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in Hyperthyroidism Rats to Explore the Effects of Ginseng Herbs
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Abstract: A method of ultra-performance liquid chromatography-triple quadrupole tan-
dem mass spectrometry (UPLC-QqQ-MS/MS) was developed to determine the contents
of deoxycholic acid, chenodeoxycholic acid, hyodeoxycholic acid, cholic acid, glycine-
cholic acid, taurocholic acid, tauroporic deoxycholic acid, taurocholic acid in the serum

of rats with hyperthyroidism and each administration group. The separation of
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compounds was carried out on an Agilent zorbax SB-C18 column (100 mm X 2.1 mm X
1.8 ym). The mobile phase was 0. 1% formic acid in acetonitrile and 0. 1% formic acid
in the water, the flow rate was 0.4 mL/min, the injection volume was 5 pL. The mass
spectrometry was determined by electrospray ionization in negative ion mode, and was
scanned by multiple response monitoring mode. The ion scanning range was m/z 50-
1 000, with a capillary voltage of 3.5 kV., ion source temperature of 150 °C, atomization
gas flow rate of 50 L/h, desolvation gas flow rate of 800 L/h, desolvation temperature
of 250 “C. Multivariate analysis method of principal component analysis (PCA) was
used to analyze the content of bile acids in each group, which identified the nature of
ginseng and biomarkers of bile acids that regulated the cold and hot nature of ginseng.
Spearman was used to analyze the correlation between bile acid level and thyroid func-
tion. The results showed that the calibration curves of 8 bile acids were linear in the
quantitative range. The average recoveries of bile acid isotopes ranged from 82.71% to
104. 05% and the coefficients of variation were all less than 15%. Compared with the
blank control group, the contents of deoxycholic acid, goose deoxycholic acid, porcine
deoxycholic acid, and cholic acid in the serum of hyperthyroidism rats decreased, and
the content of primary bile acid-cholic acid increased after administration of Phellodend-
rina chinense and ginseng leaves. The cholic acid, deoxycholic acid, and goose deoxy-
cholic acid can be used as the biomarkers for regulating bile acids in cold and cool nature
herbs, and glycine cholic acid, deoxycholic acid, and taurocholic acid can be used as the
biomarkers for regulating bile acids in warm nature herbs. The level of thyroxine (T4)
was negatively correlated with deoxycholic acid. The level of tri-iodothyronine (T3)
was negatively correlated with porcine deoxycholic acid, glycine cholic acid, taurocholic
acid, taurocholic acid, and taurocholic acid. The UPLC-QqQ-MS/MS method has the
advantages of simple operation, high sensitivity, and strong multiplexing detection
capability, which can be used to determine the content of serum bile acid. The abnormal
level of bile acid is associated with thyroid hormone to a certain extent.

Key words: hyperthyroidism; bile acids; ultra-performance liquid chromatography-triple
quadrupole tandem mass spectrometry ( UPLC-QqQ-MS/MS); ginseng; quantitative

analysis; spearman analysis
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Table 1 Parameters of 8 kinds of bile acids

KB 7 FET Tl 45 P HEFL L 14 B4 Bsf ]
[ia<t’] 43 ¥ ) . . :
Parent ion Daughter ion Collision Cone Retention
Compound Formula
(m/2) (m/z) energy/eV voltage/V time/min
A B I R Cz2 HisNO7 S 514. 28 80. 10 74 100 1.15
AT 5 AU R Cos Hiy NOs S 198. 28 80. 10 64 100 1.49
A il JIE R Cy HisNO; S 514. 40 80. 10 74 100 1.55
P AR (b ZE R ) Cyz Hag FO;5 437. 20 361.0 27 75 2. 37
LSRN Cas HysNOs 464. 40 74. 00 42 72 2.54
JiH i Ca4 HyoO5 407. 28 343. 30 36 78 4. 68
¥R NNTR CziHio Oy 391. 40 391. 40 30 80 5.15
s 22 A iR CoHio Oy 391. 40 391. 40 30 80 6.97
LA HRR Coy Hy Oy 391. 28 345. 80 34 78 7.06
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Fig.1 Multiple reaction monitoring chromatograms of various constituents of bile acids
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Table 2 Limit of quantitation and

limit of detection of 8 kinds of bile acids

[izg /] FE ik B Rzt B
Compound LOQ/ (pg/L) LOD/(pg/L)

EHMRR 5.25 1.57

e 22 HH R 6.24 1. 87

B £ E R 5.02 1.51
iR 6.55 1.91

H &R 3.79 1. 14

2 i H R 3. 36 1. 00
AR A 25 SRR 5.38 1.61
A i 4 iDL 1R 3.45 1.04
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N AR PYRE S 43 ARG 5 BE AR G AR e 22 (RSD)
AT 15068 AR S50 45 AR T 1R I 1 K
FE AR M R/NT 1520, 50 F 3 4. & IR AL
A3 HIIRE [ 05 2R 7E 80. 45 % ~ 104. 05 % Z [, 4%
) o 1) R S T 82. 7126 ~119. 13 %6 Z [i]
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Table 3 Linear regression equation, linear correlation coefficient, and linear range of 8 kinds of bile acids

[&=27 M A Uy K MERE LM
Compound Linear regression equation Linear correlation coefficient (R*) Linear range/(mg/1L)
F A H R y=140.192+3. 88 0. 9908 40.29~0.015

2= 4 H iR y=23629. 26x+914. 79 0. 9909 47.94~0.018
¥ A H R y=942. 542+192. 69 0. 9950 38.52~0. 015
fiH iR y=1268. 42x+75. 65 0.9993 50.29~0. 019
H & MM R y=291. 34x+42.91 0. 9908 27.64~0.010
2 Tk iH R y=192. 83x+14. 52 0. 9927 33.52~0.013
AR 4 2 AR R y=2300.79x+27. 18 0. 9975 36.17~0. 014
AT 4 I R y=468. 60x+67. 91 0. 9990 29. 41~0. 011
x4 STWEITBRHNBEE REUERERYM
Table 4 Precision and stability of 8 bile acids
[iaexy] TR [0 i % TEHE Stability/ % F T 5
Compound Average recovery/ % Accuracy/ % —80 C 4! Matrix effect/ %
LA AR 101. 03+3. 91 9.19 8. 32 8. 84 82.7147.35
2 U R 95.8143. 28 9.81 7.41 7.28 116.1348. 67
R AR 98.0544.76 11. 40 6.50 8. 96 97.2048. 82

IR 80. 45+ 4. 80 5.92 7.51 8. 69 103.7945. 87
HANRRR 99. 67+ 1. 60 13. 45 8.73 8. 42 99. 6347.93
ATk IH R 100. 8444. 63 11. 96 4.19 7.78 119.13=+11. 60

AT AR 104. 05+4. 60 13.59 7.96 9.03 98.01410. 54
AT A AR 102. 784+4. 81 10. 97 8.12 8. 71 88.42411. 24
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Fig. 2 Results of bile acid composition
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St BT T 8 Bl I TR B 4 AE R O K B
WA fe s, AR L 2 U R 36 25 AR iR v] 1
o FE b R 2 GRS ) IR R R 1 A
PibR &Y s B 2R & R 4 1 I R mT 1
NRER (NS 45 BB AR R
Yibri& ¥y, it Spearman #H 5 ¥ 43 Bt & BE
T4 KF5 2 EIHRR & 8 % M 56 T3 K
W AR H & IR 2 B X SRR | 4
IR R AN A B BH R 35 2 B 3 oM G, DA g R
PO AT R 45 B VR S S IR IR R
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