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Abstract

Background: Tong-Jing-Yi (TJY) formula consists of Leonurus, fried Toosendan and processed Cyperus, etc. The therapeutic effect
of TJY on dysmenorrhea has been clinically validated, but the underlying mechanism remains unclear. The present study aimed to
explore the possible molecular targets of TJY and the potential mechanisms. Methods: The components of TJY formula were identified
by ultra performance liquid chromatography–quadrupole-time of flight/mass spectrometry. SwissTargetPrediction database was used to
predict the targets of TJY formula, and targets associated with primary dysmenorrhea were also collected through other databases. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were conducted. Results: A
total of 91 compounds with identified structures were screened, including 3 groups of isomers. The results predicted 854 TJY formula-
related targets and 363 disease-related targets. GO and KEGG analysis showed that the top 5 target genes were PIK3CA, AKT1, EGFR,
AKT2 and CYP19A1. PI3K-Akt signaling, chemokine signaling, focal adhesion, and Rap1 signaling were ranked in the top 15 pathways.
Conclusion: TJY formula might play roles in the treatment of dysmenorrhea underlying mechanisms relating to the involvement of
TNF-α, interleukin and PI3K-Akt signaling pathway. Potential pathways have been identified that need mechanistic confirmation in a
laboratory setting in the future.

Keywords: Tong-Jing-Yi formula; Dysmenorrhea; Network pharmacology; PI3K-Akt signaling pathway; Component identification;
Bioinformatic analysis

1. Introduction

Dysmenorrhea refers to abdominal pain during men-
struation that leads to lumbosacral pain, nausea, loss of ap-
petite, headache, restlessness, insomnia, fatigue, diarrhea,
and even syncope [1,2]. Dysmenorrhea can be classified
into two main categories: primary dysmenorrhea (PD) and
acquired dysmenorrhea (AD) [3]. PD is defined as pain
during the menstrual cycle in the absence of an identifiable
cause [3]. AD refers to dysmenorrhea caused by pelvic or-
ganic diseases such as endometriosis, adenomyosis, chronic
pelvic inflammation, uterine malformation and so on [4].
The incidence of PD in adolescent women ranges from 16%
to 93% [5]. PD is related to an increase of endometrial
prostaglandin (PG) and interleukin (IL) during menstrua-
tion. Prostaglandins (PGF2-α) stimulates the contraction of
uterus and reduces the amount of blood perfusion through
myometrial compression of the blood vessels. Then the
uterus cramps by lack of oxygen and the body feels abdom-
inal pain [2]. Both PG synthase inhibitors such as nons-
teroidal anti-inflammatory drugs [6] and oral contraceptives
are prescribed for dysmenorrhea. PG synthetase inhibitors
suppress PG production by inhibiting the activity of PG syn-
thetase, which prevents excessive uterine contraction and
spasm and consequently alleviates or eliminates dysmenor-
rhea [3]. Oral contraceptives reduce the PG content in men-

strual blood by inhibiting ovulation [7]. Vitamins (VD, VE ,
VK), calcium, magnesium, olive oil, fennel, dietary fiber,
zinc, Omega-3 and Omega-6 Fatty Acids are also used as
adjuvant therapy for dysmenorrhea [2,8]. However, these
treatments show limited clinical efficacy as well as various
side effects, and thus more effective treatments for dysmen-
orrhea are required.

Traditional Chinesemedicine has beenwidely used for
the treatment of dysmenorrhea in China [9,10]. Tong-Jing-
Yi (TJY) formula, consisting of Leonurus, fried Toosen-
dan, processed Cyperus, Bergamot, raw Hawthorn, vine-
gar Corydalis, honey bran roasted green peel, Artemisia
argyi leaf, raw Radix Paeoniae Alba, Achyranthes biden-
tata, fried mustard seed and processed Evodia rutaecarpa,
has been applied for the treatment of dysmenorrhea in the
Obstetrics and Gynecology Hospital of Fudan University.
The prescription uses Artemisia argyi leaf and Cyperus to
warm themenstruation, regulatingQi and dispersing cold as
the monarch medicine. Evodia rutaecarpa, Leonurus, cory-
dalis, toosendan and fried mustard seed are used to warm
the menstruation, disperse the knot, and relieve pain as the
minister medicine. Radix Paeoniae Alba is as the adjuvant,
entering the liver meridian, nourishing the blood, soften-
ing the liver and relieving pain. It can also assist other hot
drugs in the prescription to prevent excessive heat and nour-
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ish Yin. Hawthorn, bergamot and green peel are as the ad-
juvant, and assist the minister medicine to soothe the liver,
promote Qi and relieve pain. Achyranthes bidentata is used
to induce all kinds of drugs to go down. The whole pre-
scription is used together to warm the uterus and disperse
cold. It regulates Qi, nourishes blood, and relieves pain. Al-
though the efficacy of TJY formula on dysmenorrhea and
menstrual disorders has been clinically verified, both clini-
cal studies and exploration of the pharmacological mecha-
nisms of TJY in dysmenorrhea are limited.

In the present study, a network pharmacology-based
analysis of TJY formula was performed to explore the un-
derlyingmechanism of TJY formula in the treatment of dys-
menorrhea.

2. Methods
2.1 Preparation of TJY formula solution

To prepare TJY, 15 g Leonurus, 12 g fried toosendan,
12 g processed cyperus, 6 g bergamot, 24 g raw hawthorn,
12 g vinegar corydalis, 12 g honey bran roasted green peel,
6 g Artemisia argyi leaf, 12 g raw radix paeoniae alba, 12
g Achyranthes bidentata, 12 g fried mustard seed, and 6 g
processed Evodia rutaecarpawere weighed and placed in a
dish with 1000 mL deionized water (3 cm above the medic-
inal material). After soaking for 1 h, medicinal materials
were decocted on low fire for 30 min and then filtered with
a 1000 mesh gauze while hot. The filtrate was collected
and 700 mL of water was added to the residue. Medicinal
materials were decocted on low fire for 30 min after the wa-
ter was boiled and then the samples were filtered with 1000
mesh gauze while hot. The filtrate was collected and mixed
with previously collected samples. The filtrate was cooled
to room temperature and centrifuged (12,000 rpm, 5 min).
The supernatant was filtered using a 0.22 µm membrane.
The filtrate was concentrated and lyophilized.

2.2 Component identification
The components of TJY formula were analyzed by

ultra performance liquid chromatography-quadrupole-time
of flight/mass spectrometry (UPLC-Q-TOF/MS) [11–14].
Briefly, Chromatographic column: Waters ACQUITY
UPLC HSS T3 (2.1 × 100 mm, 1.8 µm); Batch No.:
0200372571; Column temperature: 25 ◦C ; Injection vol-
ume: 1 µL; Detection wavelength: 280 nm. Mobile
phase ratio and flow rate: 0.1% formic acid aqueous so-
lution for phase A, 0.1% formic acid acetonitrile for phase
B. Mass spectrometric detection was performed in Nega-
tive/Positive ion mode.

2.3 Bioinformatic analysis
The PubChem database (https://pubchem.ncbi.nlm.n

ih.gov/) was used to confirm the molecular structures. The
SwissTargetPrediction database (http://www.swisstargetp
rediction.ch/) was used to predict the target of selected com-
pounds from TJY formula. Targets related to PD were col-

lected through a series of databases by performing key-
word search of “dysmenorrhea” and the species was set as
“human”, including Genecards (https://www.genecards.or
g/), TTD (http://db.idrblab.net/ttd/), DiGSeE (http://www.
disgenet.org/), Drugbank (https://www.drugbank.ca/) and
OMIM (https://omim.org/). The PPI network diagram was
depicted based on the targets of candidate components of
the TJY formula and PD listed in the STRING database
(http://string-db.org/). GO and KEGG pathway enrichment
analysis of core targets were performed via the DAVID
database (FDR <0.05).

3. Results
3.1 Identification of the components of the TJY formula

A total of 96 compounds were identified from TJY
formula according to the multi-level mass spectrometry in-
formation of samples and the database of high-resolution
mass spectrometry of natural products. Among the 96
compounds, 5 compounds with unidentified structures
were removed. A total of 91 compounds were selected
(Supplementary Table 1), including 3 group isomers.
We used PubChem database (https://pubchem.ncbi.nlm.n
ih.gov/) to confirm the molecular structures. The results
showed that 12 compounds were from Artemisia argyi
leaf (Monarch drug) and 1 compound was from processed
Cyperus (Monarch drug). A total of 13 compounds were
detected from Corydalis vinegar (Minister drug), 7 com-
pounds were detected from processed Evodia rutaecarpa
(Minister drug), 6 compounds were detected from fried
Toosendan (Minister drug), 4 compounds were detected
from fried Mustard Seed (Minister drug), and 3 compounds
were detected from Leonurus (Minister drug). In addition,
9 compounds were detected from raw Radix Paeoniae Alba
(Assistant drug), 8 compounds were detected from green
peel (Assistant drug), 7 compounds were detected from raw
Hawthorn (Assistant drug), and 6 compounds were detected
from Bergamot (Assistant drug). Eight compounds were
detected from Achyranthes bidentata (Guide drug). The
sources of the remaining compounds were unclear. The cor-
responding structures of Canonical SMILES are shown in
Supplementary Table 1. The result in UPLC-HRMS basic
peak ion diagram-negative ion mode is shown in Fig. 1A, in
UPLC-HRMS basic peak ion current diagram-positive ion
mode is shown in Fig. 1B, and inUPLC-UV chromatogram-
UV 280 nm is shown in Fig. 1C.

3.2 Target prediction of the components of TJY formula

We used the SwissTargetPrediction database (http://
www.swisstargetprediction.ch/) to predict the targets of se-
lected compounds from TJY formula. A total of 4701 tar-
gets were collected, and 854 targets were obtained after de-
duplication and imported into STRING database (http://st
ring-db.org/cgi/input.pl). Protein-protein interaction (PPI)
network analysis was conducted (Fig. 2).
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Fig. 1. Identification of the components of TJY formula. (A) UPLC-HRMS basic peak ion diagram-negative ion mode. (B) UPLC-
HRMS basic peak ion current diagram-positive ion mode. (C) UPLC-UV chromatogram-UV 280 nm.
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Fig. 2. PPI network analysis of TJY formula.

3.3 Disease-related targets query
Targets related to PD were collected through a se-

ries of databases by performing keyword searches of “dys-
menorrhea” and the species set as “human”, including in
Genecards (https://www.genecards.org/), TTD (http://db.i
drblab.net/ttd/), DiGSeE (http://www.disgenet.org/), Drug-
bank (https://www.drugbank.ca/) and OMIM (https://om
im.org/). We collected 545 targets from Genecards (n =
287), TTD (n = 12), DiGSeE (n = 9) and Drugbank (n
= 237). All targets were normalized to genesymbol by
BioDBnet database, and 363 disease-related targets were
obtained after de-duplication. Based on the PD-related
targets, the data were retrieved in the STRING database
(https://string-db.org/). The PPI network was established
as the background network of gene mapping (Fig. 3). The
PPI relationship with a confidence score≥0.9 was selected.
The PPI of component-related targets were “merged” with
those of disease-related targets via Cytoscape 3.6.1 soft-
ware (https://cytoscape.org/) and the overlapping targets
were obtained. Three topological properties were calcu-
lated, including “degree”, “closeness centrality” and “be-
tweenness centrality”. The predicted target was selected
only when three parameters were greater than the median.

3.4 Core targets screening

To further explore the function and mechanism of can-
didate targets related to components and disease, the corre-
sponding PPI network diagram was depicted based on the
targets of candidate components of TJY formula and of PD
listed in the STRING database (http://string-db.org/). The
diagrams show a disease-target PPI (Fig. 2) and component-
target PPI (Fig. 3). The PPI network of the core target con-
sists of 56 nodes and 211 edges. The core target information
is shown in Fig. 4. The top five targets are PIK3CA, AKT1,
EGFR, AKT2 and CYP19A1, followed by HRAS, PTGS2,
and MMP9. The top 15 targets are shown in Table 1.

3.5 GO and KEGG analysis of core targets

The GO and KEGG pathway enrichment analysis of
56 core targets were performed using the DAVID database
(FDR<0.05). GO analysis revealed 36 items related to bio-
logical process, 13 items related to molecular function and
3 items related to cellular component. A total of 27 sig-
naling pathways were involved according to KEGG path-
way enrichment analysis. GO (Fig. 5) and KEGG analysis
(Fig. 5B) results are shown in Fig. 5. Based on the results
of enrichment analysis, the “target pathway” network dia-
gram of the TJY formula in the treatment of PD was estab-
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Fig. 3. PPI network analysis of dysmenorrhea.

Fig. 4. PPI network of the core targets. The size and color of
the nodes in the graph positively correlated with the degree value.

lished. The top 15 signaling pathways and targets are shown
in Table 2. The PI3K-Akt signaling pathway also ranked in
the top 15 signaling pathways, which was consistent with
the predicted core target genes. GO and KEGG analysis of
core targets suggested that the TJY formula might play an
anti-inflammatory role in the treatment of dysmenorrhea by
affecting the expressions of core target genes.

Table 1. The top 15 central targets in the PPI network.
Top 15 targets Nodes

PIK3CA 45
AKT1 38
EGFR 37
AKT2 32
CYP19A1 30
HRAS 29
PTGS2 29
MMP9 29
CCND1 23
PDPK1 23
ESR1 22
MMP3 22
VEGFA 21
PTK2 19
ERBB2 19

4. Discussion

The etiology of dysmenorrhea is not precisely under-
stood, but is associated with altered prostaglandin synthesis
by the uterus (PGF2α) [15]. Excessive release of PG from
disintegrating cells during endometrial sloughing causes
myometrial hypercontractility, resulting in ischemia and
hypoxia of the uterine muscle as well as pain [16,17]. PGs
are ubiquitously distributed intracellular substances that are
derived from long-chain polyunsaturated fatty acids, such
as arachidonic acid, a common component of cell mem-
brane phospholipids [18]. PGs have a range of biological
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Fig. 5. GO and KEGG analysis of core targets. (A) GO analysis. (B) KEGG analysis.

effects on a wide variety of physiological and pathological
activities including pain, inflammation, body temperature,
and sleep regulation [16]. In the theory of traditional Chi-
nese Medicine, dysmenorrhea is caused by blocking of Qi
and blood. For the treatment of dysmenorrhea, there are
multiple effective and clinically validated formulas of tra-
ditional Chinese medicine, such as Wenjing Tang, Shaofu
Zhuyu Tang, and Danggui Sini Tang [19–21]. TJY formula
also has been demonstrated to possess good clinical effi-
cacy against dysmenorrhea in our hospital, which is worth
further study.

In the present study, the TJY formula was analyzed
and 96 compounds were detected. Among them, 91 com-

pounds were identified while 5 compounds with uniden-
tified structure were not identified. Among the 91 com-
pounds, 13 compounds were from monarch drugs, 33 com-
pounds were fromminister drugs, 30 compounds were from
assistant drugs, and 8 were compounds from guide drugs.
The monarch drug Artemisia argyi leaf can be used as a
therapeutic agent for abdominal pain and dysmenorrhea as
well as eczema and itching. The anti-inflammatory effect
of Artemisia argyi leaf is closely related to the inhibition
of inflammatory mediators released from macrophages and
inflammatory cytokine production in inflamed tissues [22].
As the most commonly used single herbs, Corydalis and
Cyperus were found in 33.1% and 29.2% of all prescrip-
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Table 2. The top 15 enriched KEGG pathways of core targets.
NO. KEGG_ID Name Pathway class Degree

1 hsa05200 Pathways in cancer Cancer: overview 36
2 hsa05205 Proteoglycans in cancer Cancer: overview 32
3 hsa04151 PI3K-Akt signaling pathway Signal transduction 29
4 hsa05161 Hepatitis B Infectious disease: viral 27
5 hsa04062 Chemokine signaling pathway Immune system 24
6 hsa04510 Focal adhesion Cellular community - eukaryotes 24
7 hsa04015 Rap1 signaling pathway Signal transduction 24
8 hsa05212 Pancreatic cancer Cancer: specific types 22

9 hsa05142
Chagas disease

Infectious disease: parasitic 22
(American trypanosomiasis)

10 hsa05203 Viral carcinogenesis Cancer: overview 22
11 hsa05215 Prostate cancer Cancer: specific types 21
12 hsa04066 HIF-1 signaling pathway Signal transduction 21
13 hsa05166 HTLV-I infection Infectious disease: viral 21
14 hsa04668 TNF signaling pathway Signal transduction 20
15 hsa04014 Ras signaling pathway Signal transduction 20

tions in a study of women aged from 13 to 25 years with a
single diagnosis of primary dysmenorrhea in Taiwan [23].
The composition of TJY formula is consistent with that pre-
viously described [22,23], which indicates that its compo-
sition is rational and effective.

The PPI network, GO and KEGG analyses showed
that the top target and signaling pathways were the PIK3CA
and PI3K-Akt signaling pathways, respectively. PIK3CA,
AKT1 and AKT2 are members of the PI3K-Akt pathway.
PIK3CA is a family of lipid kinases consisting of a reg-
ulatory subunit (p85) and a catalytic subunit (P110). The
binding of ligand to the membrane receptor activates p85
and recruits P110, which catalyzes the formation of PI3P
from PIP2 on the intracellular surface. As a second mes-
senger, PI3P further activates Akt and PDK1 [24]. AKT,
also known as PKB, is an important downstream molecule
of PI3K. There are three main isoforms of AKT, namely
AKT1, AKT2 and AKT3. They are essential in the reg-
ulation of cell growth, proliferation, survival and glucose
metabolism [25]. EGFR (epidermal growth factor recep-
tor, also known as ErbB-1 or HER1) is a member of epi-
dermal growth factor receptor family. The EGFR signal-
ing pathway plays an important role in cell growth, prolif-
eration and differentiation [26]. The CYP19A1 gene en-
codes an aromatase that catalyzes the conversion of testos-
terone and androstenedione to estrone and estradiol. Aro-
matase, also known as estrogen synthase, is expressed in
endometrial cancer, breast cancer, endometriosis and uter-
ine leiomyoma, and its overexpression is related to the oc-
currence and development of these diseases [27]. Among
the top 15 targets, PIK3CA, AKT1, EGFR and AKT2 were
reported to be related to inflammation. A study showed
that IL-8 promotes integrin β3 upregulation and cell inva-
sion through the PI3K/Akt pathway in hepatocellular carci-
noma [28]. PIK3CA, AKT1 and AKT2 are also related to

inflammatory factors, such as IL-33 [29], IL-1β [30], and
TNF-α [31], among others. Another study demonstrated
an involvement of the IL-1β/EHD1/TUBB3 axis in EGFR-
tyrosine kinase inhibitor resistance [32]. There are two ma-
jor mechanisms responsible for the activation of PI3K-Akt
signaling pathway: one is the interaction with growth factor
receptor or connexinwith phosphorylated tyrosine residues,
resulting in the change of dimer conformation; the other is
the direct binding of Ras and P110. PI3K activation re-
sults in the production of the second messenger PIP3 on
the plasmamembrane; PIP3 binds to signal proteins namely
Akt and PDK1. Akt can be also activated by PDK-mediated
phosphorylation of Thr473 (such as integrin linked kinase,
ILK). Activated Akt regulates downstream target proteins
(e.g., Caspase9, NF-κB, GSK-3) and thus plays important a
role in many biological processes, including cell cycle pro-
gression, cell growth, survival, actin rearrangement, migra-
tion, and intracellular vesicular transport. In addition, the
chemokine signaling pathway, focal adhesion [33], Rap1
signaling pathway [34], HIF-1 signaling pathway [35], TNF
signaling pathway and Ras signaling pathway [36] have
been reported to be associated with inflammation. The
PI3K-Akt signaling pathway can be activated by a variety
of cell stimuli or toxic damage, and it mainly regulates ba-
sic cell functions such as transcription, translation, prolif-
eration and growth [37]. Previous studies have shown that
PI3K-Akt signaling activation promotes the proliferation of
endometrial cells and also increases the contractility of hu-
man endometriosis stromal cells [38], which might be as-
sociated to dysmenorrhea in endometriosis [39].

There are some limitations of this study. Although the
components of TJY formula were identified followed by
network pharmacology analysis, the specific relationships
among compounds, targets and signaling pathways remain
unclear. Experiments in cells and animal models need to
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be supplemented to explore the mechanisms and verify our
speculation.

5. Conclusions
TJY formula might play roles in the treatment of dys-

menorrhea underlying mechanisms relating to the involve-
ment of IL-8, L-33, IL-1β and TNF-α as well as the PI3K-
Akt signaling pathway. Potential pathways have been iden-
tified that need mechanistic confirmation in a laboratory
setting in the future.
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