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Chemical constituents of Ramulus Mori and their inhibitory activity
against phosphodiesterase 4
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Abstract: To investigate the chemical constituents of mulberry branches and their inhibitory activity
against phosphodiesterase 4 (PDE4) , various chromatographic techniques including normal phase
silica gel, reversed phase silica gel, and gel were comprehensively utilized for the separation and
purification of mulberry branches. The structures of the compounds were identified through spectral
data such as NMR and MS, combined with literature comparison. Using tritiated 3', 5'-cyclic adenosine
monophosphate (*H-cAMP) as the substrate, the PDE4 inhibitory activity of the compounds was
determined in vitro using liquid scintillation counting. The results showed that eight compounds were
isolated and identified from the ethyl acetate fraction of the mulberry branch ethanol extract, namely:
Morusin(1), Mornigrol E(2), Mornigrol F(3), Kuwanon C(4), Moracin M-3'-O8-D-glucopyranoside(5),
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cis-oxyreseratrol-4-O-B-D-glucopyranoside(6) , Steppogenin(7), and Dihydromorin(8). Compound 6

was isolated from mulberry plants for the first time. The isopentenyl flavonoids 1, 3, and 4 exhibited
good PDE4 inhibitory activity, with half-inhibitory concentrations (ICy,) values of(1.02+0.20), (0.50+
0.07), and(0.38+£0.06) wmol/L, respectively, indicating their potential as lead compounds for PDE4

inhibitors.
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& % (Ramulus Mori) } 5& £} (Moraceae) 5 J&
(Morus) ¥a¥1 % (Morus alba L) TR, HERE
WIFM, 2B A BB T BRI 25 (R R 25 s
B2, 2025) 78 0 [ R 7 A S LS A .
HRAE (AR ] 28 ) RN (AR FE R B2 ) ie 38, A fdo , 1
S BT AGERC RIS VER I R #
RIRIFE | U R TR PR 007 e XU FE R 1)
I7 (SRS, 2023) , RECEA 205 R A Y
G2 . REZHEAPUR PR EFRIR
g ORI 4R R G T SRR 5 SRR A e T
TERR AR i A R 2SRk GLP-1 430 R
1052 5% B 2 M (Feng et al., 2021) . 2021 4F |1 i1
“FECEYA R E A SRR R R SR 24
Yy, AR T 10 45 KL VR 25 — N6 Y7 B PRI 5
I A B T 25 381 25 (An et al., 2023; Li et al., 2023;
Sun etal., 2022; Quetal., 2023), - ZH A B4R E
TR R E R M R 1 PDE4 /E H
(Chen et al., 2012) . PDE4 J&45 — {5 {#i cAMP (14
SRR T, AT PR Hh IR T cAMP R b iR R

(AMP) (Silverberg et al., 2023) , 42 & 5E Jz i 71 A8 56
FE0% ) (Zhang et al., 2021) . ] PDE4 13,
A LTI Y cAMP 7K, T 8 Z2 R 2 R 41 R 5, 4
i3 YR 5 R F- (TNF-a) | 140 04 2 (IL-B6 . IL-B8
IL-B13,IL-B17 A/F .IL-B22 . IL-B23) AT % (IFN-y)
AR AL AP 2 40 KT (IL-10) 7K °F- (Blauvelt
et al., 2023; Schepers et al., 2023; Du et al., 2023),
itk —2L TR PDE4 KRNI , AW 580} b £
PRI v EAA PDE4 IS VY LR £ RS 7 2F—
oy e alifl 152 8 MU B W, 2 Wi Edl o3 B F
SCHRXT EL L 43990 55 52 by - AR 2 2 (1) .\ Mornigrol E
(2) \Mornigrol F(3) .FJZ [ (4) , 52 M-3"-0-4-D-
AT (5) =Sk 122 % BE-4-O-B-D- 8 A M 1T
(6), Steppogenin(7) . “ AR AR (8) (K1), Hri ik
G 6 HIXMNRIEEY h o . 1ASH PDE4 I T
PESCI 45 R R, S5 00 5L I 1.3 71 4 403 PDE4
M 2, HOIC,, fH 43 A R (1.02+0.20) | (0.50+
0.07) . (0.38+0.06) umol/L, E.F 1}y PDE4 11 1 7]
SR TR,

Bl bEW1~8 Bikiah

Fig. 1 Chemical structures of compounds 1-8
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1.1 XFE5iLH

Bruker AVANCE 400 ¢ 3% 4% ( 18 [ 17 & 52 A
A} ) ; TSQ Quantum FT 5% (& E FEBR KRB )
Bruker AM-400 %3 (% A5 & 50 /A ] ) 5200~300 H
ik e (7 5 1 VR Ak T BRA D) 5 C18 J A fiE g
(12 nm,S-50 um, YMC A FR/A #] ) ; Sephadex LH-20
e GRAAATD) o T R (R R R
TE AL 243857 A BR 2\ 7] 5 Tricarb 2910 38 A [N R %%
% ( 35 [# PerkinElmer 28 &) ) 5 % £ $2& B4 A1 iR 25
1 /i ( 22 5 Oxoid A R A A1) 5 [6 47 & b5 id 19 IK
¥ *H-cAMP ( 3¢ [# GE Healthcare 23 7] ) 53-(4,5-
w235 ) -2, 5- TR L prmk -y AL 4% (MTT)
(3 E Amresco B4 A FR 2> F] ), FHPE X BE rolipram
(3£ 15 Sigma 28w ) s HAl IR 24 0 J0 A 2
1.2 EWHF

ERTWAT REAE AR ARAF L)
PN R 2 R 2E 2 2R B 32 5 KA 4w o R B
JE AP 3 0 T ok, FEIEREA (A 72315 130401)
FERCAET N R 25 R AE rh 2 S0 =
2 ik
2.1 REESSE

P REA R (5 kg) & 35N 9=95% L IETER
M RB I 24 h, EEEH4 K, A IR HUR , &
U M 4 A5 AR B (TR 104.0 g IR B RIRLEZE
7K (250 mL) H AR UK LA A il Bk (3%200 mL) | 2R
LR (7x250 mL) FIE T EE(6x200 mL) #< B, 15 51 4
AN 36.7 g, LR LT A 42.7 g, IE T AT 11.0 g,
KA 8.2 go ¥ LR LERAHIZF (42.7 @) AT IEARAiE
AT 53 43 85, e DL A i k- R R (V/V, 10 1~
0:100) B FEVENL, F L& BE-C TR OER (V/V,1:9~
Lo D PRME, 280220 B G T AR ] a, 15 31 40 418 43
(Fr.1~Fr.40) .

Fr.12(120.0 mg) £t Sephadex LH-20 {7 % 43 &5 ,
e i, 7593 8 1843 Fr.12-1~Fr.12-8, Fr.12-1
(29.6 mg) % ODS H 2 #7 , AH BE-K (V/V, 1: 1)Uk
i A5 LA 1(6.0 mg) , A K (V/v,7:3) 3k
Jit, AL 2(4.0 mg) FEAH3(9.3 mg) .

Fr.13(207.0 mg) £ Sephadex LH-20 4355 , Hl i
Ve, 4518 43 Fr.13-1~Fr.13-6, Fr.13-1 £ REREHE £
WO, - (v, 6:94) ek 59 4
(32.6 mg).

Fr.19(3.6 g) & rE AL JZ M40 85, B B - — 40

Yk 2 (V/V,3:97,3:7, 1: 1) B, 15 218 4%
Fr.19-1~Fr.19-10. Fr.19-1(193.5 mg) #f — & hE g
I, LR OB A (Vv 3: )PS5 A4
143, Hovb Fr.19-1-1(130.6 mg) 4t Sephadex LH-20
Oy ES B ASE A 7(16.0 mg) . Fr.19-3 184>
(62.9 mg) £: Sephadex LH-20 4355 , FI vk i 15 3 4~
18y, Fr.19-3-1(27.1 mg) 2ok AT 6335 43 15, FH st -
TN BV 1387 VIR A 8(25.6 mg) .

Fr.20(4.0 g) 8 IEAHRERC AT (i3 53 125, DL - —
S BEV/V,1:9)PEME, 158018 53 (Fr.20-1~Fr.20-8) .
Fr.20-1 £ AT (35 70 i, - — & e (vrv,
1:9) Bk MG , 1548 43 Fr.20-1-1~Fr.20-1-6, Fr.20-1-1
(173.7 mg) % Sephadex LH-20 14, FH L , 15405
¥15(6.2 mg) . Fr.20-2 ZRERCHE (%405, - —
AW BE(V/V,2:23) Pk, 1518 43 Fr.20-2-1~Fr.20-2-8,,
Fr.20-2-1(328.1 mg) %t Sephadex LH-20 £ , F 5 v
i, A 6(12.3 mg) .
2.2 {K5MIEI PDE4 BYE MK

Mk Jr ¥ 2 2% 2 A B9 SCHR B (Tan et al.,
2017; AB4WEAE, 20225 PRIBATEE,2025; 1 B,
2025), {65 2, VI H-cAMP N4 %& PDE4 i1k,
SR R TG M AN 43 B A5 W%t PDE4 IR
SR FE % i (25 °C) F 7E &% A 50 mmol/L Tris-HCI
(pH 7.5) .10 mmol/L MgCl, 0.5 mmol/L(DTT) ik
HWh %415 mine 85 0.2 mol/L ZnSO, 2 1k
SR, AV *H-cAMP #% 0.2 mol/L Ba(OH),LHE
ok IR RO, RIS WROH TR I BRI
B AR R A E 3R, 2l R
FH T IC, fH o WA 2= (rolipram ) A7 FH P4 X HE
259,
2.3 &YW 5PDE4 WIS FRTE

X Auto-Dock %A Lamarckian 3232 % #1461
TG PR U B 5 I M B 1,3 F 4 5 PDE4 L8R
(PDB code: loxq) #4743+ X%, If-iz 1l PyMOL i
IR AT AL, s 25 oy S R A &
R

3 ZERMNE

3.1 EVRSHENT

b &% 1: 3%k ¥ @ [# {& , HR-ESI-MS m/z
419.150 7 [M-H] (31514 419.149 5) , C,;H,;0, -
'H-NMR (400 MHz, Methanol-d,) d,: 7.09(1H,d, J=
8.2 Hz, H-6") , 6.60 (1H, d, J=10.0 Hz, H-9) , 6.42
(1H,dd,J=8.2,2.0 Hz,H-5"),6.41(1H,d,J=2.0 Hz,
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H-3"),6.15(1H,s,H-6),5.59(1H,d, J=10.0 Hz,
H-10),5.09(1H,t,J=6.9 Hz,H-15),3.10(2H,d,
J=6.9 Hz,H-14) , 1.58 (3H, s, H-17) ,1.43(6H, s,
H-12,13),1.40(3H,s,H-18), "“C-NMR(100 MHz,
Methanol-d,) J.: 182.5 (C-4) , 161.2(C-2) , 160.2
(C-5),159.5(C-4"),159.4(C-7),155.3(C-2"),152.2
(C-8a),133.3(C-16),131.7(C-6),127.2(C-10),121.4
(C-15),120.8(C-3),114.8(C-9),112.2(C-1"),108.4
(C-5"),104.8(C-8),103.7(C-3"),101.2(C-4a) ,99.8
(C-6),783(C-11),282(C-12),282(C-13),25.7
(C-14),24.3(C-18),17.5(C-17) . L E%HEE Guo
et al.(2019) i 1Y AR B2 R G BUE S A — 2L,
HCRZA S 1 %08 R FAR 2 (Morusin) o

fb& W 2 8 {6 [E K , HR-ESI-MS m/z 437.160 8
[M-H] (31514 4 437.160 0) , C,sH,.0,. 'H-NMR
(400 MHz, Acetone-d,) 6,:7.25(1H, d, J=8.9 Hz,
H-6'),6.53(1H,d,J=2.1 Hz,H-3"),6.46(1H,dd,
J=8.9,2.4 Hz,H-5"),6.32(1H,s,H-6),5.22(1H, m,
H-10),4.87(1H,s,H-17a),4.65(1H,s,H-17b) ,4.39
(1H,dd,J=6.6,4.6 Hz,H-15),3.08(2H,d,J/=6.8 Hz,
H-9) ,2.73 (1H, dd, J=4.5, 13.8 Hz, H-14b) , 2.59
(1H,dd,J=6.7,13.8 Hz,H-14a),1.57(3H,s,H-18) ,
1.57 (3H, s, H-13) , 1.57 (3H, s, H-12) . “C-NMR
(100 MHz, Acetone-d,) o.: 183.52 (C-4) , 163.04
(C-2),162.90(C-7),161.56 (C-4") , 160.75 (C-5) ,
157.92(C-2"),156.69(C-8a) , 149.23(C-16) , 132.55
(C-6"),130.93(C-11),123.96(C-10),118.61(C-3),
113.37(C-1"), 110.02(C-17) , 107.63 (C-5") , 107.06
(C-8),104.34(C-4a) , 103.78 (C-3") , 99.98 (C-6) ,
74.39(C-15),33.44(C-14),25.90(C-13),22.30(C-9),
18.01(C-12),17.83(C-18) . VA L %#i& 5 Wang et al.
(2009) 423 1Y) Mornigrol E (/)4 i B8 Fe A — 2, ik
Pz A A %22 Mornigrol E.

&) 3. 80 [E A, HR-ESI-MS m/z 437. 160 3
[M-H] (% {4 437.160 0) , C,;H,;0,. 'H-NMR
(400 MHz, Acetone-d;) J,:13.13(1H,s,5-OH),7.21
(1H,d, J=8.4 Hz, H-6') , 6.58 (1H, d, J=2.2 Hz,
H-3"),6.48(1H,dd,J=8.4,2.2 Hz,H-5"),6.24(1H,s,
H-6),5.16(1H, m,H-15) ,491(1H,s,H-12a) , 4.67
(1H,s,H-12b),4.32(1H,dd, J=7.9, 3.1 Hz, H-10) ,
3.13(2H, d, J=6.8 Hz, H-14) , 3.03 (1H, dd, J=3 .4,
14.2 Hz,H-9b),2.88(1H,dd,J=8.1,14.1 Hz,H-9a) ,
1.69(3H,s,H-13),1.57(3H,s,H-18), 1.44(3H, s,
H-17) ., “C-NMR (100 MHz, Acetone-d,) J.: 183.09

(C-4),166.76 (C-2) , 161.82(C-7) , 161.64 (C-4") ,
161.23(C-5), 157.62(C-2") , 156.91 (C-8a) , 148.94
(C-11),132.40(C-6"),131.86(C-16),123.27(C-15),
120.63 (C-3) , 113.12(C-1") , 109.96 (C-12) , 107.99
(C-5),105.14(C-4a),104.17(C-8) , 104.08 (C-3"),
100.23 (C-6) , 76.81 (C-10) , 30.17 (C-9) , 25.91
(C-18),24.79(C-14) , 18.63(C-13) , 17.79(C-17) .,
DA %0 55 Wang et al.(2009) 4 3 A Mornigrol F A
Wwh B AR — 2, ok fe Gk e
Mornigrol F,

& & Y 4. & & @ [ K, HR-ESI-MS m/z
423.179 2 [M+H] " (i1 % {H 423.180 8) , C,sH,,040
'H-NMR (400 MHz , Methanol-d,) d,:7.07 (1H,d,
J=8.3 Hz,H-6"),6.43(1H,d,J= 2.2 Hz,H-3") , 6.40
(1H,dd,J=8.4,2.2 Hz,H-5"),6.24(1H,s,H-6),5.15
(14, t,J=7.3 Hz, H-10) ,5.10 (1H, t, J=7.0 Hz,
H-15),3.32(2H,d,J=7.3 Hz,H-9),3.09(2H,d, J=
7.3 Hz,H-14),1.59(3H,s,H-12),1.58(3H,s,H-13),
1.54 (3H, s, H-17) , 1.38 (3H, s, H-18) . “C-NMR
(100 MHz, Methanol-d,) J.: 184.02 (C-4) , 163.58
(C-7),162.85(C-2),161.74 (C-4") , 160.55 (C-5) ,
157.81(C-2"),157.07(C-8a) , 132.66 (C-6") , 132.41
(C-11),132.07(C-16),123.39(C-10),122.90(C-15),
121.34(C-3) , 113.57 (C-1") , 107.92 (C-5") , 107.58
(C-8),105.30(C-4a) , 103.81 (C-3"), 99.07 (C-6) ,
2591 (C-13) , 25.84 (C-18) , 24.77 (C-19) , 22.31
(C-14) ,17.74(C-17) ,17.62(C-12) . VA %Il 5
Guo et al.(2019) 18 A4 5% B2 TR C A2 RE B AR —
B, WORHZ AL Y 4 S & R C (Kuwanon C) .

AW 5. ¥ @ [F K9, ESI-MS m/z 449.107 6
[ M+HCOO | ~ ( i 5 fH 449.108 4) , C,H,,0,, .
'H-NMR (400 MHz , Methanol-d,) J,:7.37(1H, d,
J=8.4 Hz,H-4),7.09(1H,brs,H-6"),7.00(1H,d,
J=0.8 Hz,H-3),6.96(1H,br s,H-2"),6.93(1H,br d,
H-7),6.76(1H,dd,J=8.4,2.1 Hz,H-5),6.56(1H,t,
J=2.5Hz,H-4') ,4.84(1H,d,J=7.3 Hz,H-1") ,3.84
(1H, dd, J=12.1, 2.1 Hz, H-6"a) , 3.64 (1H, dd, J=
12.1,5.7 Hz,H-6"b) ,3.57(1H, m, H-5") , 3.50 (1H,
m,H-3"),3.47(1H, m,H-2") ,3.43(1H, m,H-4") ,
BC-NMR (100 MHz, Methanol-d,) d.: 160.57 (C-3") ,
160.30(C-5") , 157.32(C-6) , 157.15(C-7a) , 155.69
(C-2),133.83(C-1"),122.89(C-4) , 122.06 (C-3a) ,
113.44 (C-5) , 106.65 (C-6") , 105.06 (C-2') , 105.06
(C-4"),102.68(C-3) ,102.42(C-1") , 98.55(C-7) ,
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78.22(C-5"),78.01(C-3"),74.93(C-2"),71.42(C-4"),
62.53(C-6") . LI %i#% 5 Basnet et al.(1993) fiz i
) 552 R M-3"-0-B-D- i % Ml 1 i A% G B0t He A —
3, 808 AL G Wl R 5F R M-3-0-B-D-Hi 4 Wl
(Moracin M-3"-0O-f-D-glucopyranoside ) .

b & 6: ¥ o [ & (H i) , HRESI-MS m/z
405.118 5 [M-H] (1% 18 405.118 6) , C,H,,0,0
'H-NMR (400 MHz, Pyridine-d,) J,:7.71 (1H, d,
J=8.6 Hz,H-6) ,7.19 (1H, d, J=2.4 Hz, H-3) , 7.11
(1H,d,J=12.2 Hz,H-a) ,7.07(2H, d, J=2.0 Hz,
H-2',6'),6.97(1H,t,J=2.1 Hz,H-4') ,6.70(1H, d,
J=12.2 Hz,H-p) ,6.71 (1H, dd J=8.6,2.5 Hz,H-5) ,
5.56(1H,d,J=7.5 Hz, H-1") , 439 (2H, m, H-6") ,
433(1H,m,H-3"),4.27(1H,m,H-4"),4.00(1H,m,
H-5"), "“C-NMR (100 MHz, Pyridine-d;) J.: 160.67
(C-3"),160.67(C-5") , 159.43 (C-4) , 158.38 (C-2) ,
140.82 (C-1') , 131.73 (C-6) , 129.29 (C-B) , 126.60
(C-a), 119.47(C-1),108.36 (C-2') , 108.36 (C-6') ,
107.90 (C-5) , 103.49 (C-3) , 102.00 (C-1") , 79.02
(C-5"),78.69(C-3"),75.15(C-2") ,71.42(C-4") ,
62.54 (C-6") . VL b ¥4t 5 Hakim et al. (2004)
iz 38 09 0T =X 4R Ak S B -4-0- B-D- i 4G BE
(cis-oxyreseratrol-4-O- f-D-glucopyranoside ) [ ¥ f;
G H A — B, 0 Ak G R AR Al 1 2
[ -4-0- B -D- 7 % M 17 (cis-oxyreseratrol-4-O- 8 -D-
glucopyranoside) .

b4 W) 7. #4408 K , HR-EI-MS m/z 288.064 2
[M-H] (3% {4 288.055 6) , C,;H,,0,. 'H-NMR
(400 MHz, Acetone-d;) J,:12.21(1H,s,5-OH),9.67
(s,1H,7-OH),8.69(s,1H,2-OH) ,8.44 (s, 1H,
4'OH),7.31(1H,d,J=8.4 Hz,H-6') ,6.47(1H,d,
J=2.3 Hz,H-3"),6.43(1H,dd,J=8.4,2.3 Hz,H-5'),
597(1H,d,J=2.1 Hz,H-8),5.95(1H,d,J=2.2 Hz,
H-6),5.70(1H,dd,J=2.9, 13.1 Hz,H-2),3.18(1H,
dd,J=17.1, 13.1 Hz, H-3a) ,2.71 (1H, dd, J =17.1,
3.0 Hz,H-3b), "C-NMR (100 MHz, Acetone-d,) J:
197.78(C-4),167.31(C-7),165.35(C-5),164.86(C-8a),
159.61 (C-2") , 156.39 (C-4") , 129.01 (C-6") , 117.45
(C-1"),107.92(C-5"),103.56(C-3"),103.46(C-4a) ,
96.75(C-6),95.83(C-8),75.40(C-2),42.64(C-3) .
LA ¥ 5 5 Jeong et al. (2009) 4% i 11 Steppogenin
MG B e AR — B, Mzt e EE R
Steppogenin,

1k & W 8: K {0 %F IR 45 &, HR-ESI-MS m/z

303.051 6 [M-H] (it %18 303.050 5) , C;H,,0, -
la] ?=+63.5(c 0.1, MeOH) . 'H-NMR (400 MHz,
Acetone-d,) J,:11.73(1H,s,5-OH),7.32(1H,d,
J=83 Hz,H-6'),6.47(1H,d,J=2.3 Hz,H-3"),6.43
(1H,d,J=2.3 Hz,H-5') ,598(1H, d, J=2.1 Hz,
H-8),593(1H,d,J=2.1 Hz,H-6),549(1H,d,
J=11.5 Hz, H-2) , 487 (1H, d, J=11.5 Hz, H-3) .
BC-NMR (100 MHz, Acetone-d,) J.: 198.68 (C-4) ,
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