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Screening of active ingredients in Erzhi pill for osteoporosis based
on molecular docking technology and verification
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Abstract: In this study, we used molecular docking technology and validation experiments in vitro to screen
the active ingredients of Erzhi pill for treating osteoporosis. Firstly, the compound in Erzhi pill was docked with ten
osteoporosis-related targets by molecular docking technology, and the five active compounds, salidroside, specnue-
zhenide, tyrosol, quercetin, and wedelolactone, were initially selected. Then, MC3T3-E1 osteoblasts were cultured
in a-Mem medium containing different concentrations of compounds, and the cell proliferation rate and mineral-
ized nodules were tested. The verification results showed that the proliferation of MC3T3-E1 cells with salidroside,
specnuezhenide and quercetin were more obvious, and salidroside has a better effect on the mineralization of
MC3T3-EL1 cells than those of specnuezhenide and tyrosol. The molecular docking technology coupled with valida-
tion experiment in vitro can be used for the screening of anti-osteoporotic active ingredients of Erzhi pill, and it
can also provide a method for the study of effective ingredients of traditional Chinese medicine.
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Je B HIRYT OP 1 & 245 B K #1584, Zheng %50
TE T R BRI BT AR B I M T R S
ERa 1 ERB Z 1k 5 i I 72 & I, — 28 AL 2 AT #ULME K
FRAER, HRIZAER v Re S F ot =B &
FEER EMM R 2GR, HEHMHE R - EAEHN
g3 % OP YR YT A F I BIF 78 552, AR AR A i S 2 T
W) 2 25 B 2R HR WP AR T 1 Z 2 HIB YT OP 14 ot 2
fith & A FH AL, (BB o — 28 R 32 4y B B R R
FAVE I B6GAE®, 43 7 %t 4% (molecular docking) & —
BRI RSB RS SR, A TR RE”
BB, PRNHE T AR A S AR A EAE A RS
B E PSS R B A T NIRRT, T R
W Ik 7 T A A T2 W R T N BROVE R RRCE 4
MC3T3-E1 J& T~ B il 4 ML, & A i 4 B 44 &b 5k
I B9 P AR PR, AE B 5T 25 W 0 B AR R B2 i
MC3T3-E1 4 il 2 £ v i I B AR 4 R s A e, A%
BIF TR H 23 -1 0 5 R 0 e — 22 AL 76 97 OP 1R 3L
%73 38 I MC3T3-EL H 4 g (1) 4 4h 25 205000, DA
NiE— BT KRR RS,

MRS 7%
Rk /N B MC3T3-EL Hif o 40 i B _Fifgrh

TeB AR AR A A .

HYERF BRI %% M (PBS). a-Mem H; 7%
% (Hyclone /A #); 0.25% [ & 18§ (Gibco A #); fif2f
& (FBS, bt JH M4 2= 2 #]); Cell Counting Kit-8
(CCK-8, #lk*5: C00028). & % = —HE & 2 i il (WL, ik
5:C0222) (= RA T UL S Qo (T
R30132-2, B il & AW TR FLFT)

& BFIE PME (HZ Olympus 2 H]); DMi8 {5
B O6E AU (M Leica /A F]); HYQ-3110 = 1R %
AR TER 2] 2% . TDL-80-2B Ak &5 A ES WAL (i 2 5
BEEEACEE ), Milli-Q #E 4l /K & 48 (3 [H Millipore 2
#]); Tecan Pro200 B A#4% (B 1 Tecan A ).

ZERAMORIWE P2 RS 2 A
FE 5 43 B °F- G 10 (TCMSP, http://ibts.hkbu.edu.hk/LSP/
temsp.php), 345 & W 25 455 B E 1 (TCMID, http://
www. megabionet. org/temid/) K w24 i £F ¥ B iR
12 (TCM-PTD, http://pharminfo.zju.edu.cn/ptd/) % %
I PR U 86 — 2= S g o M B B ) T AR
55, FHLHE TCMSP 245 1 & B AL 1 25 B R L 43T
AR HEME RN 514 (ADME/T) 23, MHIBRAS e [ B i 2
FIHRA= YA F B2 (OB)= 30% A2k 24 1% (DL)> 0.18 H.7¢
TR B R A R A e

*mol2 A8 NIRRT I8 I SCHR 2 4 5F R

CAS 4 &= . Chemspider (http://www.chemspider.com)
F1 SciFinder (https://scifinder. cas. org/scifinder/view/sci-
finder/scifinderExplore. jsf) % # 5& 19 i 1k 2% 1% 7 1)
GEH . AR R AT B 7% B o S5 1 T8 L MDL
Molfile (*.mol) # =X 17 &, # 5 A Chem Bio 3D
Ultra12.0 B0, B2 B 1 — 4 45 4 U6 4 Dy = 4 57
Mgt i) =, 8T 5 47 4”7 K MDL Molfile (*.mol) 4% =X
B3> mol2 1% =S .
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fik 7, LA & Therapeutic Target Database (TTD, http://
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(1) 35 75 A A 2246 (RMSD) /T2 A, {iF B 3% B 25
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FROE TN RS, DA R s 23 PR B 1 R U % o
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il 1x103 umol- LY . T a-Mem Kf 24 0 i B B
1x10% pumol- L i fE U, 43 ke % 3, 20 *CLRFF 4 H

YHREIE ST K AH MR VR AT A -80 °CREARIR VK AR
HHCH, AL RIBON 37 °CK I B, F7 2R 4% £ 49 1 min, f@l
b J5 TR E R B 5 A5 AR FR 10% FBS 1] o-Mem 1 7%
Hrh VRS 47,1000 r-mint B0 5 min, 7 B, BT
E 20 L & 10% FBS f a-Mem £ 5% 3£ 2 mL 5= 37 &
7, HE R E R IRR, I\ 10% FBS ) a-Mem ks 97 5
5mL, BT 37 °C.5% CO, 35 # 4 H i: 7%, 24 h ¥k, i%
BEPE R, #5240 A3

L EMXT MC3T3-EL 4HREIEFERI S Kb T
XA K AT B A 0.25% J 2R 1 1 mL Y ik, B &
10% FBS 1] a-Mem $5 77 3 £ 7%, FH I 52 52 T B
1 B = T, VA B KON 3% 1044 mL. 4L 100 pL ¥
YT 96 FLIR 1, MR EEE R 6 4L, 37 °C.5%
CO,Ki 7 24 h &, M A B 7R3, WA M= adH. =
FA: AT AN T B8 74 100 ub; 4254 A
ANTA) B2 /9 100 ul 257K . £ 37 °C 5% CO, k5 37 4
R 9572 h )5, 4L i X\ Cell Counting Kit (CCK-8) ¥
W20 pb, RLERE IR 4 he FERF R4S A G, P-4 10 min,
490 nm A& 6 FE (Ago) 1H.

EMIT MC3TI-EL4HREH LIS M i85 41
Jio £ 2 2x10° AN /mL, BT 24 FLAR, BEFLAAFL L mL.
o i I B 5 48 h, Hiliin 2, SR F A& 25 B TR AR
RNEEAXN . B K6 AN AL, 37 °C.5% CO, K 7746
IR 21K, M3RMIMLIR. 25, RAB RO
Ty AT et REAN AL ER ZH B AL IE 10 AN A0ET AE A 2
B N T

ARALIE R GraphPad Prism 7 % {4 % 4t 37 1%
THI P AL LA B AT 2 R WE T . A PR
B RIEZS A, BT FAR S (7 2255 AL ER),
7 ST, R AT CRL IR 3 O E AT, A
PE AT Welch VR L A 56 o 5 75 22 LU A 1 1 AL 300308
WA AT AT — ZH B A7 B TE A5 0 A, Uk 1 4 4500 3k
TEZHEE (2-E%RJE U k%, Mann-Whitney
test). JITAT SEIG HHE ¥R A (x £ 5) FoR, BLP<0.05 3%
NEH IR .

%R
1 ZERPIERIEEMER S BIEE

ik TCMSP.TCMID 1 TCM-PTD 25 %405 7 L &
SCHRTZ A, FL15 B2 R 2 167 o AR5 TCMSP %
T & T TS 1) ADME/T E, M1 BR AN BE [5) B J3% 2 OB=
30% F1 DL>0.18 H.7F — & A & &A= AL % 5y,
HEMEY 101 . BB, BAR L i G113 &L il T .

RO VAL RURE -4 (I L 10-F8 2 4 pUH LS
SR R BE SR 55 K4 1Y) OB R DL B U, (HTE =2 A
Hh S B R B T S LT 25 R B Y
PRI, R X 8 1 2 R N N A 328 B 20 v, A5 B Ak a2 v 11k
R 194 (R 1) 2,

Table 1 Active compounds in Erzhi pill with corresponding phar-

macokinetic parameters. OB: Oral bioavailability; DL: Drug-like-
ness

Drug No. Ingredient OB% DL%
Fructus Ligustri 1 10-Hydroxyligstroside 28.91 0.71
Lucidi 2 Beta-sitosterol 36.91 36.91

3 Salidroside 15.96 0.20
4 Tyrosol 33.81 0.02
5 Ligustroflavone - -
6 Nuezhenide - -
7 G13 - -
8 Oleanic acid 29.02 0.76
9  Hydroxytyrosol 57.57 0.03
10  Specnuezhenide 19.3 0.50
11 Ursolic acid 16.77 0.75
12 Taxifolin 57.84 0.27
Eclipta prostrata 1  3'-O-Methylguanyana- 57.41 0.27
glycones
2 Quercetin 46.43 0.28
3 Acacetin 34.97 0.24
4 Linarin 39.84 0.71
5 Wedelolactone 49.6 0.48
6 Fisetin 69.94 0.21
7 Demethylwedelolactone  72.13 0.43

2 HMERERZR

OP [¥y53 B ML 3= Z 5 HUA 1) EE Th e BRIk
-V IR R S S RE T A DR AR SR T T
PDB (http://www.rcsb.org/) /% PubMed (https://www.nc-
bi.nlm.nih.gov/pubmed/) %% s 75 18 223281 3% £ 5 OP
RAFHLH A LA 3 154 (3R 2).
3 PFEER

T IS DS A X 126 B 15 /™ $E 2R [ 45 44 i ] Sk
17 5 3E, 3 F A Drugbank (https://www. drugbank. ca/)
AR O L BH M 2, i 2k IO BHAE 25 1) HL &5
MBBEERAANEEA, M EABEERT1
(APAF-1).Jif & = FEAE K R | (IGF-1) 22 R i Ak R
F g 1 (MAPKL) FIEES R 2K (AR), 51941 = =
FLIEVE A AT oy T, 45 A RE LR 3. FIRT, K4
AN B A5 1 B 245 DB00171 (3nwv). DB02643 (4ibm).
DB11120 (5buj) #i! DB13944 (4ojb) 5 & H #8 & A
APAF-1.IGF-1.MAPK1 Fl AR HE AT X %, 45 & RE 2 51
J£-7.0.-5.7.-6.8 F1-6.1 kJ-mol™, #2455 &K WK 1.
B AR 5 A PRI 19 AN A AL Ik A R %
sELNPH M 25 55 R AR 45 A e T B, R4 a8t
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Table 2 Information of target proteins related to mechanism of osteoporosis (OP)

No. Target Full name Function PDB ID
1 PGR Progesterone receptor Transcriptional activator or repressor la28
2 IFNB2 Interferon beta-2 Antiviral, antibacterial and anticancer lalu
3 CAT Catalase Promotes growth of cells 1dgg
4 TNF Tumor necrosis factor Stimulate cell proliferation and induce cell differentiation 2az5
5 IGF1R Insulin-like growth factor 1 receptor Mediates actions of insulin-like growth factor 1 (IGF1) 20j9
6 DAP kinasel Death-associated protein kinase 1 Involved in multiple cellular signaling pathways 3gud
7 VDR Vitamin D3 receptor Maintain calcium homeostasis am7r
8 APAF-1 Apoptotic protease-activating factor 1~ Leading to the activation of caspase-3 and apoptosis 3nwv
9 IL-2 Interleukin-2 Immune response 3sp9

10 IGF-1 Insulin-like growth factor | Involved in tumor transformation and survival of malignant cell 4ibm

11 AR Androgen receptor Affect cellular proliferation and differentiation 4ojb

12 MAPK1 Mitogen-activated protein kinase 1 Mediates diverse biological functions 5buj

13 BMP2K BMP2 inducible kinase Involved in osteoblast differentiation Sikw

14 CK2-a Casein kinase Il subunit alpha Regulates cellular processes 5mov

15 HGF Hepatocyte growth factor Acts as a growth factor 5ya5

Table 3 The binding energy value of the 19 compounds with part
of targets (APAF-1, IGF-1, AR, MAPK1). “—"represent the bind-
ing energy value > -5 kJ-mol*

Binding energy value/kJ-mol*

No Ingredient APAF-1 IGF-1 AR  MAPK1
1 10-Hydroxyligstroside — — — —
2 Beta-sitosterol -769 -883 -9.06 -7.67
3 Salidroside -7.07 -579 -6.17 -5.86
4 Tyrosol -5.49 — -5.26 -5.09
5 Ligustroflavone -7.07 -545 -585 -6.49
6 G13 — — — —

7 Nuezhenide — — — —
8 Oleanic acid — -7.22 — —
9 Hydroxytyrosol -5.34 — -5.38 -5.49

10 Specnuezhenide — — — —

11 Ursolic acid — -7.31 — —

12 Taxifolin -7.3 — -8.58 -9.12

13 3-O-Methylguanyanaglycones -8.73 -8.01 -7.99 -7.85

14 Quercetin -7.77 -783 -8.6 -8.56

15 Acacetin -869 -815 -816 -821

16 Linarin -953 6.4 — —

17 Wedelolactone -8.17 -766 -8.06 —8.55

18 Fisetin -9.89 -929 892 -9.23

19 Demethylwedelolactone -8.13 -7.37 -891 -831

AT, B A AR TG S EOML SR H
£ Lipinski 8 2 11 5 8L 1 43 1 3% 144>, 43500 2 B-
4 & B (beta-sitosterol) . 21 5t K 1F (salidroside) . %5 12
I 2 (taxifolin). 3'-O-methylguanyanaglycones. #if 5z ¥
(quercetin) . 4= & XX 2% (acacetin). 5% #{ J & (oleanic
acid) A& /2 (ursolic acid). Z A& (linarin). 1L 45 4
Ii5 (wedelolactone). ¥ 3% % (fisetin). 25 Y 07 L 555 1N I
(demethylwedelolactone) . Zc v1 ¥ (ligustroflavone) F14%
JERA 2 (taxifolin)e A T A Bk 14 /ML AV HTE i
FRAAMER, AR FCER T &SR s 8 7
A7 26 I T I 2 BUER AR A 40 S OR M R R
WA A IR A TR AP E . PRIRE e v R & A
77 Py 2 ot I o I 2 BT AR oy B ERUR, HAE

Figure 1  Molecular docking diagram of DB13944 with 4ojb
(A), DB02643 with 4ibm (B), DB11120 with 5buj (C), and
DB00171 with 3nwv (D)

PP 5 R v B Ak R 20 SR, TSR 40 R 1)
F AR P28, Sy T T AT i LG T ST 4 B AR A%
NS R AT R R EERIR AR 2 0T VAL R AR
WIS R A BT TR BAA VR, SO S B4 SR i
B LA PG R L T AR EEHEAT T — 2Dt .
4 ARELEREHLAYI3T MC3T3-EL 4R AiEE IS0
AR BT 52 56 2% AR B R e A 60 A 4 2.5% a-
Mem 5% 37 3£ 73 55 Bic 1] 10,5, 1 A1 1x10" pmol-L 14 %
DT ANZL 5 R AP VA, 60.40.20.10.1 pmol- L1 Hi 7 3=
R B V5, 4421 A1 110 pmol- Lt 87 i 34 P i %
W, K FASIN 25 W16 a-Mem 15 77 JE 4 gt AL, 3R 4T
O M 1 B R S . R 2A T I, SRR EL, 0.1
1 pumol- LY 2z o1 # 0l 2 3 2 1 MC3T3-E1 4 g 3% 5id
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Figure 2  Effect of ingredients on proliferation of MC3T3-E1 cells. A: Specnuezhenide; B: Salidroside; C: Tyrosol; D: Wedelolactone; E:

Quercetin. n = 6, X + 5. "P<0.05, "P<0.01 vs control group (0 pmol-L™)

(P<0.01), 5 pmol- L 45 g ot H 5% 41 i 14 5 A B . (P>
0.05), 1M 10 pmol- L4 2z ot % 4H A7+ i)  FH o e
E 2B AL, S5 xR AIA L, 0.1 1 F15 pmol- L 41 5 K
AT LA {2 #E MC3T3-E1 41 it 14 5 (P<0.01, P<
0.05), 10 pmol-L™* 41 5t % H % 44 Mg 5 58 A B & (P>
0.05). K 2C.D A WL, 50 HEZH AR L, 5% 94 F5E 1 A
057 WL 2 P T %o 40 AR 1 4 24 AN B B (P>0.05). & 2E
AL, 50 BRZE AR B, R B R 2R 3T DLIE 3
MC3T3-E1 Zf i3 %8 (P<0.01).
5 AEMLEIFT MC3T3-EL AT LAY S

R 5 200 P 3 T e S0 25 R, SRR 42 1 umol - LU
2 pUH A10.1 pmol- L™ 20 5% K H X MC3T3-E1 41 i ™
PRGE ST I RE ], DRI I £ S R G — AR =9, B
FEE I (20 pmol-LY) 75 A1 &% MC3T3-E1 41 it
AT Ry 2 —. R G ass )RR (B3),
21 R - 2H 35 AT LA () s B 45 A 45 715 1 i, R A 44 T
TR IR IR FE R A 5 % B 2H b, 0.1 umol- L
Z1 50 R H A1 20 pmol - L i BE X MC3T3-EL T B I # 3)
AR Z FE g, 1 pmol- LM% % vl % MC3T3-
EL UM WA b 4515 IS IR 2

g

R R TR A ORI NE RS T R R
JRBAARE AR L. —F FRAE G AN T 2, A
AR E A RIE T, A RO o) R IE S B A e it
B IR I, BR b, AR 7T 73 4 L AT
B A, R 233 X4 45 A R A8 i 56 A ST 56 7
AU AT RENS B BB SE A R RN -

AHE LI E A 19 MR LTS R A,
A EE SR LN DR SR LN RN SR LI SUIES
2 IR AR 2 0 =SS LAl HE WA LA, TR R

Figure 3 Effect of ingredients on mineralized nodule of MC3T3-
E1 cells. A: Control; B: Salidroside; C: Tyrosol; D: Specnuezhenide

AITEBE 2 o5 24, X5 T2 25 3R F I 2
e it 2 B R S AN I Rl A — E0T, 53 A, AT Ui L
Bl P 2 AN SCER B, SRR B 5 OP MR IR A1
15/, 223d DS B A X 8 A i b As e PR BEAT S5, ik
40T HE R

XA B, AT 14L& S48 R 45
FRED TIZHL A S A S Re, B RRE K
AN SN RIA N 7 S LR SR
2 EEWE S 28 B2 A DT LGB A AL T T AT AT 4 T
X, KOO EE, TR 5 oy 73 K H 4
R R Ra i kAR AL A S aE S AT Ok
Zhen S0 3 25 K BRE A B2 3R R DL RE G n OP
KB B & (BMD), B 19 AW 22 1k R 28 )n il
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Tk R Ah R 77 B B R 70 5 T 40 il (BMSCs), fF 7t 2 W At
Bz 2R DA k40 PR A 36 5 AT 43 4k . Léotoing ZE BT 5T
FWHETT R IET Runt AR 5% K7 2 (Runx 2) 5%
T PR AR HE R AN B a3 Ak, T OP A KL U T AL
Chen ZRPARfF 5 R4 SR H Al LOE S W T 4E2E R D
AR 20 i 4M 5 5 12 B ) RO AR RS2 Ak (CasR) R,
UGB RS, IR R EH . Zheng 131 it
WEFE R BN, 405 KT Al LA LB R 97 & (1 (OPG)/#% A
T-Kp ZARTEAL R T He &k (RANKL) O ELAE, B3 25 o
B 5 R RO K BB SR FUIR S, R EIFT VA OP KR
M. AW, 45 K15 APAF-1 A1 IGF-1 1145 & fig
BN F P PE 25 5 80 S B 45 A Be, R4 R
5B AL o S0 SRR B a5 A, T Re il E A T
TZ A STk BB RS IR

FRYE 7 7 X e 4 B VU AE & R 7 4k
S B A 1 O 2 R A R B Ry AR
SR 2, AHI T I BURF L2 0T 4TS R A P s
Wi Bz 2 OF0 B B %5 5 Nk A WA D 41 i 56 IE B 9
MC3T3-E1 4ff ffd /& — Fh Bl 41 Mo mi 44, v 75 B i A 5%
{55 W5 BT 32— 20 4 o B i 40 i, A2
— i BT A R A AL B T R A, R ot
1T o 348 B S B0 RN A0 5 1 SIS B0 IE 4 R R 1R 2 1) 1k
A W% MC3T3-EL 5200 o B 40 i 384 5 52 56 45 R R
I, 5 e ot AR RO R 2 B R IR i A
58 () E ) (P<0.01, P<0.05), 11 % % A1 d7 i 3 PN i 1)
ERAHE, XAR5hEMMNEME X B8 X
HRI53C1H% T Tk il 2 AN B AR SR ) A B OPAE A . At
FNT 50 Z 2 PP OPAE A Ry, 4 =K
T AR 72 4 T8 T 40 5% R 7 FRE 22 o Sy x40 g
WA 5 S0 0 25 R0 4y - 5 SCHRREBIZR I, R 40 i
A BA 2 T BT A 25, bR i B BCE TR . AR E
R AL S A Yt R I, 4150 R X MC3T3-EL %
B A B8 ) B o i, FLURR R A T R I, 1%
55 SRS 2o TE —F

AR SRR 2 5P OP BHIE 24 45 A REMI S % T, 15
Bl 23 1 % B AR 0 % — & AT OP Ak 2% 1 o I 38 it
MC3T3-E1 2 Jifa 13 i S 56 AU 4k S0 3647 1 388 70 B2y
IIGAIE, R I T 415 R F AR Lo vl B 7 AR 4 B AT B
(A4 108 BB A M 3 B AN LS, R T R A
Z Rl OP VEPE B4y, S — & Fu4T OP 1E FH ML [ B 9%
AR Zi AN HI et T 5%
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