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ABSTRACT

Background: Methylphenidate improves clinical symptoms and brain activity in attention deficit hyperac-
tivity disorder (ADHD) patients through the attention-regulation network’s dopamine system. Addition-
ally, water-soluble extracts (HX106) of four plants (Gastrodia elata Blume, Liriope platyphylla Wang et Tang,
Salvia miltiorrhiza Bunge, and Dimocarpus longan Lour) improve cognitive function. We hypothesized that
the combination of HX106 and methylphenidate would improve ADHD symptoms and brain activity of
the attention network more effectively than the combination of placebo and methylphenidate.

Methods: Twenty-seven patients with ADHD were administered a herbal mixture and methylphenidate
(n=13), or placebo and methylphenidate (n=14) during a 4-week, randomized, double-blind, placebo-
controlled clinical trial. Changes in ADHD symptoms (K-ARS scores), as well as brain activity and func-
tional connectivity, were assessed at baseline and 4 weeks later.

Results: The HX106 group showed a greater improvement in total attention (16.8%) and inattention
(17.2%) scores than the placebo group. The HX106 group showed increased brain activity within the left
precuneus compared to the placebo group. The HX106 group also showed increased functional connec-
tivity from the precuneus seed to the left middle temporal gyrus compared with the placebo group. In
all participants, the changes in K-ARS scores were negatively correlated with changes in brain activity in
the left middle temporal gyrus.

Conclusions: HX106 enhanced the effect of methylphenidate on ADHD symptoms and increased brain
activity in the attention-regulation network. Therefore, HX106 may be an effective adjunctive therapy for
patients with ADHD.

© 2021 Published by Elsevier B.V. on behalf of Korea Institute of Oriental Medicine.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

medications’ pharmacodynamics are associated with increased
dopamine levels at the neuronal synapse.”-8 Several brain function

Attention deficit disorder (ADHD) is a well-known childhood
and adolescent neurodevelopmental disorder with a global preva-
lence ranging from 2-10%.! The main symptoms of ADHD in-
clude persistent patterns of inattention, hyperactivity, and impul-
sivity.2 Studies have suggested that the dopamine neurotransmit-
ter system plays a central role in the pathophysiology of ADHD.3
ADHD treatments generally target the dopamine pathway, and
methylphenidate is among the first lines of medication.*-® These
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studies have suggested that methylphenidate increases the func-
tional connectivity (FC) of the attention network, including the
anterior cingulate, ventrolateral prefrontal cortex, and precuneus
while counteracting the underactivation of the frontoparietal net-
work.?-11

The water-soluble herbal extract HX106 is derived from four
plants: Gastrodia elata Blume (G.elata), Liriope platyphylla Wang et
Tang (L.platyphylla), Salvia miltiorrhiza Bunge (S.miltiorrhiza), and
Dimocarpus longan Lour (D.longon). In an 8-week clinical trial,
Kwon et al. found that HX106 increased working memory per-
formance and brain white matter connectivity within the tem-
poroparietal regions.'? Further, it has been established that G.elata
and S.miltiorrhiza affect the cardiovascular system.'>-'# Although
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dopamine and its receptors have been studied concerning the cen-
tral nervous system, they also play a crucial role in the cardiovas-
cular system,'> where dopamine is associated with blood pressure
and heart activity via dopamine D1 and D2 receptors."”

This study aimed to investigate whether the combination of
HX106 and methylphenidate would be more effective in improv-
ing ADHD symptoms and brain activity in the attention-regulation
network than the combination of a placebo and methylphenidate.

2. Methods
2.1. Study design

This was a randomized, double-blind, placebo-controlled study
conducted in the Department of Psychiatry at the Chung
Ang University Hospital, Seoul, Korea. We studied participants
with ADHD who were randomly assigned to receive either
methylphenidate + HX106 or methylphenidate + placebo. This
study was registered in the Clinical Research Information Service
of the Korea Disease Control and Prevention Agency (KCT0005285).

2.2. Participants

Patients with ADHD were recruited from the outpatient depart-
ment of psychiatry at Chung Ang University Hospital, Seoul, Korea,
between June 2018 and November 2019. The inclusion criteria were
as follows: age 6-23 years, diagnosis of ADHD, continuous con-
sumption of methylphenidate for at least one month, body weight
over 25 kg, and intelligence quotient (IQ) > 70. The exclusion crite-
ria were a history of trauma or seizures and contraindications for
magnetic resonance imaging (MRI), including claustrophobia and
metal implants.

This study was approved by the Institutional Review Board
of Chung Ang University Hospital (IRB number: 1861-007-330).
All participants provided written informed consent—this study ad-
hered to the principles of the Declaration of Helsinki.

2.3. Interventions

2.3.1. Herbal formulation HX106

The HX106 granules comprised G. elata rhizomes (2 g), L. platy-
phylla radices (10 g), S. miltiorrhiza (6 g), D. longan fruit (6 g).
The preparation, filtration, and validation procedures have been
described in detail in previous reports.!?'® Granules weighing
2000 mg included 300 mg of the HX106 extract and were pack-
aged in a stick form with a non-moisture-permeable aluminum
laminating film. Complete toxicology tests were performed in hu-
mans, and safety was confirmed.!®

2.3.2. Control

The placebo granules consisting of 97% dextrin, 2% SiO2, and 1%
lemon balm powder, had the same taste, flavor, shape, and color as
the HX106 granules.

During the baseline evaluation, all participants taking
methylphenidate were reevaluated and diagnosed by a child
adolescent psychiatrist (DHH). All participants underwent a
computerized comprehensive attention test (CAT; Happymind,
Seoul, Korea) and brain scanning and were clinically assessed
using the Korean version of Dupaul’s ADHD rating scale (K-
ARS), Beck Depressive Inventory (BDI), and Behavioral Inhibitory
System/Behavioral Activation System (BIS/BAS) scale. After four
weeks, all participants underwent CAT and brain scanning and
were clinically assessed using the ADHD, BDI, and BIS/BAS scales.
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2.4. Randomization

All participants were randomly assigned to receive either
methylphenidate + HX106 or methylphenidate + placebo daily for
four weeks, according to a randomization sequence generated us-
ing SPSS ver. 24.0 (IBM Corp., Armonk, NY, USA) with a 1:1 alloca-
tion (placebo : HX106).

2.5. Outcome measures

2.5.1. Primary outcome: clinical scales and comprehensive attention
test

The severity of ADHD symptoms was assessed using the K-
ARS'7-18 composed of 18 items with nine attention evaluation and
nine inattention evaluation items."” The ARS has been reported to
have good internal consistency, ranging from 0.77-0.89.'® Depres-
sive symptoms were assessed using the Beck Depression Inventory,
which consists of 21 questions and has internal consistency rang-
ing from 0.75-0.85.'° Impulsivity was assessed using the BIS/BAS
scale,20-21 3 24 item self-report questionnaire with good internal
consistency ranging from 0.78-0.79.

The participants’ attention was evaluated using CAT, a tool con-
sisting of selective attention (visual and auditory), sustained at-
tention to response, flanker, divided attention, and spatial working
memory tests. CAT is a standardized test, and its reliability and va-
lidity have been confirmed.??

2.5.2. Secondary outcome: resting-state functional brain activity

Functional magnetic resonance images (Rs-fMRI) were acquired
using a 3.0 T Achieva scanner (Philips, Amsterdam, Netherlands).
During scanning, all participants used a cushion for head immo-
bilization and were asked to lie down with their eyes closed but
stay awake. Rs-fMRI images were acquired axially with an echo-
planar imaging (EPI) sequence using the following parameters:
TR/TE = 3000/40 ms, 40 slices, 64 x 64 matrix, 90° flip angle,
230 mm FOV, and 3 mm section thickness without a gap. For each
participant, the scan lasted 720 s, and 230 volumes were obtained.

For data preprocessing and processing, Data Processing As-
sistant for Resting-State fMRI (DPARSFA; http://www.restfmri.net)
was used. This is a plug-in software that works with the Statisti-
cal Parametric Mapping software (SPM12; http://www.fil.ion.ucl.ac.
uk/spm/software/spm12/) and the Resting-State fMRI Data Analysis
Toolkit (REST; http://resting-fmri.sourceforge.net). All images were
corrected for slice acquisition time differences, realigned, normal-
ized, spatially smoothed with a 6 mm full-width half-maximum
(FWHM) kernel, de-trended, and temporally band-pass filtered to
0.01-0.08. DPARSF provides nuisance covariate regression func-
tions. These incorporated signals from the white matter and cere-
brospinal fluid were obtained from T1 segmentation on each sub-
ject’s images. The normalization step employs two sequences: tem-
plate generation and application. The EPI of healthy adolescents
was co-registered with the MNI template to acquire a customized
template. Spatial normalization was performed by mapping the
images to the MNI space using a customized template. Fisher-
transformed correlation coefficients were measured for each pair
of regions of interest (ROIs) for each participant. The FC between
ROIs was calculated using the CONN-fMRI functional connectiv-
ity toolbox (version 15; https://www.nitrc.org/projects/conn). After
preprocessing, the size of each voxel was 3 mm x 3 mm x 3 mm.
Based on the realignment processing outcome by SPM, a partic-
ipant with a translation or rotation motion greater than 3 mm
or 2°, respectively, in any direction was excluded from the study.
However, no participants from either patient group were excluded
because of excessive head motion. There was no difference in head
movement between the two groups (HX106 group: 0.089 + 0.034,
placebo group: 0.083 £ 0.041, t = 0.086, p = 0.42).
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To assess the differences in brain activity and FC between the
two groups during treatment, regional homogeneity (ReHo) and
seed-based FC analysis were performed using the REST software.
First, the ReHo method was used to find regions where local con-
nectivity changes were different between the two groups during
treatment. As an indicator of the ReHo value, Kendall’s coefficient
of concordance (KCC) of a given voxel was calculated with the
surrounding 20 voxels to evaluate the time series’s similarity and
then standardized using z-scores to perform the group analyses.
The correlation between the ReHo map and clinical measures from
the K-ARS, BDI, and BIS/BAS was calculated using SPM12. The ROIs
were drawn based on the cluster of the t-map with a given thresh-
old (FDRq <0.05, k > 20).

Second, seed-based correlation analyses were used to assess
resting-state functional brain connectivity in a predefined ROI. Our
seed was defined using the ReHo analysis results. The FC be-
tween ROIs was calculated using the CONN-fMRI functional con-
nectivity toolbox (version 15; https://www.nitrc.org/projects/conn).
Pearson’s correlation coefficients were calculated for the averaged
blood-oxygenation level-dependent (BOLD) time course from the
seed to voxel analysis throughout the whole brain. Correlation co-
efficients were converted to normally distributed z-scores using
Fisher’s z-transformation.

2.6. Statistical analysis

Differences in demographic data and clinical scales, including
age, education year, 1Q, methylphenidate dose, K-ARS, BDI scores,
BIS/BAS scores, and CAT scores, were analyzed using the Mann-
Whitney U test. Statistical significance was set at p < 0.05.

To investigate the differences in local connectivity between the
two groups, an independent t-test was performed on the ReHo and
seed-based correlation maps using SPM12 software. In addition,
differences in local connectivity changes according to treatment re-
sponse between the two groups were examined using repeated-
measure ANOVA and were marked on the ReHo and seed-based
correlation maps using the SPM12 software. The resulting maps
were set to a threshold using p < 0.05, as the false discovery rate
(FDR) correction for multiple comparisons, with an extent of more
than 20 contiguous voxels and subjected to cluster analysis (de-
rived from an uncorrected p < 0.001 and 20 extended voxels).

Correlations between changes in clinical scales and changes in
brain activity were assessed using Pearson’s correlation analysis.

3. Results
3.1. Demographic data

Of the 31 patients with ADHD who were treated at the out-
patient department and were taking methylphenidate, one patient
was excluded because of low IQ, and one patient was excluded be-
cause of low body weight. The remaining 29 patients were ran-
domly assigned to one of the two groups. Furthermore, one pa-
tient could not complete the study because of palpitations during
the treatment period, and one patient absconded follow-up with-
out any reason. Finally, the data of 27 patients with ADHD were
analyzed (Fig. 1).

At baseline, there were no significant differences in age, 1Q, K-
ARS scores, BDI scores, and BIS/BAS scores between the HX106 and
placebo groups (Table 1). Furthermore, there was no significant dif-
ference in the CAT scores between the two groups.

3.2. Changes in clinical scales during the treatment period

During the 4-week treatment period, the HX106 group showed
greater improvement in K-ARS total scores than the placebo group
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Enrollment
Assessed for eligibility (n = 31)

| Excluded due tolow Q (n=1) |

—" Excluded due to low weight (n = 1)|

| Randomized (n=29) |

—( : )7

Allocation

Assigned to HX106 group
(n=14)

Assigned to Placebo group
(n=15)

( Follow-up )

Lost to follow-up (n = 1) Lost to follow-up (n = 1)

- Did not complete because of
palpitation symptom

- Did not complete because of
drop-out

( Analysis )

| Analyzed (n =13) | | Analyzed (n = 14)

Fig. 1. CONSORT flow chart for the study.
1Q: intelligence quotient.

(F = 5.3, p = 0.03) (Table 2). ADHD symptoms assessed using the
K-ARS in the HX106 group improved by 26.8%, while those in the
placebo group improved by 10.0%. In the post hoc test, the HX106
group showed greater improvement in K-ARS inattention scores
than the placebo group (F = 5.8, p = 0.02). Inattentive ADHD
symptoms assessed using the K-ARS in the HX106 group improved
by 22.8%, while those in the placebo group improved by 5.6%.
However, there were no significant differences in the hyperactiv-
ity scores between the two groups (F = 2.8, p = 0.11) (Table 2).

During the four weeks, the HX106 group showed greater im-
provement in BDI scores than the placebo group. However, this dif-
ference was not statistically significant (F = 3.8, p = 0.06). There
were no significant differences in the BIS/BAS and CAT scores be-
tween the two groups (Table 2).

3.3. Adverse events of HX106

One participant who stopped taking the medication due to pal-
pitations was identified as being in the HX106 + methylphenidate
group.

3.4. Changes in brain functions in response to HX106 adjunctive
treatment

At baseline, there were no significant differences in ReHo be-
tween the two groups. There were no significant differences in
the left precuneus seed analysis between the two groups. Dur-
ing the four weeks, the HX106 group showed increased ReHo
within the left parietal lobe precuneus (MNI, x, y, z: —18, —52, 56,
FDRq < 0.05, T = 4.92, voxel = 48) compared with the placebo
group (Fig. 2).

There were no significant differences in the left precuneus seed
analysis at baseline between the two groups. During the four
weeks, the HX106 group showed increased FC from the precuneus
seed to the left middle temporal gyrus (MNI, x, y, z: —47, 13,
—36, Pyncorrected = 0.001, T = 5.63, voxel = 29) compared with the
placebo group (Fig. 3).
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Table 1
Comparison of demographic data for the HX106 and placebo groups.
HX106 (n = 13) (mean+ standard deviation)  Placebo (n = 14) (mean+ standard deviation) z P
Age (years) 13.0+4.4 14.5+5.9 -0.75 0.46
Education (years) 6.24+4.2 72454 -0.81 0.42
Intelligent Quotient (IQ) 94.8+12.3 101.5+15.1 -1.26 0.22
Methylphenidate dose (mg/d)  25.6+8.1 25.7+6.9 -0.03 0.97

Mann-Whitney U test.

Table 2
Comparisons of scores of clinical scales for the HX106 and placebo groups.

HX106 (n = 13) (mean+ standard deviation)  Placebo (n = 14) (mean+ standard deviation)

Before 4 weeks after Before 4 weeks after F* P

K-ARS

Total* 20.5+8.9 15.0+8.3 17.9+1.4 16.1+£10.4 531 0.03
Inattention* 11.4+4.1 8.8+4.7 10.7+5.8 10.1+6.1 5.82 0.02
Hyperactivity 9.14+5.9 6.3+5.3 7.24+1.1 6.0+5.2 2.54 0.07
BDI 7.54+8.7 5.8+6.9 9.0+9.5 10.7+11.3 1.58 0.21
BIS/BAS 65.2+7.5 66.5+8.1 72.9+124 70.3+14.3 112 036
CAT

Selective Visual OE 105.2+6.6 106.3+5.0 102.3+10.5 107.6+2.4 206 0.17
Selective Visual CE 110.1+£13.3  114.14+9.8 108.5+£12.5  115.74+8.2 035 0.56
Selective Auditory OE ~ 105.9+3.1 104.5+5.3 101.0+£11.5  101.2+14.3 0.07 0.78
Selective Auditory CE 104.3+10.9  106.54+10.5 101.3+14.6  106.5+6.1 0.86 0.36
Sustained OE 96.5+£11.5 100.6+8.4 101.1+£11.3  102.3+6.3 0.02 0.89
Sustained CE 101.4+24.2  103.94+21.9 97.54+20.1 105.94+21.0 0.14 0.71
Flanker OE 92.5+16.4 100.8+12.9 97.2+12.9 97.1+£12.2 0.02 0.88
Flanker CE 104.5+21.2  105.3+17.0 95.1+£20.4 109.7+£19.2 0.70  0.42
Divide OE 94.7+15.3 103.1£11.0 103.9+17.4 103.1+£9.8 1.72 0.21
Divide CE 95.4+13.9 99.949.4 94.6+15.0 95.3+18.3 0.04 0.84
WM_forward 93.8+£20.9 99.1+184 92.0+17.4 101.6+15.6 0.80 0.38
WM_backward 95.6+22.4 102.7+£12.9 89.6+£17.3 99.6+£14.6 0.06 0.82

* Repeated-measures ANOVA, statistically significant (p<0.05); BDI, Beck Depression Inventory; BIS/BAS, Behavioral Inhibitory Sys-
tem/Behavioral Activation System; CAT, comprehensive attention test; CE, commission error; K-ARS, Korean Attention Deficit Hyperactivity
Disorder rating scale; OE, omission error; WM, working memory.

i
1ol &= HX106
1.0
0.8
0.6
0.4
0.2

Eigen value

0.0
-0.2
-0.4

-0.6

Baseline Follow up

Fig. 2. Comparison of regional homogeneity (ReHO) in the HX106 and placebo groups during the treatment period

A. (1-3) Region of increased regional homogeneity (ReHo) in the HX106 group compared with the placebo group during treatment (MNI, x, y, z: —18, -52, 56, FDRq < 0.05,
T = 4.92, voxel = 48), Lt Precuneus, left parietal lobe, precuneus

B. Repeated-measures ANOVA, the ReHo for the left parietal lobe precuneus increased compared with that in the placebo group (F = 23.6, p < 0.01).
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Lt middle temporal gyrus
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T value

Fig. 3. Comparison of the changes in functional connectivity from the left precuneus seed to the voxel through the whole brain in the HX106 and placebo groups
Region of increased functional connectivity from the left precuneus to the middle temporal gyrus in the MNI coordinates, x, y, z: —47, 13, —36, Pyycorrectea = 0.001, T = 5.63,

voxel = 29)
Lt middle temporal gyrus, left middle temporal gyrus.
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Delta functional connectivity

Fig. 4. Correlation between attention scale and brain activity

0.4

Delta K-ARS inattention

=8
-04 -0.3 -0.2 -0.1 0.0

Delta functional connectivity

0.1 02 03 04

A. In all participants (HX106 group + placebo group), changes in the total scores of the Korean version of Dupaul's ADHD rating scale (K-ARS total) negatively correlated
with the changes in functional connectivity from the precuneus seed to the left middle temporal gyrus, Pearson’s correlation, r = —0.59, p < 0.01.

B. In all participants (HX106 group + placebo group), changes in the K-ARS inattention scores were negatively correlated with the changes in functional connectivity from
the precuneus seed to the left middle temporal gyrus, Pearson’s correlation, r = —0.62, p < 0.01.

ADHD, attention-deficit hyperactivity disorder.

3.5. Correlation between clinical scales and brain activity

In all participants (HX106 group + placebo group), changes in
the K-ARS total scores were negatively correlated with changes in
FC from the precuneus seed to the left middle temporal gyrus
(r = —-0.59, p < 0.01) (Fig. 4). Moreover, in all participants (HX106
group + placebo group), changes in the K-ARS inattention scores
were negatively correlated with changes in FC from the precuneus
seed to the left middle temporal gyrus (r = —0.62, p < 0.01)
(Fig. 4). However, there was no significant correlation between
changes in the K-ARS total scores (and inattention) and changes in
the FC from the precuneus seed to the left middle temporal gyrus
in either the HX106 or the placebo groups.

There was no significant correlation between changes in other
clinical scales, including BDI and BIS/BAS, and FC changes from the
precuneus seed to the left middle temporal gyrus in all partici-
pants.

4. Discussion

During the four weeks, the HX106 group showed greater (16.8%
in total and 17.2% in inattention) improvement in ADHD symptoms
as assessed by the K-ARS total scores, compared with the placebo
group. In a post hoc analysis, the inattention scores’ subscale im-

proved in the HX106 group compared with the placebo group. In a
study of zinc augmentation of methylphenidate, inattention scores
changed in response to augmentation therapy.?> These results sug-
gest that HX106 might enhance the effects of methylphenidate on
ADHD symptoms. It is well known that the pharmacodynamics
of methylphenidate are crucially associated with dopamine func-
tions.” In previous neurocognitive function studies, HX106 im-
proved working memory performance compared with a placebo.'?
The functioning of working memory is heavily influenced by
dopamine function.?*

Although the results were not statistically significant, HX106
improved depressive moods in patients compared with the
placebo. Plant compounds of G. elata are known to be antidepres-
sants.?>14 Furthermore, there was no difference in the outcome of
the comprehensive attention tests between the two groups.

Traditionally, two plant compounds in HX106 derived from G.
elata and S. miltiorrhiza, have been used to manage cardiovascu-
lar diseases in oriental Korean medicine.'*:'# Dopamine is also an
essential neurotransmitter in the cardiovascular system.'” Inter-
estingly, the participants who experienced palpitations belonged
to the HX106 group, which may have been caused by dopamine,
known to increase heart rate.!” Additionally, the adverse effects
of methylphenidate include increased blood pressure and palpita-
tions.25



S. Bae, S. Park and D.H. Han

During the 4-week study period, the HX106 group showed in-
creased brain activity in the left precuneus and increased brain FC
from the left precuneus to the left middle temporal gyrus com-
pared with the placebo group. The parietal lobe and middle tem-
poral gyrus form the attention regulation network, which includes
the default mode network.?” Methylphenidate is thought to im-
prove default mode network dysfunction in ADHD patients?® and
increase FC in the fronto-cingulo-parietal cognitive control net-
work.2?

However, there were no significant correlations between the
middle temporal gyrus’ K-ARS scores and brain activity in either
the HX106 or placebo group. These effects may be noticeable after
prolonged treatment with methylphenidate. Therefore, no prema-
ture conclusions could be drawn based on these results.

Since the current study did not directly measure dopamine lev-
els or evaluate heart rate change, we cannot comment on the ef-
fect of HX106 on the dopamine system. However, it can be spec-
ulated that the brain functional changes and the patient’s palpita-
tions may have been due to the adverse effects of methylphenidate
enhanced by HX106.

This is the first trial to examine the improvement in ADHD
symptoms and brain changes in response to HX106 administration
to the best of our knowledge. Current research has shown the pos-
sibility of herbal formulations as an adjuvant of medications that
could affect the clinical symptoms and brain functional changes.

There are several limitations to the current study. First, the
number of participants was inadequate to prove differences in
psychological testing and generalizing the findings. Second, the
current study was designed concerning combination therapy for
ADHD. HX106 is a mixed compound derived from four plants.
Therefore, the mechanism of each plant compound and the syn-
ergistic effect of these compounds are not clear. Future studies
should be designed to assess each plant compound’s effect in the
HX106 extract using a large number of participants.

Our findings suggest that HX106 enhances the effect of
methylphenidate on ADHD symptoms and increases brain activity
in the attention-regulation network. Therefore, HX106 may be a
promising adjunctive therapy option for patients with ADHD.
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