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Prescriptions are the main clinical application of traditional
Chinese medicines (TCMs). Common forms include Chinese patent
medicines, Kampo formulas, and hospital decoctions. A new pre-
scription called “famous classical formulas” is recently developed
and expected to boom in the market. Identifying constituent me-
dicinal plants in prescriptions is critical for new drug development
and quality control [1], which could avoid safety issues from
adulteration or substandard ingredients, as seen in the notorious
Longdan Xiegan Pill event. However, formula clarification of
consumable plant products, especially TCMs, has been challenging,
relying on manual screening of metabolites and subjective evalu-
ation [2]. Computers rarely produce random errors, and data pro-
cessing often takes just minutes, which is more conducive to
handling large sample batches. Most attractively, less prior
knowledge from the researcher is required [3]. Reported here for
the first time is the accomplishment of two aims: 1) Developing a
universal workflow applicable to all herbal prescriptions; 2)
Creating a user-friendly, intuitive software for automated identifi-
cation of medicinal plants in TCM prescriptions, termed Medicine
Check (Medcheck), freely available at https://github.com/
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TCMP2023/Medcheck_v.1.git. The application allows users to sim-
ply import the liquid chromatography-dynamic multiple reaction
monitoring (LC-dMRM) data of an unknown prescription into the
platform, which then reveals medicinal plant identification with a
matching score.

The universal workflow involves four key steps (Fig. 1). Step 1:
screening potential diagnostic metabolites based on high resolu-
tion mass spectrometry (HRMS) data. LC-HRMS signals character-
istically present in single plant and prescription, but absent in other
plants, were considered as potential diagnostic metabolites. Step 2:
transferring potential diagnostic metabolites from HRMS to triple-
quadrupole mass spectrometry (TQMS). The metabolites were
transferred to TQMS for pursuing a higher selectivity and economic
efficiency. Predicted retention time was calculated in Medcheck
based on mixed solution of 19 reference standards [4]. The reten-
tion time calibration model was assessed by another 9 standard
compounds with R2 of 0.9999 (Table S1 and Fig. S1). Taking both
predicted retention time and ion response intensity into consid-
eration, accurate retention time was determined. This out-
performed traditional manual approaches that typically prefer
peaks with larger peak area or closer retention time to HRMS, as
evidenced by 257 > 137 (liquiritigenin) ion pair in Fig. S2A. Step 3:
verifying diagnostic metabolites and method validation. The me-
tabolites were further verified in TCM prescriptions, medicinal
plants, and negative controls using TQMS. To enable rapid verifi-
cation, an automated approach was utilized to determine the
presence or absence of chromatographic peaks rather than tradi-
tional signal-to-noise (S/N) threshold. We analyzed 526 ion pair
peaks in Danggui Jianzhong Decoction (DGJZD) and negatives. Peak
presence was determined to be height >60, width >0.2 min, and
area >300 based on maximal accuracy (Table S2). Multi-batch
sample verification required metabolites to be detectable in at
least 3 batches with peak area relative standard deviations (RSDs)
<30%. To simplify analysis and eliminate interference, the top 30
ions were chosen as diagnostic metabolites. Ultimately, methodo-
logical validation was performed, including assessments of
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Fig. 1. Overview of the data analysis workflow for the Medcheck software used to de-formulate TCM prescriptions. Step 1: TCM prescriptions and medicinal plants were analyzed by
HRMS to screen common signals as potential diagnostic metabolites. MS1 was obtained automatically via Button 1, MS2 via Button 2. Step 2: Potential metabolites were transferred
to TQMS with automatic retention time calibration based on 19 reference standards. Predicted retention times were obtained by Button 4, actual retention time by Button 5. Step 3:
Diagnostic metabolites were obtained after verification with negatives on TQMS by Button 6. Step 4: Diagnostic metabolites populated the Medcheck database. LC-dMRM data were
directly imported into Medcheck for de-formulation by matching scores against the database using Button 7. HRMS: high resolution mass spectrometry; TQMS: triple-quadrupole
mass spectrometry; QC: qulity control sample; Auto. Pick: automatic pick peaks; TCMP: traditional Chinese medicine prescriptions; Neg. Contr.: negative Control sample; dMRM:
dynamic multiple reaction monitoring.
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linearity, repeatability, and stability (Table S3 and Fig. S3)Table S3.
Step 4: database construction and plant authenticationwith scores.
Users can automatically construct an in-house database using
Medcheck following Step 1eStep 3. LC-dMRM data can then be
directly imported into Medcheck to automatically match and score
samples. Determining an optimal scoring threshold is challenging
[5]. We analyzed 1,100 matching results from cross-combining 25
plant species across 7 prescriptions and 41 negative controls. An
accuracy of 99% was achieved when thresholds were between 0.46
and 0.60 (Fig. S2B). Therefore, the matching score threshold was set
at 0.5.

The Medcheck software was developed in MATLAB App
Designer with two tabs e“Process” and “Identification” Fig. S3 (Fig.
2

S4). “Process” is used to process raw data to obtain diagnostic
metabolites and build a database containing prescriptions, medic-
inal plants, retention times, and MS1/MS2 ions. “Identification”
applies database to identify unknown samples, with visualized
results including identified prescriptions and ingredients, matched
ion number, and matching scores. The user guide is available on the
web page, https://github.com/TCMP2023/Medcheck_v.1.git.

The universal workflow and Medcheck software were validated
by 150 batches of samples including 7 homemade prescriptions (35
batches), 27 plants, 41 negatives, 30 blinds, and 17 commercial
products (Table S4). Seven prescriptions each with at least three
batches, along with 27 plants and 41 negatives, were analyzed by
LC-TQMS. The results were processed through “Medcheck” to

https://github.com/TCMP2023/Medcheck_v.1.git
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screen diagnostic metabolites, compiling them into an authenti-
cation database. Metabolites obtained for DGJZD, Banxia Xiexin
Decoction (BXXXD), Fuzi Decoction (FZD), Qingweisan Decoction
(QWSD), Wenpi Decoction (WPD), Jinshui Liujun Decoction (JSLJD),
and Taohong Siwu Decoction (THSWD) Annex 1) were 68, 89, 66,
44, 84, 49, 48 in positive and 80, 81, 46, 88, 55, 85, 90 in negative
mode, respectively Fig. S4A(Fig. S5A). Ultimately, a local database
was constructed containing all selected metabolites (448 positive,
525 negative) from 25 out of 27 medicinal plants (Table S5).
Furthermore, each diagnostic metabolite was assigned a unique
label composed of a sequential number and abbreviated source
name for rapid access and evaluation. For example, the transition
381.2057 > 135.0431 at 15.123 min in DGJZD under positive mode
was labeled as DGJZD_DG_61_2_POS, indicating that m/z 135.0432
was the second intensive fragment for the 61st diagnostic metab-
olite (m/z 381.2057) from Angelicae Sinensis Radix. After systematic
labeling, a TCM prescriptions-single plants-diagnostic metabolites
network Fig. S4B(Fig. S5B) was created to identify ingredients by
matching metabolites to database.

The validated Medcheck software was tested on 30 blind sam-
ples. The identified results and corresponding scores were sum-
marized into heat maps (Fig. S4C,Fig. S5C, details in Table S5(Table
S6). Results showed all 25 plants-related samples were accurately
identified. For example, sample 30 was identified as Wenpi
Decoction (0.97), with all constituents detected: Rhei Radix Et
Rhizoma (1.00), Radix Aconiti Lateralis Preparata (1.00), Liquorice
Root (0.97), Zingiberis Rhizoma (0.86), and Ginseng (1.00). How-
ever, inadequate ingredients were detected in some cases. This is
because suitable diagnostic metabolites could not be screened for
Pinelliae Rhizoma and Poria, which showed weak mass spectral
response, nonspecific ions, and low yield.

Medcheck was applied to de-formula of 14 commercial and 3
homemade prescriptions, containing 44 plants, with 25 kinds
present in database. All results agreed with product labeling,
achieving 99.7% accuracy with 0.19% false positiveTable S6 (Table
S7). Two prescriptions were identified fewer ingredients than ex-
pected, including Rehmanniae Radix in Anshen pills and Ginseng in
Wenpi Decoction, which may suggest potential issues. For WenPi
Decoction, Medcheck identified no Ginseng with a 0.43 match
score. Following further verification through high-performance
liquid chromatography (HPLC) and thin-layer chromatography
(TLC), it was determined that American Ginseng was present
instead of Ginseng Fig. S5 (Fig. S6).

To conclusion, Medcheck provides an automated and stream-
lined workflow for automated de-formulation through an intuitive
MATLAB-based platform, with steps of potential metabolites
screening on HRMS, metabolites transfer to TQMS, diagnostic me-
tabolites verification, database construction, and sample authenti-
cation with matching scores. The workflow provided significant
advantages as follows. Diagnostic metabolites were automatically
screened by cross-validating formulas, plants, and negatives. A
robust LC-dMRM method was developed to detect metabolites
from any prescriptions. Automated retention time calibration and
3

peak confirmation was implemented for routine analysis. Raw data
can be directly imported into Medcheck, with automatic presen-
tation of identified prescriptions, ingredients, and scores. All pro-
cedures were validated by systematic experiments. 25 plants-
related samples achieved 99.7% accuracy. Medcheck was appli-
cable for Chinese patent medicines, and Kampo formulas, and had
potential to identify other commercial products like decoction sli-
ces, and dispensing granules.
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Supplementary data to this article can be found online at
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