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Analysis of Effective Terpenoids in Xinjiang Pleurotus ferulae Against
Esophageal Carcinoma by UPLC-Q/TOF-MS Technique

MAIHEMUTI Abulikemu, WANG Lei, LIJing, AIHEMAITIJIANG Aihaiti’, LIU Jun’
(College of Life Science and Technology, Xinjiang University, Urumqi 830046, China)

[ Abstract] Objective: To discover the effective terpenoids in Xinjiang Pleurotus ferulae with the
activity of anti-esophageal carcinoma. Method: By screening the activity of human esophageal cancer Ecal(09
cells, the ethyl acetate extract phase of P. ferulae ethanol extract (PFEP-E) was separated and purified by silica
gel chromatography and preparative thin layer chromatography. Ultra-performance liquid chromatography-
quadrupole-time-of-flight mass spectrometry (UPLC-Q/TOF-MS) combined with online network databases such
as Metlin, MassBank, PubChem and related literature were used to identify the effective elution sites and
analyze their contents. Result: The elution fraction (Fr,,,,) of petroleum ether-ethyl acetate (3: 1) on the silica
gel column had the strongest inhibitory activity on the proliferation of human esophageal cancer Ecal09 cells.

The component analysis showed that 24 effective terpenoids were identified under positive ion mode, and 28
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effective terpenoids were identified under negative ion mode, a total of 52 terpenoids were identified, which
were isolated from this edible fungus for the first time. Content of total terpenoids in Fr,,,, were 62.88 mg-g",
including 2 monoterpenoids, 5 sesquiterpenoids, 15 diterpenoids and 30 triterpenoids, accounting for 1.32%,
12.04%, 47.55%, 39.09% of the total terpenoids, respectively. Diterpenoids and triterpenoids were the main
components of the effective terpenoids in P. ferulae, accounting for 86.64% of the total terpenoids. Gibberellins
were the main diterpenoids, accounting for 79.70% of the total diterpenoids, triterpenoids were mainly
ganoderic acids, accounting for 29.25% of the total triterpenoids. The results of methyl thiazolyl tetrazolium
(MTT) test showed that gibberellin A, and gibberellin A, had weak anti-esophageal cancer activity, while
gypsogenin and oleanolic acid had strong anti-esophageal cancer activity. Conclusion: The effective terpenoids
of P. ferulae against esophageal cancer are triterpenoids mainly composed of ganoderic acids, which can provide

theoretical basis for the development of terpenoids of P. ferulae as anti-tumor drugs and the development of

functional foods, and help to effectively improve the additional output value of P. ferulae.

[Key words]  Pleurotus ferulae;

terpenoids;

ganoderic acids; esophageal carcinoma; ultra-

performance liquid chromatography-quadrupole-time-of-flight mass spectrometry (UPLC-Q/TOF-MS)
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Table 1 IC,, (24 h) of silica gel column chromatographic fractions

of ethyl acetate extract phase of Pleurotus ferulae ethanol extract

for human esophageal cancer Ecal09 cells

g5 HE/% ICy,/mg L' | A4 HHR% IC,/mg L

f, 15.765 325.10 | f, 0.035 169.59
f, 1.909 50.08 | f,, 2.286 123.40
f, 8.086 68.74 | f,, 1.373 12131
f, 9.569 237.12 | f, 7.774 232.92
f, 0.680 17129 | f, 15.101 -

f, 1.405 4096 | f; 13.544 -

f, 4.343 103.29 | £y, 1.225 -

f, 3.141 29930 | f,, 0.295 169.89
f, 2.387 184.60 | PFEP-E  3.750 201.52
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Fig. 1 TLC of silica gel column eluting components from Fr,

fraction of Pleurotus ferulae
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Table 2 IC,, of silica gel column eluting components from Fr,

fraction of Pleurotus ferulae for human esophageal cancer Ecal09

cells
IC,,/mg-L"!
M5y
24 h 48 h 72 h
Fr,,, 42.63 13.76 3.65
Fr, 4 71.53 63.03 37.93
2% 3 90.84 61.90 37.93

1 2 3 4 5 6 7 8 9 10 1112 13 14

1 2 3 4 5 6 7 8 9 10 11 12 13 14
t/min

A EB TR B U TR
B2 FEFr,,, AHERFSFER T TIC

Fig. 2 TIC of Fr,,;, components of Pleurotus ferulatus in

different ion modes
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Table 3 Identification of Fr, ;,, components of Pleurotus ferulatus in positive ion mode
L&Y ty/min T8 m/z 77 FEERER BT mlz EA Btk 5y #t/mg- gt
1 6.726  283.151 6 [M+H]* C,H,,0,  199.101 9,155.110 8 G 2.6757°
2 7.046  371.186 0 [M+Na]® C,H,,O,  201.116 6 KR A, 0.106 5¢
3 8.163 4552203 [M+H]* C,H,0,  327.2210,229.147 1,169.089 3 B 0.426 5¢
4 8.732  319.302 6 [M+Na]* C,H,,0 229.065 4,158.152 2,79.020 4 Ik it 1.427 2¢
5 8.788  405.201 2 [M+H]*  C,,H,0,  311.2257,255.1622 TR 0.551 4¢
6 9.562  595.3422 [M+Na]" C,H,0,  388.1963,325.2015,183.102 4 RZEMRW 0.469 2¢
7 9.854  333.200 0 [M+H]" C,H,0, 311.2201 FERA, 18.746 2¢
8 9.914  509.326 3 [M+Na]" C,H,O,  313.2255,271.1885 B R 0.176 9
9 9.938  415.210 3 [M+Na]" C,,H,,0,  313.2357,271.189 3 isodomedin 2.179 6°
10 10.197 593.3354 [M+Na]* C,H,0,  311.2237 RZ Mk 0.409 8¢
11 10.477  235.169 3 [M+H]" C,H,,0,  227.126 1,171.101 1 IR R 0.641 9
12 10.990  459.310 3 [M+Na]* C,H,,0, 2952275 REZMWA 1.137 4¢
13 11.200  243.136 2 [M+Na]* C,H,,0, - glutinosone 0.663 6*
14 11319 609.381 1 [M+Na]* C,H,,0,  395.240 0,295.228 0 RZmMd 0.475 2¢
15 11.350  561.352 3 [M+H]* C,,H,O,  478.2875,277.141 8 HHEC 0.955 44
16 11.391  577.351 2 [M+Na]* C,H,,O,  395.2393,295.225 1 RZ W Me 0.716 7¢
17 11.726  723.434 9 [M+H]" C,H,0,, 297.2448 yamogenin 3-O-neohesperidoside 0.114 0¢
18 12.324  507.358 9 [M+H]"  C;,H;,0q 467.337 5,295.2291,134.895 4 theasapogenol A 1.103 5¢
19 12365 661.440 8 [M+Na]* C,H,0,  557.374 0,451.309 0,295.228 9 sanchinoside B, 0.676 2¢
20 12.388  529.3834 [M+H]' C,H,0,  506.3191,451.309 2,323.224 7 tsugaric acid B 0.263 9¢
21 12.658 5453740 [M+H]* C,;H,,0,  469.3532,271.2289 REW Mi 1.508 9¢
22 13.006 461.344 1 [M+Na]* C,H,O0,  415.2859,297.2447,100.934 0 REFA 0.171 1¢
23 14.467 531.376 9 [M+Na]' C,H;,0,  423.3480,397.3320,353.271 0 fasciculol C 0.998 3¢
24 14572 491.3750 [M+H]* C,H, O,  473.3254,349.241 1,144.924 3 EHEEHITC 0.399 0¢

e ca B b AT e Tl s dL =l

m/z 241.108 7 [M-H-104] "X} I # 4> T B T m/z
345.133 91 % 2% 14> COOH, 1 /> CH,, 1 4~ OH HlI
LA~ CO B 1, A WA o4& 14> &0 s 1
e B 1 B BS T m/z 201.116 4 [M—-H-104-40]"
Kb 7 WE RS F m/z 241.108 7 [M-H-104 ]~ Fp 4% 22
LA~ CO, 43, IR B R 7 o & 4 A 2088 1 T i 1
B T B 1 W B T m/z 171,103 3 [M—-H-104-70]"
X N T F S m/z 241.108 7 [M—-H-104 ] F 2k 2=
14~ OH Al 14~ C,H, & r 15 B9 i | 8 5o HAE X
oy F Fi iR 346.141 6, AR 48 o0 R 41 B 4 A, Wiz fk
G5 7 N C L H,,0,, 45 A 78 28 N 45 838 I3 L
XU E A Y R ER A,

332 =WERMAY  IE B PR LG I %
A 30F =2 . SR K28 6 F Ik
T BT A, — AR B = 28 A3 B R A A T
Z AT 4328 H DU DY ER R R = . =

il 58 M€ LU & W 52 9, 78 ESTAE T HoA7 e 4>
T B FM+Cl]" m/z 491.334 4 K 2] T 240 A 85
o 2% k[ 16-17 53 Hr H ol g 19 24 ik 42, ik
BT 415.266 4 [ M+C1-76 ] %F . 55 BUR R 43 F rh 2k
22 14~ COOH, 1 4~ C,H, & F Ir 15 W i 1 5 1, 16 Fr
BT 327.291 1 [M+CI-76-88] ~ Xt Jif i A B T
415.266 4 [M+CI-76 ] 325 % 11~ OH f1 C,H,, & ¥
FIr A 0 B o AR XS 43 i 456.360 3, AR 4
JC R A B EWTZ AL G W 4y X €, HL,0s,
g A TE 2k N 25 K05 T L 5 8 1Ak B W ol SR I
34 Fr, A5 d & Fk 2 n & it R
UPLC-Q/TOF-MS Fr 15 21| (1 4% 1l 4 04 1 A2 R0 A% &
bR R B A B Fry, A TR A R & i &5
R LW Fr,,., 4 5 b GOms 28 o &2 7 %0 62.88 mg- g,
FCrA B AR Ol O B0 i 0.83,
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x4 PRI Fr,, ANELBEFEATHRSEE

Table 4 Identification of Fr, ;,, components of Pleurotus ferulatus in negative ion mode

L&Y f/min M T BT mlz s FEB BT mlz 2R Ji i 53 $/mg - !
25 4.998  225.080 7 [M-H] C,H,0; 215.092 0,159.066 0 HE F1 I8 0.171 3*
26 6.906  345.133 9 [M-H] C ,H,,04 241.108 7,201.116 4,171.103 3 HEER A, 2.000 1°
27 7300 361.199 6 [M—-H] C,H,,05 339.200 3,213.114 3 poststerone 1.086 8¢
28 7360  363.144 0 [M-H] C,4H,,0, 281.140 5,213.104 6,169.124 5 HEER A, 0.162 2°
29 7.826  283.130 3 [M+CI]- C,5H,,0, 227.127 1,197.116 8 1,2-dihydrosantonin 1.197 1°
30 7.842  383.1159 [M+CI]- C,oH,,0, 329.236 8,283.157 1,183.140 4 FERA, 0.131 5°
31 7.997  287.142 1 [M+CI]- C,sH,,0, 217.146 3,197.392 4 cuauhtemone 1.547 7
32 8.190  459.207 4 [M+CI]- C,,H,,0, 408.227 3,327.221 0,169.089 3 AR N H 0.156 6°
33 8.270  355.118 3 [M-H] CyH,00, 345.230 8,209.119 8 plaunol B 0.232 3¢
34 8.351  587.284 7 [M+Cl]- CyH, 0,8 390.213 4,327.219 0,213.150 1 triterpenoid 0.089 6¢
35 8.486  363.194 0 [M+Cl]- C,¢H,,05 241.144 5,171.103 7 auxin A 1.507 8°
36 8.903  345.169 0 [M-H]- C1H,05 343.247 9,311.225 3 FERA,, 0.651 4°
37 9353 361.165 9 [M-H] CyH,,0, 325.203 7,265.145 9,183.104 2 FER Ay 1.355 7¢
38 9.598  573.321 9 [M-H] Cy,H,0, 463.267 3,388.195 9,309.206 1 REMRK 0.119 9¢
39 9.692  365.120 9 [M+CI]- C,,H,,0; 325.251 1 TR A 0.681 I°
40 9.816  515.303 2 [M-H]- CyH,,0, 311.229 9 HMED 0.409 9¢
41 10.095  511.282 1 [M-H]- C,,H,,0, 311.2223 2T AR A 3.679 8¢
42 10.653  499.335 7 [M-H] CyH,,0, 478.287 7,309.204 8,269.210 3 REMRB 0.8153¢
43 11.042  505.310 5 [M+CI]- C,,H,0, 295.2313 22T 1.588 7¢
44 11.506  523.318 3 [M+CI]" C,,H,0;4 395.244 8,325.481 4,293.213 8 T HR 0.408 9¢
45 11.876  489.300 2 [M+CI]- C,oH, 0, 297.242 6 REMY 1.839 7¢
46 11.995 785.445 7 [M-H]" C, H,00,, 623.4451,506.319 5,295.225 9 ®TSHR, 0.086 1¢
47 12.079  553.364 3 [M-H]- Cy,Hy0, 506.3229,473.297 5,134.894 5 REMR 0.724 2¢
48 12.138  607.263 5 [M+CI]- C,,H,,0, 506.3212,467.331 5,295.226 2 REMH 0.110 6¢
49 12.167  463.312 1 [M-H] C,,H,,0, 429.265 3,323.259 4,295.228 7 /NI 0.674 4¢
50 12.406  467.323 5 [M-H] C,oH,,0, 451.306 5,349.240 3,299.418 4 A R 1.410 8¢
51 12.585  569.361 7 [M—H]" C,,H,,0, 569.367 8,487.255 7,271.227 2 R P, 2.103 4¢
52 13.236  491.334 4 [M+CI]- CyH,50, 415.266 4,327.291 1 FHURIR 0.994 5¢
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BAIE S 86.64% . HIZR 3,4 AT, o 82 3R 28 02 it
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d B S 37.90%, Y 79.70% ., R E R
UM A B Ay, — 3 10 R, T A K
7.19 mg- g, ARIEIEA 11.43%, =521 29.25%.,
3.5 RGBSR LX) Fr,,, 445
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S B s A O IS Y A A, HL X S 2 52
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i 96 T M B IS HRGE B 22 O B R 2R B MR T MY
. 98 .

B> FHOCHFIE R WY, R 2R Y BE 1 i il 95 40
Jiil H460 [ 38 78", 2 2 R A REAM &I B P 4N i
MG-63 11 34 FE' ", R 2 2 B RE 40 i T 9 40 M
B, R R T R AW g AN M R A, R 2R D
AEAM 4 A &% % Ecal 09 40 M (9 38 i, il R 2
2 26 BA B (40 e 9 S8R, i R R R S B b
TG M AR BB . AR R A P S AR X R
9 T T B SRR O g BB AT AR 2 R T A
PLE SRR R AR R (HF B R), w2k
(FRFEE A, IR E AMIGEEE), =i (L are
0 RIFF B R ) , 38 i MTT 40 i 75 P a8 56 36 3iF
LN B4 9 Bcal09 4L TE M . 25 R KW HHE KA
- 25 BEAE T £ 8 98 Ecal09 41 i 24 hJs , HeAm i
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2 L 344 5 Ak R A 5, TV T 48 hoRT 72 hs A UCR
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Fig. 3 Effect of 6 terpenoids in Fr, ;,, components of Pleurotus ferulatus on proliferation of human esophageal cancer Ecal09 cells
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