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Difference of amino acid content in Testudinis Carapacis et Plastri
Colla from different manufacturers and its potential mechanism of

anti-osteoporosis based on UHPLC-QTRAP-MS/MS
combined with network pharmacology
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Abstract : To compare the quality differences of Testudinis Carapacis et Plastri Colla (TCPC) in the market,and explore the
potential active ingredients for osteoporosis, 15 batches of TCPC samples from four companies were selected to detect the con-
tents of hydrolysis amino acid by UHPLC-QTRAP-MS/MS. Compared the content differences of hydrolyzed amino acids in 15
batches with multivariate statistics. To predict the active components of TCPC and the core targets for treating osteoporosis
with network pharmacology, to predict the molecular mechanism with GO and KEGG enrichment analysis, and the binding

mode of amino acid and the Hub target were predicted by molecular docking. The results showed that the samples from compa-
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nies A and D were well clustered,and the synthesis score of company A was the highest. The contents of glutamate , aspartate ,

serine , L-hydroxyproline, lysine , arginine , threonine , and methionine had a greater impact on the quality of TCPC. 175 potential

targets and 68 core targets for treating osteoporosis were selected in the 17 amino acids, of which glycine and alanine were the

key components. The core targets mainly involved of the alpha amino acid metabolism, cellular amino acid metabolism, small

molecule catabolism and other biological processes,as well as amino acid synthesis, arginine and proline metabolism, carbon

metabolism and other 212 signaling pathways. Molecular docking showed that the glycine and alanine were well bound to the

active pockets of 11 Hub targets. In conclusion, there are some differences in the amino acid content of TCPC between differ-

ent companies and batches. The key active ingredients of TCPC anti-osteoporosis may be glycine and alanine,and the mecha-

nism may be related to the targets of CAT,NOS1, GATM, etc. which affecting the pathways of amino acid biosynthesis, argi-

nine and proline metabolism,and carbon metabolism.

Key words : Testudinis Carapacis et Plastri Colla;amino acid ; UHPLC-QTRAP-MS/MS ; osteoporosis ; multivariate statistical a-

nalysis ;network pharmacology
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mm x2.1 mm,1.7 um) #7735 C, #HAEE 2 pl; i
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Table 1  Parameter information for the control ion pair
. S LN v HA U s [
W BT FHT LRRAIE i A F]
C " Parent fon( m/z) Daughter ion( m/z) Declustering Collisi v (eV) Peak time
omponen arent ion( m/z aughter ion(m/z voltage( eV ) ollision energy( e (min)
Ala 90.0 44.1 10.0 16.0 3.2
Arg 175.1 70.1 50.0 32.0 4.1
Asp 134.0 88.0 10.0 14.0 4.1
Glu 148.1 84.0 30.0 24.0 4.0
Gly 76.0 30.0 10.0 18.0 3.4
His 156. 1 110 50.0 19.7 4.3
Ile 132.0 86.1 10.0 14.0 2.3
Leu 132.1 86.1 10.0 15.0 2.4
L-Hyp 132.1 86.1 60.0 25.0 3.2
Lys 147.1 84.0 30.0 25.0 4.2
Met 150.1 104.0 10.0 15.0 2.5
Phe 166. 1 120. 1 60.0 21.0 2.2
Pro 116.1 70.0 30.0 20.0 2.6
Ser 106. 1 60. 1 20.0 16.0 3.6
Thr 120.1 74.1 15.0 15.0 3.4
Tyr 182.1 136.0 30.0 19.5 2.7
Val 118.1 55.1 50.0 25.0 2.6
200 2.00e7 236
6.00e7
55067
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4.00¢7 201, 5
3.50e7 ‘
30067
1.00¢7
25067
20067
1.50¢7 A it zfo
1.00e7 l[l“Z 97 199 408 ‘ 297
| ] i T
| ||
b 1, M oL, om
T o X I E— o 7o P E— a0
& Time (min)
Bl BaxR&AA)5#HmMm(B)R TIC E
Fig. 1 TIC diagram of mixed controls (A) and samples (B)
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PR T T8, & L-Hyp A3 F5.4% ,Gly 3 AP 1A~ (C-1) (9 L-Hyp (Gly  Ala [y & 4
AT 12.4% , Ala AGDF5.2% ,Pro AATF KR T BARME, D | KB =GR T 2y
6.2% . ZERWAR(WE2) AT FK6 A 24 JuhpifE, (A4 5K Pro Kl & it 3 WK T 25 JiL A
(A2.A5) BT "R 3 Atk 2 4~(B2.B3) .CT™ ifis

x2 4T RAFK 1T MABRIERSENNESR

Table 2 Results of the determination of 17 amino acids in TCPC from 4 companies

%y & Content( % )

Component A-1 A2 A3 A4 A5 A-6 B-1 B-2 B-3 C-1 C-2 C-3 D-1 D-2 D-3
Ala 5.02 5.72 4.46 4.83 5.8 4.63 3.53 5.47 530 5.90 3.8 5.18 3.48 4.37 4.72
Arg 4.18 4.79 3.68 3.80 5.34 3.87 2.97 4.23 4.39 5.06 3.32 4.40 2.69 3.29 3.9
Asp 1.99  2.71 2.46  2.51 3.65 2.48 1.67 2.49 2.68 2.79 2.17 2.98 2.13 2.13 2.63
Glu 4.60 5.62 4.33 4.92 7.01 4.56 3.60 4.43 5.44 6.28 3.81 6.16 3.89 4.40 5.18
Gly 13.62 15.32 11.31 12.71 15.64 9.95 8.63 15.93 13.44 14.71 10.79 14.01 10.34 11.30 12.07
His 0.40 0.39 0.32 0.36 0.43 0.34 0.26 0.37 0.34 0.39 0.28 0.36 0.23 0.26 0.28
Tle 1.40 1.51 1.25 1.19 1.68 1.09 0.88 1.47 1.42 1.59 0.96 1.16 0.89 0.97 1.26
Leu 0.63 0.80 0.58 0.59 0.77 0.48 0.41 0.63 0.57 0.77 0.53 0.51 0.41 0.45 0.50

L-Hyp 5.73 6.55 4.97 5.56 6.75 5.33 4.07 5.88 6.383 6.67 4.65 6.17 4.6l 5.33 5.65

Lysi 1.68 1.73 1.46 1.56 2.22 1.53 1.30 1.82 1.76 1.77 1.34 1.85 1.10 1.22 1.39

Met 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.04 0.02 0.02 0.01 0.02 0.03

Phe 1.01 1.19 0.92  0.99 1.25 0.84 0.67 1.06 0.98 1.08 0.72 0.83 0.64 0.73 0.90

Pro 5.06 6.04 4.13 4.66 5.93 4.17 3.18 5.42 5.02 5.75 3.8 4.36 3.14 3.87 4.36

Ser 1.96 2.34 1.97  2.08 2.69 1.95 1.74  2.29 2.30 2.35 1.63  2.58 1.77 1.98 1.87

Thr 1.18 1.35  0.93 1.13 1.39 1.08 0.82 1.21 1.29 1.41 0.8 1.26 0.88 0.97 1.17

Tyr 0.56 0.52 0.51 0.53 0.58 0.54 0.34 0.48 0.50 0.52 0.30 0.43 0.34 0.38 0.45

Val 0.84 0.87 0.64 0.72 0.96 0.73 0.52 0.90 0.71 0.94 0.71 0.59 0.48 0.52 0.54
2.3 ZRHEUIWER D-2.D-3 B-3 #EA AT ; A-2 (B2 (C-1 S HF i AH
2.3.1 4P7) R P £ ML 5k IR I, 2 far B & 7, Pro Ile Ala, Arg, Thr Phe

ER T 4 AT ZARHRA P KR His L-Hyp Lys HEESFUSRIARER > 0. 25, X BEfAKE b
BRI 2E M. ZOR B, AL A3 A4 A6, R ZEF I TTRRE R (WA 2) .

A B
A
34 ' o
B2 ®Met
04
3 C2 AN @ ,, © Val® Leu
BI ® ® A 0.2 l’hce”l‘m
0 — @ D3 . ¢
O P3 0.0 Oryr lhs.a_\. :Ala
Rl DI | D2 Ag A I\\s.'l.hr Arg
® A5 -02 7> L-Hyp
(& L:Scr
Gl
-04 Asp®

P il il -
N N

0.15

-10 -5 0 5 10
R2X[1] = 0.803 R2x[2] = 0.0793 Ellipse: Hotelling's T2 (95%) (=}
R2X[1]=0.803 R2X[2]=0.0793

2 AR RARRERSFESR 1T MEEBRK S HEE

Fig. 2 PCA scores of TCPC from four companies and load diagram of 17 amino acids



Vol. 35

WRI5 5% 6T UHPLC-QTRAP-MS/MS 454 9 2% 24 BRI AN A 5% 0 Y P 7 bk 2 5 BOHUHL  BRgr A ETE ZE LR

2159

2.3.2 AP Fe TR ZHTFRR
PEFEMIIR R AR R T 1 AT T,
ZERBOR, AT 2 A N R 22 STk R
88.28% (WL 3) o Jy WA Fr R U 25 32 1 iy 58
i, BT 22 i RIESCHERE e, A3 2 A T/
P ir R BOEME (LR 4) o 72 > 0.6 94

AEHTF, EFTF 1 RHAEED 13. 66, J7 22 5Tlk%E 4 5
19 80. 35% , %52 Glu, Asp ., Ser, L-Hyp , Lys .
Arg Thr Ala His Gly &t (5200, 156813 10 Fh 2 L
o e F R i e K, 7 2 RRIEAE N 1,35,
Jr2E0THRRN 7. 93% , 3:%25Z %)) lle \Phe Pro Leu Val |
Met Z5 it SENR , d B FH SRS B E

x3 PETFHFEERFTERMKE
Table 3  Eigenvalues and variance contribution of the common factors
IR FHIE(E P HAT - J5 A
Initial eigenvalue Extraction of load sum of squares
NS e .
Common factor it g RETERIE it TEAR e
Total Verance L iance Contribution Total o Variance e Contribution
contribution rate( % ) margin( % ) contribution rate( % ) margin (% )

1 13.66 80.35 80.35 13.66 80.35 80.35

2 1.35 7.93 88.28 1.35 7.93 88.28

3 0.71 4.16 92.44

4 0.37 2.17 94.62

5 0.28 1.66 96.27

6 0.21 1.24 97.51

7 0.15 0.92 98.42

8 0.09 0.55 98.97

9 0.07 0.42 99.40

10 0.04 0.26 99. 66

11 0.03 0.16 99.82

12 0.02 0.12 99.95

13 6.00E-3 3.60E-2 99.98

14 2.00E-3 1.40E-2 100. 00

15 3.57E-16 2.10E-15 100. 00

16 -3.74E-17 -2.20E-16 100. 00
17 -6.40E-16 -3.77E-15 100. 00

x4 MERNEFRERY
Table 4 Factor loading coefficients after rotation
A5 F A F Main factor A5 F [A-F Main factor
Variable Fl ) Variable Fl )

Glu 0.93 0.23 Gly 0.67 0.64

Asp 0.93 0.12 Ile 0.66 0.71

Ser 0.90 0.28 Phe 0.64 0.72
L-Hyp 0.83 0.48 Pro 0.63 0.76

Lys 0.82 0.45 Tyr 0.59 0.56

Arg 0.81 0.57 Leu 0.54 0.77

Thr 0.80 0.52 Val 0.45 0.80

Ala 0.74 0.65 Met 0.07 0.83

His 0.67 0.66
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WS B T30 REGERE (UL 5) IRt 1 SRR & B i i HOUON 2 2 BORE AL A-1 A3
Xi SEWNT F, BB R R F 4350, i A4 A-6.B-3.C-3 . D-3; 0N 1 iRERh B-1.C-2,
T4 RBOERE AT 1345 BN T 805 0 R 8G, WL D-1.D-2,

(1) o FHRA U L R TR 42 (PC,) | U4 i ZJX]( 1 0
Pk AR, P 5 5 A =
BN AV BB, WA (2) o LR A ay N F 1300 RBOEFES § 5156 i 170 R
A IAIREIR 4 3 4L S5 A7 5 <-1.0 Rl 1,- BCX RO RERRIE AR 0 HCfi .
LO<ZEATR/<1.0 WYL 2, 26780 >1.0 4 PCz = (80.35F1 +7.93F2)/88. 83 (2)

30 BRER(IERG6) ,4H 3 KM A2 A5 B2 C-
RS BABRSRHERE

Table 5 Component score coefficient matrix

st FEH T Main factor - KT Main factor

Variable . " Variable . -
Asp 0.28 0.25 Tyr 0.02 0.07
Clu 0.24 0.20 His 0.01 0.09
Ser 0.21 0.16 Ile 0.01 0.12
Lys 0.13 0.05 Phe 0.02 0.13

L-Hyp 0.13 0.04 Pro 0.03 0.15
Thr 0.10 .01 Leu 0.07 0.19
Arg 0.09 0.01 Val 0.11 0.23
Ala 0.04 0.06 Met 0.30 0.42
Gly 0.02 0.08

®6 AR XARFRNEEFRIRGERETS

Table 6 Main factor scores and combined quality scores of TCPC in different companies

FE i . LAY BIrora
Sample number bl Pe2 Combined score Scoring group
A-l 0.43 1.03 0.60 2
A2 0.38 1.35 1.73 3
A3 0.54 0.07 0.47 2
A4 0.15 0.32 0.16 2
A5 2.39 0.16 2.23 3
A6 0.00 0.56 0.56 2
B-1 -1.52 0.57 2.09 1
B2 0.45 1.64 1.19 3
B3 0.88 0.35 0.53 2
C-1 0.40 1.52 1.92 3
c2 1,13 0.31 -1.45 1
c3 1.48 -1.28 0.20 2
D-1 0. 64 -1.66 2.30 1
D2 0.52 0.81 -1.33 1

D-3 0.13 -0.24 -0.37 2
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2.3.3 AT X TRYPRAMIARSTHRE i LRIk, Z et e R Bon 4 A % BLC
2T TRBEOK R R WO R, A D R

AU i B LR

RS RE RIS HERRERL . Hh AT R85 \HE':u- AT A

HEFES R A 3 RSE(WAE 3) Kk A 125:B-1 .C2, TR 6 AR ) o B S oK i R e e HLE
D-1 D2 5SS I 28 A2 A5 C-1 SFEM I 28 FE/N, BT RR e
A-1 A3 A4 A-6 B-2 B-3.C-3.D-3 SHE5,

2.4 MEHEPEFELER
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Fig. 3  Cluster analysis diagram of TCPC from different companies

MSP  Uniprot %{4ff 42 i B J5 24521 175 #8558, #04

2.4.1 @FRP 1T HAMAKRBRGBEREFE  HEMMAAE Cly(137) Ala(68) Ser(52)  Asp
17 FhK i 8 He iz i 1 SwissTargetPrediction \ TC- ANHE(WETD .,

xR BBRPEBENS R NEELRE

Table 7 Potential components in TCPC and the corresponding number of potential targets

_— fetr s 7 B A
Compound name Code Number of target

MOL000042 Ala GlJ1 68
MOLO000054 Arg GlJ2 2

MOL000065 Asp GJI3 47
MOL000052 Glu GlJ4 28
MOL0O00050 Gly GlJ5 137
MOL000071 His GJJ6 2

MOL000068 Ile GlJ7 14
MOLO005448 Leu GlJ8 12
MOLO007579 L-Hyp GJJ9 6

MOLO000055 Lys GlJ10 2

MOLO005449 Met GlI11 5

MOL000041 Phe GlJ12 24
MOL000061 Pro GlJ13 20
MOL003969 Ser GlI14 52
MOL003971 Thr GJJ15 31
MOL000056 Tyr GJJ16 21
MOL000067 Val Gln7 26
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2.4.2 BRBANE

T R 5

7}7&»?&
hah” M B ey My R L

*iili RN RS

i#iF OMIM | Genecards Drugbank PharmGKB %§

2 i 3

L1531 4 894 M5 TR AAAE L 41, K

it 2 LR A TR E B AR B B S5 1A 68 B BT A
*x8 BREREZOES

Table 8 Core targets in osteoporosis

SEAZ LR (LR 8) o HT 68 /> Bt A e A% 0 L
RSARZE YT PR, JF R A A0 B T 1 A -
2517 25 (DLIE 4A) S o B A 2075 & BE A
2fEP A (=24) , HAFEHPLE (=0.069 3) (&K
W (=0.408 1) BYCEEMIT 2 (LR 9) .

I EE s =2 AR R
i UNPror 1p DAL ERAM 5 UNpror i LR EREMR
Code Core target Protein name Code Core target Protein name
e e FEI i 51 B 5 T [ 5
1 P23219 PTGS1 Pr()stdgldndm C/H syn- 35 P31040 SDHA - o verose
thase 1 ase [ ubiquinone ] flavoprotein sub-
ase unit, mitochondrial
Y-EEETRZMRTAE Al BH45 & LR B E A Arala2
2 P14867 GABRALI Gamma-aminobutyric  acid 36 Q9UJSO  SLC25A13  Calcium-binding mitochondrial car-
receptor subunit alpha-1 rier protein Aralar2
iR % PR s 2 TR 1 5 ATP i 18 & A Bk Cal-
3 P12931 SRC Proto-oncogene tyrosine- 37 P98194 ATP2C1  cium-transporting ATPase type 2C
protein kinase Src member 1
JUPA 508 J5E 5 /2 1k Gly- o ke o
[ =i -
4 P11217 PYGM cogen phosphorylase, mus- 38 P05091 ALDH2 L L R ﬂﬂ' <L Al.dehyde de
hydrogenase , mitochondrial
cle form
5 P07339 crsp AIZAEFNG D Cathepsin | 59 P00797  REN % Renin
M7 4 5 ; _ % aoulati ac
6 P22894 MMPS L3 ﬁ*i,mﬂﬂﬂﬁkﬁﬁﬁ Neu 40 PO8T09 7 %t 1 A 7 VII Coagulation factor
trophil collagenase via
g 400 5 e v B
7 P39900 MMP12 fifg Macrophage met- 41 P02788 LTF FLHE H Lactotransferrin
alloelastase
HEA T~ KB 01 3 1 0 8 Inhib-
8 P06276 BCHE JHBEBE R Cholinesterase 42 014920 IKBKB itor of nuclear factor kappa-B kinase
subunit beta
B S B A AL & . . .
9 P47989 XDH Xanthine  dehydrogenase/ 43 Q16881  TXNRDI BSRUL S FLE A 1 Thioredoxin
. reductase 1, cytoplasmic
oxidase
4x B R ol Al BEAR A M B H R K &
10 P00325 ADHI1B All-trans-retinol ~ dehydro- 44 015067 PFAS Phosphoribosylformylglycinamidine
genase synthase
0 A ' .
11 P00326 apmic  PEBLERE IC Aleohol de 45 099707 MTR %41 Methionine synthase
hydrogenase 1C
oo .
12 P07327 ADHIA  PHBESUAG 1A Aleohol de 46 PI5289  ARSA  JSJLEAFSAS A Arylsulfatase A
hydrogenase 1A
13 P04040 CAT it B AR Catalase 47 po6737  pycr T RBEAL AR Glycogen phos
phorylase , liver form
T BR 34 S B M1 Ribo- AT 8 A ) I e B 1 2 Carni-
14 P23921 RRM1 nucleoside-diphosphate re- 48 P23786 CPT2 tine O-palmitoyltransferase 2, mito-
ductase large subunit chondrial
S ] ke o . 5B N- kB FE 1 -
15 P16278 GLBI1 B-F-F UM i Beta-galac 49 Q61B77 GLYAT HER N-Bt 3L 72 Glycine N

tosidase

acyltransferase
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2:5% 8 ( Continued Tab. 8)

=3 SR R = Y gy R
b UNIPror 1p PO HREH 5 UNpror i LR EREMR
Code Core target Protein name Code Core target Protein name
. " " o } N i _ace -
16 P00488 pizap  GHMA T XHA Bk Coag- || o) povisg Npgs  NVOEAAMAN Nacetlglua
ulation factor XIII' A chain mate synthase , mitochondrial
RERIRATE T, 2 S it At i . .
17 P00505 GOT2 44 Aspartate aminotrans- 51 Q8TD30  GPT2 WRFEHEFE RSl Alanine amin-
. R otransferase 2
ferase , mitochondrial
Y TR TN T TR B R 7 S-S F L BRNR AT 1 5-Aminole-
18 P21549 AGXT fiff Serine-pyruvate amin- 52 P22557 ALAS2 vulinate synthase, erythroid-specif-
otransferase ic, mitochondrial
e RO EE S A 1 5-Aminolevu-
5 i 5 L .
19 P24298 GPT R R R IR E W Ala 53 PI3196  ALASI  linate synthase, nonspecific, mito-
nine aminotransferase 1 .
chondrial
N Tk~ B % Cysta- 5 7 T b A i 4-Tri -
20 P32929 crn WEBREE v RREG Cysta )5y pygigg arppgar YOAME TREEELERG 4-Trimethyl
thionine gamma-lyase aminobutyraldehyde dehydrogenase
NADP-fe i P 5 5 1 o
21 P48163 MEI NADP-dependent  malic 55 P11498 PC PR R ALRE Pyruvate carboxyl-
ase , mitochondrial
enzyme
HEMKIE 5B Cly- VEIBTT ATP BT RE A B
22 P50440 GATM cine  amidinotransferase , 56 P38606  ATP6VIA  V-type proton ATPase catalytic sub-
mitochondrial unit A
5 A5 A b o
23 P35030 PRSS3  JZE (13 Trypsin3 57 p13s07  Gysi LA TR A BE ARG Glycogen
[ starch ] synthase, muscle
LR A TR 1 B R A
24 P04181 OAT F& it Ornithine aminotrans- 58 P00734 2 B L )5 Prothrombin
ferase , mitochondrial
UDP-ij % 54-22 11 53 4 ,, P
25 014376 GALE  fi§ UDP-glucose 4-epime- 59 PO8SS8  ADRBI P %fﬂ’?%xw Beta-I adrenergic
rase receptor
e P S E B Chymo- s :
26 Q9UNII CELAl  trypsin-like elastase family 60 Q4524 scNsa Ml BHEFS W o Sodium
channel protein type 5 subunit alpha
member 1
TS | = ) I~ AN i- A" A S H
27 P29475 NOS1 ﬁ‘ié:j.: AAE WE.NI 61 P29474 NOS3 Pz 75 zﬂﬂ_’,i\“g fiff Nitric oxide
tric oxide synthase,brain synthase , endothelial
S5 AT 5- [ ab 52, P
28 P35354 PTGS2 U—li% G/H 47l 2 Pros 62 P08913 ADRA2A a2A y%‘J_ [ RN Alpha-2A
taglandin G/H synthase 2 adrenergic receptor
AE5Z 1A 2R 1 I R B
" s . 12 b A 2 a-
29 P18031 prpxi MG 1 Tyrosine-protein 63 p3s34s  ADRAIa A HLAREAESZE Alpha-1A
phosphatase  non-receptor adrenergic receptor
type 1
AR e B 1 1oS- , ) i s .
30 Q00266 MATIA adenosylmethionine  syn- 64 Q01959 SLC6A3 AL 2 L %lé & Sodi-
. um-dependent dopamine transporter
thase isoform type-1
AEA: DU I R 5-18 A& Tl
S . _ % |- a6 57, o _
31 P20202  ALOXsAp AT &P Arachidonate 3 65 po7550  ADRB LIRRAESZIR B2 Beta2 adren
lipoxygenase-activating ergic receptor
protein
AN TR Slutams — I L e iDenti
32 P42261 CRiAl A AMSZET Cluamate 66 po7ag7  pppa  —JAHEAKHEE4 Dipeptidyl peptidase
receptor 1 4
CAMP R ¥ 2 1 8
i _ - 5 L i-
33 PI7612  PRKACA  MEALILIE cAMP-depend 67 po2o37  ppia  IEIREBEIURSFHIEG A Pep
ent protein kinase catalytic dyl-prolyl cis-trans isomerase A
subunit alpha
Lok A T 15 S R e A W o s
34 PO0480 oTC Bt B Ornithine transcar- 68 P17707  Ampi R EREBBRAG S-Adenosylme-

bamylase , mitochondrial

thionine decarboxylase proenzyme
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b P & 6ei  MTR aoxsap
OAT PRSS3 ATPBVIA ALAS2
L F7 W\ sm“&oxnp &*r LTF SLC25A13 PPIA
i /' XOH GRIA1
PRKACA AGXT
Y ol ARSA AMD1 NAGS PFAS
TC GLRA1
KeKa ans % Gun pe crs 2% NOS1 O e
SOHA TXNRD1 Gu7 Gu17 AugHoaT —CTH IKBKB SDHA GPT2 ALDHIA!
ATP2C1 ADRB1
Xon PFAS () G4 El3hdom - cPT2
PTGS2 L AGXT
MTR RRM1 F7 SLCBA3
e cus L cuts L 4 e CAT TXNRD1
ARSA CAT
< Gt o ADHIE  RRM! SRC Got2 ADH1C
YL MUB12 DPP4 ALDH2
CELA o 66 3 gi G4 e NOS»  ADRA1A y o - SCNSA
2 1 KAGA oS
GRIAT— GARSY L REN | GATM s
F13A1 & ] MATIA
e NAGS ATP2CT gl
GPT2 oPP4 GABRA1 ADH1B OAT PTGS1
ADRB1 ALAS2 ADRB2 PTGS1 PYGM ey F2
ALASADRANSECEAS, GALE Gys1
SLE25A13 PTGS2
ADic MMP12 ME1
ADRAZA G4gRA1 CTSD ADRAZA pyay  ALAST
8 3 - Y B FE T N R A
B4 ZOEBa-EERS-AYRERE (A) REREREZCESEEERE(B)

Fig. 4 Core target-active ingredient-drug association map (A) and osteoporosis core target interaction map(B)

x99 KEMSHIFMR

Table 9 Topological properties of key components
G LA R BEfE L B HEEE
Number Compound name Degree Betweenness Closeness
GJJ1 Ala 28 0.084 1 0.462 0
GJJ5 Gly 57 0.594 7 0.664 1

Kl 65

2.4.3 FRHEAZCEELEAEMNS Hub ¥ b 4
R

1 68 A~ B B MA RO A STRING 2415
J i e i 3 2 Cytoscape , ZEBRIEES 3 A7 s, R 2%

AT 580,208 XA AR (UL 4B) .
X PPL 28 A T4 N o3 AT, 15 B4 & BE(E 2 1%
A (=10) BRI HGEE(=0.026 3) K%
(=0.388 4) 11 Hub #1504 11 (L3 10)

# 10 Hub BLiRHFHER
Table 10 Topological properties of Hub target sites

PDB 1D 4R A I Y
Name Degree Betweenness Closeness

1DGF CAT 23 0.2432 0.576 6

6NG7 NOSI 13 0.123 0 0.492 3
IMOR NOS3 18 0.097 1 0.516 1

INRS F2 10 0.093 1 0.450 7

1KSW SRC 11 0.031 8 0.450 7
50G0 AGXT 14 0.1019 0.470 6
1JDW GATM 10 0.048 1 0.447 6

31IHJ GPT2 14 0.0452 0.470 6

3SFD SDHA 12 0.0311 0.450 7

5F19 PTGS2 12 0.068 4 0.463 8

2NMP CTH 11 0.076 6 0.477 6
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2.4.4 GO 4% KEGG i 3% 4 5 #7

GO B4 RAL1G 8] 2 375 A~ 45H, Hrp
BP fH:45H 1 992 4%, MF 283 4,CC 200 4., H( P
HHT 10 2525 17 ATk 20 B (ILIEl 5A) . BP £
B S o TR A AR | A e 2 B R A R
N AR R A . MF 2 kA R 4
AL B IRAS A MR R BO B G A MRS &
&, CC BB I 2ok {4 35 it 45 4% U1 AH
Ko

KEGG 3 % & 48 43 Fr 2645 2] 212 M5 5 38

GO Enrichment
Alpha-amino acid metabolic process
Cellular amino acid metabolic process
Small molecule catabolic process
Carboxylic acid catabolic process
O ic acid catabolic process
Alpha-amino acid catabolic process
Cellular amino acid catabolic process
Alpha-amino acid biosynthetic process
Cellular amino acid biosynthetic process
Anginine metabolic process
Vitamin binding
Pyridoxal phosph;uc binding
Vitamin B6 binding
Orzanic acid binding.
Tetrapyrrole binding
Carboxylic acid binding:
Amino acid binding
Transaminase activity
Transferase activity. transferring nitrogenous groups
Alcohol dehydrogenase [NAD(P)+] activity
Membrane raft
Membrane microdomain{
Mitochondrial matrix
Secretory granule lumen
Cytoplasmic vesicle lumen
Vesicle lumen
Mitochondrial inner membrane
Plasma membrane raft
Caveola
Ficolin-I-rich granule lumen

Chemical carcinogenesis - reactive oxygen species

category

Pathways of neurodegeneration - multiple diseases

Alanine, aspartate and glutamate metabolism

(WL SB) , P BT T B BB AAE 250 S 5L TR
A H16 i ( biosynthesis of amino acids) 4 2 iR Fll
2 2118t ( arginine and proline metabolism ) | f%A
i ( carbon metabolism ) | ¥ 2 1z 4= ¥ & il ( arginine
biosynthesis ) 55 i [, H i 2 HE 1R 1 AR W) & s K
NAGS-GPT2-SLC25A13-PFAS-OTC %8 9 /N0 &5 ; ¥
S R 1 i 20 R AR5 9 B OAT-NOS3-NOS1-GOT2-
GATM 4§ 8 /~; B A 3 ¥ & GPT2-SDHA-PC-ME1-
GPT %5 8 A~ ¥ A R £ W) & Wi & NAGS-GPT2-
OTC-NOS3-NOS1 % 7 1>,

B KEGG PATHWAY
Biosynthesis of amino acids ®

Arginine and proline metabolism L]
Carbon metabolism (]

Arginine biosynthesis L]

Pyruvate metabolism{ ®

Neuroactive ligand-receptor interaction °
Fatty acid degradation

Insulin resistance

Insulin signaling pathway
Alcoholic liver disease
Diabetic cardiomyopathy
Calcium signaling pathway

Glycine, serine and threonine metabolism
Cysteine and methionine metabolism
Regulation of lipolysis in adipocytes

Glycolysis / Gluconcogenesis

Salivary secretion

Platelet activation

in ¢

Adre te
signaling pathway

CGMP-PKG Liog10 (P Value)

2-Oxocarboxylic acid metabolism . 50
Tyrosine metabolism . 25

Renin secretion

Glucagon signaling pathway
Rela naling pathway i
Estrogen signaling pathway . :
i £ ’ 4

o

Count

5 10
GeneRatio (%)

5 GO IhgE(A) R KEGG B (B) EEAHE
Fig. 5 GO function (A) and KEGG pathway (B) enrichment analysis diagram

2.5 HF3E

W OGS 53 S Hub B8 g3 E 1748 X5 45 AR
XHE 4t A feE4. 30 kcal/mol #F|-2. 75 kcal/mol 22
[a] , SE-I 454 6E-3. 49 keal/mol, /NTF-1. 20 keal/mol

x11
Table 11

F W] Hub 8 55 5C MK 7> Z 0] 25 45 R4 (I 2%
11) 5 i TR C R (DLIET 6 )l O B il a0
B AR SR AR AR TS Hub B8 fUE BUR TR 1 455
jjo

NFIEESHE
Molecular docking binding energy

LB fE Binding energy ( kcal/mol)

5, Target

Ala

Gly

CAT 2.
NOS1 4.
NOS3 3.

SRC 3.
AGXT 3.
GATM 4.

GPT2 3.
SDHA 3.
PTGS2 3.

CTH 3.

2.75
-3.94
-3.38
-3.69
-3.46
-3.43
-3.91
-3.00
-3.44
-3.20
-3.53
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e \GLY-402 ‘ A

--= # 4 Salt bridge

#hHF Salt bridge

i Hydrogen bond

‘4 Hydrogen bond

Gly-NOS1 i Hydrogen bond

B 6 o itEEE
Fig. 6 Molecular docking pattern diagram

3 WS

AT AU o TSR fife 2 R T
PRI 2 WA AR, 23 B it BB 5 R i A B Tt AH
Kb I FTRE SR 7 EE AR OC o FRATTR W B Bk
FHRTIN K it 2 R R IR FREB X055 A
RN S 5 T 2 MR Y HPLC Y646 I )
JEAE RFIE B RE A B WO BE AR, XE L X 23 AR AR
SRS . TR RO BT Ik T TE A B, ]
HEBRARRS SR B 1Y T, SOK il 2 B R &5 1] AE
ARG, 2% 2 2 25 L s F W IR YT B
FREANE B B AT Ala Gly, Horp Ala REAEHY
WIHESE T AT HLIR 1 A5, 20385 26 28 ) B Jox i A A
St Gly 55 BT XU BB M G, 7E R
AR AR ST A R
097 B B A AE A OGS U CAT (NOST \NOS3 |
F2 %5 i A AL AU ( catalase , CAT) 7 3 i 410 i 4 Ak
o7 8, AR v /0N LA P B B AR e i
W —4 b A & 1 ( nitric-oxide synthase , brain, NOSI1 )
H5EBEAMG, FERIL TR T X N4
P a] Y DX 38 5 P R A — AL AU G i ( nitric-oxide
synthase , endothelial, NOS3) 1, 5 & @i & tH ¢, &
FEIRT B TR DRI A &) P20 5 8 ot
it J5 ( prothrombin ) J2& B 41 i H i) 4 5 M sl )
eSS B R B Y . KEGG 1 GO &
RO A R 0 P AT REVD B A B Hh 4R A R 4G
B MM EERERRES & A LIRSS & B IR A U
G —RYNAEY IR 5w S R AE S
TP A BEIR S T FEE G (ceyclic guanosine

monophosphate-protein kinase G, cGMP-PKG ) {5 5 |
A Qi VR R & A Tl R AR o R R A
53 8 O O A VLR B4 B 80% 1Y) A A M
cGMP-PKG {5538 i BE 0% Vo] 47 B 12 7L, ik mT i 0 i
A A U, X Bl B I 4R B X P A
p 2324
2% |+, AR SR A UHPLC-QTRAP-MS/MS 454

JCGEH T R B 4 AT F b A TR W R
SE KA LR B ey 5 U HY RS T R 2ok Y =R T
PR o 4 CAT (NOST (NOS3 45 68 /> it i
FAAZ B 5 T 532 00 G2 TR 5 8 G 2 TR Rl 22 1R
AR B AR AR 212 Z505 5 38 B OR IR T B B A
A
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