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Abstract

Background Traditional oriental medicines (TOMs) are a medical practice that follows different philosophies to phar-
maceutical drugs and they have been in use for many years in different parts of the world. In this study, by integrat-
ing TOM formula and pharmaceutical drugs, we performed target space analysis between TOM formula target space
and small-molecule drug target space. To do so, we manually curated 46 TOM formulas that are known to treat
Anxiety, Diabetes mellitus, Epilepsy, Hypertension, Obesity, and Schizophrenia. Then, we employed Absorption, Dis-
tribution, Metabolism, Excretion, and Toxicity (ADMET) properties such as human ether-a-go-go related gene (hERG)
inhibition, Carcinogenicity, and AMES toxicity to filter out potentially toxic herbal ingredients. The target space analysis
was performed between TOM formula and small-molecule drugs: (i) both are known to treat the same disease, and (ii)
each known to treat different diseases. Statistical significance of the overlapped target space between the TOM
formula and small-molecule drugs was measured using support value. Support value distribution from randomly
selected target space was calculated to validate the result. Furthermore, the Si-Wu-Tang (SWT) formula and published
literature were also used to evaluate our results.

Result This study tried to provide scientific evidence about the effectiveness of the TOM formula to treat the main
indication with side effects that could come from the use of small-molecule drugs. The target space analy-

sis between TOM formula and small-molecule drugs in which both are known to treat the same disease shows

that many targets overlapped between the two medications with a support value of 0.84 and weighted average
support of 0.72 for a TOM formula known to treat Epilepsy. Furthermore, support value distribution from randomly
selected target spaces in this analysis showed that the number of overlapped targets is much higher between TOM
formula and small-molecule drugs that are known to treat the same disease than in randomly selected target spaces.
Moreover, scientific literature was also used to evaluate the medicinal efficacy of individual herbs.

Conclusion This study provides an evidence to the effectiveness of a TOM formula to treat the main indication
as well as side effects associated with the use of pharmaceutical drugs, as demonstrated through target space
analysis.
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Background

Traditional oriental medicines (TOMs) have been in
use by many people around the world for many years.
Traditional Chinese medicine (TCM), African tradi-
tional medicine, and Kampo medicine provide a wide
variety of data on medicinal plants [1-4]. Further-
more, TCM has been widely used as a primary source
of therapy in China for many years [4]. TOMs, unlike
pharmaceutical drugs, follow a distinct diagnostic
methodology since they view disease as a common
product of both maladjustment in the human body
and pathogenetic factors [4, 5]. Most pharmaceutical
drugs, also called western medicine, are designed with
a single active component or ingredient that targets a
specific ion channel, receptor, regulatory protein, or
enzyme that caused a disease [5, 6]. Considering how
complex a human body is, multi-compound multi-tar-
get approaches are getting more interest as a potential
treatment, particularly for complex diseases. Differ-
ent researchers have diverse opinions concerning the
therapeutic efficacy and mechanism of herbal medi-
cine [7-9]. Even though we do not fully understand
the mechanisms of most herbal medicines, they have
been used as a primary source of medication and as a
supplement to pharmaceutical drugs in both devel-
oping and developed countries [10, 11]. Studies have
shown that around 20% of the US population as well as
around 23% of preoperative and ambulatory patients
used herbal medicine [12—14]. Strohl (2000) showed
that more than one-third of most marketed drugs are
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A: TOM formula 1 known to be effective for disease X
B: Drug Module 1 known to be effective for disease X
C: Drug Module 2 known to be effective for disease Y
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natural product-derived ones [15]. Despite several
studies being carried out to investigate the efficacy of
TOM-derived compounds, their mechanisms of action
and therapeutic efficacy are not well known compared
to pharmaceutical drugs [15-17]. Despite the lack of
clear understanding regarding the underlying mecha-
nisms of action, few studies have reported the presence
of herbal synergism [18-21]. Furthermore, due to the
multi-compound nature of traditional medicine and
natural products, the molecular mechanisms of tradi-
tional medicine still stay largely unknown. Due to their
wide use as well as their important role in the drug dis-
covery process, the need and interest to investigate the
mechanisms of TOMs increased rigorously.

In this study, we perform target space analysis to pro-
vide scientific evidence about the efficacy of traditional
oriental medicine formulas. The target space analysis
focuses on the target spaces of two different treatments,
TOM formula, and small-molecule drugs, both known
to treat the same disease. Furthermore, with the multi-
component multi-target principle of the TOM formula
[5], we investigate the effectiveness of herbal medicine
formulas in treating more indications in addition to the
main one it is designed to treat (see Fig. 1). In the present
study, six phenotypes — Anxiety, Diabetes mellitus, Epi-
lepsy, Hypertension, Obesity, and Schizophrenia — were
selected from three different disease ontologies, cardio-
vascular system disease, metabolic system disease, and
neurological disorder. To validate our result, we perform
target spaces analysis between randomly selected target
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Formula P: TOM formula known to be effective for Anxiety

Drug Module 1: a set of small-molecule drugs known to be
effective for Anxiety

Drug Module 2: a set of small molecule drugs known to be
effective for the side effects of Drug Module 1 such as
Fatigue

Fig. 1 Concept of the target space analysis. Three target spaces — TOM formula 1 target space, Drug Module 1 target space, and Drug Module

2 target space — were analyzed. Figure (A): TOM formula 1 and Drug Module 1 are known to treat disease X whereas Drug Module 2 are known

to treat the side effects of Drug Module 1 i.e. disease Y. The target space analysis aims to provide scientific evidence about the effectiveness of TOM
formula 1 to treat the main indication (disease X) with side effects (disease Y). Figure (B): Example of target space analysis between TOM Formula

P, which is known to be effective for Anxiety, Drug Module 1 is a set of small-molecule drugs that are known to treat Anxiety, and Drug Module 2

is a set of small-molecule drugs that are known to treat the side effects of Drug Module 1 such as Fatigue. The purpose of the target space analysis
is to investigate if the target space of TOM formula P is significantly overlapped against the target space of both Drug Module 1 and Drug Module 2.
In addition, this study evaluates If the overlapped targets are significant and higher than the randomly expected target space overlap
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Fig. 2 Overall workflow and scheme of this study. First, Traditional oriental medicine (TOM) and small-molecule drug-related data were curated
from COCONUT and DrugBank, respectively. Second, target space analysis was performed between the TOM formula and small-molecule drug
target spaces. By using target space analysis, this study aims to provide scientific evidence if TOM formula P can be used for both the main
indication Phenotype A and the side effects of Drug Module 1 which is Phenotype B (both Drug Module 1 and Formula P are known to treat
Phenotype A). We performed target space analysis between Formula P against Drug Module 1, and Formula P against Drug Module 2 target spaces.
We validate our result using randomly selected target space analysis, SWT formula, and published literature

space of TOM formula and small-molecule drugs. In
addition, the SWT formula and published literature were
used to validate our results. The flowchart in Fig. 2 shows
the overall process of the present study (see Materials
and methods section).

Results

TOM formula versus small-molecule drugs: both medicines
are known to be effective for the same disease

The target space analysis showed that a significant num-
ber of targets overlapped between the TOM formula and
Drug Module 1. The number of target genes associated
with TOM formula and Drug Module 1, in which both
medicines are known to treat the same disease, were
significant (see Additional file 1). In the present study,
Cytochrome P450 (CYP) isozymes were excluded from
the target space analysis since their primary role is in
the metabolism of drugs and other xenobiotics [22]. For
instance, the result of the target space analysis between

TOM formula 1, TOM formula 2, TOM formula 3, TOM
formula 4, TOM formula 5, TOM formula 6, TOM for-
mula 7, TOM formula 8, TOM formula 9, and TOM
formula 10 against small-molecule drugs in which both
medications are known to treat Anxiety showed that the
two medicines are associated with 17, 16, 18, 18, 22, 7,
16, 24, 19, and 25 target genes, respectively. The 17 tar-
gets which are overlapped between TOM formula 1
and small-molecule drugs are ALB, GABRB1, GABRB2,
GABRB3, GABRD, GABRG1, GABRG2, GABRP,
GABRR1, GABRR2, HTR1A, ORMI, PTGS1, TSPO,
UGT1A9, UGT2B15, and UGT2B7. Similarly, the target
space analysis between TOM formula 1, TOM formula 2,
TOM formula 3, TOM formula 4, TOM formula 5, TOM
formula 6, TOM formula 7, TOM formula 8, TOM for-
mula 9, and TOM formula 10 against small-molecule
drugs in which both medications are known to treat Dia-
betes mellitus showed that the two medicines are associ-
ated with 55, 20, 62, 6, 60, 63, 14, 37, 47, and 65 target
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genes, respectively. Furthermore, the results of most of
the target space analyses performed in this study showed
that a significant number of targets overlapped between
TOM formula target space and small-molecule drug tar-
get space.

Statistical significance of the overlapped targets
between a TOM formula and small-molecule drug target
spaces were calculated using support, overlapping tar-
get space divided by pharmaceutical drugs target space.
Then, the capability of a single TOM formula to treat
both the main indication and other indications (side
effects) is measured as the summation of individual sup-
port values divided by the total number of indications
(Tables 1 and 2).

TOM formula versus small-molecule drugs: each medicine
is known to be effective for different disease

The previous section showed the presence of a significant
target space overlap between a TOM formula and small-
molecule drugs in which both medicines are known
to treat the same disease. However, as several studies
reported, small-molecule drugs have undesired effects
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— adverse side effects. In this section, we analyzed the
target spaces of the TOM formula which are known to
treat phenotype A, small-molecule drugs (Drug Module
1) which are known to treat phenotype A, and small-mol-
ecule drugs (Drug Module 2) which are known to treat
the side effects of Drug Module 1. The objective is to find
out if a single TOM formula is significantly associated
with the targets of both Drug Module 1 and Drug Mod-
ule 2 (see Fig. 2). If there is significant target space over-
lap, then we might say a TOM formula has the potential
to treat phenotype A and alleviate possible side effects
that might come from Drug Module 1.

Some of the side effects of the small-molecule drugs
known to treat Anxiety are Fatigue, Hypotension, Som-
nolence, and Constipation [23-26]. We manually curated
targets of the small-molecule drugs known to treat these
side effects from DrugBank and then we build a target
space. Then, we perform target space analysis between
the TOM formula known to treat Anxiety (Formula 1,
Phen A) and small-molecule drugs used to treat these
side effects — Fatigue, Hypotension, Somnolence, and
Constipation (Drug Module 2, Phen B). The number

Table 1 Target Space analysis between TOM formula used for Anxiety and small-molecule drug

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
Drugs (Anxiety) 0.63 0.59 0.67 0.67 0.81 0.26 0.59 0.89 0.70 091
Drugs (Fatigue) 044 044 044 044 044 022 044 044 044 044
Drugs (Hypotension) 0.66 0.70 0.70 0.62 0.70 0.13 0.70 0.66 0.75 0.66
Drugs (Somnolence) 0.5 0.5 0.5 05 0.5 0.31 0.5 0.5 05 0.5
Drugs (Constipation) 0.69 0.69 0.66 0.60 0.67 0.29 0.66 0.64 0.69 0.67
Support (weighted avg.) 0.60 0.59 0.62 061 0.69 0.25 0.58 0.73 0.65 0.74

Statistical significance of targets overlapped between TOM formulas (F1, F2... F10) used to treat Anxiety, pharmaceutical drugs (Drug Module 1) used to treat Anxiety,
and pharmaceutical drugs (Drug Module 2) known to treat side effects of Drug Module 1 - Fatigue, Hypotension, Somnolence, and Constipation. The support value
showed that the majority of TOM formulas were significantly associated with targets of both Drug Module 1, small-molecule drugs known to be effective for Anxiety
- the main indication, and Drug Module 2, small-molecule drugs known to be effective for Fatigue, Hypotension, Somnolence, and Constipation - side effects of Drug

Module 1

Table 2 Target Space analysis between TOM formula used for Epilepsy and small-molecule drug

F1 F2 F3 F4 F5 F6 F7
Drugs (Epilepsy) 0.84 0.78 0.78 0.61 0.65 032 0.78
Drugs (Somnolence) 044 044 0.50 044 0.50 031 0.50
Drugs (Fatigue) 043 041 043 038 043 0.22 043
Drugs (Skin rash) 0.70 0.70 0.70 0.70 0.70 0.25 0.70
Drugs (Nausea) 0.72 0.66 0.70 0.51 0.53 0.13 0.68
Drugs (Insomnia) 0.69 0.66 0.66 0.49 0.52 0.16 0.65
Drugs (Tremor) 0.62 0.54 0.58 046 0.50 0.17 0.58
Support (weighted avg.) 0.72 0.68 0.69 0.55 0.59 0.26 0.69

Statistical significance of targets overlapped between TOM formulas (F1, F2... F7) used to treat Epilepsy, pharmaceutical drugs (Drug Module 1) used to treat Epilepsy,
and pharmaceutical drugs (Drug Module 2) known to treat side effects of Drug Module 1 - Somnolence, Fatigue, Skin rash, Nausea, Insomnia, and Tremor. The support
value showed that the majority of TOM formulas were significantly associated with the targets of both Drug Module 1 which are small-molecule drugs known to be
effective for the main indication i.e. Epilepsy, and Drug Module 2 which are small-molecule drugs known to treat the side effects of Drug Module 1 i.e. Somnolence,

Fatigue, Skin rash, Nausea, Insomnia, and Tremor
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of targets overlapped between the two target spaces is
summarized in Table 1. Similarly, some of the reported
side effects of the small-molecule drugs known to treat
Diabetes mellitus are Constipation, Hypoglycemia,
Hypotension, Pruritus, and Fatigue [23, 24, 27, 28]. The
small-molecule drugs used to treat these side effects as
well as their targets were manually curated from Drug-
Bank to build a target space. Then, we perform target
space analysis between the TOM formula used to treat
Diabetes mellitus (Formulal, Phen A) and small-mol-
ecule drugs used to treat these side effects — Constipa-
tion, Hypoglycemia, Hypotension, Pruritus, and Fatigue
(Drug Module 2, Phen B) (see Fig. 3). Small-molecule
drugs used for Epilepsy are reported to cause side effects
such as Somnolence, Fatigue, Skin rash, Nausea, Insom-
nia, and Tremor [23, 24, 29]. Similarly, we curated the
small-molecule drugs known to treat these side effects
from DrugBank along with their targets and built a
target space. Next, we perform target space analysis
between the TOM formula used to treat Epilepsy (For-
mula 1, Phen A) and small-molecule drugs used to treat
these side effects — Somnolence, Fatigue, Skin rash,
Nausea, Insomnia, and Tremor (Drug Module 2, Phen
B) (Table 2). Furthermore, small-molecule drugs known
to treat Hypertension are reported to cause side effects
such as Insomnia, Coughing, Fatigue, Constipation,
and Dyspnea [23, 24, 30]. Small-molecule drugs known
to treat these side effects along with their targets were
manually curated from DrugBank and a target space was
built. Then, we perform target space analysis between the
TOM formula used to treat Hypertension (Formula 1,
Phen A) and small-molecule drugs used to treat these

0.9
0.8
0.7

Formula 1 Formula 2 Formula 3 Formula 4 Formula 5

m Drug (Diabetes mellitus) m Drug (Constipation) m Drug (Hypoglycemia)
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side effects — Insomnia, Coughing, Fatigue, Constipation,
and Dyspnea (Drug Module 2, Phen B) (see Fig. 4). Simi-
larly, small-molecule drugs used for Obesity are known to
cause side effects such as Insomnia, Tremor, Hyperten-
sion, Constipation, and Fatigue [23, 24, 31]. We curated
small-molecule drugs known to treat these side effects
together with their targets from DrugBank. Next, target
space analysis was performed between the TOM formula
used to treat Obesity (Formula 1, Phen A) and small-mol-
ecule drugs known to treat these side effects — Insomnia,
Tremor, Hypertension, Constipation, and Fatigue (Drug
Module 2, Phen B) (see Fig. 5). Finally, small-molecule
drugs used for Schizophrenia cause side effects such as
Anxiety, Insomnia, Agitation, and Somnolence [23, 24,
32]. Small-molecule drugs known to treat these side
effects together with their targets were manually curated
from DrugBank. Then, we perform target space analysis
between the TOM formula used to treat Schizophrenia
(Formula 1, Phen A) and small-molecule drugs known to
treat these side effects — Anxiety, Insomnia, Agitation,
and Somnolence (Drug Module 2, Phen B) (see Fig. 6).

Discussion

The previous section showed that the probability of a
TOM formula treating the main indication with poten-
tial side effects was significant. In this section, we discuss
the results of support value distribution from randomly
selected target space, SWT formula, and published litera-
ture, which are used as a validation strategy.

0.6
0.5
0.4
0.3
0.2
MU ol il
o In‘md I I

Formula 6 Formula 7 Formula 8 Formula 9 Formula 10

Drug (Hypotension) ® Drug (Pruritus) m Drug (Fatigue) m Support (weighted average)

Fig. 3 Statistical significance of targets overlapped between TOM formulas (Formula 1, Formula 2... Formula 10) used to treat Diabetes mellitus,
pharmaceutical drugs (Drug Module 1) used to treat Diabetes mellitus, and pharmaceutical drugs (Drug Module 2) known to treat side effects

of Drug Module 1 - Constipation, Hypoglycemia, Hypotension, Pruritus, and Fatigue. The support value showed that the majority of TOM formulas
were significantly associated with targets of both Drug Module 1, small-molecule drugs known to be effective for Diabetes mellitus — a main
indication, and Drug Module 2, small-molecule drugs known to be effective for Constipation, Hypoglycemia, Hypotension, Pruritus, and Fatigue —

side effects of Drug Module 1
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Fig. 4 Statistical significance of targets overlapped between TOM formulas (Formula 1, Formula 2... Formula 6) used to treat Hypertension,
pharmaceutical drugs (Drug Module 1) used to treat Hypertension, and pharmaceutical drugs (Drug Module 2) known to treat side effects

of Drug Module 1 — Coughing, Fatigue, Dyspnea, Constipation, and Insomnia. The support value showed that the majority of TOM formulas were
significantly associated with targets of both Drug Module 1, small-molecule drugs known to be effective for Hypertension — a main indication,

and Drug Module 2, small-molecule drugs known to be effective for Coughing, Fatigue, Dyspnea, Constipation, and Insomnia - side effects of Drug
Module 1
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Fig. 5 Statistical significance of targets overlapped between TOM formulas (Formula 1, Formula 2... Formula 6) used to treat Obesity, pharmaceutical
drugs (Drug Module 1) used to treat Obesity, and pharmaceutical drugs (Drug Module 2) known to treat side effects of Drug Module 1 - Insomnia,
Tremor, Hypertension, Constipation, and Fatigue. The support value showed that the majority of TOM formulas were significantly associated

with targets of both Drug Module 1, small-molecule drugs known to be effective for Obesity — a main indication, and Drug Module 2, small-molecule
drugs known to be effective for Insomnia, Tremor, Hypertension, Constipation, and Fatigue — side effects of Drug Module 1

Support value distribution of randomly selected target target spaces was calculated using two case studies. First,
space we used the target spaces of three TOM formulas each
Randomly selected target space analysis, SWT formula, for both Obesity and Diabetes mellitus phenotype, small-
and published literature were used to validate our results.  molecule drugs known to treat Obesity (Drug Mod-
Support value distribution for the randomly selected ule 1a), small-molecule drugs known to treat Diabetes
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Fig. 6 Statistical significance of targets overlapped between TOM formulas (Formula 1, Formula 2... Formula 7) used to treat Schizophrenia,
pharmaceutical drugs (Drug Module 1) used to treat Schizophrenia, and pharmaceutical drugs (Drug Module 2) known to treat side effects

of Drug Module 1 — Anxiety, Insomnia, Agitation, and Somnolence. The support value showed that the majority of TOM formulas were significantly
associated with targets of both Drug Module 1, small-molecule drugs known to be effective for Schizophrenia — a main indication, and Drug
Module 2, small-molecule drugs known to be effective for Anxiety, Insomnia, Agitation, and Somnolence - side effects of Drug Module 1

mellitus (Drug Module 1b), small-molecule drugs known
to treat Malaria (Drug Module 2a), and small-molecule
drugs known to treat Tuberculosis TB (Drug Module
2b). Then, we performed target space analysis between
the TOM formula known to treat Obesity, Drug Module
la, and Drug Module 2a. Similarly, we performed tar-
get space analysis between the TOM formula known to
treat Diabetes mellitus, Drug Module 1b, and Drug Mod-
ule 2b. The present study hypothesizes that there will be
a higher target space overlap between a TOM formula
and Drug Module 1 compared to the number of targets
overlapped between the TOM formula and Drug Module
2. Results of the randomly selected target space analy-
sis showed that more targets were overlapped between
the TOM formula and Drug Module 1a which both are
known to treat Obesity. Similarly, higher target overlap
was reported between TOM formula and Drug Module
1b in which both are known to treat Diabetes mellitus.
Second, to validate the effectiveness of a given TOM
formula, we measured the support value distribution of
randomly selected target spaces between a given TOM
formula — TOM Formula 1, TOM formula 2, ..., TOM
formula 10 — known to treat Diabetes mellitus (referred
as F1, F2, ..., F10 throughout this section) against ran-
domly selected target genes, generated from DrugBank.
Drug Module 1b contains 38 small-molecule drugs, 84
target genes, and 88 small-molecule drug-target asso-
ciations. For the randomly selected target genes, we col-
lected more than 3000 target genes from DrugBank and
we designed the randomly selected target spaces with a

similar number of target genes as in Drug Module 1b.
Then, we generate 1,000 random target spaces from
3,000 genes curated from DrugBank, and each randomly
selected target space was designed to contain 84 target
genes, the same number of targets as Drug Module 1b
have. Then we performed target space analysis between
F1, F2, ..., F10, and the randomly selected target genes.
We calculated support values for the 1,000 random sets
and then we find the mean and variance of 1,000 support
values. For instance, we performed target space analy-
sis between F1 and randomly selected target genes. The
target space analysis was performed for 1,000 random
sets in which each random set was designed to have the
same number of target genes as Drug Module 1b and we
recorded 1,000 support values as a result. Then, we calcu-
lated the mean and variance of 1,000 support values and
compared the significance of overlapped targets between
the TOM formula and randomly selected target genes
against the number of targets overlapped between TOM
formulas and Drug Module 1b. The result of the support
value distribution of the target space analysis showed
that more targets were overlapped between TOM For-
mulas and Drug Module 1b compared to the number
of targets overlapped between the TOM Formulas and
randomly selected target genes. In general, the results of
the support value distribution of randomly selected tar-
get space analysis are consistent with the findings of the
current study. Tables 3, 4 and 5 showed support values
for the overlapped targets between small-molecule drugs
from DrugBank and TOM formula target space.
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Table 3 Overlapped targets of the drugs known to treat Obesity (Drug Module 1a) and drugs known to treat Malaria (Drug Module

2a) against the TOM formulas known to treat Obesity

TOM Formula 1 TOM Formula 2 TOM Formula 3
Drug Module 1a (Obesity) 0.89 0.87 0.89
Drug Module 2a (Malaria) 034 034 032

Table 4 Overlapped targets of the drugs known to treat
Diabetes mellitus (Drug Module 1b) and drugs known to treat
Tuberculosis TB (Drug Module 2b) against the TOM formulas
known to treat Diabetes mellitus

TOMFormulal TOMFormula2 TOM Formula3
Drug Module 0.74 0.73 0.76
1b (Diabetes
mellitus)
Drug Module  0.37 0.39 041
2b (Tubercu-
losis TB)

Validation using the Si-Wu-Tang formula

Si-Wu-Tang (SWT) is a popular Traditional Chinese
Medicine (TCM) formula, composed of four herbs, Radix
Angelicae Sinensis (AS), Rhizoma Ligustici Chuanxiong
(LC), Radix Paeoniae Alba (PA), and Radix Rehmanniae
Praeparata (RP), commonly used to treat various wom-
en’s disease, such as climacteric syndrome, menstrual
discomfort, and other estrogen-related diseases [33, 34].
In addition to literature validation, we used this popu-
lar TCM formula to evaluate the findings of the present
study. Herbal ingredients and targets associated with
AS, PA, LC, and RP were curated from COCONUT and
TCM Database@Taiwan. For AS, we curated 44 herbal
ingredients, 3490 targets, and 6397 herbal ingredi-
ent—target associations. Similarly, for PA, we curated 51
herbal ingredients, 2206 targets, and 3235 herbal ingre-
dient—target associations. For RP, we curated 22 herbal
ingredients, 2603 targets, and 3836 herbal ingredient—
target associations. Lastly, for LC, 6 herbal ingredients,
100 targets, and 105 herbal ingredient—target associa-
tions were curated (see Additional file 2).

Small-molecule drugs (Drug Module 1) that are known
to treat women’s diseases, such as menstrual cramps,
menopause, and climacteric syndrome, were curated
from DrugBank. Therefore, we collected 31 small-mol-
ecule drugs and their respected targets (121 targets) to
build Drug Module 1-target associations (see Addi-
tional file 3). Then, we performed target space analysis
between Drug Module 1 target space and SWT target
space. The analysis showed that 85 targets overlapped
between Radix Paeoniae Alba (PA) and Drug Module 1,
74 targets overlapped between Radix Angelicae Sinensis
(AS) and Drug Module 1, 51 targets overlapped between
Radix Rehmanniae Praeparata (RP) and Drug Module 1,
and 15 targets overlapped between Rhizoma Ligustici
Chuanxiong (LC) and Drug Module 1. This shows that
a significant number of targets overlapped between the
SWT formula target space and Drug Module 1 target
space. Support was used to measure the significance of
the overlapped target space and the average support of
the overlapped target space between the SWT formula
and Drug Module 1 was 0.82.

According to SIDER and published literature, small-
molecule drugs that are used to treat women’s disease
(Drug Module 1) were reported to cause side effects
such as pruritus, fatigue, nausea, hypotension, somno-
lence, insomnia, constipation, migraine, haemorrhage,
and vulvovaginitis. Small-molecule drugs (Drug Module
2) that are known to treat these side effects were curated
from DrugBank. We found eleven small-molecule drugs
for pruritus, four small-molecule drugs for fatigue, thir-
teen small-molecule drugs for nausea, four small-mole-
cule drugs for hypotension, two small-molecule drugs
for somnolence, twenty-nine small-molecule drugs for

Table 5 Overlapped targets of the drugs known to treat Diabetes mellitus (Drug Module 1b) and randomly selected target space
from DrugBank against the TOM formulas known to treat Diabetes mellitus

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
Drug Module 1b (Support) 0.65 0.24 0.74 0.07 0.71 0.73 0.16 0.44 0.55 0.76
Randomly selected target genes () 049 022 0.50 0.04 0.51 0.53 0.08 0.21 040 0.56
Randomly selected target genes (62) 0.017 0.008 0.012 0.002 0.021 0.03 0.002 0.007 0.003 0.02

Target space overlap analysis of the TOM formulas that are known to treat diabetes mellitus against the target space of small-molecule drugs that are known to treat
Diabetes mellitus (Drug Module 1b) and randomly selected target genes. The first row showed support values of targets overlapped between TOM formulas and Drug
Module 1b. The second and third rows showed mean and variance of 1,000 support values calculated between TOM formulas and randomly selected target genes
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insomnia, twenty-one small-molecule drugs for constipa-
tion, four small-molecule drugs for migraine, two small-
molecule drugs for hemorrhage, and two small-molecule
drugs for vulvovaginitis (see Additional file 4). Then, we
perform target space analysis between Drug Module 2
and SWT formula target spaces and the statistical sup-
port of overlapped targets was 0.6. The result showed a
significant target space overlap between the two medi-
cines and this might give an insight into the mechanisms
of the SWT formula in treating women’s disease as well
as other indications.

Validation using published literature

This study tried to show if a TOM formula can be used
to treat the main indication as well as other indica-
tions and complications associated with the main indi-
cation (side effects) through target space analysis as
well as by investigating the medicinal efficacy of indi-
vidual herbs of a given TOM formula. To investigate
the medicinal efficacy of individual herbs, we searched
PubMed for scientific literature using herb names as a
keyword. Prescription1-Obesity is a TOM formula that
is known to be effective for Obesity. It is composed of
seven herbs, Cyperus rotundus, Glycyrrhiza uralensis,
Pinellia ternate, Triticum aestivum, Wolfiporia cocos,
Atractylodes macrocephala, and Citrus reticulate.
Cyperus Rotundus has been used as an anti-inflam-
matory, antioxidant, antidepressant, anti-obesity, and
anti-diabetic[35-38]. Glycyrrhiza Uralensis has been
also used as an anti-inflammatory and anti-obesity [39,
40]. Similarly, both Pinellia Ternate and Triticum Aes-
tivum have been used as anti-obesity agents [41, 42].
Wolfiporia Cocos has been used as an antidepressant,
anti-inflammatory, and anti-oxidant agent [43-45].
Atractylodes Macrocephala on the other hand has been
used as an anti-inflammatory, anti-obesity, osteoporo-
sis, and anti-gastrointestinal dysfunction [46—48]. Cit-
rus reticulate has been used as an anti-inflammatory,
anti-digestive, antifungal, and to prevent obesity and
type 2 diabetes [49, 50]. Prescription2-Anxiety is a
TOM formula that is known to treat Anxiety. It is com-
posed of fourteen (14) herbs, Rehmannia glutinosa,
Cyperus rotundus, Ziziphus jujube, Zingiber offici-
nale, Pinellia ternate, Trichosanthes kirilowii, Glycyr-
rhiza uralensis, Ligusticum sinense, Coptis deltoidea,
Foeniculum vulgare, Cullen corylifolium, Amomum vil-
losum, Pachyma hoelen, and Phellodendron amurense.
Rehmannia glutinosa is known to have anti-inflamma-
tory [51, 52], immune stimulator effect [53], neuropro-
tective effect [54], and anti-fatigue [55] effects. Cyperus
rotundus is known to have neuroprotective effect [56],
central nervous effect [57], gastrointestinal effect [58],
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antidiabetic [59], and antiplatelet [60] effects. Ziziphus
jujube is reported to have anxiolytic [61], constipation
[62], hypotensive effect, and Immunostimulant effects
[63]. Zingiber officinale is known to have anxiolytic
effects[64], anti-diabetic and hypolipidaemic effects
[65], and antioxidant and anti-inflammatory effects [66,
67]. Similarly, Pinellia ternate is reported to have anxio-
lytic, anti-inflammatory [68], anti-arrhythmic, lowering
blood pressure, and anti-obesity effects [69]. Tricho-
santhes kirilowii is known for its anti-inflammatory
and antioxidant activities [70, 71]. Glycyrrhiza uralen-
sis and Ligusticum sinense are known to have anti-
fatigue and anti-bacterial activities, respectively [72,
73]. Moreover, the earlier one is known for its role in
moderating the characteristics of toxic herbs — detoxi-
fication [72]. Coptis deltoidea is reported to be effec-
tive for anti-inflammatory, antifungal, anti-bacteria,
neuroprotection, gastrointestinal infections, type 2
diabetes and its cardiovascular complications [74-76].
Similarly, Foeniculum vulgare and Cullen corylifolium
are reported to have anxiolytic activity, antidepres-
sant, antimicrobial activity, anti-inflammatory, immu-
nomodulatory, astringent, and estrogenic efficiency
[77-81]. Prescription3-Diabetes is a TOM formula
that is known to treat Diabetes Mellitus. This TOM
formula is composed of ten herbs, Liriope muscari,
Atractylodes macrocepha-la, Zingiber officinale, Schi-
zandra Chinensis, Bos taurus domesticus, Panax gin-
seng, Anemarrhena asphodeloides, Coptis deltoidea,
Rehmannia glutinosa, Nelumbo nucifera. Zingiber
officinale is known to have an anti-diabetic effect, anti-
inflammatory, antithrombotic, and anti-hypotensive
effects [82, 83]. Schizandra Chinensis and Liriope mus-
cari are known to have antioxidant, anti-inflammatory,
hypoglycemic, antihypertensive, and anti-hyperglyce-
mic effects [84—87]. Both Panax ginseng and Anemar-
rhena asphodeloides are reported to have anti-diabetic
effects, improve insulin sensitivity and attenuate the
development of diabetes, hypoglycemic activity, and
anti-fatigue effects [88-91]. Rehmannia glutinosa is
also reported to have anti-diabetic, hypoglycemic, and
Immuno-enhancement effects [51]. Nelumbo nucif-
era and Coptis deltoidea are known to have antifungal
effects, anti-inflammatory effects, anti-obesity effects,
antioxidant effects, and hypoglycemic activities [92—
94]. Prescription4-Hypertension is a TOM formula that
is known to treat Hypertension. The formula is com-
posed of 10 herbs, Angelica Sinensis, Cinnamomum
aromaticum, Astragalus membranaceus, Astragalus
complanatus, Tribulus terestris, Rehmannia glutinosa,
Morinda Officinalis, Paeonia lactiflora, Uncaria rhyn-
chophylla, and Epimediumbrevicornum. The first eight
herbs are known to have antihypertensive, antioxidant,
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anti-inflammatory, alleviate constipation and intestinal
inflammation, and anti-fatigue effects [95-99]. Uncaria
rhynchophylla is reported to have anxiolytic, treat
insomnia, and antidepressant effects [100, 101]. Lastly,
Epimedium brevicornum is associated with estrogen
biosynthesis promotion [102].

Conclusions

TOM formula usually employs multi-component multi-
target therapeutics, unlike most pharmaceutical drugs
which are designed with a single active component or
ingredient that targets a specific ion channel, receptor,
regulatory protein, or enzyme that caused a disease. In
this study, we employed target space analysis to provide
scientific evidence about the efficacy of TOMs by investi-
gating the target spaces of TOM formula and small-mol-
ecule drugs, identifying the overlapped targets between
the two medications, and analyzing the potential of TOM
formula to treat the main indication with side effects.
To verify our results, we analyzed the SWT formula, a
popular TCM formula, composed of four herbs and com-
monly used to treat various women’s diseases. The result
of target space analysis between SWT formula and small-
molecule drugs known to treat women’s disease were
consistent with our findings. In conclusion, this study
provides scientific support for the efficacy of TOMs and
we believe our study will have a positive contribution to
further the study of the mechanisms of action of TOMs.

Materials and methods

Data curation and preprocessing

The most important task in traditional medicine, such
as herbal medicine, research is the successful annotation
of herbal ingredients in chemical space. Several herbal
databases are built up to date, such as the TCM Data-
base@Taiwan [103], the Traditional Chinese Medicine
Database (TCMD) [104], and Compound Combination-
Oriented Natural Product Database with Unified Termi-
nology (COCONUT) [105]. In this study, COCONUT
was mainly used since it integrated a large size of herbal

Table 6 Materials used in this study
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medicine formula and targets from various publicly avail-
able databases and published literature. Furthermore,
we used TOM formulas and small molecule drugs that
are known to treat Anxiety, Diabetes mellitus, Epilepsy,
Hypertension, Obesity, and Schizophrenia.

The overall workflow and scheme of this study are
shown in Fig. 2. The traditional herbal medicine dataset
used for this work contains TOM formula—phenotype,
TOM formula-herb, herbal ingredient—phenotype, and
herbal ingredient—target associations. On the other hand,
small-molecule drug-related data, such as small-mole-
cule drug—target association, efficacy, and side effects
were collected from DrugBank [106], SIDER [23, 24], and
published literature. Table 6 and Fig. 7 showed statistics
of TOM and small-molecule drug-related data used in
this study.

ADMET properties (absorption, distribution, metabo-
lism, excretion, and toxicity) play important role in drug
development and discovery. This work used admet-
SAR [107] and BeautifulSoup python library to predict
ADMET-related properties for the herbal ingredients and
retrieve predicted ADMET-related properties, respec-
tively. We filtered out potentially toxic herbal ingredients
from this study using ADMET properties AMES toxic-
ity, Carcinogenicity, and hERG inhibition with predicted
value toxic, danger, and an inhibitor/strong inhibitor,
respectively.

Manual curation of small-molecule drugs and building
Drug Module 1 and Drug Module 2 sets

Small-molecule drug-related data was collected from
multiple resources: (i) small-molecule drugs and their
respected targets were collected from DrugBank; (ii)
side effects of small-molecule drugs were collected from
DrugBank, SIDER, and published literature. Next, we
built Drug Module 1 and Drug Module 2 — Drug Mod-
ule 1 is a set of small-molecule drugs that are known to
treat the main indication whereas Drug Module 2 is a set
of small-molecule drugs that are known to treat the side
effects of Drug Module 1. For instance, in the present

Phenotype Number of TOM formulas Number of small-molecule drugs Number of small-
molecule drug-target
association

Anxiety 10 6 64

Diabetes mellitus 10 41 207

Epilepsy 7 18 148

Hypertension 6 61 384

Obesity 6 16 62

Schizophrenia 7 31 349




Woyessa et al. BMC Complementary Medicine and Therapies

TOM formula known to treat Diabetes
mellitus: compound-target association

TOM formula known to treat Anxiety:
compound - target association
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TOM formula known to treat Epilepsy:
compound - target association

F10[comp-target] |GG 16807

F10[comp-target] G 11435
F9lcomp-target] G 16180
F8lcomp-target] EEG—_———_ 7855

F7[comp-target] GG 12052
F6[comp-target] WM 1906

FS[comp-target] GGG 16886
Fa[comp-target] S 7582

F3[comp-target] IS 13468
F2[comp-target] GGG 11907
Filcomp-target] GGG 15070

F4[comp-target] | 270

TOM formula known to treat Hypertension:
compound - target association

Fé[comp-target] |GG 15897
FS[comp-target] D 15794
F4[comp-target] [ 1892

F3[comp-target] [ 10522
F2[comp-target] | 572

F3[comp-target] | 203

Fl[comp-target] | 325

F9[comp-target] W 3534

F8[comp-target] W@ 1592

F7[comp-target] § 492

F6[comp-target] G 15702
FS[comp-target] GGG 10779

TOM formula known to treat Obesity:
compound - target association

Félcomp-target]  [EEREGEE— 17472
FS[comp-target] [ 2758
Fa[comp-target] [N 12952

F2[comp-target] [NNNNG_——— 12238
Filcomp-target] [ 2192

F7lcomp-target] N 20646
F6lcomp-target] J 288

FS[comp-target] | 7665
F4[comp-target] [ 4134

F3[comp-target] [ 15307
F2[comp-target] [ 10917
Filcomp-target] [ 16145

F3[comp-target] EEGEG—_—_———— 13489
F2[comp-target] WM 2192
Fllcomp-target] NG 12219

TOM formula known to treat
Schizophrenia: compound - target
association

F7[comp-target] S 11530
Félcomp-target] GG 17136
F5[comp-target] GG 15818
F4[comp-target] W 1800

F3[comp-target] GGG 11138
F2[comp-target] GG 15853
Fllcomp-target] |- 17913

Fig. 7 Traditional oriental medicine compound - target association dataset. Compound-target associations for 10 TOM formulas known to treat
Anxiety, 10 TOM formulas known to treat Diabetes mellitus, 7 TOM formulas known to treat Epilepsy, 6 TOM formulas known to treat Hypertension, 6
TOM formulas known to treat Obesity, 7 TOM formulas known to treat Schizophrenia

study, we performed target space analysis between TOM
formula and small-molecule drugs in which both are
known to treat Obesity. Here, Obesity is the main indica-
tion and a set of small-molecule drugs that are known to
treat Obesity are classified as Drug Module 1. However,
Small-molecule drugs (Drug Module 1) that are used
to treat Obesity are known to cause side effects such as
Insomnia, Tremor, Hypertension, Constipation, and
Fatigue. Next, we built Drug Module 2- a set of small-
molecule drugs — that are known to treat the side effects
of Drug Module 1. Therefore, the target space analysis
is designed to find out if a single TOM formula can be
used to treat the main indication (Obesity) and the side
effects (Insomnia, Tremor, Hypertension, Constipation,
and Fatigue).

Target space design and statistical model

The purpose of the target space analysis was to provide
scientific evidence about the efficacy of herbal medi-
cines. In the target space analysis, we identified the
targets overlapped between TOM formula and small-
molecule drug target spaces in which both medicines
are known to treat the same disease. Moreover, previ-
ous studies have reported that small-molecule drugs are
known to have various effects in direct administration
such as undesired effects and it is a common practice
to use additional small-molecule drugs to treat these

side effects. Therefore, this study tried to investigate if
a TOM formula could be used to treat the main indica-
tion as well as other indications (side effects) through
TOM formula target space analysis and by investigating
the medicinal efficacy of individual herbs. For instance,
TOM formula A, composed of five herbs, is designed to
treat Diabetes mellitus (main indication). The hypoth-
esis we want to prove in this study is the effectiveness
of TOM formula A to treat both the main indication
(Diabetes mellitus) and potential side effects; can TOM
formula A (herbl, herb2, herb3, herb4, herb5) treat the
main indication with side effects? This work will be of
help for traditional medicine-related studies by provid-
ing scientific evidence about the efficacy of TOMs as
well as the holistic nature of herbal medicines. We used
support to measure the significance of the target space
overlap between the two target spaces, the TOM for-
mula target space, and the small-molecule drug target
space (Table 7). Furthermore, as an application of our
method, we evaluated our work using a popular Tra-
ditional Chinese medicine formula called Si-Wu-Tang
(SWT) Formula.

Support(X NY)

Support(X — Y) = Support (X)

where X- Drug target space, Y- Tom formula target space
In this study, we used a weighted average, also known as
a weighted mean, to calculate the overall score of a single
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Table 7 Overview of target space analysis

Target A Target B Target C Target D Target E Targetn Support
TOM formula 1 1 0 1 1 0 1 S1
TOM formula 2 1 1 0 0 1 0 S2
TOM formula 3 0 0 1 1 0 1 S3
TOM formula n 1 1 0 0 1 1 Sn

TOM Formula 1 to TOM Formula n are known to treat disease X, and Target A to Target n are the targets of pharmaceutical drugs known to treat disease X. In the target
space analysis, we analyze TOM formula compounds if they are associated with these pharmaceutical drug targets and measure the significance of target overlap

using Support

TOM formula. As we can understand from its name, a
weighted average differs from a simple arithmetic aver-
age since each value will be assigned different weights
according to the importance each value carries. In the
current study, the scores associated with the main indica-
tion are considered more significant as a specific formula
is designed to treat the main indication and therefore it is
given higher weight.

W = Z;lwixi

where W =weighted average; n=number of values to be
averaged; w;=weight value; X;=values to be averaged;
Ein:1Wi = 1.

The support values of target overlap between TOM
formula A and small-molecule drugs (Drug Module 1)
in which both are known to treat the same disease, dis-
ease X, were given 50% weight. On the other hand, the
remaining 50% weight was equally distributed for the
support values of target space overlap between TOM
formula A and small-molecule drugs (Drug Module 2),
which are known to treat the side effects of Drug Mod-
ule 1. The weighted average value indicates the score a
single traditional oriental medicine formula has to treat
both the intended indication and other indications —
side effects. However, the highest weighted average
score does not imply that the reported TOM formula is
ready to be used by human patients. The present study
recommends further study and in-depth experiment to
be carried away on those TOM formulas with the high-
est weighted average score to treat both the intended
and unintended indications.
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ADMET Absorption, distribution, metabolism, excretion, and toxicity

COCONUT Compound Combination-Oriented Natural Product Data-
base with Unified Terminology
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Drug Module2 A set of small-molecule drugs known to treat the side

effects of Drug Module 1
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Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512906-024-04455-9.

Additional file 1. Shows the target space analysis result between the
TOM formula and small-molecule drugs. In the current study, we analyzed
10 formulas known to treat Anxiety, 10 formulas known to treat Diabetes
mellitus, 7 formulas known to treat Epilepsy, 6 formulas known to treat
Hypertension, 6 formulas known to treat Obesity, and 7 formulas known
to treat Schizophrenia.

Additional file 2. Shows SWT formula-target association. We provided
SWT formula-herb-compound-target associations.

Additional file 3. Shows Drug Module 1-target associations. Drug Module
1is a set of small-molecule drugs known to treat Women'’s diseases such
as climacteric syndrome, menstrual discomfort, and other estrogen-
related diseases.

Additional file 4. Shows Drug Module 2-target associations. Drug Module
2 is a set of small-molecule drugs known to treat the side effects of Drug
Module 1. All the additional files (Additional file 1, Additional file 2, Addi-
tional file 3, and Additional file 4) are available in the GitHub repository
(https://github.com/BSRC-Resource/Target-Space-Analysis).

Acknowledgements
Not applicable.

About the Supplement

This article has been published as part of BMC Complementary Medicine and
Therapies Volume 24 Supplement 1, 2024: Proceedings of the 15th Interna-
tional Conference on Data and Text Mining in Biomedical Informatics (DTMBIO
2021): complementary medicine and therapies. The full contents of the sup-
plement are available online at https://bmccomplementmedtherapies.biome
dcentral.com/articles/supplements/volume-24-supplement-1.

Authors’ contributions
AMW and DL designed the research. AMW performed data collection and pre-
processing, target space analysis between TOM formula and pharmaceutical


https://doi.org/10.1186/s12906-024-04455-9
https://doi.org/10.1186/s12906-024-04455-9
https://github.com/BSRC-Resource/Target-Space-Analysis
https://bmccomplementmedtherapies.biomedcentral.com/articles/supplements/volume-24-supplement-1
https://bmccomplementmedtherapies.biomedcentral.com/articles/supplements/volume-24-supplement-1

Woyessa et al. BMC Complementary Medicine and Therapies

drugs, ADMET-related properties prediction, and result validation. LEB
developed a Python script to utilize the BeautifulSoup library to predict and
retrieve ADMET-related properties. AMW, LEB, and DL wrote the paper. All of
the authors read and approved the manuscript for publication.

Funding

This work was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korea government (MSIT) (RS-2023-00262747). The study
did not require any additional funding.

Availability of data and materials

The datasets analyzed during the current study are available in the GitHub
repository (https://github.com/BSRC-Resource/Target-Space-Analysis).
Additional file 1 (Target space analysis of TOM formula), Additional file 2 (SWT
formula-target association), Additional file 3 (Drug Module 1-target associa-
tion), and Additional file 4 (Drug Module 2-target association), are available in
the BSRC-Resource/Target-Space-Analysis GitHub repository.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Bio and Brain Engineering, Korea Advanced Institute of Sci-
ence and Technology, Daejeon 34141, South Korea. 2Bio-Synergy Research

Center, Daejeon 34141, South Korea. ®Institute of Agricultural Life Sciences,
Dong-A University, Busan 49315, South Korea.

Received: 30 December 2021 Accepted: 25 March 2024
Published online: 01 May 2024

References

1. Sawada R, lwata M, Umezaki M, et al. KampoDB, database of predicted
targets and functional annotations of natural medicines. Sci Rep.
2018;8. https://doi.org/10.1038/541598-018-29516-1.

2. Bultum LE, Woyessa AM, Lee D. ETM-DB: Integrated Ethiopian tradi-
tional herbal medicine and phytochemicals database. BMC Comple-
ment Altern Med. 2019;19:1.

3. Nielsen TR, Kuete V, Jager AK, Meyer JJ, Lall N. Antimicrobial activity of

selected South African medicinal plants. BMC Complement Altern Med.

2012;12:1-6.

4. Jiang WY. Therapeutic wisdom in traditional Chinese medicine: a per-
spective from modern science. Trends Pharmacol Sci. 2005;26:558-63.

5. Kim HU, Ryu JY, Lee JO, Lee SY. A systems approach to traditional orien-
tal medicine. Nat Biotechnol. 2015;33:264-8.

6. Cheung F. TCM: Made in China. Nature. 2011;480:582-3.

7. Tausk FA. Alternative medicine. Is it all in your mind? Arch Dermatol.
1998;134:1422-5.

8. Beyerstein BL. Alternative medicine and common errors of reasoning.
Acad Med. 2001;76:230-7.

9. Lewith GT, Hyland ME, Shaw S. Do attitudes toward and beliefs about
complementary medicine affect treatment outcomes? Am J Public
Health. 2002,92:1604-6.

10.  Ang-Lee MK, Moss J, Yuan CS. Herbal medicines and perioperative care.
JAMA. 2001;286:208-16.

11. Eisenberg DM, Davis RB, Ettner SL, et al. Trends in alternative medicine
use in the United States, 1990-1997: results of a follow-up national
survey. JAMA. 1998;280:1569-75.

12. Bent S. Herbal medicine in the United States: review of efficacy, safety,
and regulation: grand rounds at University of California, San Francisco
Medical Center. J Gen Inter Med. 2008;23:854-9.

(2024) 24:179

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34,

35

36.

37.

38.

39

40.

Page 13 of 15

Tsen LG, Segal S, Pothier M, Bader AM. Alternative medicine use in
presurgical patients. Anesthesiology. 2000,93:148-51.

Kaye AD, Clarke RC, Sabar R, et al. Herbal medicines: current

trends in anesthesiology practice - a hospital survey. J Clin Anesth.
2000;12:468-71.

Strohl WR. The role of natural products in a modern drug discovery
program. Drug Discov Today. 2000;5:39-41.

Gong X, Sucher NJ. Stroke therapy in traditional Chinese medicine
(TCM): prospects for drug discovery and development. Trends Pharma-
col Sci. 1999,20:191-6.

Lee KH. Novel antitumor agents from higher plants. Med Res Rev.
1999;19:569-96.

Stermitz FR, Lorenz P, Tawara JN, Zenewicz LA, Lewis K. Synergy in

a medicinal plant: antimicrobial action of berberine potentiated by
5"-methoxyhydnocarpin, a multidrug pump inhibitor. Proc Natl Acad
Sci. 2000,97:1433-7.

Williamson EM. Synergy and other interactions in phytomedicines.
Phytomedicine. 2001;8:401-9.

Gilbert B, Alves LF. Synergy in plant medicines. Curr Med Chem.
2003;10:13-20.

Spinella M. The importance of pharmacological synergy in psychoac-
tive herbal medicines. Altern Med Rev. 2002;7:130-7.

Estabrook RW. A passion for P450s (rememberances of the early
history of research on cytochrome P450). Drug Metab Dispos.
2003;31(12):1461-73.

Kuhn M, Campillos M, Letunic |, Jensen LJ, Bork P. A side effect resource
to capture phenotypic effects of drugs. Mol Syst Biol. 2010;6(1):343.
Kuhn M, Letunic |, Jensen LJ, Bork P. The SIDER database of drugs and
side effects. Nucleic Acids Res. 2016;44:D1075-9.

Rakel R. Assessing the efficacy of antianxiety agents. Am J Med.
1987,82:1-6.

Schnabel T. Evaluation of the safety and side effects of antianxiety
agents. Am J Med. 1987,82:7-13.

Palanisamy S, Yien EH, Shi LW, et al. Systematic review of efficacy and
safety of newer antidiabetic drugs approved from 2013 to 2017 in
controlling HbA1c in diabetes patients. Pharmacy. 2018;6:57.

Stein SA, Lamos EM, Davis SN. A review of the efficacy and safety of oral
antidiabetic drugs. Expert Opin Drug Saf. 2013;12:153-75.

Perucca P, Gilliam FG. Adverse effects of antiepileptic drugs. Lancet
Neurol. 2012;11:792-802.

Chu PY, Campbell MJ, Miller SG, Hill KD. Anti-hypertensive drugs in
children and adolescents. World J Cardiol. 2014;6:234-44.

Kang JG, Park CY. Anti-obesity drugs: a review about their effects and
safety. Diabetes Metab J. 2012;36:13-25.

Citrome L. A review of aripiprazole in the treatment of patients

with schizophrenia or bipolar | disorder. Neuropsychiatr Dis Treat.
2006;2:427-43.

Fang Z, Lu B, Liu M, et al. Evaluating the pharmacological mechanism
of Chinese medicine Si-Wu-Tang through multi-level data integration.
PLoS ONE. 2013;8:e72334.

Wang L, Wang Z, Wo S, Lau CB, et al. A bio-activity guided in vitro
pharmacokinetic method to improve the quality control of Chinese
medicines, application to SiWu Tang. Int J Pharm. 2011;406:99-105.
Kamala A, Middha SK, Karigar CS. Plants in traditional medicine

with special reference to Cyperus rotundus L.a review. 3 Biotech.
2018;8(7):309. https://doi.org/10.1007/513205-018-1328-6.

Raut NA, Gaikwad NJ. Antidiabetic activity of hydro-ethanolic extract
of Cyperus rotundus in alloxan induced diabetes in rats. Fitoterapia.
2006;77:585-8.

Sq L, ZI Z,HI Z, et al. Phenolic glycosides from the rhizomes of Cyperus
rotundus and their antidepressant activity. J Korean Soc Appl Biol
Chem. 2015;58:685-91. https://doi.org/10.1007/513765-015-0092-0.
Kilani-Jaziri S, Zieda G, Nouhaa N, Mouniraa K, et al. Evaluation of in vitro
antioxidant and apoptotic activities of Cyperus rotundus. Asian Pacific J
Trop Med. 2014;7:105-12.

Kim YS. Anti-inflammatory effects of glycyrol isolated from Glycyrrhiza
uralensis in LPS-stimulated RAW264.7 macrophages. Int Immunophar-
macol. 2008;8:1524-32.

Lee JY. Anti-obesity potential of Glycyrrhiza uralensis and licochalcone
A through induction of adipocyte browning. Biochem Biophys Res
Commun. 2018:2117-23.


https://github.com/BSRC-Resource/Target-Space-Analysis
https://doi.org/10.1038/s41598-018-29516-1
https://doi.org/10.1007/s13205-018-1328-6
https://doi.org/10.1007/s13765-015-0092-0

Woyessa et al. BMC Complementary Medicine and Therapies

41.

42.

43

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

KimYJ, Shin YO, Ha YW, Lee S, Oh JK, Kim YS. Anti-obesity effect of Pinel-
lia ternata extract in Zucker rats. Biol Pharm Bull. 2006,29:1278-81.

Im JY. Anti-obesity effect of Triticum aestivum sprout extract in high-fat-
diet-induced obese mice. Biosci Biotechnol Biochem. 2014;79:1133-40.
Zhang W, Chen L, Li P, Zhao J, Duan J. Antidepressant and immunosup-
pressive activities of two polysaccharides from Poria cocos (Schw.) Wolf.
Int J Biol Macromol. 2018;120:1696-704.

Liu H, Zhao R, Chen B, et al. Anti-inflammatory diterpenes and steroids
from peels of the cultivated edible mushroom Wolfiporia cocos. Phyto-
chem Let. 2020;36:11-6.

Shu S, Xia H, Wang M, et al. De novo sequencing and transcriptome
analysis of Wolfiporia cocos to reveal genes related to biosynthesis of
triterpenoids. PLoS ONE. 2013;8:271350.

Dong H, He L, Huang M, Dong Y. Anti-inflammatory components
isolated from Atractylodes macrocephala Koidz. Nat Prod Res.
2008;22:1418-27.

Kim CK, Kim M, Oh SD, et al. Effects of Atractylodes macrocephala Koid-
zumi rhizome on 3T3-L1 adipogenesis and an animal model of obesity.
J Ethnopharmacol. 2011;137:396-402.

Wang JH, Bose S, Kim HG, Han KS, Kim H. Fermented Rhizoma Atractylo-
dis Macrocephalae alleviates high fat diet-induced obesity in associa-
tion with regulation of intestinal permeability and microbiota in rats. Sci
Rep. 2015;5:8391.

Tao N, Jia L, Zhou H. Anti-fungal activity of Citrus reticulata Blanco
essential oil against Penicillium italicum and Penicillium digitatum.
Food Chem. 2014;153:265-71.

Guo J, Tao H, Cao Y, Ho CT, Jin S, Huang Q. Prevention of obesity and
type 2 diabetes with aged citrus peel (Chenpi) extract. J Agric Food
Chem. 2016;64:2053-61.

Waisundara VY, Huang M, Hsu A, Huang D, Tan BK. Characterization of the
anti-diabetic and antioxidant effects of rehmannia glutinosa in streptozo-
tocin-induced diabetic Wistar rats. Am J Chin Med. 2008;36:1083-104.

Liu CL, Cheng L, Ko CH, et al. Bioassay-guided isolation of anti-inflam-
matory components from the root of Rehmannia glutinosa and its
underlying mechanism via inhibition of iNOS pathway. J Ethnopharma-
col. 2012;143:867-75.

Xu'L, Zhang W, Zeng L, Jin JO. Rehmannia glutinosa polysaccharide
induced an anti-cancer effect by activating natural killer cells. Int J Biol
Macromol. 2017;105:680-5.

Zhang X, Zhang A, Jiang B, Bao Y, Wang J, An L. Further pharmacologi-
cal evidence of the neuroprotective effect of catalpol from Rehmannia
glutinosa. Phytomedicine. 2008;15:484-90.

Zhao XS, Tan W, Yu KQ, et al. Anti-fatigue activity of polysaccharides
extract from Radix Rehmanniae Preparata. Int J Biol Macromol.
2012;50:59-62.

Lee CH, Hwang DS, Kim HG, et al. Protective effect of Cyperi rhizoma
against 6-hydroxydopamine-induced neuronal damage. J Med Food.
2010;13:564-71.

Pal D, Dutta S, Sarkar A. Evaluation of CNS activities of ethanol extract
of roots and rhizomes of Cyperus rotundus in mice. Acta Pol Pharm.
2009;66:535-41.

Luk CT, Zhu M, Luk HH, Fung HS. Cytoprotective effects of Cyperus
rotundus against ethanol induced gastric ulceration in rats. Phytother
Res. 1997;11:392-4.

Lemaure B, Touché A, Zbinden |, et al. Administration of Cyperus rotun-
dus tubers extract prevents weight gain in obese Zucker rats. Phytother
Res. 2007;21:724-30.

Seo EJ, Lee DU, Kwak JH, Lee SM, Kim YS, Jung YS. Antiplatelet effects of
Cyperus rotundus and its component (+)-nootkatone. J Ethnopharma-
col. 2011;135:48-54.

Peng WH, Hsieh MT, Lee YS, Lin YC, Liao J. Anxiolytic effect of seed

of Ziziphus jujuba in mouse models of anxiety. J Ethnopharmacol.
2000;72:435-41.

Naftali T, Feingelernt H, Lesin Y, Rauchwarger A, Konikoff FM. Ziziphus
jujuba extract for the treatment of chronic idiopathic constipation: a
controlled clinical trial. Digestion. 2008;78:224-8.

Mohebbati R, Bavarsad K, Rahimi M, Rakhshandeh H, Khajavi Rad A,
Shafei MN. Protective effects of long-term administration of Ziziphus
jujuba fruit extract on cardiovascular responses in L-NAME hypertensive
rats. Avicenna J Phytomed. 2018;8(2):143-51.

(2024) 24:179

64.

65.

66.

67.

68.

69.

70.

72.

73

74.

75.

76.

77.

78.

79

80.

81.

82

83.

Page 14 of 15

Vishwakarma SL, Pal SC, Kasture VS, Kasture SB. Anxiolytic and
antiemetic activity of Zingiber officinale. Phytother Res. 2002;16:621-6.
Al-Amin ZM, Thomson M, Al-Qattan KK, Peltonen-Shalaby R, Ali M. Anti-
diabetic and hypolipidaemic properties of ginger (Zingiber officinale) in
streptozotocin-induced diabetic rats. Br J Nutr. 2006,96:660—-6.

Stoilova |, Krastanov A, Stoyanova A, Denev P, Gargova S. Antioxi-

dant activity of a ginger extract (Zingiber officinale). Food Chem.
2007;102:764-70.

Penna SC, Medeiros MV, Aimbire FS, et al. Anti-inflammatory effect of
the hydralcoholic extract of Zingiber officinale rhizomes on rat paw
and skin edema. Phytomedicine. 2003;10:381-5.

XueT, Yue EK, Xue JP, et al. Identification and expression of Ga-Related
Genes associated with in vitro micro-tubers formation in Pinellia Ter-
nata. Acta Sci Pol Hortorum Cultus. 2018;17:85-94.

Wu X, Xiong E, An S, Gong FP, Wang W. Sequential extraction results in
improved proteome profiling of medicinal plant Pinellia ternata tubers,
which contain large amounts of high-abundance proteins. PLoS ONE.
2012;7:e50497.

Akihisa T, Yasukawa K, Kimura Y, et al. 7-OX0-10a-Cucurbitadienol from
the seeds of Trichosanthes kirilowii and its anti-inflammatory effect.
Phytochemistry. 1994,36:153-7.

Hou Z, Zhu L, Meng R, Wang B. Hypolipidemic and antioxidant activi-
ties of Trichosanthes kirilowii maxim seed oil and flavonoids in mice
fed with a high-fat diet. J Food Biochem. 2020;44(8):1-11. https://doi.
0rg/10.1111/jfbc.13272.

Wang L, Sun Q, Zhao N, Wen YQ, Song Y, Meng FH. Ultra-Liquid
Chromatography Tandem Mass Spectrometry (UPLC-MS/MS)-Based
Pharmacokinetics and Tissue Distribution Study of Koumine and

the Detoxification Mechanism of Glycyrrhiza uralensis Fisch on Gel-
semium elegans Benth. Molecules. 2018;23(7):1693. https://doi.org/
10.3390/molecules23071693.

Hu Py, Zhong Yh, Feng Jf, et al. Pharmacokinetics of five phthalides
in volatile oil of Ligusticum sinense Oliv.cv. Chaxiong, and com-
parison study on physicochemistry and pharmacokinetics after
being formulated into solid dispersion and inclusion compound.
BMC Complement Med Ther. 2021;21:129. https://doi.org/10.1186/
$12906-021-03289-z.

Zhong F, Huang L, Qi L, MaY, Yan Z. Full-length transcriptome analy-
sis of Coptis deltoidea and identification of putative genes involved
in benzylisoquinoline alkaloids biosynthesis based on combined
sequencing platforms. Plant Mol Biol. 2020;102:477-99.

Liu L, Wang ZB, Song Y, et al. Simultaneous determination of eight
alkaloids in rat plasma by UHPLC-MS/MS after oral administration of
Coptis deltoidea C. Y. Cheng et Hsiao and Coptis chinensis Franch.
Molecules. 2016;21:913.

Zhang M, Chen L. Berberine in type 2 diabetes therapy: a new per-
spective for an old antidiarrheal drug? Acta Pharmaceutica Sinica B.
2012;2:379-86.

Mesfin M, Asres K, Shibeshi W. Evaluation of anxiolytic activity of the
essential oil of the aerial part of Foeniculum vulgare Miller in mice.
BMC Complement Altern Med. 2014;14:1-7.

Ruberto G, Baratta MT, Deans SG, Dorman HJ. Antioxidant and Anti-
microbial Activity of Foeniculum vulgare and Crithmum maritimum
Essential Oils. Planta Med. 2000,66:687-93.

Jang SH, Yang DK.The combination of Cassia obtusifolia L. and Foenicu-
lum vulgare M. exhibits a laxative effect on loperamide-induced
constipation of rats. PLoS One. 2018;13(4):e0195624. https://doi.org/
10.1371/journal.pone.0195624.

LiuY, Flynn TJ. CYP3A4 inhibition by Psoralea corylifolia and its major
components in human recombinant enzyme, differentiated human
hepatoma HuH-7 and HepaRG cells. Toxicol Rep. 2015;2:530-4.

Yin H, Dan WJ, Fan BY, et al. Anti-inflammatory and a-glucosidase
inhibitory activities of labdane and norlabdane diterpenoids from
the rhizomes of Amomum villosum. J Nat Prod. 2019;82:2963-71.
Thomson M, Al-Qattan KK, Al-Sawan SM, Alnageeb MA, Khan I, Ali M.
The use of ginger (Zingiber officinale Rosc.) as a potential anti-inflam-
matory and antithrombotic agent. Prostaglandins Leukot Essent Fatty
Acids. 2002;67:475-8.

Nicoll R, Henein MY. Ginger (Zingiber officinale Roscoe): a hot rem-
edy for cardiovascular disease? Int J Cardiol. 2009;131:408-9.


https://doi.org/10.1111/jfbc.13272
https://doi.org/10.1111/jfbc.13272
https://doi.org/10.3390/molecules23071693
https://doi.org/10.3390/molecules23071693
https://doi.org/10.1186/s12906-021-03289-z
https://doi.org/10.1186/s12906-021-03289-z
https://doi.org/10.1371/journal.pone.0195624
https://doi.org/10.1371/journal.pone.0195624

Woyessa et al. BMC Complementary Medicine and Therapies

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94

95.

96.

97.

98.

99.

100.

103.

104.

Guo LY, Hung TM, Bae KH, et al. Anti-inflammatory effects of
schisandrin isolated from the fruit of Schisandra chinensis Baill. Eur J
Pharmacol. 2008;591(1-3):293-9.

Mocan A, Crisan G, Vlase L, et al. Comparative studies on poly-
phenolic composition, antioxidant and antimicrobial activities of
Schisandra chinensis leaves and fruits. Molecules. 2014;19(9):15162—
79. https://doi.org/10.3390/molecules190915162.

Jo SH, Ha KS, Moon KS, Lee OH, Jang HD, Kwon YI. In vitro and in vivo
anti-hyperglycemic effects of Omija (Schizandra chinensis) fruit. Int J
Mol Sci. 2011;12:1359-70.

Park YJ, Yun WJ, Choi WY, et al. Antihypertensive effect of gomisin

A from Schisandra chinensis on angiotensin ll-induced hyperten-
sion via preservation of nitric oxide bioavailability. Hypertens Res.
2012;35:928-34.

Lee HC, Lee YH, Park SK, et al. Korean red ginseng (Panax ginseng)
improves insulin sensitivity and attenuates the development of
diabetes in Otsuka Long-Evans Tokushima fatty rats. Metabolism.
2009;58:1170-7.

Chohachi K, Miki M, Yoshiteru O, et al. Isolation and hypoglycemic
activity of Panaxans Q, R, S, T and U, glycans of Panax ginseng roots. J
Ethnopharmacol. 1985;14:69-74.

Kim HG, Cho JH, Yoo SR, et al. Antifatigue effects of Panax ginseng C.A.
Meyer: a randomised, double-blind placebo-controlled trial. PLoS One.
2013;8:€61271.

Nian H, Qin LP, Chen WS, Zhang QY, Zheng HC, Wang Y. Protective
effect of steroidal saponins from rhizome of Anemarrhena asphode-
loides on ovariectomy-induced bone loss in rats. Acta Pharmacol Sin.
2006;27:728-34.

Ono 'Y, Hattori E, Fukaya Y, Imai S, Ohizumi Y. Anti-obesity effect of
Nelumbo nucifera leaves extract in mice and rats. J Ethnopharmacol.
2006;106:238-44.

Rai S, Wahile A, Mukherjee K, Saha BP, Mukherjee PK. Antioxidant
activity of Nelumbo nucifera (sacred lotus) seeds. J Ethnopharmacol.
2006;104:322-7.

Mukherjee PK, Pal SK, Saha K, Saha BP. Hypoglycaemic activity of
Nelumbo nucifera gaertn. (Fam. Nymphaeaceae) rhizome (metha-
nolic extract) in streptozotocin-induced diabetic rats. Phytother Res.
1995;9:522-4.

Xu X, Li F, Zhang X, et al. In vitro synergistic antioxidant activity and
identification of antioxidant components from Astragalus membrana-
ceus and Paeonia lactiflora. PLoS ONE. 2014;9:e96780.

Liu G, Wang Z, Li X, et al. Total glucosides of paeony (TGP) alleviates
constipation and intestinal inflammation in mice induced by Sjogren’s
syndrome. J Ethnopharmacol. 2020;260:113056.

Zhang HL, Li J, Li G, Wang DM, Zhu LP, Yang DP. Structural characteri-
zation and anti-fatigue activity of polysaccharides from the roots of
Morinda officinalis. Int J Biol Macromol. 2009;44:257-61.

Nyadjeu P, Nguelefack-Mbuyo EP, Atsamo AD, Nguelefack TB, Dongmo
AB, Kamanyi A. Acute and chronic antihypertensive effects of Cin-
namomum zeylanicum stem bark methanol extract in L-NAME-induced
hypertensive rats. BMC Complement Altern Med. 2013;13:27.

Phillips OA, Mathew KT, Oriowo MA. Antihypertensive and vasodilator
effects of methanolic and aqueous extracts of Tribulus terrestris in rats.
J Ethnopharmacol. 2006;104:351-5.

Shi JS, Yu JX, Chen XP, Xu RX. Pharmacological actions of Uncaria
alkaloids, rhynchophylline and isorhynchophylline. Acta Pharmacol Sin.
2003;24:97-101.

Jung JW, Ahn NY, Oh HR, et al. Anxiolytic effects of the aqueous extract
of Uncaria rhynchophylla. J Ethnopharmacol. 2006;108:193-7.

Yang L, Lu D, Guo J, Meng X, Zhang G, Wang F. Icariin from Epimedium
brevicornum Maxim promotes the biosynthesis of estrogen by aro-
matase (CYP19). J Ethnopharmacol. 2013;145:715-21.

Chen CY.TCM Database@Taiwan: the world’s largest traditional Chinese
medicine database for drug screening in silico. PLoS ONE. 2011;6:1.

Xu HY, Zhang YQ, Liu ZM, et al. ETCM: an encyclopaedia of traditional
Chinese medicine. Nucleic Acids Res. 2019;47(D1):D976-82. https://doi.
0rg/10.1093/nar/gky987.

Yoo S, Ha S, Shin M, Noh K, Nam H, Lee D. A data-driven approach for
identifying medicinal combinations of natural products. IEEE Access.
2018;6:58106-18. https://doi.org/10.1109/ACCESS.2018.2874089.

(2024) 24:179

Page 15 of 15

106 Wishart DS, Feunang YD, Guo AC, et al. DrugBank 5.0: a major update to
the DrugBank database for 2018. Nucleic Acids Res. 2018;46:D1074-82.

107. ChengF, LiW, Zhou Y, et al. admetSAR: a comprehensive source and
free tool for assessment of chemical ADMET properties. J Chem Inf
Model. 2012;52:3099-105.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3390/molecules190915162
https://doi.org/10.1093/nar/gky987
https://doi.org/10.1093/nar/gky987
https://doi.org/10.1109/ACCESS.2018.2874089

	Designing combinational herbal drugs based on target space analysis
	Abstract 
	Background 
	Result 
	Conclusion 

	Background
	Results
	TOM formula versus small-molecule drugs: both medicines are known to be effective for the same disease
	TOM formula versus small-molecule drugs: each medicine is known to be effective for different disease

	Discussion
	Support value distribution of randomly selected target space
	Validation using the Si-Wu-Tang formula
	Validation using published literature

	Conclusions
	Materials and methods
	Data curation and preprocessing
	Manual curation of small-molecule drugs and building Drug Module 1 and Drug Module 2 sets
	Target space design and statistical model

	Acknowledgements
	References


