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Abstract Objective: To establish the fingerprints of Calculus Bovis and its substitutes by HPLC-ELSD and
simultaneously perform the quantitative analysis of glycocholic acid, taurocholic acid, cholic acid, and deoxycholic
acid. Methods: The characteristic fingerprints and quantitative analysis were performed by HPLC-ELSD. The
characteristic peaks were identified by LC-MS. The samples were separated on a Symmetryshield™” C,4 column

(4.6 mm x 250 mm, 5 pm ), and eluted with acetonitrile ( A ) and the solution containing 10 mmol * L' ammonium
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acetate and 0.2% formic acid ( B )in a gradient elution ( 05 min, 2%A — 35%A ; 5-12 min, 35%A — 37%A;
12-23 min, 37%A ; 23-45 min, 37%A — 50%A ) at a flow rate of 1.0 mL * min™". The temperature of drift tube
was 102 °C and the gas flow rate was 1.9 mL * min™". Eight characteristic peaks in the fingerprints were identified
by MS with electrospray ionization ( ESI ) source in the positive ion mode. The HPLC-ELSD fingerprints of
Calculus Bovis and its substitutes were compared by principal component analysis and similarity analysis. Results:
The characteristic fingerprints of Calculus Bovis and its substitutes were established. Eight characteristic peaks
in the fingerprints were identified as glycocholic acid, taurocholic acid, cholic acid, glycochenodeoxycholic acid,
taurodeoxycholic acid, hyodeoxycholic acid, chenodeoxycholic acid and deoxycholic acid. The fingerprint analysis
result showed that Calculus Bovis and its substitutes had almost the same ingredients but with different content.
Calculus Bovis and its substitutes were obviously distinguished by principal component analysis and similarity
analysis. Conclusion: The established fingerprint can be served as an effective approach for quality control of
Calculus Bovis and its substitutes.

Keywords: Calculus Bovis; in vitro cultivated Calculus Bovis; artificial Calculus Bovis; fingerprint; glycocholic

acid ; taurocholic acid; cholic acid ; deoxycholic acid
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Fig. 1 HPLC chromatograms of mixed reference standards( A ),
Calculus Bovis No.CB13( B ), reference material of artificial
Calculus Bovis( C ), in vitro cultivated Calculus Bovis No.120702
(D )and blank( E )
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Fig.2 Total ion chromatograms ( TICs ) of artificial Calculus Bovis ( A ), Calculus Bovis ( B ) and in vitro cultivated Calculus Bovis( C )
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Fig. 3 Reference fingerprints of Calculus Bovis( A ), in vitro cultured Calculus Bovis ( B ) and artificial Calculus Bovis ( C )

F1 HAUETESER
Tab.1 The similarity result

AN B AR (S IREE AR T A4 SRk ) A3 (SRS A B E S B ) NTAE (S MREE NN T A SR 3 )
[ in vitro cultivated Calculus Bovis ( reference [ Calculus Bovis ( reference fingerprints | artificial Caleulus Bovis ( reference fingerprints
fingerprints of in vitro cultured Calculus Bovis ) ] of Calculus Bovis ) | of artificial Calculus Bovis ) |
e ARRLEE i ARLEE Y ARLEE
('sample No. ) ('similarity ) ('sample No. ) ('similarity ) ('sample No. ) ('similarity )
CB1 0.994 CBI13 0.963 CB25 0.978
CB2 0.999 CB14 0.957 CB26 0.795
CB3 0.999 CBI15 0.908 CB27 0.947
CB4 1.000 CBI16 0.982 CB28 0.907
CBS 1.000 CB17 0.978 CB29 0.927
CB6 0.999 CB18 0.979 CB31 0.956
CB7 0.999 CB19 0.980 CB33 0.965
CB8 0.998 CB20 0.997 CB34 0.871
CB9 1.000 CB21 0.885 CB35 0.884
CB10 0.999 CB22 0.998 CB36 0.968
CBI11 0.961 CB23 0.931 CB37 0.976
CB30 0.861 CB38 0.857
CB32 0.983
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Tab.2 Identified compounds in HPLC fingerprints
I . gy y WO T8 T TR A
min .
( peak No.) : ( compound ) ( quasi—molecular ion peak ) m/z ('main fragments ions ) m/z
2 153 H&HAR (glycocholic acid ) 465 4663 M+H ]* 448.3,430.3,412.3, 337.3,319.2
3 16.6  AT#HAR (taurocholic acid ) 515 516.3[ M+H ]*, 533.3[ M+NH, |* 498.5,480.6, 462.7, 337.3,319.2
5 252 JIHER ( cholic acid ) 408 426 M+NH, ]* 391.3,373.3, 355.3, 337.6
6 31,0 HERELHENEEE (glycochenodeoxycholic 449 450.3[ M+H ], 508.4[ M+CH,COOH+H ]* 4323, 414.4,339.5,321.5
acid )
7 324 FREEEIRZ (taurodeoxycholic acid ) 499 500.4[ M+H 1%, 999.7[ 2M+H * 482.3,464.5,382.3,339.3,
321.5,2293
8 35.5  FEEANARR (hyodeoxycholic acid ) 392 4152[ M+Na ]* 357.2,339.2,321.2,275.1,
220.9,203.0, 174.9, 160.9
9 454 REFEENAMR ( chenodeoxycholic acid ) 392 4152[ M+Na]* 375.3,339.2,321.2,275.0,
247.1,221.0, 174.9
10 464  FEJAE ( deoxycholic acid ) 392 807.7[ 2M+Na ]*,415.3[ M+Na ]* 375.1,357.3,339.3,321.3

HOY

i
K o™

G H

A2 ( peak 2 ), H & JH R ( glycocholic acid) B. & 3( peak 3), 4= fi H 2 (taurocholate acid ) C. 0§ 5( peak 5 ), JH 1% ( cholic acid) D. U6
(peak 6), H & # 2= A U FR ( glycochenodeoxycholic acid ) E. 15 7 (peak 7 ), 4 it 25 48 IH iR ( taurodeoxycholic acid ) F. I 8 (peak 8 ), 3% 2= S IH iR
( hyodeoxycholic acid ) G. I 9 ( peak 9 ), #8§ Z 40 ( chenodeoxycholic acid ) H. 1§ 10 ( peak 10 ), 225 MHFR ( deoxycholic acid )

B4 4ERKHRIESEESETERER SR

Fig. 4 Structures of bile acids in fingerprint chromatography of Calculus Bovis and its substitutes
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M8 HPLC-ELSD Z&AFHEFE 10 pl 547704, 1H03 5 &
K RSD, 255 H &R ARREANER AR 25 IR
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(RSD=1.1% ), 20.6 mg* g (RSD=2.1% ) 11 102 mg * &'
(RSD=1.9% ), &M iZJrikH R R I

514 et O 8 ORI T
10 pL, #% HPLC-ELSD %42, 4337 0.4.8.12.24 h
PR TR AR, 25 R H 2R | AR AR I A

25 480 H 1R 0 1T AX A9 RSD 43 91 o 1.8% . 1.9%, 1.5%
2.0%, 45RFM, SO RER T 7 24 h R et
KAf
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F=3 EHBERLER
Tab.3 Recoveries
L %ix B IV HEEST HiEs T RSD/%
( compound ) (content ) /mg (added ) /mg (found ) /mg (recovery ) /mg (average ) /mg

HEME ( glycocholic acid ) 1.897 1.741 3.612 98.5 98.5 2.6
1.868 3.569 97.7
1.876 3.662 102.6
1.902 3.586 96.7
1.874 3.615 100.0
1.893 3.552 95.3

AR R AR (taurocholic acid ) 1319 1.333 2.572 93.9 96.1 2.7
1.299 2.578 94.4
1.304 2.653 100.0
1322 2.570 93.8
1.303 2.632 98.4
1316 2.604 96.3

JIER ( cholic acid ) 1.040 0.978 4 1.994 97.5 97.5 3.4
1.024 1.997 99.4
1.028 1.945 93.7
1.042 1.962 94.0
1.027 1.984 97.8
1.037 2.040 102.5

R ( deoxycholic acid ) 0.517 0.509 2 1.023 99.4 100.0 32
0.509 1.019 100.2
0.511 1.021 100.2
0.518 0.999 94.5
0.510 1.025 101.1
0.515 1.047 104.4
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Fig. 5 The bar graph of Calculus Bovis and its substitutes assay results
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Fig. 6 Principal component analysis results of Calculus Bovis and its substitutes
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