#4554  Acta Pharmaceutica Sinica 2025, 60(11): 3483-3490 © 3483 -

BEHERRAPAEXMENEESEED T

ROEL K OB, R OB, BTRL S KL F A
(1. VLRHZERIR 255 BE, 05 TEBH 110016; 2. dLstiL GG HEER 2 A R AT IR A H, b5t 101102)

HEEE: B U FR A AE R S YR T A PRI R R FH IS5, B S 2 X H A S BRI A
ARSCHE U SL T 3 5 BRI A RS A T i, R R R S R E AR R AL TR RS . JE g LC-Q/TOF-
MS/MS #5458 H s B B IRV b 58 7 F0E S5, 43 3 B 325 L T2 403K A-7-0-B-D- 1 %) BT IR 8 AR ]
W A 3% 7-O-B-D-1 % WE T L /Mt K2 3% 3-0-B-D-i B RE IR H - M 3R -7-O- W G BRI TR T V15 % 3 L IF 3 %5
%o KM HPLCEX] ARBMEE A VB 325 H R T 248K A-7-0-4-7 & WS FR 1 HEAT /& i o0 i, (0% F: N gHit AR C18
FE (250 mm x 4.6 mm, 5 pm), FBHH N 0.1% BFER KR (A)- 2 (B), B Ve, A3 20 °C, i 0.8 mL-min”', &
K 254 nme JESLHT7 5L R IR BE R B m HORS 2% B R AP AR FCRESE s B M IR A R e 5
SE ST U5 %, RGBT R AR T .

BRI AT IR A M 4505 08 5 e RO (i YO € 3 — 25 IR T i v

FEHES: RI1T XEAFRIRES: A XEHS: 0513-4870(2025)11-3483-08

Qualitative and quantitative assessment of related substances in
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Abstract: Baicalin eye drops have broad clinical application prospects in the treatment of ocular diseases.
However, there is still a lack of qualitative and quantitative research on the related substances in them. This study
first established an analytical method for related substances in baicalin eye drops, providing a scientific basis for
product development and quality control. Through LC-Q/TOF-MS/MS, seven related substances were preliminarily
identified in baicalin eye drops, namely scutellarin, oroxylin A-7-O-glucuronide, oroxin A, quercetin-7-O-
glucuronide/quercetin  3-O-glucuronide, chrysin-7-O-glucuronide, baicalein, and scutellarein. The quantitative
analysis of oroxin A, scutellarin and oroxylin A-7-O-glucuronide was carried out by HPLC. The chromatographic
column was the NanoChrom AR C18 column (250 mm % 4.6 mm, 5 um). The mobile phase was 0.1% phosphoric
acid aqueous solution (A)-acetonitrile (B), with gradient elution. The column temperature was 20 °C, the flow rate
was 0.8 mL-min”, and the detection wavelength was 254 nm. The established method has strong specificity, high
sensitivity, and good precision. In this study, a method for the qualitative and quantitative analysis of related
substances in baicalin eye drops was established, providing a basis for ensuring their quality.
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Figure 1 Chemical structures of baicalin and baicalin impurities
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Table 1 Identification of chemical constituents of preparations by HPLC-TOF-MS. *Identified with reference standard
. . Adduct Theoretical Measured Error . . .
No. Identification Formula t,/min Main fragment ion
mode mass (m/z) mass (m/z)  /ppm
Baicalin* C,HO,, [M+H]' 447.092 2 447.088 3 -1.5 31.27  271.0578
2 Quercetin-7-O-glucuronide/ C,H,0, [M+H]" 479.082 0 479.081 9 -0.2 6.77  303.049 2
Quercetin-3-O-glucuronide
3 Scutellarin* C,H.0, [M+H]" 463.087 1 463.086 6 -1 15.46  287.0539,269.043 6,241.048 2
4 Oroxin A* C,H,,0, [M+H]" 433.1129 433.1125 -0.9 3042 271.0594
5 Scutellarein CH,,0, [M+H]" 287.0550 287.053 3 0.2 31.34  269.043 4,241.048 6
6 Baicalein* CH,,0; [M+H]" 271.060 1 271.060 0 0.9 44.1 253.048 4
7 Oroxylin A-7-O-glucuronide*  C,H, 0, [M+H]" 461.107 8 461.106 5 -1 55.58  285.0749
8 Chrysin-7-O-glucuronide C,H.0, [M+H]" 431.097 3 431.099 7 -0.4 5578  255.065 2,226.949 7
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Figure 2 Proposed fragmentation pathways of baicalin and baicalin impurities. A: Baicalin; B: Quercetin-7-O-glucuronide/Quercetin-3-O-

glucuronide; C: Scutellarin; D: Oroxin A; E: Scutellarein; F: Baicalein; G: Oroxylin A-7-O-glucuronide; H: Chrysin-7-O-glucuronide
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Figure 3 Product ion MS/MS spectrum of baicalin and baicalin impurities. A: Baicalin; B: Quercetin-7-O-glucuronide/quercetin-3-O-

glucuronide; C: Scutellarin; D: Oroxin A; E: Scutellarein; F: Baicalein; G: Oroxylin A-7-O-glucuronide; H: Chrysin-7-O-glucuronide
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Table 2 Results of linearity

Analyte Linear equation 2 Linear rar?]g ¢
/ug-mL
Baicalin y=0.5351x-0.0191 09998 0.091 13-11.66
Scutellarin y=0.5256x-0.0216 09995 0.043 11-11.03
Oroxin A y=04927x-0.0602 09990 0.09214-11.79
Oroxylin A-7-  y=0.4039x+0.0074 1.0000 0.04831-12.37

O-glucuronide

S5 R RSD /N T 10.0%, & WA i A RAE 6 h NS E .
Xof R I R B S R THI AR Y RSD (n = 6) SN 4.3%, 45
SRR IR AR R A R RE 24 h AR .
3 HmbhBEXYRERNE

B3 A T TR it PR o Ve YL P 1) 6 A0 %o R
At VA VRLPR F)% 7 TUT D7 V1 4% R i, 3% HPLC 1% 3 25
A, D e W T AR, DA SE o0 6) B A BR AT RRE S
J 0 (PR HE B, N 2 R LR 3

Table 3 Content of samples of different batches (n = 3)

Batch  Scutellarin  Oroxylin ~ Other maximum Total
No. /% A% single impurity/%  impurity/%
230703 0.19 0.38 0.06 0.69
230704 0.25 0.38 0.07 0.76
230705 0.25 0.38 0.06 0.75
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Figure 4 Chromatogram of specificity. A: Scutellarin, baicalin
and oroxylin A-7-O-glucuronide mixed reference substance; B:
Oroxin A reference substance; C: Sample solution. 1: Scutellarin;

2: Oroxin A; 3: Baicalin; 4: Oroxylin A-7-O-glucuronide
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