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Study on Chemical Constituents in Thamnolia Subuliformis (Ehrh.) W.Culb. by UHPLC-Q-Exactive
Focus-MS/MS
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WANG Weifeng]*(l.Shaanxi Provincial Academy of Traditional Chinese Medicine, Xi’an 710003, China; 2.Shaanxi University
of Chinese Medicine, Xianyang 712046, China)

ABSTRACT: OBJECTIVE  To conduct a rapid qualitative study on the chemical constituents of the methanol extract in
Thamnolia subuliformis (Ehrh.) W.Culb. by UHPLC-Q-Exactive Focus-MS/MS. METHODS  The chromatographic separation
was performed on a Waters Acquity UPLC BEH C¢(2.1 mmx50 mm, 1.7 pm) column with acetonitrile(A)-0.1% formic acid
aqueous solution(B) as mobile phase for gradient elution, the flow rate was 0.3 mL-min™ and the column temperature was 30 °C.
Mass spectrometry was performed using an electrospray ionization and data was collected in negative ion modes, and the detection
range was m/z 80—1 200. The chemical constituents in Thamnolia subuliformis (Ehrh.) W.Culb. were identified rapidly and
comprehensively based on the accurate relative molecular and combined with literature data and reference substances. RESULTS A
total of 39 chemical constituents were speculatively identified, including 9 mono-substituted phenyl rings, 11 depsides, 5
depsidones, 2 dibenzofuran, 10 lipids, and 2 others. CONCLUSION  The chemical constituents in the Thamnolia subuliformis
(Ehrh.) W.Culb. can be identified accurately and rapidly by this method. Among them, 3 compounds(f-resorcylic acid, usnic acid,
atranorin) are unambiguously identified by comparing with reference standards, 19 compounds are found from Thamnolia
subuliformis (Ehrh.) W.Culb. for the first time. This paper can provide the important basis for study on pharmacodynamic material
and substitute development of Thamnolia subuliformis (Ehrh.) W.Culb..
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Tab. 1 Identification analysis of each chemical constituent in Thamnolia subuliformis (Ehrh.) W.Culb.
g W e AFR WEE met O g — gt zs
min x10 SCHk
1 297 1-(2,3-dihydroxy-5- CH,0, 181.0511 181.0506 2.76 48993511 181.0509, 137.061 1, 122.0376 71
methoxyphenyl)ethanone
2 4.19 B C¢H,0, 167.0353 167.0350 1.80 60960302 167.0350, 149.024 6, 123.0454, [14-15]
105.034 8
3 4.35 methyl-haemtommate C,H,(0s 209.0460 209.0455 2.39 167 449 728 209.046 1, 177.019 6, 149.024 6, [16]
133.029 8, 121.0297, 105.034 8
4 475 4RI 2-HEI-6-FIHIE CH,O, 181.0510 181.0506 221 1892819673 181.0511, 163.0403, 137.061 1, 71
HR 119.050 5
5 5.65 3-hydroxy-2-methoxy-4- C,H,0y 239.0566 239.0561 2.09 64 068 001 239.0564, 195.0667, 180.0432, [17]
(methoxycarbonyl)-5- 149.024 7, 122.037 6, 105.034 8
methylbenzoic acid
6 5.74 4- R 2 C¢H,O, 151.0404 151.0401 1.99 635429166 151.0405, 123.0454, 105.0349, [18]
81.034 7
7 5.75 2-hydroxy-4-methoxy-3- C,H,0¢ 239.0566 239.0561 2.09 325452618 239.0552, 195.0667, 180.043 0, [17]
(methoxycarbonyl)-6- 148.016 8, 122.037 7, 105.034 8
methylbenzoic acid
8 6.94 HXEMR CoH O, 419.0627 419.0620 1.67 840 255 400 419.063 1, 375.0727, 211.0252, [16, 19]
167.0352, 123.0454
9 7.58 HTHER C,H,,0, 357.0624 357.0616 2.24 21159322 357.0630, 313.0729, 225.0570, [20]
121.030 0
10 7.59 cetraric acid C,H,0, 401.0886 401.0878 2.00 22020282 401.0895, 357.0631, 313.073 2, [14]
269.084 3, 225.0568, 121.0300
11 7.61 conhypoprotocetraric acid ~ C,H,;Oy  359.078 7 359.0772 4.18 3590429 359.078 5, 341.067 7, 315.0887, [16]
297.0779, 271.098 7, 253.087 8,
227.108 6
12 7.90 tetrahydroxyeicosanoic acid C,H, O, 3752761 3752752 2.40 59975327 3752759, 357.2657, 339.256 4, [16,21]
245.140 6, 187.097 8
13 8.37 hypoconstictic acid C,H,,0, 387.0730 387.0722 2.07 207 591 242 387.073 2, 299.093 4, 179.0353 [16]
14 8.45 haemathamnolic acid C,H,;0,, 403.0678 403.0671 1.74 611968 415 403.067 9, 359.078 9, 211.0253, [15]
167.035 3, 149.024 7, 123.0454
15 8.48 tetrahydroxyheneicosanoic  C, H,0, 389.2917 389.2909 2.06 109 692 992 389.2917, 371.2811, 353.2717, [21]
201.113 8
16 9.02 pentahydroxytetracosanoic  C,,H,;O, 447.3335 4473327 1.79 2215548343 4473338, 429.323 5, 399.3136 [21]
acid
17 9.05 HREE CH,;0, 375.0728 375.0722 1.60 101 320 608 375.073 0, 211.0253, 167.0352, [14,22]
149.024 6, 123.0455
18 9.10 cryptostictic acid C,H,O, 387.0730 387.0722 2.07 86 441751 387.0739, 343.083 7, 311.0575, [16]
299.093 9, 267.067 4, 229.051 6
19 9.11 tetrahydroxydocosanoic C,,H,,Oy 4033072 4033065 1.74 413948 330 403.307 4, 385.296 4, 215.128 9, [16]
acid 179.0352
20 9.14 1 AR C,,H 0, 389.0886 389.0878 2.06 36550363947 389.087 0, 345.098 6, 327.088 6, [16]
225.0409, 181.0510, 163.0404,
137.061 1
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v W e AR WEE Wl U g R %
min x10 SCiik
21 9.18 2-hydroxy-6-methoxy-4- CH,,0, 181.0504 181.0506 -1.10 199235879 181.0511, 163.0402, 137.0610, [7]
methylbenzoic acid 122.0379
22 923 3p-FH-Sa8u-MF AEM CuH,0, 4253047 4253061 329 75044961 4253048, 383.0553, 219.0079, [23]
§-6,9,22- =% 181.051 4, 163.040 7
23 9.45 placodiolic acid CH,)0y 375.1091 375.1085 1.60 4258576675 375.1093, 181.0511, 163.0405, [16]
137.061 1, 119.050 4
24 9.62 thamnoliadepsides A CHO¢  329.1040 329.1031 2.73 9228321 329.1045, 191.0358, 179.0357, [24]
147.046 1, 137.061 4
25 9.74 tetrahydroxytricosanoic CH,O, 417.3228 417.3222 1.44 4097692350 4173239, 3993117, 259.1919, [21]
acid 229.1450
26 10.06 pentahydroxytricosanoic C;H,O, 4333180 4333171 2.08 192 730 954 433.3190, 388.3154, 387.3126, [21]
acid 199.1343
27 10.17 hemathamnol CsH;¢Oy 359.0782 359.0772 2.78 28781 159 359.077 3, 167.0357, 149.0250, [14]
123.045 7
28  10.47 6-ethy-6-n- C,,H, Oy 431.3386 4313378 1.85 1246245609 431.3386, 413.3275, 395.3204, [16]
pentylpentadecan- 243.160 1
4,5,7,8,15,-pentol-15-
acetate
29  11.14 19-acetoxyprotolichesterinic C, H,,0, 381.2270 381.2283 -3.41 31650425 381.2274, 335.2224, 313.2403, [15]
acid 223.096 4, 201.1143
30 11.44 everninic acid C,H,,0, 181.0505 181.0506 -0.55 1701378362 181.0513, 163.0405, 137.0612, [14]
119.050 6
31 11.44 EMAHR C,,H Oy 373.0938 373.0929 241 33718232574 373.0932, 181.0511, 163.0405, [22]
137.061 2, 119.050 5
32 12.57 chloroatranorin C,,H,,O,Cl 407.0552 407.0539 3.19 15849 976 407.0559, 215.0129, 197.002 1, [16]
171.0227
33 1266 10,12-8HI3E-8,14-5%53-  C,H, O, 5313920 531.3902 3.39 35233 151 531.3917, 489.383 1, 471.3716, [23]
4,4,18,18-4 1 %E-1,21- 59.014 2
ZHRRYEE
34 12.98 thamnoliadepsides B CsH O, 345.0989 3450980 2.61 4717052497 345.0989, 181.0512, 163.0406, [24]
137.061 2, 119.0507
35  14.41 protolichesterinic acid C, H;,0, 3232239 3232228 3.40 5948241 323.223 6, 305.2129, 279.233 6, [15]
261.222 8
36 15.44 HiE@R CH,0, 359.1147 359.1136 3.07 4030670985 359.1149, 181.0512, 163.040 5, [16,22]
137.061 2, 119.050 6
37 15.98 WAETR CH,0O;, 343.0835 343.0823 3.50 41052 323 343.083 3, 328.0600, 313.036 8, [14,22]
299.093 6, 259.0619, 231.0670,
83.014 1
38 16.59 BAWER CH;sOy 373.0943 373.0929 3.75 13485309 373.0949, 195.066 8, 181.0510, [15-16, 19]
177.019 8, 163.0408, 133.0299,
119.050 5, 105.0350
39 19.80 Wiy CH,,0, 279.2339 279.2330 322 156 972 132 279.233 8, 258.4735 [23]
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-78 - Chin J Mod Appl Pharm, 2024 January, Vol.41, No.1

| —CH,
=5,
HO

CO

-
N 0—| _ |
—
HO Y O - HO 0]
Y e;

BB Z , B F I SR U

RT PR A AR, ARSI AT AL TN ]
FAS AL BRI . 45BN, Acquity UPLC®
Cx(2.1 mmx50 mm, 1.7 pm) (aiH: X Kb &
Yy ERCR ., 43 B REAE HX RS, 3EH]
TARLI B TR R I E ; BB T HEE-K, H
B-0.1% HHKIEW . LHE-KFCIE-0.1% HR/K
BWWEARR ARG, SR EI, LLOIE-
0.1% W RRIK S W Ry it S AHHEA T 40 BE DR, 4%k
ST TEIERIACLT . S A A WIHE S B AT
R, X AT RE 5 K 28 0 3 B A 1A
KIREA K, BMERE RN B HTH S
M

AMFFAE R A 254 O S48 1 2= B 43
YTE T 39 PR A A L5y, (HRELE R4y
FE SR A3 A v oA R ARSI B A OCHE Fr, X AT RE S5 it
T A A 3 3 D RGOz AR A e ESTIR Y S 1
WRCEA K, REA L8R, o, 5
FITAE it 28 U P A B, — S 7 50 5 ) i 0
FRECA B EDRB N M EY, iRk
H 2R — LRI G W75 5 225 & o

WFFEFRIALO ) 1 A i 254k & ) B AT B
K. PR PUMIESEEYE, KA 2R B T
7 Pl i A AR W EA RPN EACR , it ik
Wt L R EE MY A R R L MR . 4
TR M /AR LY, HAR R I A A
s e i O R = W U R i ! B
SIREETE T AR, IRBPTamERS, £
A A R AN % v A R B A BT R AT R IS
thamnoliadepsides A F1 thamnoliadepsides B X {ij %]
P sEs A M AR R B RIVE R, B LA AR N
figh . A TR A0 A FH B R Y a2 B R PT

OH 0O Q—IH OH 97 H
. —CH, .
I — [
] (] HO ¢
=0
miz 313.036 8 miz 299.093 6

m/z 231.067 0

P IR 2% 2024 4F 1 H 45 41 355 134



RAMIFE A A 2% 245 4 109 25280400 o el e ot A
il SR AR AR .

ZE PNk, ARSEAE U SR iz H UHPLC-

Q-Exactive Focus-MS/MS X K 4% 1 4k 2 w43 it
P10 PR o S, BTy e s HERS, AT
TR E PR 8y, AE— BT 2,

RO A Kt

PR AL TR AT

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

ONUT-BRANNSTROM I, BENJAMIN M, SCOFIELD D G,
et al. Sharing of photobionts in sympatric populations of
Thamnolia and Cetraria lichens: Evidence from high-
throughput sequencing[J]. Sci Rep, 2018, 8(1): 4406.

GUO M, HE Q L. Analysis on the resource status of Taibai tea
in Taibai Mountain[J]. J Green Sci Technol(%% & B} 4% ),
2017(15): 203-206.

HAN X H. 12 kinds of medicinal teas produced in Shaanxi and
their efficacy[J]. Northwest Hortic(F4 b [E 25 254), 2017(3):
32-34.

REN G Y, GUO Q X, WANG J, et al. Antibacterial activity
and stability of methanol extract from Thamnolia subuliformis
in vitro[J]. Sci Technol Food Ind(£ i Tk EHE), 2022, 43(1):
147-154.

DENG Y X, ZHAO S Y, BIAN Y G, et al. Anti-inflammatory
activity of polysaccharide isolated from Thamnolia
subuliformis[J]. ] Donghua Univ Engl Ed(Z: 18 K &4 953
i), 2017, 34(5): 641-645.

HAIYUAN Y U, SHEN X Q, LIU D, et al. The protective
effects of P-sitosterol and vermicularin from Thamnolia
vermicularis (Sw. ) Ach. against skin aging in vitro[J]. An
Acad Bras Cienc, 2019, 91(4): €¢20181088.

YU X B, CAI Y S, ZHAO X, et al. Investigation of the
chemical structure of anti-amyloidogenic constituents extracted
from  Thamnolia
2022(289): 115059.
LI C, GUO X D, LEI M, et al. Thamnolia vermicularis extract
improves learning ability in APP/PS1 transgenic mice by

vermicularis[J]. J  Ethnopharmacol,

ameliorating both Ap and Tau pathologies[J]. Acta Pharmacol
Sin, 2017, 38(1): 9-28.

CHOI R Y, HAM J R, YEO J, et al. Anti-obesity property of
lichen Thamnolia vermicularis extract in 3T3-L1 cells and diet-
induced obese mice[J]. Prev Nutr Food Sci, 2017, 22(4): 285-
292.

74 B 24 A R BV AR 25 R (2015 ARRR)
[M]. P422: BRPEREOR R, 2016: 130.

VU1 A8 B 2 B RIR) . 1A T 2 AR E (2010 4
J) (M. J#R: PO ER R, 2011: 247-249.

YANG M X, WANG L S, WANG X Y. Taxonomic and
geographic study on the lichen genus Thamnolia from
China[J]. Plant Sci J(FEI B} #24410), 2015, 33(2): 133-140.
LUO S N, PENG Z C, FAN Q, et al. Analysis on chemical
constituents in Xiao Chengqitang by UPLC-Q-orbitrap-MS[J].
Chin J Exp Tradit Med Form(* [ 5% 5 J5 7 2% 44 &), 2021,
27(23): 1-10.

P E AR 2% 2024 4F 1 H A5 41 355 134

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

JINY R, MA Y H, XIE W W, et al. UHPLC-Q- TOF-MS/MS-
oriented characteristic components dataset and multivariate
statistical techniques for the holistic quality control of
Usnea[J]. RSC Adv, 2018, 8(28): 15487-15500.

KUMAR K, SIVA B, SARMA V U M, et al. UPLC-MS/MS
quantitative analysis and structural fragmentation study of five
Parmotrema lichens from the Eastern Ghats[J]. J Pharm
Biomed Anal, 2018(156): 45-57.

SALGADO F, ALBORNOZ L, CORTEZ C, et al. Secondary
metabolite profiling of species of the genus Usnea by UHPLC-
ESI-OT-MS-MSJ[J]. Molecules, 2017, 23(1): 54.

LI S S, ZHANG H, LI Y J, et al. Research progress on
chemical constituents and pharmacological activities of Qinling
characteristic medicinal materials Taibai tea[J]. Special Wild
Econ Animal Plant Res(f#/=HF%%), 2022, 44(6): 141-148.
WANG Q, CHENG Z, YAN B. Chemical constituents from
Thamnolia vermicularis in Lijiang[J]. Guihaia(J™ 74 /& %)),
2017, 37(12): 1586-1591.

LE POGAM P, LE LAMER A C, LEGOUIN B, et al. In situ
DART-MS as a versatile and rapid dereplication tool in
lichenology:  Chemical fingerprinting  of
ventosa[J]. Phytochem Anal, 2016, 27(6): 354-363.
DANG Y F, TIAN J, SHANG J, et al. The Antimicrobial
activity of four medicinal lichens from Taibai Mountain[J]. J
Northwest Univ Nat Sci Ed(FG b K 2% 2= 42 : 5 R Bl 2= [0,
2014, 44(3): 433-438.

CORNEJO A, SALGADO F, CABALLERO J, et al
Secondary metabolites in Ramalina terebrata detected by
UHPLC/ESUMS/MS and identification of parietin as tau
protein inhibitor[J]. Int J Mol Sci, 2016, 17(8): 1303.

WEI A H, ZHOU D N, RUAN J L, et al. Characterisation of
phenols and antioxidant and hypolipidaemic activities of
Lethariella cladonioides[J]. J Sci Food Agric, 2012, 92(2):
373-379.

CHENG Z. Study on chemical constituents of Thamnolia
Kunming: Southwest

ophioparma

vermicularis grown in Yunnan[D].
Forestry University, 2015.
GUO J, LI Z L, WANG A L, et al. Three new phenolic
compounds from the lichen Thamnolia vermicularis and their
antiproliferative effects in prostate cancer cells[J]. Planta Med,
2011, 77(18): 2042-2046.
DENG Y X, SHAO Z Y, ZHANG S Y, et al. Chemical
constituents of Thamnolia subuliformis[J]. J Chin Med
Mater(FFZ5£1), 2017, 40(5): 1109-1111.
TRIPATHI A H, NEGI N, GAHTORI R, et al. A review of
anti-cancer and related properties of lichen-extracts and
metabolites[J]. Anticancer Agents Med Chem, 2022, 22(1):
115-142.
FURMANEK 1, CZARNOTA P, SEAWARD M R D.
Antifungal  activity of lichen compounds against
dermatophytes: A review[J]. J Appl Microbiol, 2019, 127(2):
308-325.
ELECKO J, VILKOVA M, FRENAK R, et al. A comparative
study of isolated secondary metabolites from lichens and their
antioxidative properties[J]. Plants (Basel), 2022, 11(8): 1077.
ks H: 2022-10-14
(R T: TEAH)

Chin J Mod Appl Pharm, 2024 January, Vol.41, No.1 =79 -


https://doi.org/10.1038/s41598-018-22470-y
https://doi.org/10.1590/0001-3765201920181088
https://doi.org/10.1590/0001-3765201920181088
https://doi.org/10.1038/aps.2016.94
https://doi.org/10.1038/aps.2016.94
https://doi.org/10.3746/pnf.2017.22.4.285
https://doi.org/10.1039/C8RA00081F
https://doi.org/10.3390/molecules23010054
https://doi.org/10.1002/pca.2635
https://doi.org/10.3390/ijms17081303
https://doi.org/10.1002/jsfa.4601
https://doi.org/10.1055/s-0031-1280096
https://doi.org/10.1111/jam.14209

	1 材料
	2 方法
	2.1 对照品溶液的制备
	2.2 供试品溶液的制备
	2.3 色谱条件
	2.4 质谱条件
	2.5 化学成分数据库的建立
	2.6 数据处理

	3 结果
	3.1 多取代单苯环类化合物
	3.2 缩酚酸类
	3.3 缩酚酸环醚类
	3.4 二苯并呋喃类
	3.5 类脂类
	3.6 其他

	4 讨论
	参考文献

