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Abstract: Objective To investigate the differences in the types and contents of chemical components among different medicinal
parts of Hypericum perforatum. Methods The chemical composition in different parts of H. perforatum (flowers, leaves, fruits, and
stems) was characterized and identified by ultra-high performance liquid chromatography-quadrupole time-of-flight tandem mass
spectrometry (UHPLC-Q-TOF-MS). Multivariate statistical analysis was used to screen the differential makers between different parts.
Ultra-performance liquid chromatography tandem charged aerosol detector (UHPLC-CAD) was applied for the semi-quantitative
analysis of main chemicals in different medicinal parts. Results A total of 51 chemical components were identified from different
parts of H. perforatum, including 15 flavonoids, 20 phloroglucinols, four naphthalene anthralones, seven organic acids and five others.
The multivariate statistical analysis revealed significant distinctions in the chemical constituents among different medicinal parts and
15 differential makers were screen out. The results of semi-quantitative analysis indicated that the contents of flavonoids in flowers
and leaves were higher than those in fruits and stems, with the contents of rutin and hypericin in leaves being 3 to 4 times higher than
those in stems and fruits. Additionally, the contents of phloroglucinol derivatives in fruits exceeded those in other parts, with hyperforin
content being 3 to 4 times higher than in leaves. The contents of all chemicals in the stems were found to be lower than those in other

medicinal parts. Conclusion In this study, the established qualitative and semi-quantitative methods demonstrated the noticeable
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differences in the types and contents of main chemical constituents among different medicinal parts of H. perforatum, which provides

a theoretical basis for the quality control and rational utilization of resources of H. perforatum.

Key words: Hypericum perforatum L.; different medicinal parts; UHPLC-Q-TOF-MS; charged aerosol detector; multivariate statistical

analysis; rutin; hypericin; hyperforin
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F1 RMELRTRTLFLERINEELER
Table 1 Identified chemical constituents of parts of H. perforatum
Lo WE HiE wE . 5%
5 te/min WENAH AFR WAET WHET E i 1
O § g M (m)  (X109) * "
1 074 ETR CiHiOs  [M—H]” 1910550 1910556  -314 135.0471,91.0067 Homg W 20
g
2 178 WBEBR=WEE CoHuOr  [M—H] 233.0663  233.066 1 086 173.0156,151.8977  HHlER M. % 2
3 330 HEMEE CisHpOr  [M—H]" 3150501 3150505  -127 191.0659,179.0477,  #f W, % pal
151,055 2
4 361 GER CisHi0s  [M—H]" 3530861 3530873  -340 191.0682,179.0468,  #&HE 7. M. 9
1350578 ROZE
5 404 3O-FUMAZ  CeHuOs [M—H] 337.0928 337.0927 030  191.0296,137.0071,  HHER T, M 9
TR 91.006 7 ROZE
6 411 FlE#BL CwHsOr  [M—H]” 577.1333 577.1346  -2.25 407.0823,339.0622,  #M M. % 2

289.080 8
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F1 (8D
3B N Mg
B5  wWmin  KAWER  AFR MAET “z"jf Ei:jf ijm BAET KM R ”;;
7 484 LER CisHuOs [M—H]"  289.0711 289.0712 -0.35 271.0339,2430398, #Ff M, % 2
191.066 2
8 504 JiEEE C2 CiHOe [M—H]” 8651704 8651680  2.77 577.1254,451.1035, ¥ M, % 2
289.080 7
9 613 AT CoHxOws [M+H]* 6111618 6111612 098 303.0503,1530185 #F ViU
[M—H]" 6091460 6091456  0.66 301.0369,151.0164 BOZE
100 633 S CaHxnOr [M+H]* 4651018 4651033 -3.23 303.0504,1530187 #F e
[M—H]" 4630866 4630877 -2.28 301.0426,151.0163 RZ
10" 644 LHKH CaHaOz [M+H]* 4651017 4651033 -3.44 303.0508,153.0189 % AN
[M—H]" 4630868 4630877 -1.94 301.0423, 151.0165 ROZ
12 695 RET CaoHisOu  [M+H]* 4350935 4350927  1.83 303.0502 1530186 ¥ e 2
[M—H]" 4330782 4330771 254 301.0365,151.0163 I
13 731 M CaHxOu [M4H" 4491070 449.1084  -3.12 303.0503,153.0136 ¥ e 9

[M—HI 4470720 4470729 -2.01 301.0372,6151.0158

14 829 6"-ZF&#ME CuHzOw [M—H]” 5050967 5050982 -2.97 407.0755,300.0369, i e 22
255.039 8
15" 983 #itE CisHiOr  [M+H]* 3030499 3030505 -1.98 273.0373,1530181 ¥ e W
[M—H]"  301.0347 301.0348 -0.33 271.0338,151.0159 ®
16 1062 3-O-FHM¥ZE  CwHiOs [M—H]  337.0918 337.0923 -148 219.0701,163.0391, HH® it 9
TR 135.044 2
17 1101 1356%etrahydioxy- CisHis0s [M—H]”  327.0864 327.0869 —153 299.0291,269.0554 Iiff NN 9
4-prenylxanthone ES
18 1114 38-WEHE CxHiOw [M+H]*  539.0975 539.0978 -056 419.0766,377.0659, #fi e 9
[M—H]"  537.0820 537.0822 —0.37 443.0441, 3850789 ROE
19 1177 BEEMMHEE  CaHiOw [M—H]”  537.0820 537.0822  —0.37 375.0577,299.0289, ¥ 1 23
151.013 8
20 1199 S5-FEILER CuH0s  [M—H]"  299.0566 299.0556  3.34 271.0346,243.0362 i e & 21
21 1247 S-HELER CuH0s  [M—H]"  299.0567 299.0556  3.68 271.0348,243.0415 % e & 21
773 S
22 1481 (6E10E,14R)- CigHOs [M—H]" 2952279 2952273 203 2552430,1930614 3Afh feom 2
14,15-dihydroxy- ROE
1,2-dinor-6,10-
phytadien-3-one
23 1617 hypericumoxide E  CasHsaO7  [M-+H]*  587.3973 587.3978  -0.85 515.2984,275.1275, HH=W 7£. W, 24
[M—H]" 5853774 5853791 -2.90 4452626, 255.2417 &
24 1622 56,7,3.4- CiHi0s  [M—H]” 3310458 3310454 121 219.0766,207.0781, & fe 5
pentahydroxy-3- 137.0359
methoxyflavone
25 1646 hypericumoxide E CasHsO7 [M-+H]*  587.3976 587.3978 034 569.3845,4753108, HH*=W 7£. M. 24
B 7 R [M—H]" 5853769 5853791 -3.76 567.3731,445.2626 ®
26 1746 oxycetoxypachymic CasHsaOs [M—H]™  569.3840 5693842  —-0.35 383.2296,3131542, HH*=W 7£. M. 15
acid 211.2272 2
21 17.77 sarothralen D CuHuOs [M—H]" 5832896 5832907 -1.88 417.2338,347.1935, [H=E 16, M. 23
275.138 8 S
28 1785 undecanoicacid  CiHz2O2 [M+H]* 2572483 2572481 078 203.1414,118.0343 Itih e 2
BOZ
29 1855 furohyperforin CsHs20s [M—H]”  567.3701 567.3686 264 383.2292,3131535, WMk =W 7. M. 25
isomer A 275.1392 BOZE

hydroperoxide
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#5  ta/min HamAH AR T (m) D (X109 WHET RH GG it
30 19.31 furohyperforin CH0s [M—H]"  567.3670 567.3686  —2.82 383.2298,331.2002, [A%E=F * 25
isomer B 313.1552,
hydroperoxide
31 19.39 oxepaforin CH0s [M—H]” 5513741 5513736 091 413.2397,383.2299, [A%=M F 25
313.1542
32 1991 [EEMERRE A CsHeNOs [MHH]* 5932746 5932764 303 533.2564,461.2338, il . 2
445.206 4 ROZE
33 2091 hyperfirin CxHuOs [M—H]  467.3150 467.3161 -2.35 383.2299,313.1546, [AA=M 1£. M. 9
271.108 6 ROZE
34 2109 adhyperfirin CaHeO: [M—H]" 4813327 4813318 187 397.2450,327.2001, %= % 9
271.1445
35 2265 furohyperforin CH0s [M+Na]* 5753719 5753712 122 5753719,293.1394, [IA=E 6. H. 26
[M—H]" 5513744 5513736 145 411.2598, 383.2398 #
36 23.01 furohyperforin CyHs20s  [M+Na* 5753716 5753712 070 485.3317,293.1433, =M 7. M. 26
isomer a [M—H]" 5513742 5513736  1.09 411.2576,383.2299, ®
37 2340 furohyperforin CsHs20s  [M+Na]t 5753728 5753712 278 485.3332,465.3449, [AIZ=E ¢, M. 26
isomer b 293.1435 ®
38 2349 Ffh&4ME  CaHwOs [M—H]T 5210889 521.0873 307 369.2145301.1536 ZHi—EE R 9
39 2487 8-hydroxy- CsHs20s [M—H]” 5513741 5513736 091 411.2601,329.1811, [A*=F % 26
hyperforin-8,1- 259.108 9
hemiacetal
40 2505 furohyperforin-  CasHs:0s [M—H] 5513743 5513736 127 411.2597,3291800, (A=W k. #. 26
hemiacetal 259.108 6 N
41 2530 BHSUBERT CwsHiOs  [M+H]* 3381890 3381882 -0.29 321.3199,275.1284, [HE=M 1. M. 2
203.070 1 BE
4 2605 EHELHE CysHs20s  [M+H]*  537.3964 537.3944 372 481.3411,355.2344, =M 7. M.
[M—H]" 5353793 5353787 112 383.2329,313.1655 ROE
43 2657 FAWMESLHEA  CeH0s  [M—H]- 5353792 5353787  0.93 3832300,313.1555, WA= 1. F 27
oSk 271.108 8
44 2133 EM&#ME  CeHuOs [MHH]® 5514104 5514100 073 397.2455,327.1697, ME=® T, M 27
[M—H]- 5493963 5493944 346 285.1233 ROE
45 2834 MEMELME  CexHxO0s [M—H]- 5403952 5403944 146 3972442,327.1991, [%=F 1. & 15
[f] 73 S H 1 285.124 0
46 2978 3456-tetrahydro  CosHuOs [M—H]- 4713104 4713110 -127 453.3034,275.1393, HE s 5
phthalicanhydride 193.062 5 R
47 3094 hEHME CoH1s0s [M—H]- 5190710 5190716 -1.16 487.0486,421.070 1, ZHF—H &, M, 28
275.138 5 i ES
48 3112 BME#MER  CsH0s [M—H]F 5353792 5353787 093 383.2300,313.1555, [%=H % 15
o Sk 271.108 8
49 3380 MEMELME  CeHuOs [M—H]- 5403950 5493944 109 411.2599,280.1545, MIAE=®H 1. M. 15
[f] 73 S H 183.024 1 "
50 3482 JisuME CxHwOs [M—H]- 5050937 5050923 277 455.3222,407.0969, P8 7% 29
183.024 6 i
51 3567 HHE4HER  CsHz0s [M+H]r 5373939 5373944  -0.93 355.2263,219.1016, [HE=® 1. M. 15
LRI 203.070 5 7
50 L LA A

*confirmed by comparison with the reference substance.
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Fig.2 High—energy mass spectrum (A) and proposed fragmentation pathways (B) of hyperoside in negative mode

= A7AEY (polycyclic polyprenylated acylphoro-
glucinols, PPAPs) & — 2 DA JE ] K = [y Jy BEZ A
FEGEIR GRS, 2 BA YA
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26 F B m/z 537.398 4 [M-+H]* I m/z 535384 2

M—H] #4787, ST N
C3sHs04, TEE T HERESH N HIL— RIIK L FIK
8 25 72 2B I RFAE R Py B8 106 m/z 466.331 3 [M—H—
CsHol ™+ m/z 397.248 0 [M—H—CsHo—CsHo] "+ m/z
383.284 6 [M—H—CsHo—CeH11] "~ m/z 315.159 9
[M—H—CsHy—CeH1 —CsHg] &% m/z 313.164 4 [M—
H—CsHo—CeH11—C4HeO] - FEIER T RERe T+
B T RN T T I A S R B, S
TIRIERE IS RO FENLS], AR TR
AU I EAR, S 0 5 1 2 2R N Bk IR m Rl
i, WS R R BSR40k 2 4R, @it
1 ek B TIRIE B m/z 481.341 1 [M+H—C4Hs]"
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FIWE R B 7, KD 700 56 A% m/z411.3005  CsHg— C4Hg— C4Hs]" m/z 277.150 9 [M+H—
[M+H—CsHg—C4HsO]*+ m/z 355234 4 [M+H— CsHg—C4Hs— CsHg— CsHg ] R 28 706, il BL
C4Hg—CaHeO—C4Hs] HIRE B F U 4% 2 ek R SRARAT A AR IR ALY, B g 42 ST
FERIRIGFE R m/z 469.341 0 [M+H—CsHs]"1) xzephzR, Hmae gl B Am] 5 i R s 2 i Kl
WER BT, FEERE 56, 68 68 A lim/z4132799 3. 4 fliun.
[M+H—CsHs— C4Hg]*+ m/z 357219 1 [M+H— T SR RATE, S0 5 I 1 XU ) 1
A [M_H_C5H9_C(,H11_C4H(,O]7
313.169 5
[M—H—CsHy—CsH1]
383.234 6
315.172'1
s
271110 1 384235 1 [M—H[
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316.1750
l . Ll l “ 466.3159
IIII|IIII|IIII|IIII|IIII|IIII|IIII|II|II|IIJI'IIII||.LIIIlllqllllllI|IIII|IIII|IIII|IIII|IIII|IIIIIIII|
100 200 300 400 500 600
mlz
B

CSHS

m/z 315

B3 REHELMREABTRIATH

HO

DR

m/z 466

v

-CHyy

w

:0: 0
\/\

m/z 383

m/z 313

SEERRILE (A) FARRERIBURIRTE (B)

Fig.3 High—energy mass spectrum (A) and proposed fragmentation pathways (B) of hyperforin in negative mode
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BN 552 MR AALEYA 2 BRI 2 T EA 567
NBNEEREAe /B

tBigIg 29, 304 31, 35, 36, 37. 39 fil 40 %

TENTIM & 22 kA LAUE 36, 37 A, 1% 36
EIEE TIRBE S T A1 B TR BE S i EL mi/z
553.397 9 [M+H]*M m/z 551.374 2 [M—H] fIH#ED
FETIgE, HENILH TN C3sHs20s, 7EIEE T =
R T, @18 1 ek BRI M i m/z 485.331 6
[M+H—CsHs] I 85 i, e k557 0
FERF T IR m/z 293.143 3 [M+H—CsHz—
CsHs—CsHs— C4Hs | HITE B8 706, P2k J2 /K AR
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HO1 IR B T8 815 2 Je ki TGRS A
KA mlz 485.331 6 [M+H—CsHeO—H,O]* HIR¥
R, PR 2T 1A m/z409.281 1 [M+H—
C4sHeO—HoO— CsH] IR B 1 I, e k2 57k
TRBEAT R A B m/z 217.086 5 [M+H—C4Hs—
H>O—CsHg— CsHs— C4Hg] I Jr B U o Ui 37 1)
ZLRFNAAA 36 HHALL, HBEA m/z 485, 465, 293,

217 WIRFAERE A o 38T A_E o 4R AT s & 36 A
37 %8 MK B 22 Bk R A, S5 A SCERIR
RS, itk 36 A1 37 R % Nk AW
furohyperforin isomer a ! furohyperforin isomer b.

3.3 ZEWFCEERAY BP o EERAS
W B 7 B A R 2SR B & . T4
2Pk 2R B ERRL E A S AR s

m/z 277
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Fig. 4 High-energy mass spectrum (A) and proposed fragmentation pathways (B) of hyperforin in positive mode

“REFN R G B &2k hIt el
B 4 AP BRI E D). TS 22 kb 2R
TR EEANN SR, SELELKER
i 2~4 51271,

I 47 F 50 L AE S B TR A IR, g
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[M—H—CH,=C=0—CO] I & TV, Bk %
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COI HIRF v 1, DAL 3l a2 164 32, 44 HIL
m/z503.043 5 [M—H—CHa4] + m/z487.048 6 [M—
H—CH;OH] + m/z 475.067 7 [M—H—CO,] [T Fr
BT, DA R RTREAT O, 45 S BT a2 kel
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JBE NS 26 SCHR R 2820, S se i 47 th 4
Lok, Hm e A ] eI 2R LA 5.
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M —H] B #4575 1, #HEWHS 7N
CoH 15050 TE G F R T Kk 25 LI 32 Al
I m/z 407.096 6 [M—H—CH,=C=0—CO—CO]

IR B T, B R 5 OB m/z 363.097 8
[M—H—CH,=C=0—CO—CO—CO,] It H &+
W, PLARZ: 44, 28 HHIWH) m/z 461.106 9 [M—H—
CO,]"~ m/z433.110 7 [M—H—CO,—CO] HIHE F &
T, DL EREEAT R, S B S e Rk R
23 2 TR (1) RARREE 34, S5 Ui 50 IR 22k 3

[M—H]"
519.072'8
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Fig. 5 High-energy mass spectrum (A) and proposed fragmentation pathways (B) of pseudohypericin in negative mode
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Fig. 6 PCA score plots of different parts of H. perforatum (left: positive, right: negative)
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B, HZER T ERIUTESS 5 N R A H .
3.3 UHPLC-CAD £ EE/NH

FIFH UHPLC-CAD $i AR X &4k (S1~85) TF
M4 22 kA M SRR T AT, 4
73 2 BB 8 22 B [F A Y UHPLC-CAD
K, R BN, ANERGIRET 622 Bk BT G 22 Bk
1o~ W BRI — B R A, PR S4 1
fe W RAZNFIREAT 8, W 8 Fras. it
HI M) UHPLC-Q-TOF/MS & 4 73 A1 A% 1 o 1) $
N, WP — %A R 08 B A AT AL A g 12T 4
N A — 55 A5 S4 AN RIER A 32 2L
BRI T, AR B R T S
T St MR E T S 2 R & H 2 )
N 3.94%. 6.61%- 7.58%-+ 3.04%F1 11.05%; M
FEEA 3-HEME R GER. ILRER. T,
ST Sk BTS2 kRS
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1-catechin; 2-isoquercitrin; 3-hyperoside; 4-quercetin; 5-3,8"-biapigenin; 6-protopseudohypericin; 7-pseudohypericin; 8-proanthocyanidins C2; 9-rutin;

10-3,4,5,6-tetrahydrophthalicanhydride; 11-avicularin; 12-hypericumoxide E; 13-furohyperforin isomer; 14-hyperforin; 15-adhyperforin.
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Fig.7 OPLS-DA (left) and S-plot (right) plots of different parts of H. perforatum
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Table 2 Differential chemical composition between different parts of H. perforatum

5 ta/min & A R el B3] VIP {H | p(corr) | I3 A HB AL
1 484  JLEH S 38.18 0.7040 M, 2%
2 6.33 R S 28.39 06094  f&. M. R, =%
3 6.44 G Bk TS 45.12 08122  fe. M. R, =
4 9.83 fitr % TS 31.19 05442 A&, M. R
5 1114 38"-WHFER i 23.41 07868  f&. H. =
6 2449 JRfhEa kR ZEYF TR 36.83 05418 f&. ®
7 3094 fh&zpkE ZEYF TR 33.53 05641  f&.
8 504 JRiEEE C2 TS 21.77 08001 M, 2
9 6.13 T EUES 34.96 06969  f&. M. R, =X
10 29.78  3,4,56-tetrahydrophthalicanhydride ~ FAth2 22.17 06990  f&. #
11 6.95 JmEIF EUES 23.81 05666  f&. M. R, =
12 16.46  hypericumoxide E [E2K = /2 23.95 09718 . R
13 19.39  furohyperforin isomer [E2K =/ 2 26.13 06775 H#
14 2592 B &2kER EIESETES 30.23 06646  f&. M. R, =
15 27.33  nEiH& kg B ST ES 26.13 06775  f&. M R, =X
1

12 13 1415 16

i

8
2345 | o 16
N
pagice
1
6
'y i
S S
06 5.0 ' 10.0 ' 15.0 20.0 25.0 30.0

t/min

1-3-FREEM R 3 2- R 3-JAETF &K Bl 4-JLEE: S-RAEH R C2: 679 5 T-RM ot 8-B22bhir: o-m&E T 10-M B 11-Wk R
12-3, 8"-3 T3 % 13-sarothralen D; 14-hyperfirin; 15-furohyperforin isomer; 16-B{H-4x22pk % 17-INBIH &Mk % .
1-3-methylquercetin; 2-chlorogenic acid; 3-proanthocyanidins B1; 4-catechin; S5-proanthocyanidins C2; 6-rutin; 7-isoquercitrin; 8-hyperoside; 9-

avicularin; 10-quercitrin; 11-quercetin; 12-3,8"-biapigenin; 13-sarothralen D; 14-hyperfirin; 15-furohyperforin isomer; 16-hyperforin; 17-adhyperforin.

B8 HRHELMAREIERMIA UHPLC-CAD &Ik
Fig.8 UHPLC-CAD chromatograms of different parts of H. perforatum



© 2288 ¢

20254E 4 H $56% £ 78  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7
i3 P

35 4
31 o
1 V) 1
=t
1%{ xr
T Y =
s
2 '
=
& L
& T
=
g 44
o JEEm 2L e P L Pl PHIN T
mOO w8 #& I oEm b
g g XX M R A
oo BWO® X OE I
gon B A
S <O
9
Fig. 9

K-~ 01%HERIK-CE) K54 22 B fb. 2 1k
IOy EURIE, SREIRTELERRT, &4F
RS o B ORI, W R s, HOMF R vl 2
FHCEAEIGIET; 2R, SR ARRE
4: (HSS T3 Cis« BEH Cis #1 BEH shield RP18).
ANEFER (204 304 40 C) MASEFIBHFEE (1,
3.5l 3T T EE, SRR 2Bk 1l
ST E HSS T3 Crs (il AE . RN 40 C L dhff
A1 uL BA R B8R

AT TR FH RSB AT 38, I W4 22k
AN[E P R — 3B 2 (B A 2 B o — BOME R A, Tf
5] — F= AN [FRAL 2 [ S R PR e T
RF A B - G 2 RS RIS Ak 22 B A 2, A B
SR FERRA LS B 51 Pk By, A
4 1 S ) 7y Sl B ey L A 5% S T
VR R I, BT 22 Bk b B B R AL A T
1) AL i A A T 1 B R A A K B e SIS o 48 328 I )
O, B AR A T R S B R, SR
i 2 ELRE VRS, 55— J5 TS T B i
PG RS, BRARAARE B R A b
iR 7 5 U 2 R R R PR KT AT PR AR LA AR
FHB63T T4 22 Bk 25 v a2 ML ST AR

pr——

NN

[T T

7)

ANANNNNNY

[T

1

e

NNNRNNNN

7z

ANNNNNNANNNNNY

E N |
t e 0

E

ZHN VL Ve VEIN VR
EEEEEEE
B &% &% 5 5§ £ =B =
%%#\hg'ﬂ&ﬁ&*l
il §5.§?<H<H
2 3 £ T =
- 3 XK
o =
= =
e
=]

Rt E LR R L ZE RS

Chemical components of different parts of H. perforatum
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