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Isolation of angular-type pyranocoumarins from Peucedani
Radix guided by liver microsomal metabolites and
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Abstract: Identifying the structures of metabolites is of great importance towards elucidating the
therapeutic material basis of traditional Chinese medicines (TCMs). However, current studies lack
sufficient reference standards, hindering the structural identification of metabolites. This study
establishes a strategy guided by the retention times and mass spectrometric information of mi-
crosomal metabolites. By coupling liquid chromatography-mass spectrometry (LC-MS) to trace and
isolate target compounds from the raw materials, these compounds served as reference standards
to confirm the structures of microsomal metabolites, thereby elucidating the metabolic pathways.

Peucedani Radix (PR, Chinese name: Qianhu) consists of the dried roots of Peucedanum pra-
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eruptorum Dunn and contains abundant angular-type pyranocoumarins (APs), which serve as
primary chemical constituents and effective compound clusters as well. From the structural
standpoint, C-3’ and C-4’ sites of APs are frequently substituted by acetoxyl, angeloxyl, isovaleroxyl
and some other moieties, leading to the extensive occurrences of regio-isomers, which not only
possess comparable structures but also similar chemical properties. Previous studies have pre-
liminarily unveiled that APs primarily undergo hydrolysis and acyl migration in vivo, and these
hydrolytic metabolites can be observed in both in vitro metabolism and the raw materials. In this
study, a pair of regio-isomers from PR, i.e., (+)-(3'S,4’S)-praeruptorin A ((+)-PA) and (+)-(3’
R,4'R)-pteryxin ((+)-Pte), was incubated separately with human liver microsomes (HLMs) in the
presence of necessary cofactors to simulate the metabolic pathways occurring in vivo. After carefully
processing LC-MS datasets and applying the well-defined mass fragmentation rules of APs, eight
metabolites were detected and putatively identified for (+)-PA, including three hydrolysis products
together with five oxidation products, whereas nine metabolites were observed and putatively
identified for ( + ) -Pte, encompassing five hydrolysis products and four oxidation products. Note-
worthily, phase I metabolism of (+)-Pte in HLMs was profiled for the first time. Various column
chromatographic tools, such as silica gel column chromatography, C, reversed-phase chroma-
tography (ODS), Sephadex LH-20 and semi-preparative high performance liquid chromatography
equipped with achiral or chiral columns, were employed to isolate compounds-of-interest from PR
extracts under the guidance of LC-MS through taking both retention time and MS/MS information
into account. A total of nine AP compounds were successfully purified from PR extracts, and
notably, four pairs of AP enantiomers were involved. By matching 'H- and "C-NMR spectral in-
formation with the data archived in the literature, these compounds were identified as (3'S,4’'S)
-gianhucoumarin C (1a), (3'R,4’'R)-gianhucoumarin C (1b), (3'S,4’S)-gianhucoumarin B (2a),
(3'R,4’'R)-gianhucoumarin B (2b), (3'S,4’'S)-3"-angeloylkhellactone (3a), (3'R,4'R)-3’'-an-
geloylkhellactone (3b), (3’S,4’'S)-4’-angeloylkhellactone (4a), (3'R,4'R)-4'-angeloylkhellactone
(4b) and (3’8, 4'S) -isoepoxypteryxin (5). Thereof, compounds 1b and 2b represent new con-
figurational structures of known planar structures. The study summarized mass fragmentation rules
for APs and achieved accurate identification of two pairs of regio-isomers: gianhucoumarin B and
C, and 3’- and 4'-angeloylkhellactone. Thereafter, in vitro metabolites of (+)-PA and (+)-Pte were
successfully identified by comparing the retention times and MS/MS information with authentic
compounds, including cis-khellactone, gianhucoumarin B, gianhucoumarin C, 3’ -angeloylkhel-
lactone, 4’-angeloylkhellactone and (3'S,4’'S)-isoepoxypteryxin. Regarding the three hydrolytic
metabolites, i.e., cis-khellactone, gianhucoumarin B and gianhucoumarin C, they were shared by
(+)-PA and (+)-Pte. Hydrolysis and oxidation reactions, as well as acyl migration, served as the
primary metabolic pathways for APs in HLMs. In this study, (+)-PA and (+)-Pte were selected as
representatives to demonstrate that it is feasible to obtain their metabolites from PR extracts through
LC-MS-guided isolation and purification. After structural identification through analyzing 'H- and "C-

NMR spectral information, these pure compounds were eligible authentic compounds enabling
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confirmative structural identification of metabolites, providing pronounced insights into the primary

metabolic pathways of APs and offering an effective approach for the accurate identification of

metabolite structures through isolating authentic compounds that are available in the original TCM.

However, due to differences in metabolism between in wvitro and in vivo, the study failed to

construct a definitive structure-activity relationship for the metabolites. Future studies should be

devoted to validating these findings through performing in vivo investigations.

Keywords: liquid chromatography-mass spectrometry (LC-MS) ; guided separation; angular-

type pyranocoumarins; metabolites; structural identification
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Fig.1 Extracted ion current chromatograms of incubates for (a) (+)-praeruptorin A (PA) and (b) (+)-pteryxin (Pte) in hu-

man liver microsomes (HLMs)

Metabolites A1-A8 originated from the incubation of (+)-PA; E1-E9 originated from the incubation of (+)-Pte in HLMs.
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Na]*(C,H,,0,, %2 -1.6x107°) , #El Hy B4 1k 7= 1) .
Horp A7 55 B 5 B — B0y O/ B [a) R0 g 2
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Table 1 Chromatographic and MS/MS data of (+)-PA and its metabolites (A1-A8)
Compound  f/min  Formula (quasl\i/lril)l(:cll/lzlir ion) Elr(r)?ﬁr/ MS® (m/z)
(+)-PA 51.4 C, H,,0, 404.1706 [ M+NH, ] 0.5 327.1251, 227.0701
409.1255 [M+Nal* -1.0 349.1029, 327.1215, 227.0695, 215.0685
Al 1.0 C,H,,0;, 263.0921 [M+H]" 27 203.0697, 187.0379, 175.0385
280.1180 [M+NH4]+ 0.2 263.0912, 203.0696, 175.0386
A2 291  C,H,0, 322.1289 [M+NH, ]* 1.2 245.0804, 203.0695, 187.0376, 175.0385
327.0842 [M+Na]* 0.9 267.0629, 203.0700
A3 30.3 C,H,,04 322.1281 [M+NH4]+ -1.3 305.1028, 287.0920, 245.0816, 227.0711, 203.0700, 175.0396
327.0834 [M+Na]* -1.6 287.0918, 203.0702
A4 407 C,H,,0, 438.1761 [M+NH,]" 0.6  361.1271, 245.0799, 227.0698
443.1313 [M+Na]" 0.1 383.1073, 251.0670, 245.0802, 227.0691
AS 40.9 C, H,,0, 438.1757 [M+NH, ]* -0.4 361.1269, 317.0998, 245.0803, 227.0701, 175.0384
443.1313 [M+Na]" 0.1 383.1084, 251.0677, 245.0807, 227.0693
A6 44.5 G, H,,04 420.1651 [M+NH4T -0.5 343.1171, 325.1081, 245.0802, 227.0690, 175.0365
425.1200 [M+Nal* -1.6 343.1163, 267.0611, 245.0787, 227.0680, 175.0373
A7 47.0 G, H,,04 420.1659 [M+NH4J+ 1.4 343.1164, 315.1214, 299.0910, 255.1004, 245.0809, 227.0701
425.1211 [M+Nal” 1.0 365.0983, 245.0709, 227.0698
A8 473 G, H,,0, 420.1649 [ M+NH, ] -0.9  343.1168, 255.1009, 245.0804, 227.0699, 175.0382
425.1202 [M+Na]” -1.1 365.0980, 245.0800, 227.0696

H L HCK E6 FIE8 4 Bl Y0 Ry 37 - R -4 - I i
B3 4 - AU N R 37 -2 A T A -4
Fe-37 4 - AU R . BLAh, A AR T E4 (=
44.2 min) \E5(t,=44.7 min) \E7(¢,=47.3 min) fll E9
(1,=47.8 min) {1 JiT 3% #¢ AF $2 7 A8 A0 A 8 3 A
T C-47 or 19 >4 5 Pk 40 B0 %
22 HAIARBYHPERERERSHNSBREHERE

A R A AN W EE AT o0 A, AR B H AR
EY) F 8T & T AMBEAAL(193.8 g) ML &
BE PR AL (7.8 g) , HoAr @ W e i AL (11.0 g) S iE T
B AR A (30.3 ) Y H AR 40 & i AR .l X ik
WIS EROL R Ge 5 15, 46453 9 4 APs(1#l 6) .

MR CTRFRAL T 4y 2515 5] 4 4~ APs(& 7)),
489 A 1a(7.1 mg, t,=12.2 min) . 2a (2.9 mg, {,=
14.0 min) .2b(0.5 mg, t,=14.6 min) Al 1b(2.1 mg, t,
=16.1 min) . M Al BEFE AL 9> B 75 3] 5 4> APs, 7y
5 % 3a(1.0 mg, t,=6.8 min) . 3b (0.6 mg, ¢,=8.5
min) | 4a (4.4 mg, {,=5.0 min) . 4b (2.0 mg, t,=7.3
min) fl 5(7.5 mg, t,=24.6 min) . HH L&Y 1b.
2b Sy T - TH 25 4 1R R R

ik H."C-NMR %5 3% £ R S8 € 46 & W1 i
S50 He BEOSCHR (15107 vk 2k T AR 3 7K A 52
ARAT L[5 7 4 LSk PN T AR LB DA TR ) 265 o) A A

1 5 A A 0 1) 4 X A 7 HORE R B 9 1~5 43 ) 2
H(3'S,4'S)-M(3'R,4'R)-Hij & & C(1a/1b) |
(3'S,4'S)-M1(3'R,4'R) -1 ¥ 5 5. & B(2a/2b) .
(3'S,4’S)-F(3'R,4'R)-3" -4 |0 P 4 k-4 -5 gk
37,4 - AU E MR (3a/3b) (375,47 S)-FI(3'R,
4'R)-3'-FEHL-4" Y IHBE A -3, 47 - U N T
(4a/4b)M1(3'S,4'S)-isoepoxypteryxin(5) .
&% 1 (1a/lb) 1 @ ¥ K ; ESI-MS m/z
327.085 4 [M+Nal*, 4+ ¥4 C,H,.0,(F i (i
m/z 327.038 9, 1% 22 +4.6x10°) . 'H-NMR (CDCl,,
400 MHz) : 8, 7.61 (1H, d, J=9.5 Hz, H-4), 7.35
(1H, d, J=8.6 Hz, H-5), 6.80 (1H, d, J=8.6 Hz,
H-6), 6.43 (1H, d, J=4.7 Hz, H-4'), 6.23 (1H,
d, J=9.5 Hz, H-3), 4.00 (1H, d, J=4.7 Hz, H-
3'), 223 (3H, s, 2"-CH,) , 1.46 (3H, s, 5'
-CH,), 1.44 (3H, s, 6'-CH,) ., “C-NMR (CDCl,,
100 MHz) : 6, 159.9 (C-2), 113.0 (C-3), 143.3 (C-
4),129.2 (C-5), 114.5 (C-6), 157.0 (C-7), 106.9
(C-8), 1543 (C-9), 112.4 (C-10), 78.8 (C-2"),
71.2 (C-3"), 63.0 (C-4"), 252 (C-5"), 21.6 (C-
6'), 172.0 (C-1"), 20.9 (C-2"). VI I %udE 5 ik
i A — Y AW 1a B 1o 4 B E R
(3'S,4'S)-HiA®HF = % C M(3'R,4'R)-RAi N F &
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Table 2 Chromatographic and MS/MS data of (+)-Pte and its metabolites (E1-E9)

Compound  #/min  Formula (quasliwj;l(;:lﬁ;r ion) ijg?: MS? (m/z)
(+)-Pte 51.0 C,H,,0, 404.1705 [M+NH, |* 0.3 287.0903, 245.0797, 227.0693, 175.0382

409.1264 [M+Na]” 1.5 309.0729, 245.0805, 227.0693, 175.0381

El 11.0 c,H,,0, 263.0923 [M+H]* 3.4 203.0694, 175.0379
280.1183 [M+NH, ]* 1.3 263.0895, 245.0796, 203.0691, 187.0387, 175.0383

E2 29.1 C,H,0, 322.1288 [M+NH,]" 0.9 245.0794, 203.0694, 187.0377, 175.0366
327.0844 [M+Na]" 1.5 267.0611, 203.0688, 187.0436, 175.0380

E3 30.3 C,H,0, 322.1283 [M+NH,]* -0.7 305.1026, 287.0921, 245.0815, 227.0706, 203.0699, 175.0388
327.0840 [M+Na]* 0.3 287.0924, 203.0696

E4 44.2 C,,H,,0, 420.1654 [M+NH,]* 0.3 287.0901, 245.0798, 227.0696, 175.0373
425.1209 [M+Na]" 0.5 309.0724, 245.0798, 227.0689, 175.0378

E5 44.7 C,H,,0, 420.1660 [M+NH,]* 1.7 287.0902, 245.0803, 227.0695, 175.0379
425.1202 [M+Na]* ~1.1 365.0980, 245.0800, 227.0696

E6 46.8 C,,H,,0, 362.1608 [M+NH,]" 2.7 245.0806, 203.0707, 187.0386, 175.0384
367.1160 [M+Na]* 2.2 267.0624, 203.0693

E7 473 C,,H,,0, 420.1655 [M+NH, |* 0.5 287.0903, 245.0801, 227.0691, 175.0380
425.1208 [M+Nal” 0.3 309.0708, 245.0805, 227.0682

ES 47.6 C,,H,,0, 362.1606 [M+NH, | 2.2 345.1317, 327.1219, 227.0696, 349.1035, 267.0619
367.1159 [M+Na]* -4.7

E9 47.8 C,,H,,0, 420.1647 [M+NH, ]* -1.4 287.0897, 245.0794, 227.0689,

425.1196 [M+Na]” -2.6 367.1176, 309.0723, 245.0768, 227.0703
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E6 AREMBEZZEI-SHULELEN
Fig. 6 Chemical structures of angular-type pyranocouma-
rins 1-5

323 nm

0.0 5.0 10.0 15.0 20.0
tz / min

E7 HEWIF2HITBRERS BIELE
Fig.7 Chromatogram of the enantiomeric separation for
compounds 1 and 2
Mobile phase: EtOH-n-hexane=20: 80 (volume ratio) ; column:
Chiral INC (250 mmx4.6 mm, 5.0 pm); flow rate: 1.0 mL/min.

la. (3'S,4'S) -gianhucoumarin C; 1b. (3'R, 4’R) -qianhucou-
marin C; 2a. (3'S,4'S)-qianhucoumarin B; 2b. (3'R,4’'R)-qian-

hucoumarin B.

% C.

£ & ¥ 2 (2a/2b) 1 A F K ; ESI-MS m/z
327.085 7 [M+Na]", /7K C H,O,( HiS{H N
m/z 327.038 9,1% 2% +5.5x10°) ., 'H-NMR (CDCl,,
400 MHz) : 8, 7.64 (1H, d, J=9.5 Hz, H-4), 7.34
(1H, d, J=8.6 Hz, H-5), 6.80 (1H, d, J=8.6 Hz,
H-6), 6.26 (1H, d, J=9.5 Hz, H-3), 5.42 (1H, d,
J=4.9 Hz, H-3"), 5.19 (1H, d, J=4.9 Hz, H-4'),
2.18 (3H, s, 2"-CH,), 1.48 (3H, s, 5'-CH,), 1.40
(3H, s, 6'-CH,) ., “C-NMR (CDCIL,, 100 MHz) :
8, 160.3 (C-2), 112.7 (C-3), 143.8 (C-4), 128.7
(C-5), 114.7 (C-6) , 155.9 (C-7), 110.1 (C-8),
154.4 (C-9), 112.3 (C-10), 77.7 (C-2"), 72.6 (C-
3"), 602 (C-4"), 253 (C-5"), 22.6 (C-6"),
170.3 (C-1"), 20.7 (C-2") . DL L %¥s 5 SCHk i 18
FEAR—F KA 2a 1 2b 43 B K E R (378,
4'S)-FiFZ X BM(3'R,4'R)-Hi&FE X B.

& & ¥ 3 (3a/3b) I 4 ¥ K ; ESI-MS m/z

367.117 4 [M+Na] ", 4> ¥ C,H, O, (B it H N
m/z 367.115 2,1% # +6.0x10°) ., 'H-NMR (CDCl,,
600 MHz) : &, 7.64 (1H, d, J=9.5 Hz, H-4), 7.34
(1H, d, J=8.6 Hz, H-5), 6.80 (1H, d, J=8.6 Hz,
H-6), 6.21 (1H, d, J=9.5 Hz, H-3), 6.16 (1H, d,
J=7.2 Hz, H-3"), 5.47 (1H, d, J=4.8 Hz, H-3"),
522 (1H, d, J=4.8 Hz, H-4'), 2.00 (3H, d, J=7.2
Hz, H-4"), 1.94 (3H, s, H-5"), 1.51 (3H, s, 5'
-CH,), 1.44 (3H, s, 6'-CH;) . "C-NMR (CDCl,,
150 MHz) : §. 160.6 (C-2), 112.4 (C-3), 143.9 (C-
4), 128.7 (C-5), 114.4 (C-6), 156.0 (C-7), 110.8
(C-8), 154.1 (C-9), 112.4 (C-10), 77.6 (C-2"),
72.4 (C-3"), 59.9 (C4"), 25.6 (C-5"), 22.4 (C-
6'), 166.9 (C-1"), 139.3 (C-2"), 127.2 (C-3"),
20.5 (C-4"), 15.8 (C-5"), LL_I-%ds 5 SOk iz 8
AR —F" KA Y 3a M 3b 4l % E R (378,
4'8)-3" MIA LA -4 -FR -3 47 - AU N
M(3'R,4'R)-3"-HIHBEE HE-4' - H-37 4" -5
s N R

& W 4 (4a/4b) 1 A ¥ K ; ESI-MS m/z
367.117 1 [M+Na] ", 4> ¥ X C,H, O, ( F it {H N
m/z 367.115 2,i% # +5.1x10°) ., 'H-NMR (CDCl,,
400 MHz) : §, 7.60 (1H, d, J=9.5 Hz, H-4), 7.35
(1H, d, J=8.6 Hz, H-5), 6.80 (1H, d, J=8.6 Hz,
H-6), 6.49 (1H, d, J=4.7 Hz, H-4' ), 6.22 (1H,
d, J=9.5 Hz, H-3), 6.10 (1H, m, J=7.2 Hz, H-
3"), 4.08 (1H, d, J=4.7 Hz, H-3'), 2.00 (3H, d,
J=7.2 Hz, H-4"), 1.89 (3H, s, H-5"), 1.49 (3H,
s, 5'-CH,) , 1.44 (3H, s, 6'-CH,) . "“C-NMR
(CDCL,, 100 MHz) : 8, 160.0 (C-2), 112.8 (C-3),
143.3 (C-4), 129.1 (C-5), 114.4 (C-6), 156.9 (C-
7), 107.2 (C-8), 154.1 (C-9), 112.1 (C-10), 78.5
(C-2"), 71.4 (C-3"), 63.3(C-4"), 256 (C-5"),
20.8 (C-6"), 168.1 (C-1"), 138.8 (C-2"), 127.3
(C-3"), 20.2 (C-4"), 15.7 (C-5"), DL ¥ 5 ¢
kA T8 A — 3 R B Y 4a B 4b 4 K E
(3'8,4'8)-3" -2 Fk-4' 2 IHBE A HE-37 4" - &M
HNEEAI(3'R,4'R)-3"-F2 3 -4 - T ik 4 56 -3,
4" - U TR o

&Y 5 AR ; ESI-MS m/z 425.119 2 [ M+
Nal*, 7r 70N C,H,O0,( BB {H N m/z 425.120 7, 1%
#-3.5x10°), 'H-NMR (CDCl,, 400 MHz) : §, 7.60
(1H, d, J=9.5 Hz, H-4), 7.36 (1H, d, J=8.6 Hz, H-
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5), 6.81 (1H, d, J=8.6 Hz, H-6), 6.61 (1H, d, J=4.8
Hz, H-4'), 6.25 (1H, d, J=9.5 Hz, H-3), 5.42 (1H,
d, J=4.8 Hz, H-3'), 3.05 (1H, q, J=5.4 Hz, H-3"),
2.15(3H, s, H-2"), 1.48 (3H, s, H-5"), 1.45 (3H,
s, 5'-CH,), 1.41 (3H, s, 6'-CH,), 1.32 (3H, d, J=
5.4 Hz, H-4"), "C-NMR (CDCL, 100 MHz) : &, 170.1
(C-1"), 169.1 (C-1"), 160.0 (C-2), 156.7 (C-7),
154.0 (C-9), 143.5 (C-4), 129.4 (C-5), 114.6 (C-6),
113.4 (C-3), 112.7 (C-10), 106.9 (C-8), 77.6 (C-
2'), 714 (C-3"), 60.9 (C-2"), 60.7 (C-3"), 59.7 (C-
4'),253(C-5"),229(C-6"), 20.8 (C-2"), 19.4 (C-
57),13.9 (C-4") . Lh % 5 SCkiaE — 20, 141k
EY 5 %XE HN(3'S,4’S)-isoepoxypteryxin.,

3 &g

AN A I B T — B LR SMCS = 1
1] - J5 24 A B 1] 23 1 - 7 W0 W A 9 SRR, B i
P T A e o3 B e A R AR S
5 22 O R MR L ) SR, A F 5 e i AT
W D 24 68 R E [ A AR O A T 9 A IR Al B i
W APs (95 200 B, e S 1b.2b h B
ST 25 K 1R R R L S BT R Bl AR A (R )
JENLR SR RS ELE A M2 B T (+)-PA
(+)-Pte 7 HLMs KR N AU AR . W50 45 SR W]
B 7K AR SE ST RS O APs 1Y 2R R
1, RN T (+)-PA 5 (+)-Pte AU 2257 . ILT5
EAUEAL T APs BOACHHLEE , o vh 25 52 2% o
Dk A 7= W B 25 A M 0 T R IR I T
2%,
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