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Abstract: Sanhuang decoction, a traditional Chinese medicine prescription, was firstly described in
Golden Chamber by Zhang Zhongjing in the Han Dynasty, and has been used clinically for thousands
of years to treat diabetes and obesity. However, the specific bioactive compounds being responsible
for the hypoglycemic and hypolipidemic effects of Sanhuang decoction and the underlying
therapeutic mechanism remain elusive, and further research efforts are in great need. Hence, the
aim of this study was to discover the potential hypoglycemic and hypolipidemic phytochemicals
in Sanhuang decoction and to explore their potential mechanisms of action. Here, the in vitro

a-glucosidase (a-Glu) and lipase (LP) inhibitory activities of Sanshuang decoction were determined,
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and the results showed that Sanhuang decoction possesses significant a-Glu and LP inhibitory
activities in vitro. Then, 24, 17 and 25 potential bioactive ligands in Sanhuang decoction are
successfully captured by combining affinity ultrafiltration liquid chromatography-mass spectrometry
with three drug targets, namely o-Glu, a-amylase (a-Amy) and LP, respectively. These potential
bioactive ingredients fished out from Sanhuang decoction exhibit various binding capacities to a-Glu,
o-Amy and LP, respectively. Thereof, epicatechin-3-O-gallate possesses significant hypoglycemic
and hypolipidemic effects. Finally, some representative active ligands were further verified with
molecular docking assay, and the molecular docking results are consistent with those of affinity
ultrafiltration. Furthermore, in addition to hydrogen bond (H-bond), there are various other interaction
forces between these potential bioactive ingredients and their corresponding target enzymes, such as
Pi-Sigma, Pi-Pi T-shaped and Pi-Alkyl interactions. In this study, the potential hypoglycemic and
hypolipidemic constituents in Sanshuang decoction were explored and identified by using affinity
ultrafiltration liquid chromatography-mass spectrometry with three drug targets tightly correlating to
the metabolisms of blood sugar and lipids in the human body, and the effective material basis of
Sanshuang decoction can thus be preliminarily clarified. In this way, the interaction network among
these bioactive compounds and three drug targets were constructed, thus providing theoretical support
for the clinical applications of Sanhuang decoction for the treatments of obesity and diabetes.
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Table 1 Identification results of potential hypoglycemic and hypolipidemic

components in Sanhuang decoction under negative ion mode

A N A
s ' ?ﬁurg . {4 58 Bsf i) T WhHET P
N Binding degree/% Retention  Precursor ion Fragment ion Id n/t\;:f; ;ti N
® 4Gl a-Amy LP time/min  [M—H] (m/z) MS/MS (m/z) enftificatio
1 24.30 — 55.19 7.002 367.0951 191.0486, 173.0366, 134.0322 3-O-BEREE L TR *
2 28.10 — — 8.905 431.0980 311.0534, 283.0574, 269.0455 PR K -8-O- B+
3 44.04  69.63  73.57 9.241 441.0827 441.0795, 289.0714, 169.0160 F LA -3-0- B TR AR
4 31.62 — 15.17 9.327 547.1483 457.1095, 367.0824, 337.0706  8-FAIFir {145 Jk-6- 7 A A k-5, 7-
TR
5 3031 1573  54.85 10.222 547.1470 457.1141, 427.1045,397.0956  6-BulfifH K-8 A b 5&-5,7 -
TR RLE Y
6 18.63 — 50.25 10.665 547.1449  457.1115,367.0796,337.0716  6-Bu A 5L-8- A A A 5L-5,7-
TR A A
7 — — 6224 12.628 431.0963 269.0390, 240.0346 K E-3-0-HFH
8 2774 — — 13.103 461.1087 313.0566, 169.0142 1-O-T & T HE-2-O- N FERE -
p-D-EE R
9 — 1248 13.73 13.664 4451111 269.0427 WA
10 — —  60.61 14.820 445.1122 445.1093, 269.0439 FERE-T-0-4-D-F % Wi B 1)
11 2751 — — 15.018 461.1114 461.1028, 169.0192, 125.0128  1-O-BL & FBEHE-6-O- HAERE -
B-D-H AR
12 3942 — 54.10 15.210 445.0775 269.0419 W EE K -7-0-p-D- B
[i7gEne
13 9.03  44.09 35.19 15.691 459.0947  341.0634, 283.0582, 268.0354 TIRUEA-T-0-4-D-
R R
14 1091 1071 16.70 15.894 431.0980 269.0375, 268.0364 PILERE R -3-W H H-0-
A
15 823 11.05 33.81 16.238 431.0967  283.0541, 269.0419, 240.0393, K £ -8-O-H
225.0544
16 952 4680 1321 16.579 459.0900 283.0608, 268.0369 PR
17 1526 — 5831 17.675 517.0993  473.0951, 431.0789, 269.0320 K EK-8-0-F Wt HE-
TR
18 1333 — 31.77 18.078 285.0384  285.0331,268.0142, 241.0430, 5,7,2,6- D032 LB >
211.0265
19 1538 7.64 1566 18.558 283.0615 268.0405, 240.0413 PN
20 1871 1587 23.16 20.889 269.0449  241.0457,240.0411,211.0409 IGE VN
21 17.06 13.92 3743 22.706 283.0288  268.0394, 239.0380, 211.0409, N
183.0469
22 2273 1042  43.88 23.687 373.0934  358.0713, 343.0464, 328.0210 S
23 9.4 463 2776 28.278 269.0455 269.0422, 241.0475, 225.0547 KEGHE*

T * bR

2 FIVER 3 0 18 F5 R 45 A UPLC-Q-TOF-MS/MS 43¢
BT, O 2 I 4 5t 28 Fofr o 8 110 ep A 38 i 0 12
gy o Forh, 13 s o B AR o LU XTS5 Ak
15 Foft B 4338 2o Xof 1 22 SCHlR R B 3% A5 2 v
TR A OB R AT A S Y,
X 28 B A, SRR T R E Y 14 Fh, B E Y
SAh, AR 9 A, b, SRR TR BB S 1Y
TETE MR B N 16 R o B R s TR

o0 81 1, R YR T B I A TR AR T R 0 ) 2
FEIE B A AR B Y . 3K 28 Bl ik oy (1)
WEAY T 85 T ([M—H] /[M]") . 14 B3 i 1] 1 — 4%
R B AR B B AR B TR 1L 2,

Horp, A B BT, 18 N1 N2, N9, N13,
N16. N20., N21, N22 F1 N23 ¢ & & ¥ [M—H] %>
R m/z367.095 1,431.098 0. 445.111 1,459.094 7.,
459.090 0,269.044 9, 283.028 8.373.093 4,269.045 5,
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Table 2 Identification results of potential hypoglycemic and
hypolipidemic components in Sanhuang decoction under positive ion mode
o e N e ST Py
il Binding degree/% PRE I R] BEE T - e g
No. Retention time/min Precursor ion[M]" (m/z) Fragment ion MS/MS (m/z) Identification
a-Glu a-Amy LP

1 2571 698 3845 11.425 338.1402 338.1071, 323.0845, 294.0848 JE B

2 2637 37.16 36.47 11.535 336.1250 320.0897, 307.0843, 292.0947, 280.0954 F/NEEGE

3 3679 34.65 41.05 11.720 338.1400 338.1394, 323.1143,294.1112 i

4 — 3062 3512 13.471 352.1335 352.1273, 337.1040, 308.1040 SRS

5 26.89 33.17 3523 13.859 336.1288 336.1006, 321.0768, 292.0764 /INBEfR

TE: S bR M2

LRER, KRR, BEHRMAREER, 7EIEH
TR, I P1, P2, P3 Al PS (RS T [M] 43l
J m/z 338.140 2., 336.125 0. 338.140 0, 336.128 8,
38 28 55 A AR M LT, 43 0 S AR B L
Fe/NBEGR 24 ARBERT /N EE B,

e B TR, 15 N3 AREES T [M—H] N m/z
441.082 7, HoHE 10 m/z 289.071 4, 169.016 0,
PR e fE e LA R/ LR RAEREwE i %
BRI A, 225 SCRR[201H IO RE B T 255 B
HEAT HLAL, W10 S O RILE R -3-0- BT
ARG . U4 N4, NS 1 N6 (1 £: 8 [M—H] 5 5 A
miz 547.148 3, 547.147 0, 547.147 9, H H.A Ml
MR R BS -, 4N m/z 457, 427, 367, RUIE T fig
SRR AR, FIAh, IR A B A A TM-H-90]
FIM—H-120] 9 HR1E , AT A 2 B B ik 15 28 B 4%,
i 5 SCER 210X, 43 5 800 A0 45 e S 8-Fir
APV - 6748 25 W -5, 7- — R JE B | 6-n i A1
Jk -7 A B I -5,7- T F2 TR A 6-BRT R 47 b
F-S- A A I -5,7- R LW AR, 1% N7
N14 FIN15 BEEEF[M—H] 43518 m/z 431.096 3.,
431.098 0. 431.096 7, ‘B i1 HA AHLLA F R 25+,
LA RS [F] 4 Sl AR, 534, Hk R g v 3y
A mlz 269 FEAERE S, R AT RE S A KB
R/ Z B, it 5 S0k 22]%) He, 4 5Bk
W14 M58 K R -3-0- M A B PSR E-
3-3F. F - O~ 4 W LK B 3R -8-O-Hi A W

EIEE TRT, 6 P4 R T [M]N miz
352.133 5, Hoft B F 4 m/z 337.104 0, 308.104 0,

AL 8 43 0 H BE B 2 1 4 F —CH; #il-C,H,0
35, 2 5 3CHR[241 T, 58 BT,
24 HFXTHEE

T 2L 43 X A2 AL T — 2 T W 53 R R
e TG Y 5 o-Glu, o-Amy Fil LP 4%
22 B0 il 22 (6] R ECAE R AL o 35 TBCS R i ot
i b BD {H 5 5 AR AR 10 180 43 A B A 0 il
BH A X BEIE AT 43 7 X 42, 25 5390 736 3, [ 4h 45
4 BE (binding energy, BE) . & # (H-bond) 1 #f it
B R BE (1Cso 1H) o 814N, 7 3 F1 R 8 ) e
W, 5 a-Glu B % K BD fH R LS K -3-0-%
B FIRREE, H 5 a-Glu i) BE {HFIBEE ICs, {8535
“}9-39.52 kJ/mol F1 20.02 ymol/L, fi& T 5 a-Glu B
A fz /N BD {H B K 8% K -8-O-# & Hi 11, H BE 5
HIFHE ICs, (H23 91 0-27.30 kJ/mol F116.44 pmol/L .,
I3 Ah, BH X BEBT R P 5 o-Glu () BE {H R
—20.60 kJ/mol, i ICs, {H & 246.62 pmol/L. %4
WRW, £ILK K -3-0-% & TR Ak 5 K -8-
O-4 % Wi 1 BE {8 A1 BRIE 1Cs, {5 41K F BH 2%
Xof HEBRT 4 AR o

A, X T a-Amy, 1576 HUEE S fh BA
I K BDHM R ILEE-3-0-K B Tk, LY
a-Amy (1) BE {8 & —27.21 kl/mol, i ICy, {8 K
17.34 umol/L, 1§ T 5 o-Amy H. 7 £ /) BD {H [
K £ 45 5 (-26.08 kI/mol Al 27.13 pmol/L).
F3hh, BH X BE BT R 0 5 a-Amy B9 BE {5 R
—8.46 kJ/mol, #i& ICs, {H K 32.83 mmol/L. 4554
KW, FILKE3-0-BEFREEMRKFEEN
BE {5 R HLIS 1Cs, {B 415 T BH L X R B) < I 4% o
A RIS, FE 5 F X, LP S AN AL A
(X 42 45 R LA U &2, PRAN S5 S5 F 3% 3.
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Table 3 Molecular docking results of representative bioactive constituents in Sanhuang decoction

=) A st A Bl IETL/lf\tlcso
B EY fiuli BB peoretical val Sl
No Compound Enzyme BE/(kJ/mol) coretical value H-bond
’ of ICso/(pmol/L)
1 RILFEFE3-O-RETREE o WEETEE  -39.52 0.12 Argd42, Glu411, GIn353, Arg315,
GIn279, GIn182, Tyr158, Asp69
a-SERT -27.21 17.34 His305, Asp300, Tyr62, Trp59
N it —23.40 80.02 Ser333, Asp247, Lys239, Arg38, Leu36, Asp31
2 KER-S-O-MEMT o AT 2730 16.64 Glu411, Arg315, Leu313
3 KEE a-JERTE —26.08 27.13 1le235, Glu233, Lys200
4 AT Ne i -21.27 189.41 Asp331, Leud1, Arg38, Glyl4
5 (RS2 o TR —20.60 246.62 Asp352, His351, Glu277, Asp242,
Asp215, GIn182, Ser157, Asp69
a-SER T —35.42 32.83 mmol/L Gly306, Lys200, Vall163, Tyr151, Gln63
6 B Jg 7 ity -8.12 38.12 mmol/L Asn92

- TR G a-FERT

JIg Wi it

BS5 Z#HZPEEEERSSEANEEERANZE(a)5FEE D)
Fig. 5 Network diagram (a) and Venn diagram (b) between the potential active

components screened out from Sanhuang decoction and their corresponding enzymes

3 L, AR SRR I 7 10 v 5 A R I B R R
AT BV AR S PRy, HeA5 $E R HEA T 20 XHE S
(1) BE {H A IS 1Cs, (HALAIR, R 71 X 4545
HREFIRB USSR —E

THA, DN = v T Y £ X SR T I PR TR
K5 a-Glu, a-Amy I LP &5 5 it i1t 22 3 AR ok
R T AN R B i U5 . 4, BD {E AR i 3RL
HKR-3-0-LE TR S a-Glu b 1Y 2 5L W2 5% Bt
Arg442 ., Glu411, GIn353, Arg315, GIn279. GIn182,
Tyr158 1 Asp69 J& it T 8 /> 24k, 1fii BD {H I
R B R -8-0- i W B 5 a-Glu b 1Y JE R 5%

3 Gludl1, Arg315 Fl Leu313 HIE M T 3 > E 4,
YA ALY 5 EIE L SR A T B
BRI, MAh, RILEEK-3-0-8 & T MRER L
M Y AR 11 a-Glu b (& LR AR L Asnd15,
His351. Tyr316. Thr306. Glu277. Asp215. Arg213.
Phel78. Phel59 Fl His112 HA LA, Pi-Sigma,
Pi-Pi T-shaped il Pi-Alkyl %5 F ] J1 %f % LK % -
3-0-% & TIRIR 5 o-Glu 1Y 3E A A fE HEVE I
3 9 1 JEUTE S 1 ER U8 07 1E o8 A% Hh BD {8 e KA
/I T TE 1% P 1 53 5 HOAH I 04 38 i AT 4 1
YRS RN, R T 6
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820 Bk Ak BasE
HIS ASP
PHE
a ASP A:280 A303 GLN A352
PRO A:307 A:279
A:312
GLU
A277
ARG
A:442
PHE
A:178
LYS
A:156
A:442
A271 H s A:l12 poiomy
R YR ) A:158
VAL AT2 Py N AT-;(:{s
ARG\ A216 A:182 §:240 i ASN
B ASP A:415
A215 SER o
HIS 2= AlIST
A:351
VAL
SER
A:199
by B:239
Acl4
c ASP
ILE ARGY (CYS B:331
B:248 A38) (A39]  ATR GLU

A:13

SER
A3T
LEU"
K HIS L
Asp A0 &
A3l
SER LEU
THR A:35 A:36
A:32
Interactions
[T71 van der Waals [ Pi-alkyl
B Conventional hydrogen bond I Pi-sigma
[T Pi-cation [1 Carbon hydrogen bond
73 Pi-anion I Unfavorable acceptor-acceptor
B Pi-Pi stacked [ Pi-donor hydrogen bond

B Pi-Pi T-shaped

B6 RIFE-IO0-RRFEHEE(A) . KEXS-O-FHEEHE ()5 o-Glu W_4HEEEA,

RILFEE3-0-8EFHEB) . AEE(D)S a-Amy I HBEER, RILFEE-3-0-8 B FEEE(C).

NESH (05 LP W_4HEEER
Fig. 6 Interactions between epicatechin-3-0-gallate (A), emodin 8-O-glucoside (a) with a-Glu,
epicatechin-3-0-gallate (B), emodin (b) with a-Amy, epicatechin-3-O-gallate (C), wogonoside (c)

with LP by molecular docking simulation



GRS T

U R NE A N P B 0 ) 22 S AT S I D B B S 821

3 #ig

AWESE &, =8 W E M6 a-Glu F1
LP /3% P, B R 47 A e 1 ms % i A v 77 .
KT a-Glu, a-Amy Fl LP 55 Z $L R 35 Fil
B T3 B R N =8 B 05 i i 24, 17
25 FAEWE 4> A 5 o-Glu. a-Amy Al LP L 25 &
PO AEG PR AR, o, RILE R -3-0- KB TR
TR A5 22 WA HL AT S 3 0 B RN [ B 0 1k, X —
SRR B T8 7R =80 TS TR Y R0 A i 1
B3 AT BE AR B R, TP HE T = 0 MM R
BRI K], S0 00 F — 20 i 43 XHE R
B AIE 1 ER A AR PE R R 1L & W AT e A AR
{7 85, R B UE TR e 45 R — 3, /R T =38
VT 3 R VR TE TS MR AL S W 5 AR I A il 2 [
PR A A R AL, H e 2 B Ay L 5 9 065 P
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