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Abstract: Objective To assess the quality variation of Banlangen (Isatidis Radix ) from different origins using an integrated strategy
of digital fingerprinting and multi-index component content determination. Methods An ultra-performance liquid chromatography
(UPLC) method was employed to establish digital fingerprints of Isatidis Radix from 21 different origins. N-strong peaks and common
peaks were screened and fuzzified to extract the characteristic fingerprint spectrum of Isatidis Radix. Contents of uridine, guanosine,

(R, S)-goitrin, and adenosine were quantitatively analyzed using the same UPLC method. Based on this, the integration analysis of
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characteristic fingerprint parameters and the proportion of index component contents was conducted to explore the influencing factors
of the total difference rate of the characteristic fingerprint spectrum. Results Relative retention times and peak areas of all samples
were calculated using (R, S)-goitrin as an internal reference to establish UPLC digital fingerprints. A characteristic fingerprint spectrum
comprising 34 peaks was obtained by screening N-strong peaks with peak area ratios greater than 70% and common peaks present in
over 15 samples. The overlapping and detection rates of characteristic fingerprints among different origins ranged mostly from 80% to
90%, whereas the total difference rate varied significantly, from 33% to 111%. Content determination indicated substantial differences
in uridine, guanosine, (R, S)-goitrin, and adenosine among Isatidis Radix from different origins. Integrated visualization analysis of
characteristic fingerprint parameters and the composition of index component contents showed a secondary clustering correlation
between uridine, guanosine, adenosine, and the total difference rate, as well as a tertiary clustering correlation with the proportion of
(R, S)-goitrin and total index component content. Excessively high or low proportions of these components led to increased total
difference rates in the Isatidis Radix samples. Conclusion This integrated approach effectively explains the variations in characteristic
fingerprints among different origins of Isatidis Radix, offering a robust method for quality evaluation and ensuring the stability and
controllability of its preparations.

Key words: Isatidis Radix; digital fingerprint spectrum; characteristic fingerprint; total difference rate; uridine; guanosine; (R, S)-

goitrin; adenosine; integrated strategy; quality evaluation
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Table 1 Information of 21 batches of Isatidis Radix samples from different origins
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Fig.1 Chromatographic overlay of 21 batches of Isatidis Radix samples and mixed standards chromatogram
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Table 2 Information on /N-strong peaks of chromatograms of 21 batches of Isatidis Radix samples
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Numbers on the outer circle represent the uniformly quantified relative retention time peak numbers, while the numbers and the height of the color columns
on the inner circle represent the frequency of the corresponding common peaks.

B2 21 HORARE R R BIESUR 54T

Fig. 2 Frequency analysis of common peaks in 21 batches of Isatidis Radix samples
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Table 3 Characteristic fingerprint of Isatidis Radix
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Fig.3 Characteristic fingerprint parameter analysis of 21 batches of Isatidis Radix samples
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Fig. 4 Cluster analysis of Isatidis Radix samples based on characteristic fingerprint parameters
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Fig. 5 Content of representative components in 21 batches of Isatidis Radix samples
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A-showing the association between peak numbers of N-strong peaks and Isatidis Radix samples, with the size of the color blocks proportional to the
number of common peaks of N-strong peaks; B-showing the association between Isatidis Radix samples, the content of representative components, and
characteristic fingerprint parameters.
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Fig. 6 Integrated diagram of /V-strong peaks, content of representative components, and characteristic fingerprint

parameters of 21 batches of Isatidis Radix samples
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Fig. 7 Qualitative and quantitative integrated cluster analysis of Isatidis Radix samples based on characteristic fingerprint

parameters and proportions of representative component contents
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