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Purpose: We aimed to investigate the efficacy of a combined herbal formula and electroacupuncture (EA) for mild cognitive 
impairment (MCI), a neurodegenerative disease leading to dementia, and its underlying mechanisms of action.
Patients and Methods: This was a prospective open-label observational pilot study at Daejeon Korean Medicine Hospital of 
Daejeon University in South Korea from March 2022 to March 2023. We included six Korean patients (50% male) aged ≥ 45 years 
and < 85 years with MCI, a clinical dementia rating score of 0.5, and a Montreal Cognitive Assessment-Korea (MoCA-K) score ≤ 22. 
The exclusion criterion was impaired cognitive function. Patients received combined therapy, including a herbal formula and EA, for 
12–24 weeks. We prescribed the herbal formulas Gamiguibi-tang, Yukmijihwang-tang, and Banhasasim-tang to the patients for at least 
70% of the treatment period, in combination with EA. Moreover, we investigated changes in cognitive and cognition-related symptoms 
and cytokine expression in the blood following combined traditional medicine therapy. At baseline and after 12 and 24 weeks, we 
administered the MoCA-K and cognitive-related questionnaires. We analyzed network pharmacology to reflect the herbal formula 
intervention mechanism comprehensively.
Results: The median score [interquartile range] of MoCA-K at baseline was 19.5 [16.0, 22.0], which improved significantly 
(24.5 [24.0, 26.0], p < 0.01) over 24 weeks following combined therapy. We obtained no significant conclusion regarding 
cytokine changes due to the small sample size. In network pharmacology, we analyzed the brain, head, heart, 
peripheral nerves, peripheral nervous system, and pancreas as the enriched organs from the common targets of the three 
herbal formulas.
Conclusion: Combined herbal medicine and EA improved cognitive function in patients with MCI. We assume the underlying 
mechanism of herbal formulas to be antioxidative and anti-inflammatory changes in cytokine expression. Combined traditional 
medicine has potential therapeutic application in preventing MCI progression to dementia.

Plain Language Summary: This was a single-centered study focusing on the therapeutic effect of combined herbal medicine and 
electroacupuncture in patients with mild cognitive impairment, including a small number of participants, a relatively long treatment intervention 
of 12 weeks, and a follow-up assessment of 24 weeks. The intervention was a combination of a herbal formula and electroacupuncture treatment 
customized for each participant. The blood cytokine analyses of the participants were compared with the network analysis of the predicted target 
organs and pathways for the herbal formulas administered. Because each participant was not given the exact same intervention, we were unable 
to identify the specific treatment that produced the predicted effect. The observational study design of the study limited the ability to accurately 
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assess causation between intervention and outcome. However, combined traditional medicine has potential therapeutic application in preventing 
mild cognitive impairment progression to dementia. 

Keywords: network pharmacology, inflammation, combination treatment, dementia

Introduction
Mild cognitive impairment (MCI) is a complex clinical condition characterized by neurodegenerative symptoms 
encompassing deficits in attention, learning, memory, and information processing speed. Its prevalence ranges between 
18 and 22% globally and nationally,1,2 being a transitional phase between normal aging and Alzheimer’s disease (AD).3,4 

Current clinical interventions for MCI are aimed at postponing this condition and remain notably limited.5 Recent studies 
have highlighted the importance of eliminating amyloid-beta (Aβ) peptides—linked with AD—not only from the brain 
but also from peripheral organs, such as the liver, kidney, and gastrointestinal tract.6,7 Therefore, it is necessary to 
develop fundamental treatment strategies for cognitive impairment that are not limited to Aβ clearance in the brain, 
considering multiple peripheral organs.

Traditional complementary and alternative medicine (CAM) provides personalized treatment based on a holistic 
perspective.8 Similar to CAM, traditional herbal formulas have been systematically shown to improve cognitive function 
and memory impairment and significantly decrease the number of patients who progress to dementia.4,9 Recently, an 
observational study was conducted to explore the role of Korean Medicine (KM) therapy in patients with MCI in 
a clinical setting.10 Electroacupuncture (EA) involves inserting two or more acupuncture needles into the skin, through 
which a weak electric current is transmitted. When applied to specific head and neck acupoints, EA demonstrates 
superior cognitive improvement compared to anti-dementia medications. Furthermore, functional magnetic resonance 
imaging has revealed correlations between EA at these acupoints and dementia-associated brain surface areas.11,12

Herbal formula treatments, including Gamiguibi-tang (GGT; Gui Pi Tang [China]; Kamikihi-to [Japan]) and 
Yukmijihwang-tang (YMJ; Liu wei di huang tang [China]; Rokumijio-to [Japan]), have been used for MCI. GGT, a herbal 
formula widely used to treat psychological symptoms in East Asia, is a safe and effective treatment option for patients with 
amnestic MCI.13 In addition, GGT combination therapy with acetylcholinesterase inhibitors, such as donepezil, maintains and 
prolongs the effects of donepezil in patients with AD.14 To investigate the therapeutic mechanism of action of GGT, magnetic 
resonance imaging analysis on brain metabolites, neurotransmitters, and cerebral blood flow was performed in a previous 
study.15 Assessment of cerebral blood flow after 24 weeks of GGT treatment revealed a significant treatment effect in the 
hippocampus of participants with MCI when compared with that in the placebo group. Additionally, the efficacy of YMJ in 
patients with MCI was reported in an observational study.16 However, evidence on memory function improvement and the 
therapeutic mechanisms underlying herbal formula treatment in patients with amnestic MCI is lacking. Furthermore, the 
cognitive benefits of the chemical compounds contained in GGT and YMJ are known. Accumulating data support the effect of 
ginsenosides Rb1 and Rg1 and geniposide in GGT on improvements in cognitive function.17–19 Moreover, loganin and 
5-hydroxymethyl-2-furaldehyde in YMJ reportedly ameliorated cognitive deficits in AD-like animal models.20,21

While positive clinical findings for herbal formula treatment in MCI have been reported, its therapeutic mechanism of 
action, considering the complexity of traditional medicine, should be investigated based on network pharmacology. Network 
pharmacology explores the multidimensional mechanisms underlying drug action in diseases by analyzing the complex drug– 
gene–target–disease network22 and reveals the compound–protein/gene network of disease pathways describing complexities 
among biological systems, sharing a holistic philosophy similar to that of traditional medicine.23 Recently, medication rules 
for herbal formulas for MCI were reported using network pharmacology.24 MCI-related core targets were screened using 
multiple databases, and the corresponding core components were matched with important herbs (Danshen, Yanhusuo, 
Gancao, Gouteng, and Jiangxiang) using the Traditional Chinese Medicine Systems Pharmacology Database and Analysis 
Platform to build a complex network of target-compounds. However, there are limitations in that the data sources and analyses 
mostly rely on specific databases derived from published literature. Moreover, experimental validation of prediction based on 
published results is lacking, necessitating additional biological confirmation.24
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In this observational study, we aimed to assess the effectiveness of combining herbal formulas with EA to enhance 
cognitive function in patients with MCI. Furthermore, we aimed to elucidate the therapeutic mechanisms underlying the 
effectiveness of the herbal formulas in patients with MCI using topological analysis and functional modules based on 
network pharmacology. We anticipate that this study will offer insights into selecting appropriate herbal formula 
prescriptions and EA acupoints for managing MCI within a conventional KM practice setting.

Materials and Methods
Study Design and Setting
We designed a small, prospective, open-label, observational pilot study to investigate the efficacy of a combination of 
herbal formulas and EA in patients with MCI, as well as topological features and functional modules using network 
pharmacology. This clinical study was performed at Daejeon Korean Medicine Hospital of Daejeon University in South 
Korea from March 2022 to March 2023. Outcome assessments encompassed measurements of cognitive function, 
symptoms associated with cognitive dysfunction, and alterations in blood cytokine expression either 3 or 6 months 
following the participant’s initial visit. A flowchart of the study design is shown in Figure 1 and Table 1.

Participants and Recruitment
Recruitment of participants began in August 2022. The inclusion criteria were as follows: age ≥ 45 years and < 85 years, mild 
neurocognitive disorder based on the Diagnostic and Statistical Manual of Mental Disorders (DSM)-5 diagnostic criteria,25 

a clinical dementia rating (CDR) score of 0.5, a Montreal Cognitive Assessment-Korea (MoCA-K) score ≤ 22,26 under-
standing the contents of the questionnaire, and provision of informed consent.

The exclusion criteria were as follows: cranial lesions, brain damage, or mental retardation that could impair 
cognitive function; history of neurological diseases, including Huntington’s disease, hydrocephalus, and brain tumor; 
uncontrolled gastrointestinal, endocrine, and/or cardiovascular disease, despite dietary or medication management; 
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Figure 1 Study design flowchart.
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uncontrolled diabetes not responsive to either hypoglycemic drugs or insulin; clinically significant liver disease 
(indicated by serum aspartate aminotransferase, alanine aminotransferase, and/or gamma-glutamyl transpeptidase values 
exceeding twice the upper limit of laboratory reference ranges) or kidney disease requiring dialysis; diagnosis of 

Table 1 Schedule for Enrollment, Clinical Outcomes, and Safety Assessment

Period Screening Treatment and Follow-Up*

Visit Screening 1 2~11 12 13~23 24 25

Week −1 0 1~5 6 7~11 12 24

Provided informed consent ○

Identification of inclusion and exclusion criteria ○

Demographics ○

Medical and disease history ○

Vital signs ○ ○ ○ ○ ○ ○ ○

Clinical laboratory examination ○ ○

Pregnancy test ○

Out comes

MoCA-K ○ ○ ○

CDR ○

ADAS-K-Cog ○ ○ ○

PSS ○ ○ ○ ○

BDI ○ ○ ○ ○

ISI ○ ○ ○ ○

SNAQ ○ ○ ○ ○

EQ-5D ○ ○ ○ ○

IMPSS ○ ○ ○

Blood collection for immune analysis ○ ○

Treatment

HM, EA ○ Δ Δ Δ Δ Δ

Others Δ Δ Δ Δ Δ Δ

Identification of adverse reaction(s) Δ ○ Δ ○ ○

Medication compliance ○ ○ Δ

Identification of concomitant drug change ○ ○ ○ ○

Education on visit schedule ○ ○ ○ ○ ○ ○ Δ

Notes: ΔIf applicable, record the result. *If participant’s temporary suspension of treatment or missing one follow-up, it 
was not a drop out. 
Abbreviations: MoCA-K, the Korean version of the Montreal Cognitive Assessment; CDR, clinical dementia rating; 
ADAS-K-Cog, Korean version of the cognitive subscale of the Alzheimer’s Disease Assessment Scale; PSS, Perceived Stress 
Scale; BDI, Beck Depression Inventory; ISI, Insomnia Severity Index; SNAQ, Simplified Nutritional Appetite Questionnaire; 
EQ-5D, European Quality of Life-5 Dimensions; IMPSS, Integrative Medicine Patient Satisfaction Scale; HM, herbal medicine; 
EA, electroacupuncture.
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malignancies, such as aplastic anemia or cancer; unstable medical conditions (with determinations made by investigators 
following standard work procedures, considering vital signs and clinical laboratory examination); major psychiatric 
disorders, including schizophrenia, delusional disorder, bipolar disorder, and alcohol or substance abuse disorder, as per 
the DSM-5 diagnostic criteria; pregnancy, lactation, or inadequate use of contraception methods; inability to comprehend 
the consent form owing to mental retardation, emotional, or intellectual problems or practical difficulties conducting 
research; difficulty in assessment owing to blindness, hearing loss, and severe speech impairment in the participant; and 
ineligibility to participate in this clinical study per the coordinator’s discretion or demonstration of a non-cooperative 
attitude. Among the patients who visited Daejeon Korean Medicine Hospital for MCI treatment, six who met the 
inclusion criteria were recruited.

Intervention Procedures
Six patients with MCI received an average treatment duration of approximately 3 months, which combined an 
individualized herbal formula and EA at Daejeon Korean Medicine Hospital, affiliated with Daejeon University. The 
herbal formula and EA procedures were not restricted to a fixed protocol; instead, they were tailored based on the clinical 
judgment of a senior KM doctor with over 10 years of clinical experience, adapted to each patient’s specific condition in 
a real clinical setting. However, the EA procedures were routinely conducted, primarily targeting specific needling 
acupoints (GV20 and Ex-HN3), utilizing needle stimulation at 2 Hz, and maintaining a retention time of 20 min. All 
procedural methods, including the composition of prescribed herbal formulas, were recorded retrospectively.

Outcome Measurements
All participants were screened at baseline using cognitive scales, including the MoCA-K and CDR. Cognitive function 
was assessed using MoCA-K scores and the cognitive subscale of the AD Assessment Scale (ADAS-Cog). The Korean 
version was evaluated three times: before and 12 and 24 weeks after combination therapy. The MoCA-K consists of 
several subscales to evaluate an individual’s overall cognitive function, including visuospatial ability, executive function, 
attention-concentration-working memory, language, short-term memory recall, and orientation to time and place. The 
evaluation tool uses a 30-point scale, and the cut-off score for detecting MCI is 22/23.26,27 As an assessment tool 
associated with cognitive function, the Korean version of the Perceived Stress Scale (PSS),28,29 Beck Depression 
Inventory,30 Insomnia Severity Index,31,32 Simplified Nutritional Appetite Questionnaire,33,34 and European Quality of 
Life-5 Dimensions35 scores were evaluated at four distinct time points: before and 6, 12, and 24 weeks after combination 
therapy. To evaluate patient satisfaction following treatment, the Integrative Medicine Patient Satisfaction Scale 
(IMPSS)36 scores were evaluated 6, 12, and 24 weeks after combination therapy.

To evaluate changes in cytokine levels in serum samples collected from patients, we employed the Bio-Plex Pro Human 
Cytokine 27-plex Assay kit (Bio-Rad, Hercules, CA, USA). The kit enables the measurement of various cytokines, including 
fibroblast growth factor (FGF) basic, interleukin (IL)-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13, IL-15, 
IL-17A, IL-1ra, macrophage inflammatory protein (MIP)-1α, MIP-1β, eotaxin, granulocyte-colony-stimulating factor 
(G-CSF), platelet-derived growth factor (PDGF)-BB, granulocyte-macrophage colony-stimulating factor (GM-CSF), regu-
lated on activation normal T-cell expressed and presumably secreted (RANTES), interferon (IFN)-γ, tumor necrosis factor 
(TNF)-α, IFN-γ inducible protein 10 (IP-10), vascular endothelial growth factor (VEGF), and monocyte chemoattractant 
protein-1 (MCP-1).

Serum samples were prepared from the blood specimens of the participants at the first (before treatment) and last 
visits (12 weeks after treatment). Cytokine antibody-coupled beads were first placed in 96-well microplates and 
incubated with the 4-fold diluted serum or standard serum for 30 min at room temperature with constant shaking. 
Subsequently, they underwent another 30-min incubation at room temperature with a biotin-labeled detection antibody, 
followed by a 10-min incubation with streptavidin-phycoerythrin, at room temperature. Incubation and shaking were 
performed at 850–900 rpm by covering the microplates with sealing tape. After further washing, assay buffer was added 
to each well to resuspend the beads, and the fluorescence intensity was measured using an automatic immunoassay 
analyzer (Bio-Rad Bio-Plex 200 array System). The cytokine concentration was assessed from the standard curve using 
the Bio-Plex Manager software (ver. 6.0, Bio-Rad), and the serum samples were analyzed in triplicate.
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Pharmacological Network Analysis
The pinyin names (ren shen, bai zhu, fu ling, long yan rou, huang qi, dang gui, yuan zhi, chai hu, zhi zi, gan cao, mu 
xiang, da zao, gan jiang, suan zao ren, mu dan pi, ban xia, huang qin, huang lian, sheng jiang, shu di huang, shan yao, 
shan zhu yu, and ze xie) of the herbs consisting of the three herbal formulas (GGT, YMJ, and Banhasasim-tang) used in 
the observational study were inputted into the Bioinformatics Analysis Tool for Molecular mechanism of Traditional 
Chinese Medicine database (http://bionet.ncpsb.org.cn/batman-tcm) to extract lists of targets per herb. The target lists 
were selected under the conditions of cutoff score > 30 and p-value < 0.05 and were merged for each formula; the target 
lists of the three formulas were derived after deduplication.

The target lists of the three formulas were entered into Venny (Ver. 2.1.0) (https://bioinfogp.cnb.csic.es/tools/venny) 
to obtain common and unique targets among the formulas, using a Venn diagram. Next, we inputted the target lists of 
formulas into the VarElect database (https://varelect.genecards.org/), using the phenotype keyword “mild cognitive 
impairment”, and retrieved only the target list with a score exceeding the median value of the score calculated using 
the VarElect database. The target lists of formulas extracted by matching to MCI were inputted to the GeneORGANizer 
database (http://geneorganizer.huji.ac.il/) and analyzed by setting the significance level α to 0.001, curation level to 
“confident + tentative”, frequency of phenotype to “typical”, the multiple comparison corrections to “false discovery 
rate”, and type of analysis to “Gene-based” in the advanced option mode. GeneORGANizer is a phenotype-based tool 
that directly shows the linkage between human genes and the body parts they affect.37 We employed identical target lists 
of formulas associated with MCI to extract pathway lists referred to as SuperPath using the GeneAnalytics database 
(https://ga.genecards.org/). We focused exclusively on pathways that exceeded the median score determined by the 
GeneAnalytics database.

Statistical Analyses
Continuous or categorical variables are presented as the median, interquartile range (IQR), mean, and 95% confidence 
interval or as frequency and percentages, respectively. This study had a small sample size, and parametric statistical 
analyses were not suitable. Wilcoxon signed-rank tests were used to assess differences between the scores before and 
after treatment. All statistical analyses were performed using SAS, version 9.4 (SAS Institute, Inc., Cary, NC, USA). 
Statistical significance was set at p < 0.05.

Ethical Considerations and Study Registration
The study protocol was approved by the Research Ethics Committee of Daejeon Korean Medicine Hospital, Daejeon 
University (DJDSKH-21-BM-23) for the clinical study and the Institutional Review Board of the Korea Institute of 
Oriental Medicine (I-2206/006-001-01) for cytokine analysis of patient-derived serum samples. The Institutional Review 
Board was responsible for supervising all aspects of the study. Volunteer participants were recruited and registered, and 
written informed consent was obtained from all participants. The study protocol was registered in Clinical Research 
Information Service of the Republic of Korea (KCT0007838).

Patients were voluntarily involved in the study after seeing in-clinic and online posters distributed by the researchers. The 
patients were given detailed explanations of the intervention, including the strength of the combination treatment, possible side 
effects, and time of treatment. The patients were asked to sign a consent form if they agreed. We are planning to publish our 
findings and distribute them to patients with MCI visiting the hospital where we conducted the observational study, including 
study participants. This study was conducted in accordance with the Declaration of Helsinki.

Results
Demographic and Participant Characteristics
A total of six participants with MCI who met the eligibility criteria were recruited for medical treatment at Daejeon 
Korean Medicine Hospital and successfully completed the 6-month period of visits and assessments (Figure 1). These 
participants had a mean (± standard deviation) age of 70.16 ± 3.43 years, with three (50%) of them being female. The 
demographic and other baseline characteristics and cognitive assessment results are presented in Supplementary Table 1.
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Frequently Prescribed Herbal Formulas
The frequency of the total prescribed herbal formulas for the six patients with MCI in this observational clinical study was as 
follows: GGT > YMJ > Gami-Ondam-tang > Banhasasim-tang > Ukgan-san. Detailed descriptions of GGT, YMJ, and 
Banhasasim-tang, which were mainly prescribed to the participants in this study, are presented in Supplementary Table 2. For 
each participant, herbal formulas taken for a long period of time, for more than 70% of the total period of taking a herbal 
formula, were GGT in patients #4 and #6, YMJ in patients #1 and #2, and Banhasasim-tang in patient #3. Patient #5 did not 
receive long-term herbal formulas for over 70% of the total herbal formula intake period.

Outcome Measure for Cognitive-Related Function and Changes in Cytokine Levels
At baseline, the median score [IQR] of the MoCA-K for cognitive assessment among all participants with MCI was 19.5 
[16.0, 22.0]. After 24 weeks, significant differences in the MoCA-K scores were observed (24.5 [24.0, 26.0]; p = 0.0313). 
Similarly, the median [IQR] ADAS-Cog score for cognitive assessment was 16.5 [11.0, 18.0] at baseline, with significant 
differences in ADAS-Cog scores noted over 24 weeks (7.5 [3.0, 11.0]; p = 0.0313). The median [IQR] PSS score for 
stress measurement was 19.5 [16.0, 20.0] at baseline, with significant differences in PSS scores noted over 24 weeks 
(17.0 [14.0, 19.0]; p = 0.0313). However, in other instruments, no statistically significant score changes before and after 
combination treatment were observed. The changes in the outcome scores after combination therapy are presented in 
Table 2. Regarding the IMPSS, the median score [IQR] was 2.5 [2.0, 4.0] after 6 weeks of intervention and 2.0 [1.0, 2.0] 
over 24 weeks.

In terms of molecular markers in the blood, 17 of the 27 tested cytokines in the multiplex analysis exhibited over 1.5-fold 
changes 24 weeks after combination treatment with the herbal formula and EA compared to baseline. These altered cytokines 
included IL-1β, IL-1ra, IL-4, IL-8, IL-9, IL-13, IL-17, eotaxin, FGF basic, G-CSF, INF-γ, IP-10, MCP-1, MIP-1α, MIP-1β, 
RANTES, and TNF-α. However, a common pattern of altered cytokine levels was not observed in any of the six patients 
(Figure 2).

Enrichment Analysis of Function and Pathways Related to Cytokines
Network pharmacology analysis was performed on the three herbal formulas, GGT, YMJ, and Banhasasim-tang, that 
were frequently prescribed to the participants. The target lists of the three formulas (GGT, 891 targets; YMJ, 454 targets; 
and Banhasasim-tang, 974 targets) resulted in 80 common targets. Specifically, there were 138 common targets between 
GGT and Banhasasim-tang, with six unique targets for GGT, 11 unique targets for Banhasasim-tang, and no unique 
targets for YMJ. The numbers of targets of the three formulas extracted from the VarElect database by matching MCI 

Table 2 Outcomes Changes Associated with Herbal Medicine

Outcome Baseline After 24 Weeks 24 Weeks-Baseline

Mean (SD) Median [IQR] Mean (SD) Median [IQR] p-value

MoCA-K 19.00 ± 3.10 19.5 [16.0, 22.0] 24.67 ± 2.34 24.5 [24.0, 26.0] 0.0313a

ADAS-K-Cog 15.17 ± 4.79 16.5 [11.0, 18.0] 7.33 ± 3.83 7.5 [3.0, 11.0] 0.0313a

PSS 19.83 ± 4.96 19.5 [16.0, 20.0] 16.67 ± 2.73 17.0 [14.0, 19.0] 0.0313a

BDI 21.83 ± 15.50 22.5 [7.0, 31.0] 15.33 ± 12.51 11.0 [10.0, 20.0] 0.0938

ISI 11.33 ± 6.50 10.5 [6.0, 16.0] 6.83 ± 2.64 8.0 [4.0, 9.0] 0.1250

SNAQ 13.50 ± 2.43 14.5 [11.0, 15.0] 13.67 ± 2.07 13.5 [12.0, 16.0] 0.7813

EQ-5D 0.78 ± 0.14 0.82 [0.77, 0.82] 0.80 ± 0.09 0.80 [0.77, 0.87] 0.7500

Notes: Values are expressed as the mean of the score change and its 95% confidence interval; ap < 0.05, vs baseline. 
Abbreviations: SD, standard deviation; IQR, interquartile range; MoCA-K, Korean version of the Montreal Cognitive Assessment; 
ADAS-K-Cog, Korean version of the cognitive subscale of the Alzheimer’s Disease Assessment Scale; PSS, Perceived Stress Scale; 
BDI, Beck Depression Inventory; ISI, Insomnia Severity Index; SNAQ, Simplified Nutritional Appetite Questionnaire; EQ-5D, 
European Quality of Life-5 Dimensions.
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were 79, 80, and 47, respectively, with 42 common targets derived from these three formulas (Supplementary Figure 1; 
Supplementary Data 1).

We analyzed the SuperPath pathway specific to cytokines in the three formulas and their common targets. The 
pathways analyzed from common targets of the three formulas were the IL-4 and IL-13 signaling, development of VEGF 
signaling via VEGFR2-generic cascades, and IL-9 signaling pathways. Common pathways among the three formulas 
were the IL-4 and IL-13 signaling pathway, immune response IL-23 signaling pathway, development of VEGF signaling 
via VEGFR2-generic cascades, IL-18 signaling pathway, and IL-9 signaling pathway. The unique pathways were the IL- 
10 signaling pathway in GGT, IL-1 family signaling pathways, IL-10 signaling, TNF superfamily-human ligand-receptor 
interactions and their associated functions, IL-17 family signaling pathways, and the TNFR1 pathway in Banhasasim- 
tang. A full list of these pathways is provided in Supplementary Data 2.
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Figure 2 Cytokine levels before and after herbal formula treatment. Graphs represent an average concentration of cytokines in six patients. 
Abbreviations: IL, interleukin; FGF, fibroblast growth factor; G-CSF, granulocyte-colony-stimulating factor; IFN, interferon; IP, inducible protein; MCP, monocyte 
chemoattractant protein; MIP, macrophage inflammatory protein; RANTES, regulated on activation normal T-cell expressed and presumably secreted; TNF, tumor necrosis 
factor.
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Subanalysis by Herbal Formulas
Changes in cytokine levels were organized according to each formula (Supplementary Figure 2). There were no common 
changes in cytokine levels across the three herbal formulations. The common cytokines changed by YMJ and GGT were 
IL-4, IL-17, eotaxin, INF-γ, and MCP-1. Banhasasim-tang altered IL-13 and IP-10 levels, similar to YMJ and GGT. GGT 
primarily induced alterations in T-cell cytokines, including IL-1β, IL-4, IL-17, and INF-γ. Notably, a consistent reduction 
in IFN-γ levels was observed in patients #1 and #2 over a 12-week post-treatment period with GGT. Conversely, 
Banhasasim-tang influenced IL-13 and IP-10 levels. YMJ primarily stimulated the changes in CC chemokines, such as 
eotaxin, MCP-1, MIP-1α, MIP-1β, and RANTES.

The results of the organ enrichment analysis of the three formulas and common targets analyzed using the 
GeneORGANizer database are shown in Supplementary Figure 3. The enriched organs analyzed from the common targets 
of the three formulas were the brain, head, heart, peripheral nerves, peripheral nervous system, and pancreas. The organs 
commonly enriched in GGT and Banhasasim-tang were the spinal cord, liver, lung, kidney, bone marrow, skin, small intestine, 
esophagus, intestine, blood vessels, large intestine, upper limb, rectum, stomach, eye, mouth, lower limb, spleen, hand, foot, 
toes, forearm, arm, digits, wrist, breast, prostate, coagulation system, neck, elbow, shoulder, anus, knee, fingers, ankle, and hip. 
The unique enriched organs were the chest wall, red blood cells, shin, scapula, and thigh in GGT; only the gallbladder in 
Banhasasim-tang; and none in YMJ. A full list of enriched organs is presented in Supplementary Data 3.

Discussion
This observational clinical study showed the effectiveness of combination treatment with a herbal formula and EA in 
patients with MCI, and network pharmacology analysis revealed the therapeutic mechanism. Our results showed that 
cognitive function, including the MoCA-K and PSS scores, improved after herbal formula therapy. The herbal formulas 
that each participant took for the longest period of time were GGT, YMJ, and Banhasasim-tang. These herbal formulas 
have been used to treat patients with cognitive impairment.14,16 To identify the therapeutic mechanisms of the herbal 
formulas, changes in cytokine levels in patient-derived serum and cytokine-related pathways were investigated using 
network pharmacology. In six participants with MCI, cytokines that were altered included IL-1β, IL-1ra, IL-4, IL-8, IL-9, 
IL-13, IL-17, eotaxin, FGF basic, G-CSF, INF-γ, IP-10, MCP-1, MIP-1α, MIP-1β, RANTES, and TNF-α.

According to a review paper by Brosseron et al38 five group classifications of blood markers, including cytokines, other 
immune signaling-related regulators, and their receptors, are based on the disease progression of MCI and AD. In our study, 
the cytokines that exhibited alteration predominantly belonged to groups 2 and 3. Specifically, group 2 encompassed cytokines 
such as IL-1β and TNF-α, which demonstrated a gradual but steady increase over time throughout the course of AD. Group 3 
included cytokines such as MCP-1 and IP-10, which reached their peak levels in mild AD or during the transition from MCI 
to AD. Based on network pharmacology, the common target pathways related to cytokines matched with the three formulas 
(GGT, YMJ, and Banhasasim-tang) and MCI were IL-4, −9, −13, and VEGF. Cytokines, including IL-4, IL-9, and IL-13, are 
commonly identified in real-world patient serum and network pharmacology prediction analyses. Our results suggest that 
changes in cytokines, including IL-4, IL-9, and IL-13, following herbal formula therapy in patients with MCI may be related to 
improved cognitive impairment and therapeutic mechanisms, such as antioxidant and anti-inflammatory effects.

In addition, the cytokines commonly identified based on real-world and network pharmacology analyses in our study 
are reported to be associated with cognitive dysfunction. IL-9 levels are significantly increased in patients with AD. In 
a study by Saresella et al39 which involved immunophenotypic and functional analysis of Aβ stimulated T lymphocytes 
in patients with AD, MCI, and healthy individuals, cytokines, including IL-21, IL-6, IL-23, and IL-9, were significantly 
upregulated in patients with AD. This upregulation coincided with a shift in post-thymic differentiation pathways, 
leading to the accumulation of differentiated effector T lymphocytes. Regarding IL-13, a cross-sectional study by Serre- 
Miranda et al40 found that plasma from senior individuals with poor cognitive performance exhibited increased 
concentrations of IL-1β, IL-8, and IL-13 compared to that in individuals with better cognitive performance. These 
cytokines were suggested as potential contributors to predicting an individual’s cognitive performance. Additionally, in 
a previous animal study, IL-4 and IL-13 were reported to play critical roles in neuronal death by regulating oxidative 
stress in neurodegenerative diseases such as AD.41

Neuropsychiatric Disease and Treatment 2024:20                                                                              https://doi.org/10.2147/NDT.S465650                                                                                                                                                                                                                       

DovePress                                                                                                                       
1339

Dovepress                                                                                                                                                              Jang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=465650.pdf
https://www.dovepress.com/get_supplementary_file.php?f=465650.pdf
https://www.dovepress.com/get_supplementary_file.php?f=465650.pdf
https://www.dovepress.com
https://www.dovepress.com


IL-4 and IL-13 are endogenously expressed in reactive microglia and are upregulated in activated microglia/ 
macrophages, mediating prothrombin kringle-2-induced neurotoxicity in the rat cerebral cortex. A previous study 
suggested that the deleterious actions of IL-4 and/or IL-13 may be involved in oxidative stress-mediated neurodegen-
erative diseases. Consistent with this, our clinical study indicated a tendency for decreased expression of IL-4 and IL-13 
following treatment with herbal formulations in patients with MCI, which can be attributed to a decrease in oxidative 
stress. However, in another previous study, IL-4 and IL-13 were shown to be anti-inflammatory factors that induce 
polarization toward M2 phenotype microglia, which secrete anti-inflammatory cytokines.42 Therefore, IL-4 and IL-13 
inhibit Aβ-induced microglial polarization and pro-inflammatory activity.43 Overall, conflicting results on the role of 
peripheral immune molecules in AD are being reported; therefore, further large-scale clinical research studies to explore 
immune-related cytokines in participant groups composed of healthy seniors, MCI, and AD are needed.

We conducted a subanalysis focusing on the primary herbal formulas administered to each participant. Six patients with 
MCI received several herbal formulas over a 24-week period in a real-world clinical setting. Herbal formulas taken for over 
70% of the treatment period included GGT in patients #4 and #6, YMJ in patients #1 and #2, and Banhasasim-tang in patient 
#3. To predict how the targets of the three herbal formulas were enriched or depleted in the organs, organ enrichment analysis 
was performed using GeneORGANizer. The enriched organs analyzed from the common targets of the three formulas were 
the brain, head, heart, peripheral nerves, peripheral nervous system, and pancreas. Most of these organs were the same as those 
enriched in the YMJ formula. YMJ ameliorates brain injury in animal models.39,40 In a study by Eom et al44 using a chronic 
restraint stress mouse model, YMJ ameliorated the impairment of brain hippocampal memory ability. Additionally, YMJ 
improved cognitive function in a d-galactose-induced aging mouse model by regulating lipid metabolism and oxidative stress 
and ameliorated hippocampal synaptic ultrastructure damage.45 In this study, the common target organ of the herbal formulas 
that improved cognitive function was the brain. However, Aβ peptide has been reported to be removed from the peripheral 
organ system6,7 and our analysis identified peripheral organs as target sites for the herbal formulas used in this study. 
Therefore, further studies are needed to confirm cognitive impairment, considering multiple peripheral organs based on the 
holistic perspective of traditional medicine.

We also addressed the changes in the cytokine profiles using each formula. GGT administered to patients #4 and #6 mainly 
changed T-cell cytokines, such as IL-1β, IL-4, IL-17, and INF-γ, that play a role in neuroinflammation. Among the altered 
cytokines, IL-1β is known to be associated with the progression of MCI and/or AD. IL-1β levels exhibited a significant 
increase in both plasma and cerebrospinal fluid (CSF) among individuals with amnestic MCI and AD; however, it was notably 
higher in patients with AD than in those with MCI.46,47 Conversely, a meta-analysis by Su et al48 revealed that the 
concentration of IL-1β constantly increased in patients with AD, with no consistent results in patients with MCI. These 
results imply that IL-1β is not specific and sufficient to only patients with MCI. IFN-γ, an essential cytokine in the immune 
system, plays a critical role in microglia-induced neural network and neurodegeneration.49 In our study, IFN-γ levels 
consistently declined 12 weeks after treatment in both GGT-administered patients #1 and #2. Belkhelfa et al50 reported 
higher IFN-γ levels in patients with mild or severe AD compared to those with moderate AD and MCI using plasma samples 
from Algerian patients. Nevertheless, there is limited evidence to firmly establish the clinical relevance of IFN-γ to MCI 
or AD, despite several studies suggesting it as a potential therapeutic target for AD.50,51

In clinical studies, the association between IL-4 or IL-17 and the progression or pathophysiology of MCI remains 
relatively unexplored. In the case of patient #3, who received Banhasasim-tang, changes in IL-13 and IP-10 levels were 
observed in serum samples. Recently, Mayagoitia et al52 reported that the expression of IL-13 and IP-10 increased in the 
brains of amyloid precursor protein knock out mice, using multiplexed immunoassay and histological analysis. This 
study indicated numerous IL-13-positive cells in the medial prefrontal cortex and ventral hippocampus, while IP-10 was 
expressed in the medial prefrontal cortex and hippocampus in a mouse model. However, clinical evidence addressing the 
association of IL-13 and IP-10 with MCI or AD remains limited.

YMJ principally changed levels of the CC chemokines, such as eotaxin, MCP-1, MIP-1α, MIP-1β, and RANTES. 
Notably, MIP-1α exhibited a marked change in both patients #4 and #6. Chemokines, a subfamily of cytokines, play 
a pivotal role in inflammatory diseases by controlling the recruitment of effector leukocytes.53 Several groups have 
reported the potential of eotaxin and MCP-1 as selective markers of MCI and AD. Bettcher et al54 reported that 
MCP-1 and eotaxin-1 play potentially selective roles in memory dysfunction in MCI and AD. Morgan et al55 

https://doi.org/10.2147/NDT.S465650                                                                                                                                                                                                                                  

DovePress                                                                                                                                    

Neuropsychiatric Disease and Treatment 2024:20 1340

Jang et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


demonstrated that MCP-1, eotaxin, and soluble complement receptor type 1 can serve as moderately predictive 
markers for differentiating between MCI and AD in an inflammatory biomarker study of AD plasma within the 
AddNeuroMed, a significant cross-European cohort. MIP-1α, MIP-1β, and RANTES commonly bind and activate 
the CC-chemokine receptor 5, a crucial factor in various inflammatory diseases including AD, to display their 
effects.56 Quantitative analysis of signaling proteins revealed increased epidermal growth factor, glial cell-derived 
neurotrophic factor, and MIP1 levels in AD; MIP4 in MCI; and RANTES in MCI and AD in human plasma samples 
from healthy controls and patients with MCI or AD.57 In our study, YMJ also altered the concentration of T-cell 
cytokines IL-4, IL-9, IL-17, INF-γ, and TNF-α in the serum of patients with MCI. The potential effects of YMJ on 
cognitive improvement in patients with MCI may be attributed to the modulation of CC chemokines by T-cell 
cytokines.

It is important to explore biomarkers for preventing and treating diseases in modern medicine, whether in Western or 
traditional medicine approaches. Currently, the most broadly used biomarkers for AD are Aβ and tau proteins in CSF. 
However, CSF markers are limited by variations in diagnostic accuracy and invasive lumbar puncture in predicting the 
progression from MCI to AD.58 Therefore, blood-based molecular markers, including cytokines, may be beneficial tools for 
diagnosing MCI and AD to overcome the limitations of CSF markers. Several groups have studied the development of blood- 
based markers in MCI or AD; however, their conclusions remain controversial. Future studies should consider the standardi-
zation of assays, clinical study protocols, and patient charts.

Despite its strengths, our study had some limitations. First, our clinical study was a small observational study without 
a placebo control, which cannot exclude the possibility of the placebo effect and the influence of the learning effect. 
Consequently, further randomized controlled clinical trials exploring the interaction between EA and herbal medicine 
combination therapy on MCI are warranted. Second, several formulas were prescribed to or within patients. Therefore, it 
is difficult to derive representative herbal formulas for MCI and specify their therapeutic mechanisms. In addition, 
external efficacy was compromised due to multi-ingredient herbal formulas in a small number of clinical events. Third, 
even though we could analyze cytokine-related pathways using network pharmacology, we were unable to determine 
whether the three herbal formulas activated or inhibited cytokine activity. Further large-scale randomized controlled trials 
with follow-up observations are needed to confirm the effects of cognitive improvement and the mechanisms underlying 
network pharmacology in patients with MCI. More information on the collective characterization of patients and herbal 
formulas is required to develop a biomarker set for MCI in the blood. Therefore, planning personalized medicine that 
reflects the characteristics of individual patients would be helpful.

Conclusion
The combination therapy of EA and herbal formulas appears promising for enhancing cognitive function in patients with 
MCI. The network pharmacological analysis for herbal formulas in our study provided insight into possible therapeutic 
mechanisms, such as anti-oxidation and anti-inflammation, via peripheral immune molecule alterations based on real- 
world clinical studies. In addition, cytokine changes and target-enriched organs were analyzed using subgroup analysis 
for each frequently used herbal formula, but no significant. Conclusion was obtained due to the small sample size. 
However, the candidate mechanisms of herbal formulas related to cognitive improvement are presented and should be 
proven through follow-up studies.
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