AD.'® Patients were ex-
cluded if they had a history of psychiatric disorder, seizure
disorder, or mental condition that would limit the complete-
ness of the study and if they had cognitive impairment due to
stroke, hypoxic brain injury, neoplasia, infection, and medi-
cations, such as antidepressants or psychoactive drugs.

Exercise Programs May Lower the Risk of Serious Falls
for Older Men

All the patients were treated with KRG (total powder
capsule, 6-year-old root; KT&G Corporation, Daedeok Dis-
trict, Korea) at a dose of 4.5 g per day. Ginsenosides, which
are composed of Rbl (1.96%), Rb2 (2.18%), Rc (1.47%), Rd
(0.72%), Re (1.11%), Rf (0.24%), Rgl (0.49%), Rg2
(0.13%), Rg3 (0.12%), Rh1 (0.12%), and Rh2 (0.003%), are
the active constituent of KRG and account for 8.54% of the
herb.? Standard medical treatment was maintained during the
study period. All patients provided written informed consent,
and the institutional review board of Seoul Medical Center
approved the study.

Neuropsychological tests

A supervised test technician administered the neu-
ropsychological tests before and 12 weeks after treatment.
Frontal lobe function was assessed by using the Frontal
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Assessment Battery (FAB).!" The Korean Mini-Mental
State Examination (K-MMSE) was used for global cognitive
function assessment. '

Quantitative EEG

The quantitative EEG method has been described previ-
ously in articles on EEG and medial temporal lobe atrophy.'?
This method is described again here for reader convenience.

Digital EEG recordings (SynAmps2 Neuroscan system,
Compumedics, Charlotte, NC) were obtained in the resting
condition (eyes closed) after regular sleep. The EEG was
recorded from 17 sites (F3, F4, F7, F8, Fz, T3, T4, T5, T6,
C3, C4, Cz, P3, P4, Pz, Ol, and O2) according to the in-
ternational 10-20 system. The impedance of the electrode
was kept below 5 kQ at each electrode site. All EEGs were
recorded with a sampling rate of 500 Hz/channel and filtered
by using a 0.1-40-Hz bandpass filter. The neurologist ana-
lyzed the recorded EEG data in 20 epochs of 2 seconds
without artifact or sleep waves. A digital fast Fourier
transform—based power spectrum analysis computed the
power density of EEG with range of 1-25Hz (1 ~ 4Hz,
4 ~ 8Hz, 8 ~ 12Hz, and 12 ~ 25Hz). For this study, rel-
ative power was chosen, which was expressed by the power
in an EEG component band, in proportion to other bands.

Statistical analysis

Quantitative EEG data were analyzed by using SPSS
software, version 11.5 (IBM, Chicago, IL). The required
two-tailed level of significance for all tests was set at 0.05.
Statistical analyses were performed by using the Wilcoxon
rank-sum and Mann—Whitney U test.

Results
Neuropsychological tests

The baseline characteristics and neuropsychological test
scores of the participants are presented in Table 1. Significant
improvement in the FAB score between baseline and 12 weeks
of follow-up (9.07 £3.38 vs. 10.5%3.94, respectively; p=0.01)
was evident, whereas the K-MMSE showed no significant
differences (19.93£4.80 vs. 18.79+5.75; p=0.142). No sig-
nificant adverse events were reported among the patients
throughout the study period.

To clarify the effect of KRG on the change in quantitative
EEG, the patients were classified as responders (increments
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of FAB score) and nonresponders (no changes or decre-
ments of FAB score) based on the FAB score change
(Table 1). The differences in sex, mean age, mean year of
education, baseline K-MMSE score, and baseline FAB score
between the groups were not significant (p=0.258, 1.000,
0.260, 0.606, and 0.797, respectively). The improvement of
FAB in responders was clearly significant (9.44%3.75 vs.
11.78£3.87; p=0.007). However, there was also no sig-
nificant decline of K-MMSE in either group (p=0.932 in
responders and p=0.074 in nonresponders) or in FAB
among nonresponders (p=0.317).

Quantitative EEG

Baseline quantitative EEG data did not significantly differ
between responders and nonresponders for relative delta,
theta, alpha, and beta waves at all sites. In the spectral
analysis of the responders, relative alpha power increased
significantly in the right temporal (T6) area (Table 2). In
addition, relative theta power in the left parietal (P3) area
increased and relative beta power in the right central (C4)
area decreased significantly. However, relative delta power
did not show any significant changes. In the spectral analysis
of the nonresponders, relative delta power in the right oc-
cipital (O2) and relative theta power in multiple areas (O1,
P3, C3, F3, O2, P4, C4, T4, F8, Pz, Cz, and Fz) increased
significantly (Table 2). In addition, relative alpha power in
multiple areas (C3, F3, P4, T6, C4, Pz, and Cz) decreased
significantly. However, relative beta power showed no sig-
nificant changes at follow-ups.

Comparison of the changes in relative power of two
groups showed significant differences in the right hemi-
sphere (02, P4, T6) (Table 3). There were favorable results
in responders compared with nonresponders, especially in
the right temporal area (T6, 5.58+7.64 vs —9.05£8.19;
p=0.004). However, the changes in other waves showed no
significant differences between two groups.

Discussion

This study evaluated the efficacy of KRG on cognitive
function and the related quantitative EEG changes in pa-
tients with AD. KRG improved frontal lobe function, which
was related to increasing relative alpha power.

Despite significant increment in FAB score in responders,
the relative alpha power did not increase in the frontal
areas; rather, it increased only in the temporal area (T6). A

TABLE 1. BASELINE PATIENT CHARACTERISTICS

Total Responders Nonresponders
Variable Baseline Follow-up Baseline Follow-up Baseline Follow-up
Men/women (n/n) 3/11 3/6 0/5
Age (year) 74.93+7.63 74.67+£6.38 75.4+10.36
Education (year) 6.08+4.03 7.11+£3.86 3.75+3.84
K-MMSE score 19.93+4.80 18.79£5.75 20.56+£5.50 20.33+£6.04 18.81+3.42 16+4.42
FAB score 9.07 =3.38 10.5 = 3.94% 9.44 +=3.75 11.78 * 3.87** 8.4+2.88 8.2+3.19

Values are presented as mean * standard deviation.

Values in boldface indicate that statistically significant difference exists.

*p<0.05 vs. baseline.
**¥p<0.01 vs. baseline.

K-MMSE, Korean Mini-Mental Status Examination; FAB, Frontal Assessment Battery.
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comparison of the changes in relative power with those in
nonresponders showed that these were significantly increased
in the posterior areas (temporal, parietal, and occipital areas).
Frontal quantitative EEG could be insensitive to the anti-
dementic treatment because of the limitations of the EEG in
mild to moderate AD.'* In a previous study, a spectral pattern
of frontotemporal dementia did not significantly differ from
that in controls except for a widespread increase of theta
power, which could be the vulnerable point of frontal EEG
evaluation."

KRG displays clinical efficacy on general cognitive func-
tions, including memory, in patients with AD and in healthy
persons.3’16 In animal studies, diverse ginsenosides, the active
constituents of ginseng, have nootropic effects.'” Ginseno-
sides Rg3 and Rg5/Rk1 enhanced psychomotor activity in a
mouse model of amyloid f accumulation and displayed a
neuroprotective effect involving the inhibition of the ex-
citotoxic neuronal damage by glutamate or N-methyl-D-
aspartate receptor.'® Ginsenosides M1 improve memory dis-
order in a mouse model of AD by axonal extension activity in
neuron degeneration and synaptic loss induced by amyloid
p.r Although the follow-up period was too short to provide
definite information in the current study, there were no sig-
nificant decrements in K-MMSE score. In short, KRG had a
positive effect on quantitative EEG at the temporal lobe in
responders, which could enhance the memory function. Gi-
ven that neuropsychological tests that assess frontal lobe
functions, such as go-no-go, phonemic fluency, and Stroop
test, were correlated with cortical atrophy of the tempor-
oparietal region as well as the frontal lobe, the current results
might show proper neurophysiologic responses.”” Similarly, a
poor result on a semantic fluency test was associated with
cortical atroghy of the temporoparietal lobe in addition to the
frontal lobe.?! In line with these studies, without cortical in-
volvement, subcortical pathology could cause the cognitive
dysfunction.22 If KRG affects the subcortical structures, the
change in quantitative EEG could be limited.

It has been suggested that differences in the response to
acetylcholinesterase inhibitors may be due to different func-
tional features of the central neural systems.* Before treatment,
posterior sources of delta, alpha 1, and alpha 2 frequencies were
greater in amplitude in nonresponders compared with re-
sponders.” In the present study, however, baseline relative
powers did not show significant differences in any frequency.
Because ginseng has displayed diverse antidementic effects,
factors other than an anti-acetylcholinesterase effect might af-
fect the responsiveness. Another explanation is that a variety of
outcomes could be produced according to the definition of
treatment response in AD.?* The response rate of antidementic
drug varied from 26% to 63% in the same patient group in one
study, depending on the definition of improvement used.

Limitations of the study include the small number of
patients, relatively short duration, single follow-up during
the study period, and lack of biomarkers. These could
considerably weaken the power of statistical analysis to
detect efficacy. Further studies are warranted to elucidate
the neurophysiologic effect of KRG.

Conclusions

The efficacy of KRG for frontal lobe function in AD may
be related to increasing relative alpha power.
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