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A new steroid from Physalis angulata and its anti-inflammatory activity
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Abstract: Objective To investigate the chemical constituents from the whole plant of Physalis angulata and their anti-inflammatory
activities. Methods Various chromatographic techniques were employed for the isolation and purification of compounds, and their
structures were elucidated by spectroscopic methods including NMR, MS, and UV. The cytotoxicity against mouse macrophage
RAW264.7 cells was evaluated using the SRB assay, while the in vitro anti-inflammatory activity was determined via the Griess assay.
Results Five compounds were isolated from the methanol extract of the whole plant of P. angulata and identified as 6-
5B,6B:140,17:14p,26-triepoxy-13a,15p-dihydroxy-1-keto-11,15-cyclo-13,14-secoergostan-2-en-18,26-olide (1), physalin B (2),
physalin F (3), physalin XI (4), and aspergillus triazolate A (5). Compounds 2—S5 exhibited inhibitory effects on NO production in
RAW264.7 cells, with ICso values ranging from (1.97 + 0.12) to (6.73 £ 0.71) pmol/L. Conclusion Compound 1 is a new compound,
named 5,6-epoxyphysalin IX. Compounds 4 and 5 showed significant anti-inflammatory activities.
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BUE 150 RPMb g, Hrb, AR &2
ME B A R R R 2 HigtE R AR E N —
KHsr, FEOFERKERE. BRI =R
MBS . AR R, RIE =R,
NEEE . R LR R B S i B
IEPERCT, BAPLR . Pubie . el i, Him.
JUEEAL . PUE KR LR S5 2 A DiE PE-14,
1% Physalis angulata LAF N R0 2y,

B NY), BAFHRERE. PIREM . Ak ibze
DI, H T RE R PRI Pk %
MEANBYE L IMEAK S g i w5 AE S SR, H
DG T3 B 1 24 R0 o A AN 24 BEATE R AL ) A
FATARHRN . CA RS SR 73 5
133 2 M a5 R BB B R AR 2, Fed DL Y

OMe

FERAL AW BT DT AT 57 DA B A )
W2 CERZEBGRAL 7> A5 3] 5 MUEY, g
N 6-5B,6B:140,17:14p,26- =31 %8-130,15p- - FEJE-1-
B -11,15-38-13,14-JF 34 22 #f1 8§ b2 -2- 4 -18,26- A T
( 6-5B,6B:14a,17:14pB,26-triepoxy-130,15p-dihydroxy-1-
keto-11,15-cyclo-13,14-secoergostan-2-en-18,26-olide ,
1R3¢5 & B(physalin B, 2). R 3K 75 & F(physalin
F, 3). ERHK %% XI (physalin X1, 4). JH 5 —wk
fis A Caspergillus triazolate A, 5), &5t WK 1. 1b
G I E, N 5.6- AR R IX, K
EW 1 R R X ZRATH TS LA
X EAR RIS YDA T G 2 88 (lipopolysaccharide,
LPS) 55K RAW264.7 4 NO #ili% M ik,
SRETMEEY) 4. 5 BA BENBURIEE.

1 &Y 1~5 MkEEl

Fig.1 Chemical structures of compounds 1—5

1 {EEHH

BS124S 8 Jj 4y 2 — 1R (f8[EH Sartorius 2
F]); EYELAN-1300 BUJief% 25 KA CA-1111 BUIK
T2 JEFA AL (R 52 B ATBR 2 7] ) DRX-400
BRI IERAX (3EE Agilent A7]); Agilent 1260
Infinity /& RO AH i (L E Agilent A ] ); Agilent
ZORBAX SB-Cis i i £+ (250 mm X 10.0 mm, 5 um,
EH Agilent AF]D; BEE LW AE. S H b
HlE, BT EE (ordfrall, LRGSR RA
A IR . O (fikal, B2 ER
AR 2 7)): MCI-gel #HE (CHP20P 75~ 150 pm,

=MD R IARL (Sephadex LH-20, GE
Healthcare); ODS AHEER: (20~45um, HAE +
AR AT HEEEaER IR (60~100.

100~300. 300~400 H, & HiFFLTARARD;
R OTEREIRIR (GFaser T S TAHBRAFD:;
N BRI R RAW264.7 (JbghBIBcAEHAE
FRAT]D; HEZ M (lipopolysaccharide, LPS, L2630-
10 mg, 8 [EER 70 A 7D ; T & y(Interferon-gamma,
INF-y, Jb50 SGHA N BHEA PR A 7D S-FJE R IR
MBS AL (M108041-25 g, _igBTH T AL B R
YNEIDE
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TREAMRT 2021 4E 9 H 20 HRETT RAEH
e TTEM T PP R KR ILA, @5iNhERZgR
SRh AT AT RSSOV ER P oangulata L., FEGAR
A (202109200 {RAFLE 25 e B K 7 BRI 24 B2 U5
e E R RZE-BE W E AR =
2 Bk
21 REHESE

¥ 9.8 kg THRMIETHE S ARKTE, 80 C FH 95%
PRI 3 I (RS2 4 h), &K 100 L.
IR R G IR BOAS 1.2kg IRE, BIREHARE
DRSS, AR BEER B8 L OE
TR EHATRERG A BIARE 3 IR, KERIR LR
B (117 g) Sk til, RIOCRH A EE-BERR £
fig (100: 1. 50:1.25:1.10:1.5:1. 1:1)
M A RE-FEE (100 1. 50 1) HEATRE VN,
133 8 NS Fr. 1~8.

Fr.6 #43 (70 ) 4 MCI K43 55, HEE-/K (5 :
50703090 D) BREEGEN, 5315 NS (Fr. 6A~
6E). 204y Fr. 6B (20 g) £ IEMREACHERR L Bl ( —
AP RE-FEE 500 1—1: D 553 5 M4 (Fr
6B1~6B5). 47 Fr.6B1 (12g) 4 ODS A A
FEVEDL (HEE-/K 12 9—~1:0) 135 4 NT4H% (Fr.
6BIA~6BID), it Fr.6BIA (211.7mg) HKIFK
F Sephadex LH-20 #t /i fd 8t ( S F Je- e 1 -
D m RGeS il (REE-K 7 238 12, fA
JtEE 1 mL/min) Al 2582 GG & (& kE-H
B 10 01 BR=SHRE-AEE 10 0 120 1 74l
1, FEAE 2 (30mg) A5 (8 mg).

¥ Fr.6C (38 g) & IEMRERAFBEEVEM (=&
FGE-HEE 50 @ 1—1 1 1), 153 5 M4 (Fr. 6C1~
6C5). 204y Fr. 6C1 (16.7g) 4 ODS HERH:FR TS
i CHHEE-K 1:9—1:0), 53] 8 NF4H4 (Fr.
6C1A~6CIH), HA Fr. 6CIA (311 mg) KIKLA
Sephadex LH-20 &t A8 ( & HbE-FBE 1 0 1),
R ORH ) 26 B CFRE-/K 7 ¢ 3—8 1 2, R FR R
1 mL/min) A 2% 78 2 1oy 5 (& bi-F i
10 0 D 4ith, B284EY 1 (36 mg, & HAREE
7335 0.8g) Ml 3 (12mg). Fr. 6C4 (2.8 g) %4 ODS
FERCAE, DLHEE-ZK (1:9—1:0) BRELm, 75
3| 4 NS (Fr. 6C4AA~6C4D), Hrf Fr. 6C4B
(163.2 mg) & @A il & (HEE-K 7+ 3—~
8 12, KR E 1 mL/min) 73 B4itk, BRMLEY
4 (2mg).

2.2 YHREEM

KR 2 M B (sulforhodamine B, SRB)
EUSET AL S A EE 1 . o RAW264.7 A%
FRFE 10%[64- M3E ) DMEM # (37 C. 5%
CO2). HUN A KA 96 FLIR, W H4A
FSEURA, B53% 24 h 5, 2 AN TR
(DMSO), SEERZHMABEEERE (1. 104 50, 100-
200 pmol/L) ZlAb &), HH 3 AL, MBI
24h. O 50% TCA [E&E 1h, ¥, Btk BT
BN 0.1% SRB e, Jeb. B+ I 10 mmol/L
Tris V%, T 515 nm MEWBOLE (4 {H, THEH
Jf AR A 2

S A KA 2 = (41— A2)/Aa
A NTEAHE A A2 NI 418
23 RS

¥ Raw264.7 HAEFIT 24 FLAR, 2 lde =5
4 BRI RISIG A . 25 (A4 Rndmf (SRR
HNTHR, AN SRR S T ) AAYZH o 1
ug/mL ff] LPS Al 20 ng/mL [ IFN=y, ANINZi; 46
AMIIAAFRE (1. 102 50 100+ 200 pmol/L)
[FE M TIALER 2 h, FHKIIIA LPS. IFN-y4k&i855%
24h, "AFERIRE 2 MRS REECEER
 Griess X7, 7F 540 nm B TR 4 8, It
SREAO NO P A RIIER,  S-F2E AR IR 51
YENBRPEZIL,

NO il 2 = (4r—41)/42
ARSI A fH; Ax AR A {8
3 #R
3.1 HHMEE

EY 1. LEERG S (FED. [a]y —84.24
(c0.165, —5FFLE), UV AN (nm): 222 (3.55);
IR vy (cm™'): 3427,2 946, 1715, 1 646, 1383, 1 253,
1016; HR-ESI-MS m/z [M+H]"527.191 6 Cit%14
CasH31010, m/z 527.191 2), 454 'H-NMR Fl 13C-
NMR #ds (& 1), #iEH 1508 CsH30010, A
PRI E N 14 IR ERFEMIAE: 3427 cm™ GRFE),
1715ecm™ (BRIE) A 1646 cm™ UFdE),

L& 1 ) TH-NMR (400 MHz, DMSO-ds) %
BONAEAE 3 ANHHAE S ou 1.57 (B3H, s, 21-CH3), 1.30
(3H, s, 28-CH3), 1.10 (3H, s, 19-CH3); 4 MiE% bk F
()5 F-15 5 ou 4.66 (1H, dd, J = 11.9, 1.7 Hz, H-270),
4.37 (1H, dd, J = 3.6, 2.2 Hz, H-22), 4.02 (1H, dd, J =
12.0, 4.1 Hz, H-27B), 3.18 (1H, d, J = 4.4 Hz, H-6); 2
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£ 1 1£&4 1K '"H-NMR (400 MHz, DMSO-ds) 5 3C-
NMR (100 MHz, DMSO-ds) #(3E
Table 1 '"H-NMR (400 MHz, DMSO-ds) and *C-NMR (100
MHz, DMSO-d¢) data of compound 1

{Z304 OH oc
1 201.5
2 6.03 (1H, dd, J =10.1, 3.0 Hz) 129.3
3 6.99 (1H, ddd, J=9.7, 6.9, 2.2 Hz) 1455
4 2.75(1H, dt, J =17.7, 2.7 Hz) 31.2

1.87 (1H, d, J = 17.7, 3.3 Hz)
5 62.7
6 3.18 (1H, d, J = 4.4 Hz) 63.7
7 1.70 (1H, m), 1.94 (1H, m) 255
8 1.98 (1H, m) 38.8
9 1.97 (1H, m) 45.4
10 47.9
11 2.32 (1H, m) 455
12 1.86 (1H, m), 2.78 (1H, m) 31.2
13 75.4
14 111.9
15 85.7
16 1.81 (1H, s) 49.4
17 82.0
18 173.7
19 1.10 (3H, s) 12.1
20 82.0
21 1.56 (3H, s) 20.3
22 4.37 (1H, dd, J = 3.6, 2.2 Hz) 75.5
23 1.85 (1H, m), 1.75 (1H, m) 34.6
24 311
25 2.68 (1H, dd, J=4.3,1.6 Hz) 50.0
26 168.6
27 4.02 (1H, dd, J = 12.0, 4.1 Hz) 60.0
4.65 (1H, dd, J = 12.0, 1.7 Hz)

28 1.30 (3H, s) 28.2
OH-13  6.24 (1H,s)

OH-15  5.73 (1H, s)

AMEEAS 5 61 6.99 (1H, ddd, J = 9.7, 6.9, 2.2 Hz, H-
3), 6.03 (1H, dd, J = 10.1, 3.0 Hz, H-2); 2 MN&EIENR
TAE5 6 6.24 (1H, s, 13-OH) K 5.73 (1H, s, 15-
OH). '3C-NMR (100 MHz, CD;0D) 454 DEPTI135
A HSQC 1 B Bon & 1 F 28 Mik(ES,

G 3 AN 4 DHIE [1 MER S 60.0 (C-
27 1N [2 MESE 6 75.5 (C-22), 63.7 (C-
6)]- 11 N [5 MEH 6 111.9 (C-14), 82.0 (C-17),
82.0 (C-20), 75.4 (C-13), 62.7 (C-5)] F1 3 ¥Rt

[6c201.5 (C-1), 173.7 (C-18), 168.8 (C-26)]. ZE&4)
MR8, WA 1 AN EERTAEY) . H 1D NMR
45 5 physalin R 15 BEAHARY,  ZE50 4 Tk /b 2 A4
WWEMES, AR X HIFEKES -
HMBC #H3fE5 (Me-19 5 C-1. C-10. C-5. C-6;
H-4 5 C-5. C-6; H-6 5 C-5), #5& 'H-'HCOSY i
v H-2/H-3. H-6/H,-7/H-8/H-9/H,-10/H,-11 {554
XK, ESET R C-5 5 C-6 B T HEIR (K 2).

AP 1 IR L@ T ROESY #9615 5
E (B 3). Me-19/H-4. Me-19/H-8. Me-19/H-11.
H-8/H-25. H-27p/Me-28 2 [A] {15 5 2R X L i 1
AAMER A, € H-4. H-8. H-25. Me-
19 } Me-28 ¥4 B #BL . iZAHAHA L2 B X 5
AT Ak — B ERAE (CCDC: 2578614). HIT
Flack Z%§ [0.25(7)] AAIEE, A TAEE RIENS
YD1 BRI 55 b, (LB 1 B %552 N 6-5B,6B:
140,17:14B,26- =A% -130,15B- - F£ FE-1-H{-11,15-
R-13,14-FF IR 32 A1 £ Je-2-05-18,26- N i, w4 A
5,6-MAIRIK & 1Xo

'H-'H COSY == HMBC —*

2 &A1 %% 'H-"H COSY. HMBC 1%
Fig. 2 Key 'H-'H COSY and HMBC correlations of

compound 1

B3 154148 ROESY X§ES
Fig.3 ROESY key signals of compound 1

BmBHE W : M=580.57, a=11.5473(9) A
(1A=0.1nm), »h=14.2323(12) A, c=16.3086(14)
A, a=90°, p=96.742(3)°, y=90°, V=2661.7(4)
A3, T=150 2)K, =EEEEPI211, Z=4, p(CuKo)=
0.976 mm™'. JLUCEE 31625 MATH A5, Hrp Sz AT
559355 4 (Rie=0.0639). £ RN 0.056 8
[1>26 (I)], WRx{E ] 0.1510 [I>20 (I)]. F:T 46
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W Ry = 0.057 4, wR=0.152 1. X} F2 L&
RN 1.039. Flack Z2%1=0.25 (7). tb& 1 1 X-
SR B R AT A T 5 LI 4

4 HEMIHERE
Fig. 4 Single crystal diagram of compound 1

WEW) 2: FEEPREE (FED, ESI-MS m/z:
533.3 [M+Na]', 'H-NMR (400 MHz, CDCL3) & 6.79
(1H, ddd, J=10.1, 4.7, 2.7 Hz, H-3), 6.30 (1H, s, OH-
13), 5.85 (1H, dd, J = 10.0, 2.4 Hz, H-2), 5.62 (1H, d,
J=5.8 Hz, H-6),4.57 (1H, m, H-22), 4.25 (1H, dd, J =
13.3, 4.3 Hz, H-270), 3.61 (1H, d, J = 13.2 Hz, H-
278),3.17 (2H, d, J=6.0 Hz, H-4), 2.88 (1H, d, /=44
Hz, H-25), 2.87 (1H, s, H-16), 2.16 (1H, m, H-12a),
1.79 (3H, s, H-21), 1.16 (3H, s, CH3-28), 1.09 (3H, s,
CHs-19); '*C-NMR (100 MHz, CDCls) & 208.1 (C-
5), 205.7 (C-1), 172.3 (C-18), 166.7 (C-26), 146.1 (C-
5), 133.9 (C-3), 127.3 (C-2), 124.5 (C-6), 107.5 (C-14),
81.0 (C-20), 80.2 (C-17),79.6 (C-13),76.7 (C-22), 60.6
(C-27), 56.4 (C-16), 52.7 (C-10), 50.9 (C-25), 39.9 (C-
8), 33.2 (C-9), 33.0 (C-24), 32.6 (C-23), 31.1 (C-4),
26.5 (C-7),25.8 (C-12),24.8 (C-11), 24.2 (C-19),21.4
(C-28), 17.8 (C-21). LA_LJ 40 5 ORI A
—HEY, MHENEY) 2 NI R B,

WEW 3: HEATERFIA, ESI-MS m/z549.2
[M+Na]*. 'H-NMR (400 MHz, CDCls) &: 6.87 (1H,
ddd,/=10.2,5.3,2.8 Hz, H-3), 6.01 (1H, ddd, /=10.1,
3.2,1.2Hz,H-2),5.74 (1H, s, OH-13), 4.55 (1H, m, H-
22),4.51 (1H, dd, J=13.5, 5.8 Hz, H-27a), 3.75 (1H,
dd, J=13.5, 1.4 Hz, H-27B), 3.27 (1H, d, J= 3.2 Hz,
H-6), 3.00 (1H, dt, J = 28.8, 3.0 Hz, H-4pB), 2.91 (1H,
s, H-16), 2.64 (1H, d, J = 3.6 Hz, H-25), 2.59 (1H, m,
H-8), 2.44 (1H, d, J= 4.2 Hz, H-23p), 2.16 (1H, m, H-
23a), 1.98 (1H, m, H-4a), 1.96 (3H, s, CH3-19), 1.82
(1H, dd, J = 14.4, 15.9 Hz, H-12pB), 1.32 (3H, s, CHs-
28), 1.26 (3H, s, CH3-21), 1.21 (1H, m, H-11B); !3C-

NMR (100 MHz, CDCl3) &: 207.5 (C-15), 205.9 (C-1),
172.1 (C-18), 166.6 (C-26), 146.3 (C-3), 107.0 (C-14),
80.9 (C-20), 80.0 (C-17), 79.4 (C-13), 76.9 (C-5), 64.8
(C-22), 61.7 (C-6), 60.6 (C-27), 56.2 (C-16), 50.8 (C-
10), 50.0 (C-25), 37.4 (C-8), 34.2 (C-24), 33.3 (C-3),
32.9 (C-23), 31.0 (C-9), 26.5 (C-12), 25.6 (C-7), 24.8
(C-11),23.5 (C-28),21.4 (C-21), 15.5 (C-19). LI _EJK
W 5 ORI TE A — 022, whEL &) 3 AR
itz Fo

EY) 4. AEAERNK, ESI-MS m/z583.3
[M+Na]*, 'H-NMR (400 MHz, MeOD) & 6.89 (1H,
ddd, J=10.1,4.9, 2.6 Hz, H-3), 5.86 (1H, ddd, J = 10.0,
3.2, 1.3 Hz, H-7), 5.67 (1H, dt, J = 6.2, 2.2 Hz, H-2),
4.61 (1H, m, H-22), 4.24 (1H, t, J= 13.4 Hz, H-6), 4.07
(1H, dd, J = 13.2, 2.7 Hz, H-27), 3.01 (1H, s, H-16),
2.95~2.92 (1H, m, H-25), 2.48 (1H, m, H-11), 2.14
(1H, m, H-9), 1.72 (3H, s, H-21), 1.34 (1H, s, H-28),
1.01 (3H, s, H-19); 3C-NMR (100 MHz, MeOD) &
209.9 (C-15), 204.3 (C-1), 176.5 (C-26), 174.0 (C-27),
147.9 (C-3), 136.1 (C-26), 128.0 (C-6), 124.3 (C-2),
106.0 (C-14), 92.7 (C-13), 92.0 (C-20), 79.9 (C-17),
72.4 (C-22), 52.8 (C-10), 50.9 (C-16), 44.3 (C-20), 34.2
(C-24), 32.6 (C-4), 31.6 (C-12), 29.8 (C-23), 28.3 (C-
11), 23.4 (C-21), 19.4 (C-18), 18.1 (C-19). LA I ikt
ol 5 SCHRIRIE A — ), #E A 4 NIRIK
1E XL,

WA 5: IR AR, ESI-MS m/z240.1
[M+H]", 'H-NMR (400 MHz, CDCl;) & 8.03 (1H, s,
H-5), 7.19 (1H, s, H-2), 3.42 (2H, m, H-1"), 1.66 (1H,
d,J=6.4Hz H-1),1.41 (1H,d,J= 1.8 Hz, H-2"), 1.40-
1.37 (2H, m, H-2"), 1.36-1.30 (2H, m, H-5"), 1.18 (4H,
s, H-3'), 0.90 (2H, s, H-4"), 0.88 (3H, s, H-3"), 0.84
(3H, s, H-6'); '*C-NMR (100 MHz, CDCl;) & 165.8
(C-6), 134.1 (C-4), 129.4 (C-5), 67.6 (C-1"), 38.8 (C-
2'), 30.4 (C-3"), 29.6 (C-1"), 28.9 (C-4"), 23.9 (C-5"),
22.8 (C-2"), 13.9 (C-6"), 11.0 (C-3"). LA kit ¥
ECERIRIE A — Y, HEi A& 5 i E=
T A
3.2 MRS AImATEN

XHGED 1~5 HATIRIMUR TG Rk . 4R
BN, BRAGED 1 4h, R &35 Re A 2] LPS
AT IFN-y % 5 ) RAW264.7 41t/ NO fIZE . 7E
AR 9258 26 A RP AL T IRk & 4 1 40 o 25
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PE o ARIE - EA P AR R E (half-maximal cytotoxic
concentration, CCso) FIEE NI B (half-maximal
inhibitory concentration, 1Cso) 15 H &AL A %
PEFREL Cselectivity index, SI=CCso/ICso)o 45 5H 10
w (K2, BEEY 15, HRWEH ST

KT 1, REFIX AL G A RIREFE P2 B8R
7£ 10.00~200.00 pmol/L MPIXIKEVEHE N, L&

4 F1 51 S5 23.62 F1>29.72, BonHPLRIE
P K BTG ) 20 L 25 12

R2 WEY2~S MATEMEMKNGER
Table 2 Anti-inflammatory activity test results of

compounds 2—5

th&¥  1Cso (umol-L™!)  CCsof (umol-L™) Sl
1 >200 >200
2 2.884+0.12 23.77+2.10 8.25
3 1.97+0.12 3.7640.18 1.91
4 2214027 52.2148.32 23.62
5 6.731+0.71 >200 >29.72
S-FZ R 13.68+0.42 >200 >14.62
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H. A S I 1Cso fE N (6.734+0.71) pumol/L,
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