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Introduction

The number of individuals aged 65 or older worldwide is 
increasing steadily over time, from approximately 46 million 
to 98 million between 2016 and 2060 in the United States 
alone (2).  Accompanying this increase is an increase in the 
prevalence of brain diseases of aging, including stroke and 
dementia, whose risks increase substantially late in the lifespan 
(4-7).  These brain diseases incur an astounding societal 
burden; for example, the total economic cost of AD (AD) was 
estimated to be $604 billion in 2010 (8).  Because risks of these 
brain diseases rise steadily with age, a large body of current 
research is concerned with neuroprotection—the preservation 
of brain structure and functioning in healthy older adults with 
a goal of delaying or reducing risk of brain diseases of aging 
(9-11).  Even delaying the onset of such diseases would have 
a major impact on prevalence: for example, one estimate is 

that delaying onset and progression of AD by as little as one 
year could reduce the number of cases globally by as many 
as 9.2 million (12).  The importance of such a preventive 
approach is underlined by the limited success to date of several 
disease modifying agents tested on symptomatic individuals in 
rigorously designed clinical trials, especially those in AD (13, 
14).

Converging data from epidemiology and animal 
models suggests that omega 3 essential fatty acids (EFAs), 
ginsenosides, and green tea catechins may have neuroprotective 
effects (15-17).  Large epidemiological studies have suggested 
that individuals who consume diets rich in EFAs or green 
tea catechins have lower risks of stroke, dementia, and 
cognitive decline (18-26).  Animal studies have suggested 
that EFA supplementation enhances learning and memory in 
aged animals (27).  Green tea catechins, besides enhancing 
neurological function in animal models, also reduces the 
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toxicity of AD and Huntington’s Disease pathologies in 
animal models and cell culture systems (28, 29).  Ginsenosides 
enhance memory function in animal models of vascular 
dementia (30), and appear to blunt the production and toxicity 
of AD pathology in cell culture systems (31).  Because EFAs, 
ginsenosides, and green tea catechins are widely consumed 
and well tolerated food products with complementary and 
potentially synergistic biological mechanisms of action, these 
results suggest that they are promising non-pharmacological 
candidate neuroprotective agents for older adults.

However, clinical trial evidence that supplementing the 
diets of healthy older adults with EFAs, ginsenosides, or green 
tea catechins individually enhances brain health or cognitive 
functioning has been mixed.  Ginseng and ginseng extracts 
have been shown to improve cognitive performance in healthy 
volunteers, as well as subjects suffering from vascular dementia 
and AD (32, 33).  EFAs have been shown to improve learning 
and memory in healthy middle aged and older adults with 
age related cognitive decline (34). Further, supplementation 
with EFAs has been shown to improve cognition and modify 
brain activation (measured by fMRI) in healthy young 
(35) and older (36) adults.  Observational studies suggest 
that greater tea consumption may be associated with lower 
incidence of cognitive decline and greater health-related 
quality of life (37, 38).  A combination of green tea extract 
and l-theanine led to improvements in memory and selective 
attention while significantly increasing brain theta waves, an 
electroencephalography (EEG) indicator of cognitive alertness 
(39). Recently, green tea was shown to have a beneficial effect 
on working memory in healthy adults as well as modification 
of brain functioning as measured by fMRI (40).  However, 
systematic reviews suggest that these individual studies fall 
short of a large, highly convincing body of rigorous clinical 
trial evidence for an impact of ginsenosides (41-43), EFAs 
(44-46), or green tea catechins (47) on cognitive functioning, 
either in healthy individuals or those with dementia.  With few 
exceptions (35, 39, 40), the impact these compounds have on 
brain functioning has not been deeply explored.  One potential 
limitation of previous investigations is the well-accepted 
limited bioavailability, both in plasma and brain, of these 
compounds in their native form (48). In addition, the effects 
that combinations of these compounds may have on cognition 
and brain function are not well studied.  These unknowns limit 
the ability to make recommendations to older adults about 
oral supplementation with combinations of EFAs, green tea 
catechins, and ginsenosides.

Therefore, we undertook a double-blind, placebo-controlled, 
randomized crossover design clinical trial of a proprietary 
combination of EFAs, green tea catechins, and panax ginseng 
extract, (trade name “Cerbella TM”) in healthy older adults.  
Cerbella TM was formulated to maximize bioavailablity of 
the active ingredient by chemically complexing the green tea 
catechin and ginsenoside compounds with phospholipid carriers 
and providing the EFAs in emulsified form.  Following prior 

reports that roughly 4 to 6 weeks of supplementation with 
botanical products can impact cognitive or affective outcomes 
(49-59), we sought to determine whether consumption of this 
combination daily over the course of approximately 26 days 
was associated with greater cognitive changes and changes to 
fMRI measures of brain functioning than consumption of a 
placebo daily over the same length of time.

Methods

Investigational product
The investigational product contained a liquid emulsification 

which combined standardized fish oil, panax ginseng 
phospholipid complex, and green tea catechin phospolipid 
complex in a flavored base. The format was a safety sealed 
16 oz bottle containing 28 doses of 10ml each. The daily dose 
delivered was 16 mg total ginsenosides, 960 mg EPA, 624 mg 
DHA, and 26 mg of green tea catechins. Subjects were asked to 
take the daily dose in two divided doses with the morning and 
evening meal. The placebo was an oil in water emulsion using 
non essential fatty acid containing corn oil without the addition 
of ginsenosides or catechins, but matched to the active product 
by taste, color, odor, and texture.  The investigational product 
and matching placebo were manufactured by a fully GMP 
site licensed manufacturer. Stability studies were conducted 
to ensure stability of the active ingredients during the study 
period, including minimal oxidation of the fish oil ingredient. 
All active ingredients were confirmed by HPLC analysis. 
Quality control screening consisted of pesticide residue, heavy 
metal, solvent residues, microbiology and loss on drying, all 
according to USP guidelines.

Participants
The Institute for Dementia Research and Prevention 

(IDRP) at Pennington Biomedical Research Center (PBRC) 
was utilized to enroll 10 non-demented older adults using 
fliers, website, and email contact.  Inclusion criteria included 
age between 55 and 75 years, MMSE score of 25 or greater, 
and ability to undergo MRI examination.  Exclusion criteria 
included a clinical diagnosis of AD or other dementia, usage of 
medications for treatment of dementia, usage of medical foods 
for treatment of dementia, usage of brain health supplements 
within 30 days of screening (including EFA, ginseng, and 
green tea catechins), a Geriatric Depression Scale greater than 
6, pregnancy or lactation, medical conditions or diseases that 
are life threatening, and usage of cigarettes or other nicotine 
containing products.

Study design
The study used a cross-over design in which subjects were 

initially randomized to receive a 26 day treatment of either 
the placebo or investigational product.  Following a 30-day 
washout period subjects completed the second arm of the 
study using identical procedures and methodologies as the first 
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arm.  A 30 day washout period was justified for essential fatty 
acid intake based on no significant difference from baseline 
levels of fatty acids after 30 days post supplementation (60).  
Similarly, previous studies of rapid metabolic clearance of 
tea catechins suggest that a 4 week washout is more than 
adequate after regular intake (61).  In addition, there were no 
significant differences in baseline scores of cognitive function 
before treatment or after a 7 day post treatment washout period 
following subchronic panax ginseng standardized extract 
administration (62).  Participants were clinically evaluated 
at the beginning and end of each intervention phase.  Each 
clinical evaluation included cognitive testing, MRI scanning, 
supplement compliance review, adverse event reporting, 
and Geriatric Depression Scale assessment.  Subjects and all 
research staff that participated in data collection were blinded 
to intervention assignment.  The crossover design was balanced, 
meaning that an equal number of individuals were randomized 
to receive placebo in the first phase of the study and to receive 
the investigational product in the first phase.

Cognitive testing
At each clinical evaluation, subjects completed a battery 

of cognitive tests including the MMSE (a global measure 
of cognition (63)), the DSST (a measure of attention and 
psychomotor speed (64)), the Stroop test (a measure of 
processing speed and executive function (65)), and Logical 
Memory I and II (measures of immediate and delayed recall 
(66)).

fMRI image acquisition and stimulus presentation system
Particiants received MRI scans on a GE Discovery 750w 

3.0T scanner with a 32-channel head coil. Participants wore a 
respiratory monitoring belt and pulse oxygenation sensor during 
scanning to allow post-hoc correction of cardiac and respiratory 
influences on fMRI using the RETROICOR algorithm (67). EPI 
BOLD fMRI data was collected with the following parameters: 
Voxel size: 3x3x3 mm, 96x96 matrix, 43 axial slices, TR: 3000 
ms, TE: 35 ms, flip angle: 90, bandwidth: 250, NEX: 1, single 
shot. Participants also received a 3D T1-weighted FSPGR 
BRAVO structural acquisition for anatomical reference. Key 
parameters include: voxel size: 0.94x0.94x1.2 mm,  256x256 
matrix, 140 sagittal slices, TR:8.5, TE:3.3, TI:450 ms, flip 
angle:12, bandwidth:31.25, NEX:2, Time: 3:22.

fMRI task
Participants completed a task switching cognitive paradigm 

described previously, during collection of fMRI data (68).  
Briefly, each trial consisted of presentation of a cue for 150 ms, 
followed by a stimulus for 2650 ms, followed by a fixation (+) 
for 200 ms. Each cue consisted of either the word “SHAPE” 
or the word “COLOR” in black text.  Stimuli consisted of two 
possible shapes (circle or square), in one of two possible colors 
(red or blue), presented in the center of the screen.  When 
the cue was “SHAPE,” participants were instructed to click 

a button in the left or right hand depending on whether the 
stimulus was a circle or square; when the cue was “COLOR,” 
participants were instructed to click a button in the left or 
right hand depending on whether the stimulus was blue or red.  
Participants were asked to respond as quickly and accurately 
as possible to each trial.  A block design was employed with 
4 types of blocks: one in which the cue was always “SHAPE,” 
one in which the cue was always “COLOR,” one in which the 
cue alternated between “SHAPE” and “COLOR,” and a fixation 
block.  Within each run, individual task blocks (60 seconds 
in duration) were separated by fixation blocks (30 seconds).  
The fixation blocks are referred to as “rest blocks.”  Three 
separate 6-minute runs of the task were collected.  The first run 
contained two shape blocks and two color blocks; the others 
contained one shape block, one color block, and two alternating 
blocks.  The order of runs, blocks within runs, and stimulus-
response mappings were counterbalanced across participants. 
The experiment was programmed in E-Prime v1.2 (Psychology 
Software Tools, Pittsburgh, PA). 

fMRI data processing
Preprocessing of fMRI data used Statistical Parametric 

Mapping 12 (SPM12). Preprocessing included slice timing 
correction, head motion correction, smoothing with a Gaussian 
kernel (6 mm full width at half maximum), , co-registration to 
the T1-weighted scan, and warping the T1-weighted data and 
thus fMRI data to a standard coordinate frame. Cardiac and 
respiratory components of the time series were removed using 
the RETROICOR algorithm (67). Time points exhibiting excess 
head motion (defined as greater than 1.5 degrees of rotation or 
1.5 mm of translation) were identified and removed from the 
analysis.

fMRI activation analysis
Each participant’s data for each condition was entered into 

a first-level voxel-wise analysis using the general linear model. 
Each block was modeled as a boxcar function convolved with 
the canonical hemodynamic response function that begins at 
the onset of the first image in the block and ends at the end 
of the block, in which all trials within a block are modeled 
relative to rest blocks.  Second-level beta maps quantified, at 
an individual level, differences in the BOLD signal according 
to our primary contrasts of interest: between the set of shape 
and color blocks on one hand, and the set of alternating blocks 
on the other hand. Third-level group analyses asked whether 
changes in the second-level beta maps over the course of 
each intervention phase (investigational product and placebo) 
differed significantly from zero, and whether changes over 
the investigational product phase differed significantly from 
changes over the placebo phase.  Third-level analyses resulted 
in P value maps that were corrected for multiple comparisons 
using AlphaSim (1), with a voxel-level p value threshold of .01 
and a cluster-level significance threshold of .001.  All analyses 
were performed in SPM12.
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fMRI functional connectivity analysis
Functional connectivity analysis assessed the degree to 

which the fMRI signal showed synchronicity between distinct 
locations in the brain.  Briefly, a set of regions of interest 
(ROIs) known to be activated by this task were identified based 
on prior reports with this task (68, 69).  The ROIs consisted of 
the left medial frontal gyrus, left middle frontal gyrus, left and 
right precentral gyri, left and right anterior dorsal premotor 
cortex, and left superior parietal lobule.  For each such task 
ROI, the mean fMRI time series during task performance 
blocks was estimated within a 9mm sphere centered on a seed 
voxel within the ROI.  The Pearson correlation between this 
task mean time series and corresponding task time series in 
all other brain voxels was estimated to quantify functional 
connectivity during task execution.  Similarly, for each task 
ROI, the mean fMRI time series during rest blocks was 
estimated within a 9mm sphere centered on the ROI seed voxel.  
The Pearson correlation between this mean rest block time 
series and corresponding rest block time series in all other brain 
voxels was estimated to quantify functional connectivity during 
rest.  Change in functional connectivity values over the course 
of each intervention phase were calculated at an individual 
level.  Group level analysis assessed whether such functional 
connectivity changes over each intervention phase were 
significantly different from zero and whether such changes 
differed significantly between the investigational product and 
placebo phases.  These analyses resulted in p value maps 
that were corrected for multiple comparisons using AlphaSim 
with a voxel-level p value threshold of .01 and a cluster-level 
significance threshold of .001.  All analyses were performed in 
SPM12.

Analysis of cognitive endpoints
Individual change over the course of each intervention phase 

in each cognitive test was calculated.  Group-level analysis used 
two-sided one-sample t-tests to assess whether such changes 
were significantly different from zero within each intervention 
phase.  Group analysis also used paired two-sided two-sample 
t-tests to assess whether the changes differed significantly 
between investigational product and placebo phases.  The 
distributions of cognitive test scores were checked for skewness 
and transformed to encourage normality as needed prior to 
analysis.  We used two-sample T tests to compare cognitive 
changes between those who received the investigational product 
during the first intervention phase, and those who received the 
investigational product during the second intervention phase.  
Significant differences in these latter tests could suggest that 
cognitive changes may have been influenced by the number 
of exposures to the cognitive test instruments.  Analysis of 
cognitive tests was performed in R version 2.13.0.

Results

Participant characteristics
A participant flow diagram for this study is shown in 

Figure 1.  Fifty members of the IDRP internal registry were 
contacted via email.  Among those individuals, 14 contacted the 
IDRP expressing interest in the study.  All 14 individuals met 
inclusion criteria and were eligible for the study.  Three eligible 
individuals declined to participate due to lack of interest.  The 
remaining eleven individuals were enrolled in the study.  One 
of these individuals dropped out of the study after the first 
MRI exam due to MRI discomfort.  The remaining ten enrolled 
individuals completed the study, including 6 females and 4 
males (Table 1). These individuals had a mean age of 67.3 
years + 2.01 years.  Mean educational attainment was high 
(15.67 years + 0.73 years).  The average BMI of participants 
was within the range of normal weight (23.30 + 0.93).  All 
participants consumed greater than 90% of prescribed doses of 
placebo and the investigational product, based on participant 
questioning and the weighing of fluids at study visits.

Table 1
Participant characteristics

Age (mean +/- standard deviation) 67.3 + 2.01 years
Sex (% male, % female) 60%, 40%
Weight 149.8 + 8.21 pounds
BMI 23.30 + 0.93
History of hypertension 33%
History of elevated cholesterol 56%
History of diabetes 0%

Figure 1
Participant flow diagram for the study
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Adverse events
A total of 6 adverse events were reported over the course 

of the study including nasal congestion (1), persistent cold (1), 
nausea-vomiting (1), and wrist, knee and elbow pain (3).  No 
serious adverse events were reported over the course of the 
study. No adverse event appeared to be related to treatment with 
either placebo or the investigational product.  There was no 
significant difference between the placebo and investigational 
product intervention phases in the number of adverse events 
reported, suggesting that the investigational product did not 
significantly increase adverse events as compared to placebo.

Cognitive changes
Increases in scores on the MMSE, Stroop, and Digit Symbol 

tests over the course of treatment with the investigational 
product were statistically significant (all p<.05, see Table 
2).  Mean changes in scores on all tests during the placebo 
phase, as well as changes in scores on the Immediate and 
Delayed Recall tests during the investigational product phase, 
were positive, but not significantly different from 0 (p>.05).  
Differences in cognitive test score changes between placebo 
and interventional product phases were not significant in paired 
2-sample t-tests (p>.05).  Differences in cognitive changes 
during the investigational product phase between those who 
received the investigational product during the first intervention 
phase, and those who received the investigational product 
during the second intervention phase, were not significant (all p 

values .40 or greater).  Differences in cognitive changes during 
the placebo phase between those who received placebo during 
the first intervention phase, and those who received placebo 
during the second intervention phase, were also not significant 
(all p values .07 or greater).

fMRI task activation changes
Significant decreases in fMRI signal differences between the 

set of shape-only blocks and color-only blocks on one hand, 
and the set of alternating blocks on the other hand, over the 
course of the placebo phase were observed in a cluster of voxels 
located in the posterior cingulate cortex (Figure 2). Significant 
changes over the course of the investigational product phase 
were mixed, including significant increases in a cluster of 
voxels mainly within the cerebellum and brainstem, as well 
as significant decreases in small clusters of voxels covering 
portions of midline white matter tracts.  Comparison of placebo 
and investigational product phases suggested that increases in 
fMRI signal differences between the set of shape-only blocks 
and color-only blocks on one hand, and the set of alternating 
blocks on the other hand, over the course of the investigational 
product phase were significantly greater than they were over the 
course of the placebo phase in two clusters of voxels, located 
in the anterior and posterior cingulate cortex respectively.  
In both clusters, the average BOLD signal change over the 
investigational product phase was positive, while the average 
BOLD signal change over the placebo change was negative 

Table 2
Cognitive function and fMRI summary measures before and after the placebo and investigational product phases of the 

intervention, and change in these measures over the course of each intervention phase

Placebo Investigational Product

Pre Post Change Pre Post Change

Cognitive Function

MMSE 29.40 +/- 0.70 29.60 +/- 0.97 0.20 +/- 1.03 28.90 +/- 1.29 29.80 +/- 0.42 0.90 +/- 1.10*

Stroop 98.90 +/- 14.92 103.70 +/- 9.26 4.80 +/- 7.22 95.40 +/- 18.86 102.00 +/- 13.83 6.60 +/- 8.71*

Immediate Recall 15.70 +/- 3.83 16.60 +/- 3.27 0.90 +/- 4.28 16.60 +/- 4.03 17.20 +/- 2.82 0.60 +/- 3.06

Delayed Recall 13.80 +/- 3.49 15.20 +/- 4.59 1.40 +/- 3.66 14.20 +/- 3.65 16.00 +/- 3.97 1.80 +/- 2.82

Digit Symbol 56.70 +/- 10.17 59.30 +/- 9.39 2.60 +/- 8.53 55.80 +/- 9.68 59.10 +/- 10.42 3.30 +/- 2.75*

fMRI Task Activation

Anterior Cingulate .159 +/- .266 -.113 +/- .420 -.273 +/- .560 -.238 +/- .213 .361 +/- .359 .599 +/- .464

Posterior Cingulate .390 +/- .314 -.145 +/- .274 -.535 +/- .344 .080 +/- .40 .534 +/- .295 .455 +/- .532

fMRI Functional Connectivity During Task Execution

Middle frontal gyrus—anterior cingulate cortex 1.35+/-.21 .52+/-.39 -.83+/-.44 .61+/-.39 1.53+/-.60 .90+/-.53

fMRI Functional Connectivity During Rest

Medial frontal gyrus – occipital cortex 1.02+/-.36 1.17+/-.42 .15+/-.53 -.35+/-.74 1.3+/-.47 1.57+/-1.16

Precentral gyrus-Medial frontal gyrus .14+/-.65 1.28+/-.68 1.13+/-1.03 .84+/-.37 .18+/-.45 -.54+/-.63

Precuneus—middle frontal gyrus .16+/-.83 1.16+/-.32 1.0+/-.82 .99+/-.55 .22+/-.66 -.48+/-.91

*Cognitive changes significantly differ from 0 at p<.05 level via two-sided one-sample T test.  Significant differences from zero are not denoted for fMRI measures to avoid the appearance 
of “double dipping” as the fMRI summary measures were calculated from sets of voxels identified through a different statistical test [3].  The fMRI measures are listed here for illustrative 
purposes only.
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(Table 2).

fMRI functional connectivity changes
Functional connectivity during rest blocks between the 

medial frontal gyrus ROI and a voxel cluster in the occipital 
cortex increased significantly over the course of treatment 
with the investigational product but was roughly unchanged 
during treatment with placebo (Figure 3, Table 2).  Functional 
connectivity during rest blocks between the precentral 
gyrus ROI and a cluster of voxels in the medial frontal 
gyrus increased significantly over the course of treatment 
with placebo, and decreased significantly over the course of 
treatment with Cerbella.  Functional connectivity during rest 
blocks between the precuneus ROI and a cluster of voxels in 
the middle frontal gyrus also increased significantly over the 
course of treatment with placebo, and decreased significantly 
over the course of treatment with the investigational product.   
Average functional connectivity across all task blocks between 
the middle frontal gyrus ROI and a cluster of anterior cingulate 
cortex voxels decreased over the course of treatment with 
placebo but increased over the course of treatment with the 
investigational product (Figure 4, Table 2).  Other differences 
in task or rest functional connectivity between placebo and 
investigational product phases were not statistically significant.

Figure 2
fMRI activation changes over the course of intervention with 

the investigational product and placebo  

Left: fMRI signal changes among those on placebo included mainly decreases in the 
fMRI signal, including decreases in a posterior cingulate cortex cluster (shown in blue).  
Center:  fMRI signal changes among those on the investigational product consisted of a 
combination of signal increases (shown in orange) and decreases (shown in green).  Right: 
Locations where the differences in fMRI changes between the investigational product and 
placebo arms were statistically significant are shown in red.  Red regions showed greater 
increases in activation over the intervention in the investigational product arm compared to 
the placebo arm.  These regions include the posterior and anterior cingulate cortex, regions 
important to task execution.  All maps show differences that are significant at the voxel 
level at a level of p=.01, and a cluster significance threshold of p=.001 using AlphaSim 
cluster correction (1).

Figure 3
Changes in functional connectivity (FC) with medial frontal 
gyrus (MeFG, top row), precentral gyrus (PCG, middle row), 
and precuneus (PREC, bottom row) seed locations during task 

execution, over the course of each intervention phase

Top row: Rest FC between MeFG and an occipital cortex ROI increased significantly 
during treatment with the investigational product (middle column, cool colors) but 
was largely unchanged over treatment with placebo (left column).   Middle row: Rest 
FC between PCG and MeFG increased significantly over the course of treatment with 
placebo (cool colors, left column) but was largely unchanged over treatment with the 
investigational product.  Bottom row: Rest FC between PREC and a middle frontal gyrus 
ROI decreased significantly over the course of treatment with the investigational product 
(hot colors, middle column) and increased significantly over the course of treatment with 
placebo (cool colors, left column).  All maps show differences over time that are significant 
at the voxel level at a level of p=.01 and a cluster significance threshold of p=.001 using 
AlphaSim cluster correction (1).

Discussion

In this double blind placebo controlled study, ten cognitively 
healthy older adults underwent roughly one-month oral 
supplementation with an investigational product containing 
green tea catechins, ginseng extract, and EFAs; and a placebo, 
in a crossover design.  Supplementation with placebo was 
associated with mean increases in performance on all cognitive 
tests, suggestive of practice effects, although these increases 
were not statistically significant. Supplementation with the 
investigational product was associated with statistically 
significant increases on three out of five cognitive measures 
collected, suggestive of a possible combination of practice 
effects and effects of the investigational product; although 
direct comparison of changes between investigational product 
and placebo phases found no significant differences.  In 
addition, supplementation with the investigational product 
was associated with significantly greater increases in brain 

Activation changes 
during Placebo phase

Significant differences

Significant 
differences

Rest FC changes 
during treatment with 
investigational product

Rest FC changes 
during treatment with 
Placebo

Activation changes 
during investigational 
product phase
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activation during execution of a cognitive task, compared 
to supplementation with placebo.  Over the course of the 
intervention, supplementation with the investigational product 
was associated with significantly different changes in brain 
functional connectivity during execution of a cognitive 
task, compared to supplementation with placebo.  Finally, 
supplementation with the investigational product was associated 
with significantly different changes in brain functional 
connectivity during rest periods, relative to supplementation 
with placebo.  Taken together, these findings suggest that 
ingesting the investigational product for a roughly one-month 
period may be associated with changes in brain functioning 
during task execution and rest, with resultant changes in 
cognitive performance.

Figure 4
Changes in functional connectivity (FC) with a middle frontal 

gyrus (MFG) seed location during task execution, over the 
course of each intervention phase 

Left: Task FC changes during treatment with placebo include a combination of increases 
(cool, green colors) and decreases (hot colors).  Center: Task FC changes during treatment 
with the investigational product include mainly increases (cool colors).  Right: Task FC 
between the MFG and locations mainly within the occipital cortex decreased significantly 
more during treatment with the investigational product than it did during treatment with 
placebo (hot colors).  However, task FC between the MFG and locations within the 
cingulate cortex increased significantly more during treatment with Cerbella than it did 
during treatment with placebo (cool colors).  All maps show differences over time that 
are significant at the voxel level at a level of p=.01 and a cluster significance threshold of 
p=.001 using AlphaSim cluster correction (1).

The finding of increases in fMRI signal differences during 
supplementation with the investigational product is consistent 
with a role for the investigational product in increasing the 
vigor of brain engagement with the fMRI task.  The task 
switching paradigm is known to activate a set of critical brain 
regions, including the anterior cingulate, medial frontal, middle 
frontal, and precentral gyri (68).  The role of posterior cingulate 
cortex in task switching is less clear, with fMRI studies 
alternatively detecting a significant role for it (70-73), or not 
(68, 69). Differences in brain activation between switching and 
non-switching task blocks in the anterior and posterior cingulate 
gyri increased significantly over the course of treatment with 
the investigational product, relative to treatment with placebo.  
To the extent that these regions were involved in task switching, 
this finding is consistent with the notion that consuming the 
investigational product was associated with an increase in the 
vigor of brain responses to the cognitive demands of the task.  
Such intervention-related increases in response vigor during 

an fMRI task, in brain regions hypothesized to be involved 
in accomplishing the task, has been observed in several prior 
studies, lending plausibility to the current results (36, 74, 
75).  Although these results are a promising signal that the 
investigational product could be enacting changes to brain 
functioning related to task performance, future work is required 
to determine the real-world relevance of these particular 
increases in response vigor, for example using neuromodulation 
techniques to modify activation in these areas and observing 
resulting effects on task performance (76).

Figure 5
Hypothesized ingredient-specific and ingredient-shared effects 

of the investigational product on the brain

The fMRI functional connectivity findings are consistent 
with a role for the investigational product in changing the 
engagement of distributed neural networks during task 
execution and rest.  As mentioned before, execution of the 
fMRI task requires activation of a task network of brain regions 
that includes the anterior cingulate cortex and the middle 
frontal gyrus.  In addition, there is a distributed network of 
regions, commonly referred to as the default mode network, 
that activates in a synchronous fashion during periods of 
rest, possibly to facilitate introspective cognition such as 
re-evaluation of recently perceived series of events. Previous 
work has suggested that task networks such as the current 
one show highly structured, temporally synchronous patterns 
of BOLD signal fluctuations during task performance (77).  
Conversely, the default mode network shows highly structured, 
temporally synchronous patterns of BOLD signal fluctuations 
in the absence of an overt cognitive or sensory task (78), and 
this synchrony reduces markedly during performance of tasks 
(79-81).  A large body of research has linked lesser synchrony 
of the default mode network during rest to poorer cognitive 
functioning as well as the presence of clinically significant 
neurological disorders, including AD and Parkinson’s disease 
(82-85).  In addition, individuals with poorer cognitive function 
show a reduced ability to modulate functional connectivity 

Task FC changes 
during treatment with 
placebo 
 

Task FC changes 
during treatment with 
investigational product

Significant differences
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between default and task networks (86, 87).  We found that 
fMRI signal synchrony between two default mode network 
structures (the medial frontal gyrus and precuneus (88) 
respectively) and two task network structures (the precentral 
gyrus and middle frontal gyrus respectively) reduced during rest 
over the course of treatment with the investigational product.  
This is consistent with the notion that after a course of treatment 
with the investigational product, the default mode network is 
less engaged with the task network during rest.  In addition, 
we found that functional connectivity between a pair of task 
network structures (anterior cingulate and middle frontal gyri) 
during task execution increased during treatment with the 
investigational product.  This is consistent with the notion 
that during treatment with the investigational product, the task 
network has greater synchrony of activity within the network 
during task performance. Both of these characteristics—lesser 
synchrony between task and default mode networks during 
rest, and greater synchrony within the task network during task 
execution—have been associated with cognitive health and 
greater cognitive performance.   While the observation of these 
changes during treatment with the investigational product is 
promising, the relevance of both types of fMRI signal changes 
to cognitive functioning in the longer term should be explored 
further in a larger population.

Prior work has identified a number of putative mechanisms 
by which treatment with the investigational product may 
have elicited the observed changes to brain activation and 
functional connectivity.  Primate studies have suggested that 
supplementation with EFAs leads to greater vascular reactivity 
to neural activity in older animals (89).  EFA supplementation 
is associated with an increase in the prevalence of synaptic 
proteins and increased density of dendritic spines in the adult 
rat brain (90).  EFAs also play roles in long-term potentiation 
and synaptic plasticity, and supplementation could enhance 
each of those functions (91, 92).  The biological functions 
of green tea catechins relevant to neurological function 
include free radical scavenging, anti-inflammatory effects, 
iron chelating, regulation of protein kinase C activity, and 
induction of endogenous antioxidant defense systems (93, 94).  
Researchers have attributed the CNS effects of ginsenosides 
to modification of cerebral metabolism, oxidative stress, free 
radical formation, neurotransmitter balance, and membrane 
stabilization (95, 96). Figure 5 summarizes hypothesized 
effects that are distinct to distinct ingredients, and which 
are shared among multiple ingredients.  Notably, several 
important brain processes are hypothesized to be modulated 
by multiple ingredients, including cholinergic signaling, 
neuroinflammation, neurotrophism, neurogenesis, abnormal 
protein clearance, and antioxidant pathways.  Each of these 
actions could potentially modify brain activation and functional 
connectivity, as well as emergent cognitive functioning.  It 
remains to be seen, however, whether one of these specific 
actions is primarily responsible for changes in brain activation 
and cognition seen among those taking the investigational 

product or whether the effect depends on a cumulative or 
synergistic relationship between individual ingredients and 
their respective mechanisms.  Future work should endeavor 
to address the issue of individual contributions of individual 
ingredients via measurements CNS levels of the ingredients, 
as well as product formulations that omit one or two of the 
ingredients. 

Although cognitive changes during treatment with the 
investigational product did not differ significantly from 
corresponding changes during treatment with placebo, the 
observed significant differences in fMRI signals between active 
and placebo treatment could have relevance to longer-term 
cognitive functioning.  It is now well understood that cognitive 
aging is characterized by long periods of preclinical brain 
changes—changes in the structural and functional properties 
of the brain that occur years or even decades prior to the onset 
of detectable cognitive decline (97-99).  Treatments that slow, 
halt, or even reverse such preclinical brain changes have the 
potential to induce a beneficial slowing of cognitive decline 
over the long term, without demonstrating any immediate 
cognitive benefit over the course of the intervention.  Because 
the observed brain functional changes are promising, it is 
important to follow up this study with longer term interventions 
with the investigational product to determine whether in fact 
these brain changes are beneficial for cognition in the longer 
term.

This was a small-scale study with inherent limitations.  The 
small sample size precludes a definitive analysis of treatment 
effects, and recent studies suggest that it could possibly be 
associated with a higher probability of fMRI false positives 
(100). The short follow-up time precludes assessment of 
longer-term cognitive benefits or longer-term changes to brain 
functioning.  Lasting effects of supplementation on cognition or 
brain function after the cessation of supplementation would be 
especially valuable to assess.  In addition, while the cognitive 
battery included contributions from several relevant cognitive 
domains, specific assessments of effects on certain specific 
domains, such as working memory, was not assessed.  Thus, 
while the observed effects on brain functioning are promising, 
larger, longer term studies with more exhaustive cognitive 
batteries are required to more fully characterize the effects of 
the investigational product.

In conclusion, individuals who consumed an oral supplement 
containing EPA, DHA, green tea catechins, and ginseng extract 
(Cerbella (TM)) for 26+/- 2 days experienced suggestive 
changes in cognitive functioning, as well as changes to brain 
activation and functional connectivity relative to placebo that 
are consistent with enhancements in response vigor and brain 
network modifications.
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