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W E BN IR ENE RS AT IBAMET B R0 ik, PR RN 1508, Fik AMAMR
BR ) AR, R A A8 3 2R AR & - B B # (UPLC-MS/MS) # R #ATM € . & 4% A Hypersil GOLD Cis, VA ¥ B3-0.1% F BRI R A
BN ARHEATHS LS BL, ik 4 0.2 mL/min, 4238 4 40 °C, #HF A 2 uL; R A A brF B & F R, E A B FRX THAF TR
WA X A2k, K SPSS 24.0 SR AF T4 X 2 RHATFEXRAN oA, R 5B ES AR R SR ELE RN
LHusm AR R RIF (R R AT 09989) % E & LM AR RIF(RSD H AR KT 5.49%) , -F 3 dnif wpik & % 93.8%~
105.7%(RSD # 0.5%~5.8%) . 4 #28 \7-BA-3a, 12a-F2 A2 BR \12-BEANLER | H R IZHR | 3-0x0-Ta, 12a-hydroxy-5B-cholanoic
acid AR AE BB B | Sa- 72 IR -T- B AR-5B- PR be BR M A8 | 2F 2% L B I BR 4 %% DL B IR BR. R iy | B R K6 DL B BR | W RUBE B B
# LA BR | WA BR 69 T 3 A% & A 4 670.56,25.97,10.54,280.12,4.04,29.81,182.98.,813.55.,120.95,220.31,797.37 ., 18.37
68.59.30.13.59.82 ng/g. BESH A TR H W IGIEAIFEF S H 2%, L P SI~S12H—%,S13~S15 4 % —
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M, IE R TS 6 R E AR
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Simultaneous determination of 15 bile acids in Tongren niuhuang qingxin pills by UPLC-MS/MS
CHEN Xueting, LIN Shiling, CHEN Tao, LIN Yifan, HUANG Mingqing, ZHENG Yanfang (College of
Pharmacy, Fujian University of Traditional Chinese Medicine, Fuzhou 350122, China)

ABSTRACT OBJECTIVE To establish a method for simultaneous determination of 15 bile acids in Tongren niuhuang qingxin
pills, and to determine the contents of 15 batches of samples. METHODS Using dehydrocholic acid as internal standard, the
determination was performed by ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method.
The determination was performed on Hypersil GOLD Cis column with methanol-0.1% formic acid solution as the mobile phase by
gradient elution at the flow rate of 0.2 mL/min. The column temperature was 40 °C, and the sample size was 2 pL. Using heated
electrospray ion source, parallel reaction monitoring mode scanning was performed in negative ion mode. SPSS 24.0 software was
used for chemical pattern recognition analysis of content determination results. RESULTS The 15 bile acid components had a good
linear relationship with peak area (all R*=0.998 9) ; their precision, repeatability and stability were all good (all RSD<5.49%) ;
the average recoveries were 93.8%-105.7% (RSD was 0.5%-5.8%). The average contents of taurocholic acid, 7-oxodeoxycholic
acid, 12-dehydrocholic acid, glycocholic acid, 3-oxo-7a, 12a-hydroxy-58-cholanoic acid, taurochenodeoxycholic acid, 3a-hydroxy-
7-0x0-583 -cholanic acid, hyocholic acid, taurodeoxycholic acid sodium salt hydrate, hyodeoxycholic acid, cholic acid,
glycochenodeoxycholic acid, glycodeoxycholic acid, chenodeoxycholic acid and deoxycholic acid were 670.56, 25.97, 10.54,
280.12, 4.04, 29.81, 182.98, 813.55, 120.95, 220.31, 797.37, 18.37, 68.59, 30.13, 59.82 wg/g, respectively. Both cluster
analysis and principal component analysis divided 15 batches of Tongren niuhuang qingxin pills into 2 categories, S1-S12 as one
category and S13-S15 as the other category. CONCLUSIONS The established method is accurate, sensitive and specific, and can
determine many types of bile acids. It also can quickly achieve the quantitative analysis of 15 bile acids in Tongren niuhuang
qingxin pills, which is suitable for the quality control of this drug.

KEYWORDS Tongren niuhuang qingxin pills; ultra-high performance liquid chromatography-tandem mass spectrometry; bile

acids; content determination; chemical pattern recognition analysis
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KA B U AU TR R s A, & R ST R
FHAAR A0 5 [l A SO U B A I ) 5
A [A]IF I 22 122 245 h 224 BRI B 4 () 418 i A DL 381

T A R 24 B ) R R D R R A v A
s P18 o ™ TR A b A R R B 0 R A T A B AR
A B 1 o 2 v 24 R s A R AR R 2 A
OGBS, YT ER RN S (o B 2% , R4 a3 1 -
i WAL, £ SR AR, AN G 4, LA
THRR B ARG, AS Z R 281, 3340 1 H 5& 20 B kil 1)
MERECTT AR R OB A 3 - R K T (UPLC-
MS/MS)H AR PR il T 8 s R (3% 1 43 2 Re AN
3B B S Be Tz T TR 2 R T B B A b
S, T, ANFgT dar T —Fh AR R A R
A B O AL 15 AN I R B 43 7% & ) UPLC-MS/MS
2, R HZ T 15 HERE S il AT T , B A iZ g
B M RIS %

1 ##
1.1 FEES

Dionex Uitimate 3000 % #8 &5 %50 AH €, 1% 2 4 . Y
AT B R 5 P 37 I B i A (T # FL I 55 2 1 U5
Heraeus Fresco 17 Y &5.00 HL 314 H 3€ [E] Thermo Fisher
Scientific 23 H] ; Milli-Q Direct 16 %8 4l 7K il £y H £
Merck Millipore 2 7] ; CPA225D -+ 743 2 —HL Tk
- [ 7 ¥ Sartorius 23 7 ; XM-400UHP R #8 7 Ji 5 1
AU [ /N R AR (LD A R
1.2 FEHRBSIAH

H2JIHE (glycocholic acid, GCA, 5 YOSA9E57765) |
3-0x0-Tar, 12a -hydroxy-58-cholanoic acid (3-OCA, #lt 5
NO7GY167164) A-fieg ki A IR (taurochenodeoxycholic
acid, TCDCA, #1t5 Y09S8K43540) , 3-¥5 JE-7-5848-58-
A ¢ 12 (3« -hydroxy-7-0x0-58 -cholanic acid, 3o -OH-7-
OCA, L5 N30GB169735) J# it S IH iR (hyodeoxycholic
acid, HOCA , #t5 S27M8I136899) . IH# (cholic acid, CA,
fit5 T1618Q28663 ) . Tz K8 Il S IH R ( glycochenodeoxy-
cholic acid, GCDCA, #t5 Y29M9K57235) . H & it & JIH
1% (glycodeoxycholic acid, GDCA , #it*5 Y27TM9IE56969 ) |
& Wi % 1B FR (chenodeoxycholic acid, CDCA, it 5
ZO1011LA14) | it %8 1 iR (deoxycholic acid, DCA, it =5
S05N615476) it % iH iR (dehydrocholic acid, DHCA, it
283019164022, A% ) o7 -l -3a, 1200~ 5 35 0 A 1% (7-
oxodeoxycholic acid, 7-ODCA , #it 5 Z09M10J82521) , 4
it IH % (taurocholic acid, TCA, #it5 B15J11J118403) %}
TR0 [ e A R A BR S /] (AR ¥R T
95%) ; 12-fli Z JIH R ( 12-dehydrocholic acid, 12-DHCA , 4t
+50000080453) ., 4~ fitt it % I 2 £ (taurodeoxycholic acid
sodium salt hydrate, TDCA-NA, It 5 B26J9J53831 ) X f&
I [ 96 [ Sigma-Aldrich /A A7) (LEEE Y KT 95%) 5 3

TEZED; 2023455 34 5 171

2 (hyocholic acid, HCA , b5 A1110816) X H& i Ity [
% E Cayman A ] (EEEA/NT 98%) o

15 4L R4 #7 O JU i AL st R s R & R 4y
H R w25 $AE 45530 24 20010460, 21010855
21010310, 21010095, 21010858, 21010857, 21010189,
19010326, 21010919, 21010312, 21011012, 21010870,
21010859.22010142.22010140 (45 # ¥k h S1~S15) ;
FH SR HE i oy i i sl i 4, P il 3 o o pr i
2 FEEHER
2.1 oWm&EH
2.1.1 s

6, 3% ¥ & Hypersil GOLD Cis (2.1 mmX 100 mm,
1.9 um) ; FShAH A FFEE (A)-0.1% F R (B) , 16 5 1%
5 (0~0.5 min, 20%A; 0.5~1.5 min, 20%A—70%A ;
1.5~7 min, 70%A—61%A; 7~8 min, 61%A; 8~14
min, 61%A—80%A ; 14~15 min, 80%A—85%A ; 15~ 16
min, 85%A—90%A; 16~17.5 min, 90%A—20%A ; 17.5~
19 min, 20%A) ; ki 4 40 °C 3 it 2 4 0.2 mL/min; ##f
HoH2ul,
2.1.2 FUiE&M

SR M AR W5 55 8 U | £ 28 AR X (nega-
tive ion mode, Neg) ; Wi%s H1 [ 4 3.0 kV(— ) ; BYIEFIR
J& oM 325 °C 5 4l B TR Ry 350 °C 5 5T K 45 arby;
MBI N 10 arb s AT SR A 1 arb 5 BTk £
PiK A7 5207 Wil (parallel reaction monitoring, PRM )
B Ao S ARG BTS2 50 0L 3% 1, PRM
LA 1,

x1 BEHEURSEARARIGHELSE

K5 AR WEMEmn  BEFwz  FEFw:  HEREEV  dEES
| TCA m 514.28 79.56 124 Neg
2 7-0DCA 792 405.26 123.08 45 Neg
3 12-DHCA 845 405.26 69.03 45 Neg
4 GCA 9.85 46430 7402 41 Neg
5 3-0CA 1111 405.26 271.10 45 Neg
6 TCDCA 1233 498.28 79.95 100 Neg
1 3a-0H-7-0CA 1279 389.26 389.26 10 Neg
8 HCA 12.90 407.28 407.28 10 Neg
9 TDCA-NA 1344 49829 79.95 100 Neg

10 HOCA 14.06 391.28 391.28 10 Neg

11 CA 1438 407.28 407.28 10 Neg

12 GCDCA 14.45 44830 7402 40 Neg

13 GDCA 15.14 44830 7402 40 Neg

14 CDCA 17.04 391.28 391.28 10 Neg

15 DCA 1728 391.28 391.28 10 Neg

16 DHCA(1f7) 529 40123 249.14 36 Neg

2.2 BEHHE
2.2.1 RN IR BRI AR

K 25 AR I IR B DHCA AN 1 15 Ff ol B i 4535 #
T AR 7 (TR 100 W, A5 40 kHz, T [A)) %5 , il 1
FRIE 9% 2 me/mL (08— X R I
% M XS R, R R, 758 TCA . 7-ODCA |
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A2 AT (H )

B R A0 R A

C. i i

IS:DHCA;1:TCA; 2:7-ODCA ;3:12-DHCA ;4:GCA ;5:3-OCA; 6: TCDCA; 7:3a-OH-7-OCA;8:HCA; 9: TDCA-NA; 10:HOCA; 11:CA

12:GCDCA; 13:GDCA ;14:CDCA ;15:DCA,

Bl RBEMZHEF ORI 15REHERRK S PRM B

12-DHCA ., GCA ,3-OCA , TCDCA . 3a-OH-7-OCA .HCA ,
TDCA-NA . HOCA . CA . GCDCA . GDCA . CDCA . DCA
B 3 A B 43 90 A 3 997.66 . 206.44 , 350.86 . 2 074.28 .
92.53.223.69.1 709.53 .4 257.16.960.72.1 685.76.5 052.81
96.43 ,545.48 ,253.55 ,465.09 ng/mL AIEA X BB

FE %R B DHCA X 8 S id it , FH Y B3 A, ol i 5T
VR EE N 10 we/mL B AR BRI ; BN FR B GE 5,
FH s g, A5 31 VR A 20 ng/mL 18 INARVE T
2.2.2  HERAMAR

WA A B0 O LA o, SR, I S B ke
WFES BB A, 4 20 H i . S AREUZ R K 0.10 g, B T
s, A 10 mL Y BEFE 04850, BRER, HE A 2 30
min 57, FRRPRE , I R A2 2K, L 10 000 t/min 5.0
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10 min, 28 0.22 wm flALUEREE L, HUZRUE WL, & T 1 mL
R, I BERR R = 2 B 19 B . R
A IATE /L % 1 (VY I AR T 2R 3BT
23 AEFEER
2.3.1 SRR MoE R R PR

R HEIC2.2.17 TR R 0] B BRI e, D P e
BRI 4% 1 LVIV) I AR 1 R 91) o v
BE TR A X BRI, #2 “2. 17 T A3 A SR A RE I A2
FF DA Xof B %) I e B SR A AR s () % I 55 I
B VR B 22 L R A bR (V) AT 2 1T 5 599 31 DA
{5 W H (S/N) =3 148 M BR (limit of detection, LOD) ,
PLS/IN=10 7155 & FR (limit of quantitation, LOQ) , 4%
W2,

HhEZG 2023 4E5 34 445 174



R2 TCAZEILAMFHFMRSTHLEXRRREER LN

REZER

75 FElEs Oy B GiE (ngml) LOD/(ngmL) LOQ/(ng/mL)
1 TCA T=0318 5SX+148500 09999 20.60~3997.66 0.17 0.51
2 7-ODCA 7=0.106 240089 1 0.9993 4.68~200.44 0.72 216
3 12-DHCA 7=0.0276X+0.0818  0.9989  1331~350.86 333 10.00
4 GCA T=0583 204118270 09999 50.50~2074.28 0.17 0.50
5 30CA I=0.1654X+0.1126  0.9996 1.85~9253 0.36 1.07
6 TCDCA 7=0.503 8405976 0.9999 5.38~223.09 0.17 0.51
T 3a-OH-7-0CA Y=00127X+03071 0994  §3.76~1709.53 241 123
§  HCA 7=0.0020+0.09%5 0994 15135~4257.16 3.00 9.01
9 TDCA-NA 7=05894X+02121 09995  23.62~960.72 0.67 201
10 HOCA F=2.902 1X762060 0997  11.15~1685.76 1.03 3.08
1 CA F=0.0836X+5.7035 0997  33.85~5052.81 1.06 317
12 GCDCA T=0.8454X+0.8326  0.9998 1.75~96.43 0.17 0.52
13 GDCA T=0.7786X+55995  0.9998  1747~54548 007 0.20
14 CDCA Y=1106 1X7.0437 0997  10.67~253.55 0.17 0.52
15 DCA V=22065X+13.8320 09996  13.85~465.09 0.07 021

2.3.2 K%

He2.2.17 50 R A0 B S REGE B, 0 P ) R
FE2.30.60 1%, B il pl s o APRJTT e v B 1) 0T R VA
F“2. 17T AT AR [ — R Stk 6 Yk, I H N
KL LRI 3 d, M H RS . 25w, H K
55 ) RSD K 1.59%~4.74% (n ¥4 6) , H [A]45 %5 BE (%)
RSD 4 0.29%~5.49%(n 174 3) , R B EAG 2 FE LU
2.3.3  FuE s

B[R] — 3 S A (G5 S 1), 40 3 Tl 45 )5 0.2,
4.6.8.12.24 48 h##“2.1" T /3 b 5 HERE I 2 , 10 5%
W T AR . 25 B 7R, TCA %5 15 AR5 I Ak 4o 1 g ALY
RSD 4 1.15%~3.21% (n ¥4 8) , & B4 i 5 W AE 48
h PFRE PR
2.3.4 HEMEK

B —HE R4 O L (45 S1) L 3% 2.2.27 10
TR 2% 6 bl S, B2 2.1 3 F A A4
PRI AE , 1SRG T AR LA AR I3 15 AR AR A 4
B o, 459 78, TCA.7-ODCA . 12-DHCA .GCA . 3-

OCA . TCDCA ., 3a-OH-7-OCA .HCA .TDCA-NA .HOCA .
CA.GCDCA .GDCA .CDCA .DCA i) F 3 & 84y 5N
356.12,21.78.,3.82. 144.01, 1.83, 13.62, 41.80, 494.18
56.24.151.08.517.84,10.79.39.68.29.50.47.89 pg/g,RSD
F0.77%~2.94% (n 1 6) , RAARTIEHE L R I
2.3.5  JINFEATSCR S

e B AR UL 0 B 2 AR it (25 S1)0.05 g, 2L 9477,
YIS BIRE B IR R GRS AL & i
1 50% ,100% . 1509% ) (TR A% B B, #562.2.27 T
07V i A R VA U, PR 2.1 TR A3 AT A AR HEARE
FE L IC SR AR ISR . 45 R R, TCA 7-
ODCA .12-DHCA .GCA .3-OCA .TCDCA .3a-OH-7-OCA .
HCA . TDCA-NA .HOCA .CA .GCDCA .GDCA .CDCA .
DCA PR e 4351k 97.19%~100.1%,102.0%~
103.1%.99.1%~104.1%.93.8%~103.0%.96.1%~99.0% .,
98.2%~103.4%.95.1%~100.3%.98.5%~103.0%.97.7%~
105.7%.96.8%~103.2% .97.4%~99.3% .96.7%~101.5% .
95.1%~100.5% . 97.7%~100.2%. 94.6%~103.4%, RSD
4 0.5%~5.8%(n$4°89) , FBHA T IR IERA FE R AT
24 HREENE

A3 RS E RIS HUFE i A8 o, $22.2.27 0 F )7 ik
il 5 P S VAR, R 2.1 TR AT AR ERED 22 L 1T
SRV T AR 4% N AR I TR d v 16 N TR o3 1 1%
i, TR ST 3R, 25 R L 3,
2.5 AREHLRECFEZ O AU EEIRF S

R B IR — T FAS R LU R AR B O U] 9 R
T2 S 2B R SPSS 24.0 5, AASYEIINSE i) 154
JIEJ R R i o AR, DS R EG B S S ok
L5 LR A B O AL T R ir a5 SR LK 2, R &
QAT , 45 B CHE 25 4 5 B, 15 ik [ 2F W 0 LT
BH22, H S1~S12 B h—2,S13~S15 B h—2%k,
VEHIZ) A= B AR O AU e AR5

&3 ARHYRECHEHEFOAR BNTEFBRESPRIENELER (n=3, ng/g)

[Eillli%is Sl ) 83 S4 ) ) §7 s8 89 810 sll s s13 Sl4 S15 EHf
TCA 33612 32012 34095 38409 6492 S50 41449 68135 M08 46602 65065 36684 150246 122132 141212 67036
7-0DCA 278 9.7 25.36 3031 1.2 1400 2861 1838 1842 1209 1631 2793 3963 62,55 8032597
12-DHCA 38 - - - - - - - - - - - 847 1643 1305 1054
GCA 14401 1897 8169 20008 24192 20324 LT 14956 29046 21768 24020 19961 4758 64259 58247 28012
3-0CA 1.8 174 246 288 229 240 5.86 198 156 149 250 375 147 9.18 8.17 404
TCDCA 1362 1592 2051 23.00 2768 2385 UM 2754 387 0B 857 286 60.84 411 4 981
300H70CA 4180 110.14 5244 6324 4030 19471 63 26532 M863 1940 292 ST04 S6666 17380 23340 18298
HCA 40418 360 56305 70065 0355 5883 81749 50077 83609 63928 67695 6799 16514 146360 148566 81355
TDCA-NA 56,24 557 7183 8215 10746 8931 8446 11607 12559 .12 10743 BRI B WL 1085
HOCA 151.08 7907 16341 19801 16352 13984 2065 17103 18804 1350 15824 17761 3220 49545 48711 22031
CA 51784 33728 61804 75532 62020 1468 78000 ST433 69091 68390 5809 65896 135170 159439 16819 79737
GCDCA 1079 840 13.00 1456 1725 1437 1550 538 1977 15.88 1721 1458 4100 3117 %72 1837
GDCA 39,68 2849 4645 5148 60.10 51.03 5432 2521 68.39 5851 60.07 5131 1496 14289 1459 6859
CDCA 2950 993 88 38.03 2186 180 4630 1276 UDB 2077 2106 3148 5495 3042 638 3003
DCA 4189 2003 5482 6199 4304 36.20 37 5648 47,64 3.9 il 6209 10136 16566 054 5982
it 193018 146803 218294 261579 291551 244331 282545 269616 333268 262898 283128 238037 671059 634836  657LI8
—RMH
EZGp 202345 34 55 1T China Pharmacy 2023 Vol. 34 No. 17 - 2077 -
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3 itit
3.1 ML HFRIERE

JRYT R e — 2 HA A A LR , th—A~ £
IRF—A R 5 0 3 [T, il AR R . AT ISR R
FHBAR 238 A 5 28 2 SRS AG I 8 AS DU AE 26 s 24
W IR R ), A AR B B i A IR R B A A
WS, T RFP 28 2 HAL2= 25 R AR AL, 3
R FRIA 2 [F) 3 SR AR KA 5 o PR AR 5 8 FH
A % B R 9 UPLC-MS/MS $ AR , 5% H Hypersil
GOLD Cis {038 4 , ¥ JH] Neg 147 22 J b Wa i, 3F: X
DHCA N AR, L BE-0.19% H IR VE R T shAH , Fris &
TEIETE XS R FEL TR o B AT
32 MELRSH

AHFFE R FHEHE ST 1 UPLC-MS/MS %% 15 4t [l 2F
HFO AU 15 A IR o 0 S A T , R B
T B S ST3HEIR , TR A9 S S2 LR 5 15 AN AH TR
SRR SRR R HCA, J A2 3-OCA . ANt
IR AR B O AL AR TR 2 ) B A e 22 5%, M
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AR = i R A — 1

ZEA BB A AT, 154 B 4R SO AU 4y

228, Hh S1~S12 —38,S13~S15 K 7 —2, W]

ASTRIE VR A TR~ A 3538 O JUH 16 A BRTER B o3 1) 75

FHE—EMES . FRS IR s i g 24
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i 5z e AN (] Y ()4 20 B0 0 AL b 5 [R] 1) 25 5 1
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—EMES SR PR HGEROC R IR

F A5 AN 25N A B A P B R 2 A

2 LT  ARF ST s S7 T [R)I R 2R B O AL
tB 15 AN IR 140 & B ) UPLC-MS/MS 325, 3R %
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