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Abstract: Objective To establish an quantitative analysis method and QAMS by UPLC for ganoderol A, ganoderal A,
ganodermanontriol and ergosterol from Ganoderma Lucidum extract. Methods The UPLC content determination was performed on
a Phenomenex Luna Omega PS C,;chromatographic column (150 mm x 2.1 mm, 1.6 um), with acetonitrile-0.04% formic acid as the
mobile phase, the detection wave was set at 254 nm, the column temperature was 30 °C. QAMS used ganoderal A as the internal
reference material to calculate the relative correction factors of ganoderal A, ganodermanontriol and ergosterol. Precisely aspirate 10
batches of Ganoderma lucidum test solution for injection testing, and compare the results of the established external standard
method and QAMS for consistency. Result The results showed that the 4 components established a good linear relationship (» >
0.998 8), and the relative standard deviations (RSD) of precision, stability, and repeatability were all less than 2.13%, and the
recovery rate was 92%—105%, RSD was less than 1.99%, the accuracy of this method was good. The relative correction factors for
ganoderal A, ganodermanontriol and ergosterol were 1.02, 0.99, and 1.80, respectively. There was no significant difference in the

results between the one test multiple evaluation method and the external standard method. Conclusion The UPLC determination
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method and QAMS of neutral triterpenoids and ergosterol in this study is specific, simple, efficient and accurate, which is suitable

for the quantitative analysis of Ganoderma neutral triterpenoids and ergosterol.

Key words: Ganoderma lucidum extract; neutral triterpenoids; quantitative analysis; QAMS; ultra-performance liquid

chromatography (UPLC); ganodermanontriol; ganoderol A; ganoderal A; ergosterol
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Table 1 Gradient elution procedure

min ZHECAY% 0.94% FH R 14:%%?@%/

Wi (B)/% (mL-min™")
0 45 55 0.4
20 60 40 0.3
30 70 30 0.3
35 100 0 0.3
60 100 0 0.3
62 45 55 0.4
70 45 55 0.4

23 HEFER

231 RGENHERE  BURS XM (R 20 =
B R ZHEARZEE AE M S AR S
W, FZ BRC2.27 0 F il & AR RN E , 5 R R OR .4
FohASE WU S 4 B ) AR T AR A2 1 v (RSD 43 J31)
90.00%-0.37%) , 46 B -/ T 1.2, FLIR BER F 3
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232 ZRMEOR &R AHXT LR B I IE] A GRS R R
B2 127 T8 TR A R T VR AT & U AR R
TE 1) B A [ R B, FH 0.22 pm A AFL I i o, B 2.2
T 0 SRR 0 A, AT R PE IR . JRRAR 2
B ANARR, THE R 2 =8 R 2 A K3

10 20 30 40 50 60
f/min

1-RZH =R S- R 2 WE A 2- R ZWE A5 3-Z 1 I
1-ganodermanontriol ; S-ganoderol A ;2-ganoderal A ; 3-ergosterol
E1 REXNRMS(A)RR RIS (B)HHPLC &ikE
Fig.1 HPLC chromatograms of mixed reference sub-

stances (A) and Ganoderma lucidum extract (B)
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Table 2 Linear range investigation of Ganoderma neutral

triterpenoids and ergosterol

&=Ly [ )= 75 F2 r LMY il /ug

RZM = Y=3253X—8.04 09998 2.236~223.600

REWEA  Y=30.07X+50.14 0.9988 2.040~204.000
REBEA  Y=29.34 X+47.63 0.9989 2.156~215.600
EMEEE  Y=17.54X+1.81 0.9998 2.036~203.600

£®3 RERME=GEREHEEARERE THHETRERIE
Table 3 Relative retention times of different

concentration of Ganoderma neutral triterpenoids and

ergosterol
REW A gmL D _ jﬁxﬁﬁ%?ﬁﬁﬂ‘lﬂ L
RZM=RE RZWEA FMEE
2.04 0.47 1.03 1.15
5.10 0.47 1.03 1.15
10.20 0.47 1.03 1.15
20.40 0.47 1.03 1.15
51.00 0.47 1.03 1.15
102.00 0.47 1.03 1.15
153.00 0.47 1.03 1.15
204.00 0.47 1.03 1.15
T 0.47 1.03 1.15
RSD/%(n=8) 0.07 0.01 0.08

233 REEBAKLNEAMAEER KREASAWE
i 22 35 VF A& & I FR (LOD) 1 5E & R (LOQ) .
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x4 REPH=GEREHEBEARRE FHENRERF
Table 4 Relative calibration factors of different
concentration of Ganoderma neutral triterpenoids and

ergosterol

FHRT AR IER 7

REWEA/(gmL™)

REZW =R RZBA FMHEE
2.04 0.99 1.02 1.79
5.10 0.98 1.03 1.79
10.20 0.99 1.02 1.81
20.40 0.99 1.02 1.78
51.00 0.98 1.03 1.80
102.00 0.99 1.02 1.82
153.00 0.98 1.03 1.79
204.00 0.98 1.02 1.80
Py 0.99 1.02 1.80
RSD/%(n=8) 0.54 0.51 0.71

LOD=3S,:b",LOQ=10S,-b"", Hr S, =20 %=
EAR A 22 s b=FrAE I 2B R 2 . 2 R Z FE HU L
FEENO05 g, & AR N 50 mL I, R Z 8 A1
LOD ~N2.27 ug-g', LOQ N 7.58 ng-g's R Z Ml =i
JLOD N 3.82 ug-g, LOQ N 12.73 pg-g™'s R Z & A
) LOD 4 3.55 ng-g', LOQ A 11.82 ug-g™'; & M1
B LOD A 1.98 pgg', LOQ A 6.59 pg-g'.
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Table 5 Relative retention times and relative calibration factors of different columns

RS f B B 1] FHXF R IE R T
) Luna®Omega 1.6 um  CORTECS® UPLC* T3  Luna”Omega 1.6 um  CORTECS® UPLC” T3
PS Cjs 1.6 um PS Cyq 1.6 um
R Z M =% 0.47 0.43 0.99 1.00
REZMA 1.00 1.00 1.00 1.00
REZWA 1.03 1.03 1.02 1.01
g bl 1.15 1.14 1.80 1.85
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Table 6 Comparison between quantitative analysis of multi-components by singlemarker and external standard method

1RV J7iE REM=E/%  RZEEA% REMAIY%  FAEEY% 3R =ik R 2 A IR/ %
200201 AR 0.27 0.12 0.06 1.69 2.14
— W2 PP 0.27 0.13 0.07 1.69 2.16
200501 HhbRiE 0.48 0.26 0.07 1.44 2.24
EEALE 0.49 0.26 0.08 1.43 2.26
201201 HhFRiE 0.30 0.18 0.10 2.06 2.63
— W2 VT 0.30 0.19 0.11 2.05 2.65
210101 AR 0.46 0.33 0.15 2.03 2.98
— W2 0.46 0.33 0.15 2.03 2.98
210701 PN 0.40 0.27 0.12 2.44 3.23
— W2 P 0.40 0.28 0.13 243 3.24
220102 VAL IER 0.27 0.22 0.10 2.09 2.69
B EAYRFS 0.28 0.23 0.11 2.09 2.70
210301 HhbRiE 0.60 0.51 0.17 2.07 3.34
— W2 VT 0.61 0.50 0.17 2.07 3.34
210801 HMbRTE 0.48 0.37 0.14 2.51 3.50
— W2 T 0.49 0.36 0.15 2.50 3.50
211101 AR 0.49 0.44 0.17 1.97 3.08
— W2 VP 0.50 0.43 0.18 1.97 3.08
P20221 AR 0.43 0.40 0.14 221 3.18
1058 — 2k 0.43 0.39 0.15 221 3.18

I 5 4w LA H — 0 22 PRI R A B v
JE 25 2 AN K W 2 VR e 3 P R Z
= R S A R R T AT
3 g

FHR“2.1.27 0N 25 58 F R I 43 0l TG o) o 2K
0.2 mg-mL ™ R 2 =R ZREAVR ZBEA
T Z7 f (85 T RS VA R R BB “2.27 TR 2% 155 5%
0t IR TE S L B B B (PDAD & 48 T %
WK, SRR RZI =B REEAREEA
e R A I K I 7E 254 nim s 22 £ 83 B e KW ST K
F 282 nm, 254 nm Kb W i A BEAEC, 6 bE 22 £ B I
1t 282 nm 5 254 nm [ &5 R, 2 R AE £2% DL
P R L 2 A 25 R 3% B 254 nm P R IR0 3k 47—
M2 PHEDHTT R

AT TS TR R BN A A K- R AR R
IK-C G F L AE R BN AR K- FRER , R 2 = B

RZWEARZWE A R S B LR o i) i
W R REAS B HE 2k 70 8, 7r B OR 22 , R K- 2
R R F AR 4 R0 o (K AR 1k 22 57 R B K- L I
EEAGIE AT 45 B2 BR ML » S BI85 0 ) € 1 U 3K 30 4
UFI o BRI FU iR 3K - L 15 9 i
B RH AR A BEAT B LR B, SR AE R S A I 0.04%
R A Rk T it R ILA

HHTI R Z =k SRR A i O =
SRS, 9 1 3k B S O TR S AT 580t JL A
WV FEAT 10 B, RZ APk =il & 2 A £
W AE I S O VA Ak do e SR BDCR d vy » TR L
P UL R B 2T D ) ) 6 At VA R

A g — 2 AR TR ZIRI 3
Fift R 2 rp PR =5 A2 A SRR UPLC RN k. R
ZH=R REZBEARZREAREZMEETELN
RZFEIWA) A =05 17 30%, H B A B 25 2 1)



$F46% F11H 2023511 8 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No. 11 November 2023 - 2385 -

RO I KRR o B R Z vk =k i wF 7T B v
Ja T R ZBRAE =l , K SL AR B K 2 RS
Ry B AR i b & 51, He o AR I AR AR E 1Y
PRI M o TR 5 49 < O iR S AT 38— R e o AR 9 A
S0, 8 — N 2 PP TR REAT 2 R o 0 B
SE » B B ARG TN AR 5 SR R 17 %ok G ot AN A2 ) 1
ARN—FFLINERTTE. AP TRBIEL TS
B30 B SRR I E S5 R AT LR R E 5
F— 00 22 VRIE I E R 22 bk = R 3 A S A
B ATH

B ZAETREANLSY, A
R HRHE B . 25 =l R A ML — 3
J5 5 € e FEL 24 ) 2020 £F i BIURE© =% L (87 1E
RS I E RO BEAT R A R A Ty ik
Hol & A B S B IR M NBEAT 5

RZ=Z MR E YR ZRAE D E A 0
FEW L, 1 2 T FC & W rh 1 =i B R
TR T BRIk =i, A W] e R 2 =il A
TER M E Y. H TR 2 70 B 45 2 %
=S RMEAT 50 AR, MR 22 R B IR TR = i
A 100 A F, ik =i 08 A BORII B L AT &
23 6], ASHIT TR R Z AR I 3 Fh bk =l i
UPLC AT vk B A B RS PRE Lo ik a2
{58 5 280, M S A E o LR MR R R R PR, 4 R
JE v, AN R AR B v A = K R
BT, R ZARBI SR e g ELSAKE

MEFR AL FARAELEAEFR

SE Mk

[1] FEbshs . RZ PP = w4 i 4« o E ) R i
JRTEPEIWE I [D]. AN AR R RE R, 2015.
Nan T T. Study on preparation, quality control and
antitumor of neutral from

activity triterpenoids

Ganoderma  lucidum [D]. Fuzhou:
University, 2015.

[2] ZMe, RO BRI ER, 55 . R 2 s KA &M w5 ik
JE[J]. HE 2GR, 2012, 37(2): 165-171.
Li Y, Zhu Z M, Yao W X, et al. Study progress on
triterpenoids from Ganoderma lucidum [J]. China J Chin
Mater Med, 2012, 37(2): 165-171.

[3] HHEZj L [S]. —&B. 2020.
Pharmacopoeia of the People's Republic of China [S].
Volume I. 2020.

[4] e R 20025 AR R R B (1] b B B 24 4
4, 2013, 11(1): 252-253.

Wang Y. Pharmacological action and clinical application

Fujian Medical

(6]

(7]

(8]

(9]

[10]

[11]

[13]

[14]

of Ganoderma lucidum [J]. Guide China Med, 2013, 11
(1): 252-253.

XA, PRMEE, KA, & RZ =00 S B o R
[7]. &AL, 2019, 40(5): 309-315.

Liu W, Hu X Z, Zhu L, et al. Recent progress in research
and application of Ganoderma lucidum triterpenoids [J].
Food Sci, 2019, 40(5): 309-315.

A e, A Mg Ee, 45 RZ =i &t st fg
[7]. F ¥ ZG, 2015, 46(12): 1858-1862.

Li G H, Li Y, Mei X L, et al. Study progress on
triterpenoids in Ganoderma lucidum [J]. Chin Tradit
Herb Drugs, 2015, 46(12): 1858-1862.

Smina T P, Nitha B, Devasagayam T P, et al. Ganoderma
lucidum total triterpenes induce apoptosis in MCF-7 cells
and attenuate DMBA induced mammary and skin
carcinomas in experimental animals [J]. Mutat Res Genet
Toxicol Environ Mutagen, 2017, 813: 45-51.

B M SRR B R ZE R A AN b = Y LR
7 [0]. B A, 2021, 29(4): 334-339.

Zhu Z M. Study on acidic and neutral triterpenoids from
Ganoderma lucidum by subcritical water extraction [J].
Edible Med Mushrooms, 2021, 29(4): 334-339.

Li P, Liu L X, Huang S, et al. Anti-cancer effects of a
neutral triterpene fraction from Ganoderma lucidum and
its active constituents on SW620 human colorectal cancer
cells [J]. Anticancer Agents Med Chem, 2020, 20(2):
237-244.

P, =, R, & RZ M =R B
JAER [J]. & B 23R, 2010, 17(1): 60-64.

Tang Q J, Ji Z, Hao R X, et al. Inhibition of tumor cell
proliferation by a neutral triterpenoid fraction from
Ganoderma lucidum [J]. Acta Edulis Fungi, 2010, 17(1):
60-64.

Dai J, Miller M A, Everetts N J, et al. Elimination of
quiescent slow-cycling cells via reducing quiescence
depth by natural compounds purified from Ganoderma
lucidum [J]. Oncotarget, 2017, 8(8): 13770-13781.

Lin C N, Tome W P, Won S J. Novel cytotoxic principles
of Formosan Ganoderma lucidum [J]. J Nat Prod, 1991,
54(4): 998-1002.

X, MR, sk, &5 R R s B R ) &
RZM =8 [J]. &), 2020, 27(2): 77-83

Yue Y W, Tian Z, Zhang J S, et al. Preparative isolation
of ganodermanontriol from Ganoderma lucidum by high-
speed countercurrent chromatography [J]. Acta Edulis
Fungi, 2020, 27(2): 77-83.

el-Mekkawy S, Meselhy M R, Nakamura N, et al. Anti-
HIV-1 and from

anti-HIV-1-protease  substances

Ganoderma lucidum [J]. Phytochemistry, 1998, 49(6):



© 2386 - FE46%F F11H] 20235118 ﬁﬁ-i‘ﬁﬁti, Drug Evaluation Research

Vol. 46 No. 11 November 2023

[15]

[16]

[17]

[18]

1651-1657.

U TRENRS, K, 4 R EE = A HT A s 40K
LNCaP £ K (1 5 1 B Foxf So- 38 Ji 8 ¥ 40 1 £F H [J].
RIRFIBT IS TF R, 2013, 25(10): 1416-1419.

Zhang H, Zhang J S, Feng N, et al. Effect of
ganodermanontriol on the LNCaP cell and 5a-reductase
[J]. Nat Prod Res Dev, 2013, 25(10): 1416-1419.

Xu C K, Guo H B, Kong D L, et al
Ganodermanontriol inhibits expression of special AT
rich sequence binding protein 1 gene in human
hepatocellular carcinoma [J]. J Cancer Res Ther, 2018,
14(Supplement): S964-S968.

Jedinak A, Thyagarajan-Sahu A, Jiang J H, et al.
Ganodermanontriol, a lanostanoid triterpene from
Ganoderma lucidum, suppresses growth of colon cancer
cells through B-catenin signaling [J]. Int J Oncol, 2011, 38
(3): 761-767.

A, SRR, XIS, A5 ot VA E R 2

[19]

[20]

BEWS R EES 0. Rk, 2016, 32
(1): 61-65.

Zhang Z, Zhang J S, Liu Y F, et al. Discussion on the
determination of total triterpenoids in Ganoderma
lucidum by spectrophotometry [J]. Acta Agric Shanghai,
2016, 32(1): 61-65.

T N RIEAN [ & R AT BUX PR F il 25
bRV . S5 U [S]. 2019: 99.

Department of Health of the Hong Kong Special
Administrative Region of the People's Republic of China
Hong Kong. Traditional Chinese Medicine Standards
Volume 9 [S]. 2019: 99.

ERR, BEHE, K, % M2 PR E AT
B[] R EH 244K, 2011, 36(6): 657-658.

Wang Z M, Qian Z Z, Zhang Q W, et al. Technical guide
for the establishment of one test and multiple evaluation
method [J]. China J Chin Mater Med, 2011, 36(6):
657-658.

[FiESE Z4H]



