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Abstract: The medicinal nature of traditional Chinese medicine (TCM) mainly plays a role in
regulating the energy and material metabolism of the body. The energy metabolism of the body is also
regulated by the nervous and endocrine systems, and the hormones are an important component of the
endocrine system to realize the coordinated action. Therefore, the medicinal nature of TCM is
inextricably linked with the metabolism of hormones. Hyperthyroidism, gi-yin deficiency syndrome is
regarded as the classic heat syndrome category in Chinese medicine, which can be used as model to
reflect the mechanism and difference of ¢i tonifying of ginseng herbs with different medicinal
natures. Steroid hormones are synthesized in the adrenal cortex, mitochondria of placental cells,

smooth endoplasmic reticulum, and gonads of the human body by the participation of various
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metabolic enzymes. Meanwhile, most of the patients with hyperthyroidism have adrenocortical
dysfunction in the clinic, and the corresponding clinical symptoms are closely related to the
hypothalamic-pituitary-thyroid axis (HPT), the hypothalamic-pituitary-adrenal axis (HPA), and the
hypothalamic-pituitary-gonadal axis (HPG). When hyperthyroidism occurs, the production and
release of steroid hormones will be affected to a certain extent. To explore the correlation between the
level of steroid hormones and hyperthyroidism, and the ameliorative effects of red ginseng and
ginseng leaves of different types of the genus Ginseng on hypermetabolism of hyperthyroidism and
the changes of related indexes, a method of ultra-high performance liquid chromatography coupled to
triple quadrupole tandem mass spectrometry (UPLC-QqQ-MS/MS) was established for rapid
identification and quantification of chemical components, including adrenaline, androstenedione,
testosterone, dehydroepiandrosterone, estriol, progesterone, 17a-hydroxypregnenolone, corticosterone,
and cortisol in rat serum. Then, multivariate analysis method, principal component analysis (PCA),
and Spearman test were used to analyze the correlation among adrenaline, steroid hormones, and
thyroid function. The results showed that the contents of steroid hormone in the serum of the model
group of rats decrease to different degrees, compared with the control group, and increase after the
administration of different types of ginsengs. Meanwhile, it was proved that the established method
has high sensitivity, good reproducibility, high accuracy, and fast analysis, which can screen a large
number of steroid hormones in complex samples in a short time, for accurately investigation of the
effects of ginsengs on the content of 9 types of steroid hormones in hyperthyroidism rats. The
abnormal levels of steroid hormones are related to thyroid hormones. Corticosterone and adrenaline
can serve as key indicators for regulating steroid hormone metabolism of TCMs like ginsengs.
Testosterone can be used as the biomarker for regulating steroid hormones of the cold nature herbs.
Adrenaline and androstenedione can be used as biomarkers for regulating steroid hormones of the
warm nature herbs. This method can conveniently, quickly, accurately, and efficiently complete the
analysis of target components in samples. The average recoveries of steroid hormones in rat serum
range from 88.75% to 106.94%, and the relative standard deviation is less than 1.99%. This can be
used for the determination of steroid hormones in rat serum systematically, rapidly, accurately and
efficiently, and provides a methodological reference for the analysis and determination of steroid
hormones.

Key words: hyperthyroidism; adrenaline; steroid hormone; ultra-performance liquid chromatography
tandem triple quaternary mass spectrometry (UPLC-QqQ-MS/MS); red ginseng; ginseng leaves;
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Fig.1 Anabolic pathway of HPA axis with the adrenocortical steroid hormone
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Table 1 Concentration of the standard sample

e Concentration/(pg/L)

49 Compound

Cl 2 C3 c4 C5 c6
B R 12.500 0.781 0.195 0.098 0.020 0.012
T — i 6.250 0.391 0.098 0.049 0.010 0.006
i 6.250 0.391 0.098 0.049 0.010 0.006
JIt S35 T 6.250 0.391 0.098 0.049 0.010 0.006
HfE = 12.500 0.781 0.195 0.098 0.020 0.012
AR 62.500 3.906 0.977 0.488 0.098 0.061
172 B YR I B 6.250 0.391 0.098 0.049 0.010 0.006
S TR 6.250 0.391 0.098 0.049 0.010 0.006
i 6.250 0.391 0.098 0.049 0.010 0.006

e CUMARHE TR 1; C2~Co bR TAEM 143 3R BE 16, 64, 128, 640, 1 02455 AR TAEWR

P DY B V5 BGE 1 I AR N AR OE
HHEEZ 2 1 mg/L.
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VIV)¥§ LG 0 FEM R S50 R, 8 B3 0 Rk
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T 1 ARV YR ) 1 25« R %% B 300 pL

Fr e TAE T 300 uL 25 (1 1M 3 o, Hofth 45 3%
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TR OB, B R 0.1%H BR 7K 1 W5 0 B2 Pkt
JF: 0~1 min(5%A), 1~2 min(5%~60%A), 2~
3 min(60%A), 3~7 min(60%~90%A), 7~9 min
(90%A), 9~10 min(90%~100%A), 10~11 min
(100%A), 11~12 min(100%~5%A ), 12~ 16 min

(5%A).

232 B RAF MmE g R R OE B AL
(ESI"), Z 0 Wil (MRM), P 350 °C;
B Xt 5 AP H bR & P18 14E B UPLC-QqQ-MS/MS
R 25445 T3 2.
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Table 2 Optimal parameters of monitoring ion pairs

EY 4 B e i BEE ¥ BFXE HEFLHLUT Tl L

Compound Retention time/min  Precursor ion [M+H]" (m/z)  Ion pair (m/z) ~ Cone voltage/V  Collision energy/eV

B ERER 0.74 184.09 184.09>166.14 16 10

PSR (NAR) 2.71 152.07 152.07>110.06 32 16

17 03 JE T W75 T ] 297 332.24 332.24>314.17 40 32

B JB e 3.39 363.21 363.21>121.10 34 22

Fe J5 3.61 347.22 347.22>121.10 32 28

S 3.96 289.21 289.21>109.09 42 22

I8 S R 3.96 289.21 289.21>97.08 36 32

=t 4.00 289.16 289.16>97.08 36 26

T — 420 287.20 287.20>97.08 34 34

BT 5.19 315.23 315.23>109.07 42 20
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Fig. 2 Total ion chromatograms of steroid hormones
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Table 3 Linear ranges, linear regression equations, correlation coefficients,
LODs and LOQs of steroid hormones

e LRPEMA TR LIRSS e e | Gl FE AR
Compound Linear regression equation  Correlation coefficient (R”) Linear range/(ug/L) LOD/(ug/L) LOQ/(ug/L)
B EIRE y=1.747x-33.36 0.998 8 12.5~0.012 137107 4.57x10°
Tl — ] y=1.581x+19.55 0.9847 6.25~0.006 7.15x107  2.38x107°
SR ¥=2.494x—19.63 0.991 4 6.25~0.006 3.69x107* 1.22x107
JI5t U AR y=2.181x-15.93 0.983 4 6.25~0.006 3.51x10%  1.17x10°
= y=1.442x-20.56 0.9882 12.5~0.012 1.14x10°  3.79x10°
HARER y=13.417x-112.07 0.995 1 62.5~0.061 7.10x107°  2.37x107
17a- 2 HEIE R I T »=0.009x—0.57 0.9853 6.25~0.006 5.50x10*  1.83x10°
B S5 y=0.221x-1.72 0.986 8 6.25~-0.006 530x10*  1.75x10°
Be JoipE y=0.312x—1.46 0.9942 6.25~0.006 4.64x10*  1.53x10°
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Table 4 Precision and stability of 9 steroid

AR B S S R 5 1 PR hormones _
R R L 25 W, A 6 2 ng P subiyo
TR 35 2% ) 5 114 VA F B RIS 28 B2 2/ T 15%, 3] Com;ound HN H ) 80 C RE?E
T3 4o & BE IEERNCRTE 92.50%~101.67% Intra-day Inter-day temperature
L AR P B3 Rk B R Y B R AN Y 7 F R 1061 1145 134 669
(99.244.3)%~ (100.5-:4)%3 Fil P , i 5% 26 B 1T 22 TN — 851 1217 477 616
BRI, 25 R T S, ST 9.33 10.51  3.50 3.59
J5t S 2 T 1246 1376 434 6.55
34 FBAKXRMFHFKBRINGE N
o ) e o M= 804 924 59 6.59
2 4R B A b BRI DD BEAH DG 6 A & i o 027 560 745 75
ANTE 3, 525 A4, SR T3 F1 T4 ¥ VTo-HIEMTIRIGEERR 1120 1233 616 897
HEF S, H T3 B A it L (P<0.01), 7 SR 1241 1289 456 4.42
T IUR RIER Y], SR LY, 2 H] Be e 1103 1322 534 71
FEME P 2 RF, BEANZHAY T3 I T4 A RGBS, H
x5 9 FEEEHMENMERLE(n=3)
Table 5 Spiked recoveries of 9 steroid hormones (2=3)
&Y TEER ERTIE R ot e AR ARt 22
Compound Added rate/% Content/pg Added/pg Detected/pg Recovery/% RSD/%
A ES 80 1.50 1.20 2.72 101.67 1.99
100 2.90 2.90 5.76 98.62
120 2.00 2.40 435 97.92
T — 80 0.90 0.72 1.60 97.22 0.79
100 0.80 0.80 1.59 98.75
120 1.00 1.20 2.18 98.33
=1 80 0.90 0.72 1.60 97.22 1.39
100 0.95 0.95 1.90 100.00
120 1.20 1.44 2.62 98.61
Ji S R MR 80 0.90 0.72 1.61 98.61 1.36
100 1.10 1.10 221 100.91
120 1.10 1.32 2.40 98.48
HfE = it 80 1.30 1.04 2.29 95.19 0.70
100 1.80 1.80 3.52 95.56
120 2.30 2.76 4.90 94.20
BT 80 7.60 6.08 13.50 97.04 127
100 10.10 10.10 20.08 98.81
120 12.10 14.52 26.09 96.35
170-¥3 AT R 5 ] 80 0.78 0.62 1.39 97.76 1.68
100 0.98 0.98 1.92 95.92
120 1.15 1.38 2.52 99.28
Je I 80 0.75 0.60 1.31 93.33 1.70
100 0.98 0.98 1.91 94.90
120 1.12 1.34 2.42 96.73




W4 &BM%. BT UPLC-QqQ-MS/MS Ml iE A S & Hh 24 % F 7T A B [ B 38 & dit iy 32wl 547
LSS
&y JkER R T A6t e AT A B 22
Compound Added rate/% Content/pg Added/pg Detected/pg Recovery/% RSD/%
apiie 80 0.67 0.54 1.18 95.15 1.56
100 1.20 2.31 92.50
120 0.98 2.10 95.24
15 200
a b
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a % 3 % -
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] 2
g s
O 57 O
501
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FZHAH e P<<0.01; *#%/n S5 RIALAH L P<<0.05; ** /R SR A b P<<0.01; Q5 [R] i i 2 IE 25 M A 2555 14, R A LSD A 5
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Fig.3 Contents of thyroid function related indicators in serum of rats in each group

T3 A48 X (P<0.05); NS4 T3 Fl T4
TR, B T3 & R ERA iR L (P<
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At E L (P<0.05).,
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25 2H R BRI 3 28 A R iR TR 4
52 M L, BRI A R S BRI, Hop
B FBRE L R R M S BRI 170-72
L U U s T R g o i B S RIS, LA G2
HL(P<<0.05), HAK H ol 52 1 i &0 3K 1k TR
TGt 3 S, AH LB i W T R, 3R T IR
Tt 1) 78 Ak 0 A B - B Rz T 38 2% Al 1 5 i AR
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SOR= g 5= N 5 10 N - 0 e L
TR R B AR ) A 348w B AR TE G v 22 3 3, SR
JI58 2% T T A 17 00350 i B R s T ) A o2 I s 4
HABTG 225 3 NS 2 RS [ i 3R 4280
BRI T, A R R SR R U
I U L SRR 0 S MR RN 17 005 R AT R AR P
T . e LA et 28 L (P<<0.05); Rk
L SRS IR R R A T
A G E X (P<0.01), & FER ., f 5, S

] | R A0 e 0 O = g T v R B S
3.6 PARMEZLXEBRIZS=NXEN
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