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Abstract

Ginseng has a longstanding reputation as an adaptogen, antistress agent and cognitive enhancer. We conducted a system-
atic review of randomised controlled studies into the cognitive effects of ginseng in non-clinical populations. The initial
search captured 1802 records, of which fourteen articles fulfilled the inclusion criteria and were included in this review.
The majority of the studies (NV=11) examined the effects of standardized extracts of Panax ginseng (Asian ginseng), with
most (N=28) using a standardised extract. The other three used a standardised extract of Panax quinquefolius (American
ginseng). All but one study included acute assessment ranging from 1 h to 6 h post-administration. Four studies included
a ‘chronic’ assessment ranging from 8 days to 12 weeks, three of which included ‘acute-on-chronic’ evaluations. Overall,
the effects of P. ginseng tended to benefit accuracy of secondary memory (although there was evidence of a speed accuracy
trade-off for specific doses), and to some degree attentional processes. P. quinquefolius had a more positive impact on
attentional measures and working memory/executive functions. These effects are likely due to differences in ginsenoside
profiles and other components via action on numerous systems, including neurotransmitter systems and glucocorticoid and
estrogen receptors. Although there were some methodological consistencies across studies, different cognitive measures
and extracts were utilised. Notably, the studies which did not specify the ginsenoside constituents of the extract used did
not report cognitive benefits, emphasising the need for standardisation and characterisation.
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Introduction to provide energy, and to aid convalescence in the ill and
elderly (Fulder, 1990). Different species of ginseng have a
longstanding reputation for their health benefits including in
the context of neurocognitive function (Smith et al., 2014).
The ginseng family has seventeen species, with Panax gin-
seng Meyer (Asian ginseng) and Panax quinquefolius L.
(American ginseng) being the most commonly used in clini-
cal trials examining the effectiveness of ginseng as a cogni-

tive enhancer.

Ginseng refers to species of the Panax genus of the Aralia-
ceae plant family. Extracts of Ginseng have been used for
millennia in Traditional Chinese Medicine, with the role of
ginseng in published pharmacopoeia being that of a ‘tonic’
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and original thin layer chromatography characterization
(Chen et al., 2022). These are the panaxadiol group (Rbl,
Rb2,Rb3, Rc etc.), panaxatriol group (Re, Rf, Rgl, Rg2,
Rh1) and the oleanolic acid group (e.g. Ro) (Tachikawa
et al., 1999). Ginsenoside quantity and quality varies
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according to various environmental factors including time
of harvest (Lee et al., 2017). Of the most commonly studied
extracts, G115 contains an invariant 4% ginsenosides while
Cereboost™ is standardised to 11.65% ginsenosides respec-
tively (Scholey and Kennedy 2002; Scholey et al. 2010).
Ginsenosides have been reported to exert effects on the
cholinergic system, which is critically involved in attention
and memory. Isolated Rb1 stimulates choline acetyltrans-
ferase activity (Salim et al., 1997) and acetylcholine release
(Benishin et al., 1991). Ginsenosides Rgl and Rbl have
also been found to elicit marked alterations in brain sero-
tonin concentrations, which may influence mood and sleep
patterns. Other targets include nerve growth factor (Chu &
Zhang, 2009). Rb1 was capable of in vivo modulation of
long-term potentiation, a putative analogue of memory for-
mation (Abe et al., 1994). Other ginsenosides have also been
reported to affect specific cognition-relevant mechanisms.
For example, Rd influences corticosterone secretion (Hiai et
al., 1983), while ginsenosides Rd and Re may increase lev-
els of the norepinephrine, dopamine, serotonin and GABA
(Chu & Zhang, 2009; Tsang et al., 1985). In rodents ginseng
administration attenuated learning deficits associated with
ageing (Nitta et al., 1995; Wen et al., 1995; Zhao & McDan-
iel, 1998) or forebrain ischemia (Nitta et al., 1995) where
ginseng was also neuroprotective, rescuing hippocampal
neurons. In young rodents, ginseng-related improvements
may follow an inverted U dose-response. Mice administered
3, 10, 30, 100 and 300 mg/kg Panax ginseng (extract G115)
improved performance following 10 mg/kg in an inverted-
U dose-response manner. However this effect was observed
for a selection of tasks only (Petkov & Mosharrof, 1987).
Animal studies have observed cognitive benefits over a
range of doses, ranging from 10 mg/kg to 150 mg/kg body
weight (Petkov et al. 1993; Petkov and Mosharrof 1987),
with higher doses within this range also appearing to impair
aspects of cognitive function (Petkov & Mosharrof, 1987).
Like P. ginseng, P. quinquefolius (PQ), or American gin-
seng has been reported to possess a wide range of activi-
ties including effects on the central nervous system (CNS)
(Bokelmann, 2022; Smith et al., 2014; Vandenhouten Eric
et al., 2019). These effects may differ from those associated
with P, ginseng as the two species differ quantitatively in the
relative levels of ginsenosides. P. quinquefolius has a higher
Rb1: total ginsenoside ratio than P. ginseng. Additionally in
P. quinquefolius, ginsenosides Rbl, Re, and Rd are 3-, 6-,
and 5-times more abundant, respectively, than in P, ginseng.
As well as these differences in ginsenoside profiles, research
on the behavioural effects of ginseng administration can be
complicated by methodological issues. These include varia-
tions in methods of assessment in target cognitive outcomes
and cognitive assessment batteries, age of trial participants
(ranging from young adults to older cohorts), and dosage,
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ranging from 10s to hundreds of mg ginsenosides (Kennedy
& Scholey, 2003). Although it is worth noting that these
issues are not uncommon in the field of nutritional cognitive
neuroscience (Scholey, 2018).

Regarding the quality of research on ginseng in general,
using the 37-item CONSORT checklist, Chen et al. (Chen et
al., 2022) analysed the quality of 91 randomized controlled
trials (RCTs), 72 using P. ginseng and 19 using P. quinque-
folius. Their conclusion was that, although historically trials
have been of mixed quality, more recent trials are method-
ologically more robust.

We conducted a systematic review to determine if there
were consistent effects of standardised extracts of ginseng
on cognitive functioning. The review is distinct from recent
reviews by Chen et al., (2022) which was restricted to eval-
uating quality of ginseng trials across all health outcomes
(specifically to evaluate “the quality of the RCTs that have
been conducted on American ginseng and Asian ginseng”),
and a recent narrative review on biobehavioural effects of
the P. quinquefoilius species only (Bell et al., 2025). The
aim of this systematic review is to evaluate the evidence on
cognitive outcomes following either P ginseng or P quin-
quefolius administration either acutely or chronically. We
hypothesised that the different ginsenoside composition of
P. ginseng and P. quinquefolius would result in differential
effects on aspects of cognitive performance.

Methods

Searches

Medline (PubMed and Web of Science), Scopus and Psy-
cINFO were searched for randomized controlled trials until
October 2022 by combining terms relating to the outcome
(“cognit*”, “memory”, “attention”) and terms relating to the
intervention (“ginseng”, “panax”, “quinquefolius”, “panax
ginseng”, “panax quinquefolius”, “Asian ginseng”, “Ameri-
can ginseng”).

Where possible, search results were automatically fil-
tered using the following limits and/or terms relating to the
study design: “human studies”, “randomised control trial”,
“randomized control trial”, “randomised controlled trial”,
“randomized controlled trial”, “clinical trial”. In addition,
further studies were examined based on examination of ref-
erence lists from relevant studies.

Eligibility Criteria

The primary focus of this review was to evaluate the effects
of ginseng administration on cognitive performance. In
accordance with Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses (PRISMA) guidelines, to limit
heterogeneity between the included studies, the following
inclusion criteria were used. To be considered for selec-
tion, trials had to be randomized, double-blind, placebo-
controlled trials and had to report a cognitive outcome
(including attention, memory, and executive function).
Additionally, the cognitive outcome must have been quan-
tifiable, which means any change could be measured as a
function of intervention. Only studies involving non-clini-
cal populations were included.

Results
Study Selection

The initial search captured 1802 records. After duplicates
were removed, 1439 titles and abstracts were screened for
potentially relevant RCTs, following exclusion for reasons
such as being an animal study, a case study, a review, not
including cognitive measures, not placebo-controlled etc.,
the full text of 29 studies assessed for their eligibility. Four-
teen articles fulfilled the inclusion criteria and were included
in this review. The same search terms entered into Scopus

ey

Fig. 1 Flow diagram depicting

in October 2024 did not capture any new studies meeting
the inclusion criteria. Figure 1 outlines the search process
and reasons for exclusion. Of the 30 articles assessed for
eligibility 15 were excluded. Of these, two articles had no
cognitive measure (Baek et al., 2019; Cardinal & Engels,
2001), three were not RCTs (Neale et al., 2013; Persson
et al., 2004; Tardy et al., 2021), four were animal studies
(Churchill et al., 2002; Peng et al., 2021; Petkov et al., 2003;
V. D. Petkov et al. 1993), three were in clinical populations
(Ko et al., 2014; Lyon et al., 2001; Park et al., 2019), one
was a sub-study of an included study (White et al., 2020),
one had insufficient information for evaluation (Sakovics
et al., 1977), one was part of an included study (White et
al., 2020), one had insufficient information for evaluation
(Sakovics et al., 1977), and one was listed in different bibli-
ographies with different surnames for the same author (Ong
Lai Teik et al. 2016).

We note that the reduction to 14 from 1802 records here
(0.008%) is a similar percentage to the 92 from 10,610
reported in Chen et al. (2022), at 0.009%. This may be a
reflection of the variable quality of studies in this area.

The remaining 15 articles (describing 14 studies) are
included in the review (Bell et al. 2021; D’Angelo et al.
1986; Kennedy et al. 2001, 2002, 2004, 2007; LaSala et al.

the selection process for articles
included in this review

Records identified through
database searching

(n=1802)

Identification

[

)

Records after duplicates
removed (n = 1439)

4

Screening

Records screened

Records excluded
(n = 1410)

(n=1439)

—

4

Eligibility

Full-text articles
assessed for eligibility

Full-text articles excluded (n = 15)
No cognitive evaluation (n = 2)
Not RCT (n = 3)

(n=29)

Animal study (n = 4)
Clinical population (n = 3)
Subset of an included study (n = 1)
Not enough information (n = 1)
Surname duplication (n = 1)

4

Included

Studies included in
qualitative synthesis

(n=14)
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2015; Mariage et al. 2020; Ong Lai Teik et al. 2016; Ossouk-
hova et al. 2015; Reay et al. 2005; J. L. Reay et al. 2006; J.
L. Reay et al. 2010; Scholey et al. 2010; A. B. Scholey &
D. O. Kennedy, 2002) and summarised in Table 1. The fol-
lowing sections are restricted to cognitive effects of ginseng
administration.

Panax ginseng Acute Administration

A series of 3 acute trials published in 4 manuscripts, by Ken-
nedy et al. (Kennedy et al., 2001, 2002, 2004) implemented
a similar acute, repeated-measures, placebo-controlled,
double-blind, balanced, crossover design which included at
least one ginseng arm using an extract of P. ginseng (G115),
standardized to 4% ginsenosides. Testing took place at a
pre-dose baseline then at 1 h, 2.5 h, 4 h, and 6 h post-dose,
with each testing day being separated by a 7-day washout
period.

The studies utilized the same cognitive assessment
tool - the Cognitive Drug Research (CDR) computerized
assessment battery. The CDR battery comprises around 11
cognitive tasks, the outcomes of which can be combined
to generate four cognitive outcome factors corresponding
to ‘quality of memory’, ‘speed of memory’ (how quickly
information is retrieved in recognition tasks), ‘speed of
attention’, and ‘accuracy of attention’. Quality of Memory
is further broken down into the two further factors of ‘work-
ing memory’ (where information is held in consciousness
and operated on ‘online”) and ‘secondary memory’ (where
information is learned and later retrieved).

The first of these studies investigated the acute changes
in cognitive performance and mood following single doses
of G115 in 20 healthy young (mean age 21 years) volunteers
(Kennedy et al., 2001). Participants ingested 200 mg, 400
mg, and 600 mg of ginseng, on separate days. With regards
to the four cognitive factors, compared with placebo, 200
mg of G115 led to a significant slowing in the ‘speed of
memory’ 4 h post-dose and also significant slowing in
‘speed of attention’ 4 h and 6 h post-dose. The same 200 mg
dose led to improvements in the ‘accuracy of attention’ 6 h
post-dose. The 400 mg dose led to significant improvements
in ‘quality of memory’ at 1 h, 2.5 h, 4 h, and 6 h post-dose,
in comparison to placebo. The 600 mg dose led to signifi-
cant improvements, as compared to placebo, in ‘quality of
memory’ at 2.5 h, however, the same dose led to a signifi-
cant slowing in the ‘speed of attention’ at 4 h and 6 h. For
the ‘Quality of Memory’ factors, there was no significant
effects of any dose, at any post-dose testing session, in com-
parison to placebo, on ‘working memory’. The 200 mg dose
led to significant improvements in ‘secondary memory’ at 4
h post-dose. Similarly, 400 mg and 600 mg led to significant
improvements in ‘secondary memory’ performance at 1 h,
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2.5h, 4 h and 6 h (400 mg only). Turning to the individual
tasks that load the ‘secondary outcome factors’ the results
revealed no effect of any dose on the tasks contributing to
‘working memory’. However, when examining the individ-
ual tasks that load ‘secondary memory’ (i.e. Immediate
Word Recall, Delayed Word Recall, Delayed Word Recog-
nition, Delayed Picture Recognition), the results revealed
that all doses improved performance of the four individual
tasks, as compared to placebo. The effect was most pro-
nounced for the ‘Immediate Word Recall’ task, with a sig-
nificantly greater number of words recalled, as compared to
placebo, at 1 h, 2.5 h, 4 h, and 6 h post-dose following the
400 mg (G115) dose. Similarly, 600 mg was associated with
a significantly greater number of recalled words at 1 h, 2.5 h
and 6 h post-dose. There was also a single significant
improvement 4 h post-dose following 200 mg. A consistent
pattern also emerged on the ‘Delayed Word Recognition’
task with significant improvements revealed following both
400 mg and 600 mg (G115) at 1 h (400 mg only), 2.5 h and
6 h post-dose. In the ‘Delayed Picture Recognition’ 200 mg
and 400 mg led to significantly improved performance at 1
h post-dose. Whereas a greater number of words were
recalled in the ‘Delayed Word Recall’ task following 400
mg at 2.5 h post-dose. When the individual tasks (i.e. simple
reaction time, choice reaction time and digit vigilance reac-
tion time) that load the ‘Speed of Attention’ factor are exam-
ined in more detail it is apparent that 400 mg and 600 mg
(G115) led to a significant slowing in ‘simple reaction time’
4 h (600 mg only) and 6 h post-dose, while 200 mg led to
significant slowing of ‘choice reaction time’ at 1 h, 4 h and
6 h post-dose. Additionally, both, 200 mg and 600 mg led to
significant slowing in ‘Digit Vigilance’ at 4 h and 6 h post-
dose. Inspection of the individual tasks that load the “Accu-
racy of Attention” factor, results revealed that both 200 mg
and 600 mg led to significantly poorer accuracy in perform-
ing ‘digit vigilance’ at 2.5 h post-dose testing session. In
contrast, 400 mg resulted in improved accuracy of perform-
ing the same task at 1 h and 4 h post-dose, as compared to
placebo. With regards to subjective self-reported mood,
both 200 mg and 400 mg (G115) were associated with sig-
nificant reductions in ‘alertness’ 6 h post-dose. The second
study, similarly, investigated the mood and cognitive effects
of single doses of P. ginseng, ginkgo biloba, and a ginkgo-
ginseng combination in 20 (mean age 21.2 years) young,
healthy volunteers (Kennedy et al., 2002). Participants
received four treatments: placebo, 360 mg of Ginkgo, 400
mg ginseng, and 960 mg of the combination on separate
testing days separated by a 7 day washout period. There
were significant improvements in ‘quality of memory’ for
all three active doses, in comparison to placebo. These
improvements were restricted to single post-dose time point
improvement at 4 h and 6 h following ginseng and ginkgo
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Table 1 Overview of the included placebo-controlled clinical studies into cognitive effects of ginseng

A. Panax ginseng

First
author and
reference
D’Angelo
et al.
(1986)

Kennedy
etal.
(2001)

Kennedy
et al.
(2002)

Scholey et
al. (2002)

Kennedy
et al.
(2004)

Reay et
al. (2005)

Reay et
al. (2006)

Design

Rd, PC, DB, P;
12 wk

Rd, PC, DB, X;
Acute (1,2.5,4,
6 h post-dose);
7-day washout

Rd, PC, DB, X;
Acute (1, 2.5, 4,
6 h post-dose);
7-day washout

Rd, PC, DB, X;
Acute (1, 2.5, 4,
6 h post-dose);
7-day washout.

Rd, PC, DB, X;
Acute (1, 2.5, 4,
6 h post-dose);
7-day washout

Rd, PC, DB, X;
Acute 1 h post
dose (then 6 x 10
min cycles of
CDB)

7-day washout.
Rd, PC, DB, X;
Acute 1 h post
dose (then 6x 10
min cycles of
CDB)

7-day washout.

Population
(mean age)

32 male student
volunteers, aged
20-24 years
(21.9+1.6)

20 student
volunteers aged
21.3 years (range
20-27)

(14 F, 6 M)

20 student volun-
teers (ISF, M =
21.243.9 years)

20 student volun-
teers (14 F, 6 M
(21.3+£2.64 years)

28 student volun-
teers (19 f, M =
21.4y,SEM 0.77)
Baseline, post (1,
2.5,4, and 6 h)

30 student volun-
teers (16 f, M =
22.6+5.46 years)

27 student volun-
teers (10 f, M =
21.89+4.64 years)

Dose(s)

Extract

[% ginsenosides]
200 mg

Gll5

[4%]

200 mg
400 mg
600 mg
G115
[4%)]

400 mg
Gl15
[4%]

200 mg
400 mg
600 mg
G115
[4%]
400 mg
G115
[4%]

100 mg
200 mg
400 mg
Gll5
[4%)]

200 mg
G115
[4%]

Cognitive measures

Tapping test, simple reaction time (auditory
and visual), choice reaction time, cancel-
lation test, digit symbol substitution test,
mental arithmetic, logical deduction

CDR

[word presentation, immediate word recall,
picture presentation, simple reaction time,
digit vigilance, choice reaction time, spatial
working memory, numeric working memory,
delayed word recall, word recognition and
picture recognition] with factors including
working memory, secondary memory, speed
of memory, speed of attention, accuracy of
attention

CDR

[word presentation, immediate word recall,
picture presentation, simple reaction time,
digit vigilance task, choice reaction time,
spatial memory, numeric working memory,
delayed word recall, delayed word recog-
nition, delayed picture recognition] with
factors including secondary memory, work-
ing memory, speed of attention, accuracy
of attention, speed of memory, quality of
memory,

Serial Subtraction tasks

Serial 7s and Serial 3 s Subtraction tasks

Sentence verification, serial 3 s and serial 7
subtraction task, Cognitive Drug Research
Battery [immediate word recall, simple
reaction time, digit vigilance, choice reaction
time, spatial memory reaction time, logical
reasoning reaction time, numeric working
memory, delayed word recall, word recogni-
tion, picture recognition] with factors includ-
ing speed of attention, speed of memory,
accuracy of attention, quality of memory,
secondary memory, working memory
Cognitive Demand Battery

[Serial 3, serial 7s, RVIP]

Cognitive Demand Battery
[Serial 3 s, serial 7s, RVIP]

Results

Mental Arithmetic
1

Quality of Memory

1 1h,2.5h,4h,6-h
400 mg

12.5h 600 mg
Accuracy of Attention
1 6-h 200 mg

Speed of Memory

1 4-h 200 mg

Speed of Attention

| 4-h, 6-h 200 mg
Quality of Memory

1 4h 400 mg
Secondary Memory
14h, 6h400 mg
Speed of Memory

1 4h 400 mg
Accuracy of Attention
12.5h 400 mg
Serial 7s

14 h 400 mg

Serial 7s responses
11h,2.5h,6h200 mg
Serial 75 accuracy
14h, 6 h 400 mg

14h 200 mg

Speed of memory
11h,2.5h, 6h200mg
Sentence Verification
12.5h 400 mg

1Serial 7s

1Word Recognition

Serial 7
1 #responses cycle 1, 2,
3,4 & 6h200mg

Serial 3s

1 #responses cycle 3, 4
& 6200 mg

RVIP

1 accuracy cycle 6

200 mg
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Table 1 (continued)

Kennedy Rd, PC,DB, X; 18 student volun-
etal. Acute 3 h on teers (13 F, M =
(2007) days 1,29, and  38.31+10.3 years)
57 & chronic
(29 & 57 day)
4-week washout
Reay et Rd, PC, DB, X; 30 adult volun-
al. (2010)  Acute, chronic, teers (15 F, M =
acute-on- 22.87+4.01 years)
chronic days 1
& 8(1,2.5,4h)
of 3 treatment
periods
6-day washout.
LaSalaet Rd, PC,DB,P; 30 healthy vol-
al. (2015) Acute unteers (N=10/
Baseline, post  group), aged
(1h) 23-42 years
Ong Lai Rd,PC,DB, X; 24 undergraduate
Teiket al.  Baseline, post (1 volunteers (28 f, M
(2016) hondays 1,3, =20.2+2.4 years).
and 5)
48-h washout.
Mariage  Rd, PC, DB, X; 50 healthy volun-
et al. Baseline, 6-8 teers with elevated
(2020) h post (day 1),  stress,

days 5 and 12
12/14 day

(mixed gender but
Ns not specified,

washout (both M =37.46+8.016
specified in years).
paper).
B. Panax quinquefolius
First Design Population(mean
author and age)
reference

200 mg
unspecified

200 mg
400 mg
G115
[4%]

1200 mg
NUTRA™
3%

500 mg

1000 mg

GNC Herbal Plus
[3%]

HRG80

[418 mg, 7.58%
x2 daily]
Arkapharma
standard ginseng
preparation
(PGS)

[384 mg, 3.37%
x 2 daily]

Dose(s)
Extract
[% ginsenosides]

Corsi Blocks, 3-back, Alphabet Working
Memory.

CDR

[immediate word recall, picture presentation,
simple reaction time, digit vigilance, choice
reaction time, spatial working memory,
numeric working memory, delayed word
recall, delayed word recognition] with fac-
tors including secondary memory, working
memory, speed of memory, speed of atten-
tion, quality of attention

Corsi Blocks, N-back task, Random Number
generator task

Reaction time, Divided attention

Psychology Experiment Building Language
Test Battery

[visual search, psychomotor vigilance task,
Stroop task, Bechara’s gambling task, Berg’s
card sorting test, Tower of London]

d2 Attention Test (Letter Cancellation)
[attention, concentration, visual-scanning
speed]

Memory Test (MT, Computerized Memory
Flow Level 2)

[learning. memory, attention]

Cognitive measures

3-back RT
tacute-on-chronic day
29; chronic day 57
Corsi Block span
tchronic day 57

3-back RT

lacute 1 h,2.5h,4h
200 mg

tacute 2.5 h 400 mg
tacute-on-chronic 2.5 h
400 mg day 8
lacute-on-chronic 1 h,
2.5h 200 mg

3-back acc

1 Acute-on-chronic 1 h,
2.5h, 4 h 400 mg; day 8
| Acute-on-chronic 4 h
200 mg; day 8

No significant effects

No significant effects

d2

1 accuracy of process-
ing day 1 (acute), day 5,
day 12 from HRG80
MT

1 accuracy day 5, day
12 from HRG80 and
PGS)

Results
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Table 1 (continued)
Scholey Rd, PC, DB, X; Young adults 100 mg, COMPASS Choice reaction time
etal. Acute (1,3,6h (16 M, 16 F) 200 mg, [word presentation, immediate word recall,  accuracy
(2010) post-dose); Age=252+497 400 mg picture presentation, face presentation, 1 1-h, 3-h, 6-h 100 mg
7-day washout (single doses) simple reaction time, choice reaction time, 1 6-h 200 mg
Cereboost four choice reaction time, Stroop colour- 1 1-h 400 mg
[11.65%)] word task, numeric working memory, alpha-  Corsi blocks
bet working memory, corsi blocks, N-back, 1 1-h, 3-h, 6-h 100 mg
delayed word recall, delayed word recogni- 1 1-h, 3-h, 6-h 200 mg
tion, delayed picture recognition, delayed 11-h, 3-h, 6-h 400 mg
face recognition, serial 7s subtraction task,  Numeric Working
serial 3 s subtraction task, rapid visual infor-  Memory Speed
mation processing] 1 1-h, 3-h, 6-h 200 mg
Alphabetic Working
Memory speed
1 1-h, 3-h, 6-h 100 mg
11-h, 3-h, 6-h 400 mg
Immediate Word Recall
1 1-h, 3-h, 6-h 200 mg
Ossouk- Rd, PC,DB, X Middle-aged adults 200 mg COMPASS Working Memory
hova Acute 1,3,6h (32 F,22M) (single dose) [alphabetic working memory, Serial 7s, rapid Factor
et al. post-dose; Age=51.63+6.47 Cereboost visual information processing, corsi blocks] 1 3-h
(2015) 7-day washout [11.65%)] CDR Spatial Working
[word presentation, immediate word recall, ~ Memory
picture presentation, simple reaction time, 1 3-h
digit vigilance, choice reaction time, spatial
working memory, numeric working memory,
delayed word recall, word recognition and
picture recognition] with factors including
working memory, secondary memory, speed
of memory, speed of attention, accuracy of
attention
Bell R, PC, DB, P; Young adults 200 mg Computerised test battery assessing Modified ANT
et al. Acute (15M, 44 F) (daily) attention; 1 accuracy at 4-h, 6-h
(2021) (2,4,6h Age20.6+£2.4 Cereboost working memory; 1 accuracy incongruent
post-dose) (Cereboost), [11.65%)] executive function; 1t RT at2-h
Chronic 20.5+2.7 secondary memory RVIP 1 accuracy
(2 weeks) (Placebo) ANT 1 accuracy
Acute-on-chronic Modified ANT
(2,4, 6 h post- 1 Accuracy 2-h, 4-h,

dose on day 14)

6-h
1 RT 2-h, 4-h, 6-h

Key. Rnd.randomized, PCplacebo-controlled, DB double-blind, Xcrossover, Pparallel, Mmale, F female, COMPASS computerized mental per-
formance assessment, CDR Cognitive Drug Research, ANT Attention Network Task, RVIPRapid Visual Information Processing Task, PANAS-

XPositive and Negative Affect Schedule - expanded. 1 improved

treatments respectively. However, following the combina-
tion treatment performance was significantly improved at 1
h, 2.5 h and 4 h post-dose. When ‘quality of memory’ is
broken down into its component parts: ‘working memory’
and ‘secondary memory’, the results revealed that all three
active treatments improved ‘secondary memory’ but had no
effect on ‘working memory’. Improvements were reported,
in ‘secondary memory’; following ginkgo at 1 h and 6 h
post-dose; following ginseng at 4 h and 6 h post-dose; and
following the combination at 1 h and 2.5 h post-dose.
Through inspection of the individual tasks that load ‘sec-
ondary memory’ the results revealed that it is the perfor-
mance on the Immediate and Delayed Word Recall tasks
that was improved by all three treatments. Results also

revealed ‘speed of memory’ was significantly faster, follow-
ing ginseng treatment, as compared to placebo, at the 4 h
post-dose. Inspection of the individual tasks that load ‘speed
of memory’, results revealed significant faster performance,
following the ginseng treatment, as compared to placebo, on
spatial memory performance and word recognition perfor-
mance at 2.5 h and 4 h post-dose (word recognition only). A
third study, utilizing the same methodology, compared the
effects of guarana with 200 mg P. ginseng (Kennedy et al.,
2004). Following 200 mg of P. ginseng (G115), reaction
times (digit vigilance task) were significantly faster at 6 h
and performance was faster on the numeric working mem-
ory task at 2.5 h, 4 h and 6 h post-dose. Another publication
focused on Serial Subtraction performance from the

@ Springer



208

Journal of Cognitive Enhancement (2026) 10:201-213

aforementioned studies. Specifically, it reported the results
of three separate placebo-controlled, double blind balanced
crossover trials investigating the effect of Ginkgo biloba, P.
ginseng and their combination on the performance of Serial
Three and Serial Seven subtraction tasks (Scholey and Ken-
nedy 2002). Twenty healthy young volunteers participated
in each study. Participants were assessed at a pre-dose base-
line and then at 1 h, 2.5 h, 4 h and 6 h post-dose (It should
be noted that the subtraction tasks were part of the larger,
3040 min CDR assessment and were the final tasks in the
battery). 200 mg of P. ginseng led to a significantly slowing
in the performance of the Serial Sevens task at 1 h, 2.5 h and
6 h post-dose. However, at the 4 h post-dose 200 mg was
associated with a significant improvement in accuracy. Sim-
ilarly, 400 mg of P. ginseng was associated with significant
improvements in accuracy of performing the Serial Sevens
task, as compared to placebo, at 4 h and 6 h post-dose. Cog-
nitive effects of P. Ginseng on a deliberately demanding
cognitive battery, coupled with reduced capillary blood glu-
cose were examined by Reay et al. (Reay et al., 2005).
Young adult participants were administered placebo, 200
mg and 400 mg P. ginseng (G115) 60 min prior to complet-
ing six 10-min cycles of a Cognitive Demand Battery com-
prising Serial Threes, Serial Sevens, a Rapid Visual
Information Processing task (RVIP) and self-rated mental
fatigue. The 200 mg treatment was associated with better
performance of Serial Sevens at all but the 5th cycle of the
battery and reduced mental fatigue at all but the first cycle.
There was also a reduction in capillary blood glucose sug-
gesting that the effects may be modulated by processes
involving cellular glucose uptake or disposal. It is notable
that a follow-up study did not find that the effect was further
enhanced by co-administration of glucose with G115 (Reay
et al. 2006). In this latter study the effects on mental fatigue
were reproduced (though restricted to the fifth and sixth
cycle of the demand battery). The ginseng treatment was
also associated with better Serial Threes performance dur-
ing the third, fourth, and final cycle and improved RVIP per-
formance (reduced false alarm errors) during the final cycle.

Two further studies included acute evaluation following
P. Ginseng administration (LaSala et al. 2015; Ong Lai Teik
et al. 2016) and failed to observe any effects of ginseng on
cognitive performance. LaSala et al. tested reaction time
and divided attention using the STISIM3® Driving Simula-
tor in a sample of 30 participants (10 per arm), one hour post
administration of ginseng (1200 mg), Gingko (240 mg), or
placebo. No significant effect of either ginseng or Gingko
were observed on driving performance (LaSala et al., 2015).
Ong Lai Teik et al. also failed to observe effects of ginsen-
osides on cognition at lh after consumption in a sample of
48 undergraduates at doses of Panax ginseng (500 mg and
1000 mg). Performance was assessed using the Psychology

@ Springer

Experiment Building Language test battery. Changes in
cardiovascular reactivity were also examined. While there
were no effects on cognitive function performance, it was
found that high dose of ginseng significantly increased
diastolic and heart rate readings compared to placebo after
visual search and vigilance tasks.

Panax ginseng Chronic Administration

There are fewer behavioural studies addressing the poten-
tial cognition enhancing effects of longer- term adminis-
tration of ginseng in healthy humans. An early study by
D’Angelo included administration of 200 mg P. ginseng
on driving-related behaviour in 32 healthy males for 12
weeks. Ginseng was associated with a significant improve-
ment in Mental Arithmetic performance. Another (N=16)
study reported positive effects of 8 weeks P. ginseng on
working memory performance coupled with reduced self-
rated calmness (Kennedy et al., 2007). One further study
examined the effects of G115 on cognitive function acutely
and after 8 days (J.L. Reay et al. 2010). Using a placebo-
controlled, double blind crossover design 30 young adults
(mean age=23 years) were tested on the first and eighth day
1 h, 2.5 h and 4 h following placebo, 200 mg and 400 mg
G115. On day one (acute effects), both active treatments
were associated with improved calmness at 2.5 and 4 h but
no significant effects were observed at day eight.

A more recent study evaluated the efficacy of both single
and repeated administration of 418 mg hydroponically cul-
tivated red P. ginseng root preparation (HRG80) on cogni-
tive performance in adults with mean age 37 (Mariage et al.,
2020). Attention (assessed using d2 test) and memory were
assessed both acutely and following 5 and 12 day admin-
istration. Acute assessment took place at 6—8 h following
consumption. Participants (N=50) also received 384 mg
of a traditionally harvested six-year-old white P. ginseng
standard preparation (PGS) as a comparator, and placebo
according to a balanced crossover design. For attentional
performance, HRG80 was significantly superior compared
with both PGS and placebo after single and repeated admin-
istrations at 5 and 12 days. There were no acute effects on
memory but, compared with placebo, both ginseng prepara-
tions were associated with better performance on days 5 and
12. It should be noted that the primary outcome listed on the
clinical trials registry is self-reported stress rather than the
cognitive outcomes which are the focus of this review.

Panax quinquefolius
To date three RCTs, reported across four publications, have

examined the potential for P. quinquefolius to affect cogni-
tive performance and mood (Bell et al., 2021; Ossoukhova
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et al., 2015; Scholey et al., 2010; White et al., 2020). All
have evaluated the effects of the proprietary extract Cere-
boost®. The extract is produced from P. quinquefolius under
conditions which standardize the overall ginsenoside com-
position to 10—-12%, and two well characterized neuroactive
ginsenosides Rgl and Rb1 to 0.1-0.4% and 4-7% respec-
tively (Smith et al., 2014). The ratio between the concentra-
tion of Rbl and Rgl in Cereboost® is approximately two
orders of magnitude, exceeding the tenfold difference which
has been suggested as sufficient for an inhibitory effect to
the CNS (Chen et al., 2008).

The first RCT to systematically evaluate the potential
cognitive and mood effects of P. quinquefolius reported that
Cereboost® administration was associated with significant
dose- and time-specific improvements in cognitive func-
tion (Scholey et al., 2010). In this study 32 healthy adults
received 100, 200 and 400 mg Cereboost® and a matching
placebo on separate visits and undertook a comprehen-
sive computerized battery of cognitive tests at 1, 3, and 6
h. A number of Working Memory tasks were significantly
improved by Cereboost®. Corsi Block span (a measure of
spatial working memory) was improved by all doses at all
time points. Alphabetic Working Memory was improved at
all time points by 100 and 400 mg Cereboost® (but not 200
mg). Numeric Working Memory speed was improved at all
time points by 200 mg only. Choice Reaction Time Accu-
racy was improved at all time points by 100mg and at 1 h
by 400 mg and at 6 h by 200 mg. The only affected mood
item was calmness which was improved at 3 h and 6 h by
100 mg Cereboost®.

These effects were further explored in an RCT focus-
ing on Working Memory effects this time in a middle-aged
group (Ossoukhova et al., 2015). This study evaluated the
effects of 200 mg Cereboost® on Working Memory (the pri-
mary variable). Fifty-two participants (mean age 52 years)
were tested at baseline, then at 1 h, 3 h and 6 h following
placebo and 200 mg Cereboost®™. Again, working memory
was differentially improved, this time at 3 h post administra-
tion by the active treatment. This effect was evident in both
a Working Memory ‘factor’ combining two working mem-
ory tasks — spatial working memory and numerical working
memory. The effect appeared to be driven by similar 3 h
improvements in performance of a Spatial Working Mem-
ory task which contributes to the Working Memory factor.
This study also included a neuroimaging component which
is described in the Discussion section.

A more recent article investigated acute, chronic and
acute-on-chronic benefits of 200 mg Cereboost® on mood
and cognition in young adults (Bell et al., 2021). Improve-
ments were observed for a measure of attention during
the 6-hour postprandial period. Specifically, accuracy was
better for the Cereboost® treatment group compared with

placebo group on cognitively demanding, incongruent tri-
als during an Attention Network Task (ANT). There was
also some evidence of a benefit to ANT reaction time. Fol-
lowing two weeks daily supplementation, the benefits to
ANT performance were maintained. In addition, working
memory benefits were observed on a rapid visual informa-
tion processing task (RVIP), through a reduction in com-
mission errors (false positives) in the Cereboost® group
compared to placebo. Mood benefits also became apparent
after continued daily supplementation, with participants in
the Cereboost® group self-reporting lower levels of mental
fatigue and increased self-assurance compared to the pla-
cebo group. Interestingly, the acute-on-chronic investiga-
tion revealed a strengthening of the acute benefits observed
at the beginning of the study, with ANT benefits observed at
a greater number of postprandial time points than observed
initially, while additional benefits also emerged for switch-
ing ability on a switching task (TST) and working memory
accuracy on a Corsi Blocks task. The changes to working
memory and attention observed by Bell et al. are entirely
consistent with previous investigations of Cereboost® in
similar age groups (e.g., (Ossoukhova et al., 2015; Scholey
et al., 2010), further evidencing the cognitive benefits of
American ginseng.

Discussion

The majority of the studies examined the effects of standard-
ized extracts of P. ginseng (D’Angelo et al. 1986; Kennedy
et al. 2001, 2002, 2004, 2007; LaSala et al. 2015; Ong Lai
Teik et al. 2016; Reay et al. 2005; J. L. Reay et al. 2006; J.
L. Reay et al. 2010; A. B. Scholey & D. O. Kennedy, 2002),
with most (NV=28) using the standardised extract G115. The
other three used a standardised extract of P. quinquefolius
(Bell et al., 2021; Ossoukhova et al., 2015; Scholey et al.,
2010). All but one study (D’Angelo et al., 1986) included
acute assessment with testing times ranging from 1 hto 6 h
post-administration. This timing coincides with detectable
levels of ginsenosides in humans within 2 h, and t,,, typi-
cally occurring at 3 to 5 h post-administration (Choi et al.,
2020) Five studies included a ‘chronic’ assessment ranging
from 5 days to 12 weeks, of these three included ‘acute-on-
chronic’ assessments.

P. ginseng

Overall, P. ginseng administration tended to benefit accu-
racy of secondary memory as measured by higher accuracy
on individual tasks of (e.g.) word memory and composite
measures aggregating accuracy of recall and recognition. In
fact, there was evidence of a speed accuracy trade-off, with
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slower retrieval times associated with ginseng for specific
doses in some studies.

It appears to be the case that P. ginseng or its constituents
are capable of producing tangible acute cognitive enhancing
effects and that for P. ginseng a dose equivalent to 200 mg
or (particularly) 400 mg of a 4% ginsenoside extract may
be the optimal dose for young healthy adults when admin-
istered acutely prior to a cognitive test. While there are also
benefits from other doses, these also less consistently ben-
eficial and, in the case of the 600 mg dose, have reported
costs in some studies (see Table 1). Conversely, P. quinque-
folius appears to differentially benefit working memory and
attentional/executive processes, suggesting that the different
complement of ginsenosides may result in functionally dif-
ferent effects on cognition (with the caveat that there are
relatively far fewer studies on the latter).

Few conclusive interpretations can be made from the
chronic studies of P. ginseng as they have investigated dif-
ferent cohorts (i.e. healthy young and middle aged), admin-
istered different ginseng extracts (e.g. G115, Gerimax or
HRG80) and doses (200 mg and 400 mg), for different
durations (5 days to 12 weeks) and implemented various
assessment tools designed for different aspects/domains of
cognitive functioning. Further research is required to exam-
ine the chronic use of ginseng on neurocognitive outcome
measures.

In addition to the cognitive RCTs included in this review,
there are other human studies which may shed light on
underlying mechanisms of action. One study has investi-
gated electroencephalograph (EEG) effects of single doses
of both Ginkgo biloba (360 mg GK501) and P. ginseng (200
mg G115) in 15 (mean age 26.6) healthy young volunteers
(Kennedy et al., 2003). Utilising a double-blind, placebo-
controlled, balanced, crossover design, participants were
assessed on three separate occasions 4 h post-dose. Results
revealed that ginseng led to a significant shortening of the
P300 latency component of auditory evoked potential,
reflecting faster stimulus evaluation. Additionally, both gin-
seng and ginkgo led to significant reductions in the frontal
‘eyes closed’ theta and beta activity, with additional reduc-
tions in the alpha waveband for ginseng which may reflect
better cognitive functioning (Barry et al., 2007).

In a study available as a conference abstract, Stinram-Lea
et al. (2004) assessed the acute mood and cognitive effects
of single doses of Panax ginseng (400 mg) in 30 healthy,
young (mean age 20 years) volunteers (Siinram-Lea et al.,
2004). Utilising a placebo controlled, double blind, bal-
anced, crossover design participants received either 400
mg Panax ginseng (G115) or placebo. They completed the
CDR computerised battery and Bond Lader visual analogue
mood scale at a pre-dose baseline and then at 90 min post-
dose. Results revealed that 400 mg ginseng, as compared to
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placebo, led to significant improvements in ‘speed of atten-
tion” 90 min post-dose. When considering the individual
tasks that load the ‘speed of attention’ (i.e. simple reaction
time, choice reaction time, digit vigilance reaction time) it
was revealed that ginseng led to significant speeded choice
reaction times at 90 min post-dose, as compared to placebo.
The acute studies identified both positive, and to a lesser
extent, negative, cognitive effects of single doses of P. gin-
seng (standardised extract G115) in healthy young adults.
The most consistent finding is of improved secondary mem-
ory performance following G115. Whilst these memory
effects appear to be robust, particularly following a single
dose of 400 mg, in one instance both lower (200 mg) and
higher (600 mg) doses led to significantly slower perfor-
mance of attentional tasks (Kennedy et al., 2001). Similarly,
in the same cohort, whilst 400 mg improved accuracy of
performing a serial subtraction task, 200 mg led to mod-
est, but significant, reductions in the speed of performing
the same task (Scholey and Kennedy 2002). These findings
contrast with those from Kennedy, Haskell et al. (2004) and
from Siinram-Lea, Birchall et al. (2004). Specifically, Ken-
nedy, Haskell et al. 2004 found that 200 mg improved speed
of information retrieval, attention and arithmetical perfor-
mance, and significantly shortened latency of the P300 com-
ponent of auditory evoked potentials (Kennedy et al., 2003).
Stinram-Lea, Birchall et al. (2004) reported faster responses
on an attentional task 90 min after ingestion of 400 mg G11.
Additionally, a recent report has found better performance
on a deliberately demanding cognitive battery coupled with
reduced capillary blood glucose (J. L. Reay et al. 2006).

P. quinquefolius

Compared with P. ginseng, totality of evidence on P. quin-
quefolius is smaller. Overall, findings from 3 RCT suggest a
positive impact of P. quinquefolius on attentional measures
and executive function. These effects are likely due to dif-
ferences in ginsenoside profiles and other components via
action on numerous systems, including neurotransmitter
systems and glucocorticoid and estrogen receptors (Shi et
al., 2019).

One study (involving a subset of participants from
Ossoukhova et al.) examined the effects of P. quinquefo-
lius on brain activation using Steady State Visually Evoked
Potential (SSVEP) neuroimaging (White et al., 2020). Dur-
ing the retrieval phase of a spatial working memory task,
P quinquefolius was associated with significantly reduced
prefrontal SSVEP latency. The authors interpret this pat-
tern as reflecting increased recruitment of prefrontal brain
regions during working memory processing. This provides
preliminary evidence that P. quinquefolius may allow the
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use of more neural resources during working memory task
performance.

The studies included in this review met our pre-defined
inclusion criteria. It is worth noting, however, that verall,
there is a considerable body of evidence supporting cogni-
tive benefits from both P. ginseng and P. quinquefolius as
detailed in this review. Nevertheless, achieving a robust
behavioural profile of cognitive effects of ginseng is com-
plicated because of variations in methods of assessment,
participant age and dosage used. In conclusion, cognitive
facilitating effects of ginseng have been observed both
acutely and after single dose administration, providing suffi-
cient support to further explore the potential of this ingredi-
ent within a food product as a nutritional solution for acute
mental performance.
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