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Metabolomics-based analysis of chemical composition differences between
Arcae Concha and counterfeit product and cell experimental verification

WANG Qiao-zhen ,HE Han,HUANG Shi-ru, CHEN Li-yuan,LIU You-ping, CHEN Hong-ping, CHEN Lin"

State Key Laboratory of Southwestern Chinese Medicine Resources ,Pharmacy College ,School of Pharmacy,
Chengdu University of Traditional Chinese Medicine ,Chengdu 611130 ,China

Abstract: To analyze the main chemical composition and their differences of Arcae Concha and counterfeit product,and verify
the efficacy of chemical composition. Widely targeted metabolomics technology was used to analyze the overall chemical com-
position of Arcae Concha and counterfeit product,identifying differential chemical compositions by cluster analysis (HCA) ,
principal component analysis (PCA) and orthogonal partial least squares discriminant analysis ( OPLS-DA). The efficacy of
differential chemical compositions was verified by cell experiments. A total of 1 208 compounds were identified from the sam-
ples,including 22 categories such as amino acids and their metabolites, benzene and its derivatives, and heterocyclic com-
pounds. 1 083 common components were identified and 40 compounds in the genuine product but not in the fake product. The
results of PCA showed that the different sources of the genuine products could be distinguished ,the genuine products and coun-
terfeit product could be distinguished ;there were 67 differential metabolites that were significantly up-regulated in the genuine
products. The results of cell test showed that N°-Isopentenyladenosine can promote the apoptosis of human thyroid cancer cell
line( TPC-1) ;through inducing S and G2 phase arrest to inhibit proliferationit. N°-Isopentenyladenosine is expected to be a po-
tential quality marker of Arcae Concha. This study provides technical support for quality analysis and control of Arcae Concha.

Key words : Arcae Concha;counterfeit product ; metabolomics ; differential chemical compositions ; TPC-1
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98% 54351k CY12563 ,CY20814)
1.2 4R

N HURR R 92 40 M Ak TPC-1 (40 il #% 4 5 CL-
0643) Iy 7 2D 1 28 A o BHRCA BR 2 W), 40 i pk
FHE 10% G4 35 1% WATHT RPMI-1640 5524,
BT 37 C 5% CO, (AR R h a5 7%
1.3 R

HIlE 2 (5% 2, 56 [F Merck 24 H]) 3 R
(O al, £ 15 Aladdin 22 7] ) 5 K (HE2EK) ; BE R
(At , AR T Rk B Ak 2 it A PR ) ) 5 B il 4 i
AL IR 2F I L PBS 22 P ( Biosharp , 4it-5 43 Jil]
A1 700904500 2106044 2138268) ; H 55 25 -5 5 2 M
Ui (€ [E HyClone 24 /], b5 J190033 ) ; BEWK i
(22 A, 15 EQORED6D ) 5 — F KLV il ( Sig-
ma, 44k , 15 SHBK2703) ; 41 ffd & 300 5 94 T
1A & Annexin V-FITC 4 Jg 8 T & ( Lk
Ao REWHARA RN, #5705 h C1052,
C1062M)
1.4 FENGF

R RBOBAH 7% (ExionLC AD) | DU AT R AT
[5] i % ( Triple TOF 6600, AB SCIEX ) | £ B¢ Jifi 1%
(QTRAP®) (3£ [ SCIEX 2 w]) ; 8 i 4% ( Acquity
HSS T3,2.1 mm x 100 mm, 1.8 pm) . {434 ( Waters
Acquity UPLC HSS T3 Ci5,2.1 mm x 100 mm, 1. 8
um) ; HCB-1300V & T.4F &5 . HCP-168 — %A kb
LI (F R R AW BEIT Ry AR A A ) ;
GR85DA & JE K g ( 32 [F Zealway Instrument Inc) ;
3001 fifiFRr{Y% ( Thermo Fisher Scientific Oy) ; CytoFLEX
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1.5 #m
1.5.1 #&mkk

A SRR IR B 12 HERAE S , 22 CER R 245K
P2 e o S A S R Sh ) Bl Arca sub-
crenata Lischke JeMlf Arca granosa Linnaeus . BL#f Ar-
ca inflata Reeve ZERIHAMEH Arca crebricostata Reeve
WIL5E, FEMIEE IR 1,

x1 HERER

Table 1 Sample information

FEJ %5 g WA B[]
Origin Number Produce area Collection time
Filf Arca subcrenata Lischke MH1 WL T 4k 2020.12.07
MH2 JUARILT 2020.11.28
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2:5% 1( Continued Tab. 1)

IR G P Wi A i)
Origin Number Produce area Collection time
FEMlt Arca subcrenata Lischke MH3 AR T Tl 2020. 06. 04
el Arca granosa Linnaeus NHI1 T S R 2020.12.01
NH2 WA 2020.11.18
NH3 TR DR X 2020.12.21
kit Arca inflata Reeve KHI LI AR it 2020.11.08
KH2 L THRK 2022.03.02
KH3 IR 5 2022.03.02
BRI Arca crebricostata Reeve MLCSHI1 JTPEEAK 2020. 04.29
MLCSH2 Wi 2022.03.08
MLCSH3 FiwAR 2022.03.08

1.5.2 H&44&

BRI R (R 150 ) Nz 6 £ 10% SR
TR CRERE SR A A B 2 O A BB PR P
AR A KR, N R R ) IR R G
P, B O VG R TR T IR R TR o

MA-80 °C UKFE i B H AR A TR UK b A ok (J5 2R BT
AEAERAE VK 04T ) 5 7E W AR R B R AR
B5)  FREBUREAR 20 mg (= 1 mg) 25X5 B 4 Y B0
B A 70% WK ARSI 400 I, 1 500 +/
min £ 5 min, JK_EFRE 15 min; 7 4 C 541,12
000 r/min Z.0> 10 min, 2B 15 W 300 wL 2] 5 —
St R 4 B A L 20 °C pKAR TR B 30 min; 7E 4
C %444 F,12 000 r/min F5-B.0> 3 min, BT )
200 wL B0 R HEFE N AT T, T EALS T .

1.6 7%
1.6.1 defemibml K& &40

LA A AR AEIK (0. 1% WU H R ) , B AR
(0. 1% TR ) ; BEMEALEE: 0 ~ 10. 0 min, 5%
B;10.0 ~11.0 min,5% —90% B;11.0 ~11. 1 min,
90% —5%B;11.1 ~14.0 min,5% B; #: & 40 °C ;%
B 0.35 mL/min; #EFEE 5 ul;
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min; #1040 °C; HEFE R 2 pl,

i R A S A FE LA A - M 55 B U (EST)
IR K 500 °C, i R 5 500 V(IEE TR L)/
4500 V(g F8) , B FIRAUR 1(GS 1), K fk
II( GS 1) FI< 7 < ( CUR) 43531l % iy 50,50 1 25
psi, i 75 T HL B (CAD) 240X 8 . 78 —H Y
BT, B B TR AR R4 1% 7% H  (DP) F1I
B E (CE) #EA7 A
1.6.3 Rifth e zes R

P A AR B 55 IR A, 847 LC-QTOF-MS/
MS SE8G, BT [ 0 ) bR b £ s 5 MWDB (% —49¢
% PR B I [E] (retention time, RT) ) FI1 4E 8¢ 5 /4 3L
BRI MHK 5048 % (42 2 Metin . HMDB | KEGG #{
PEEEAS R, &% 90 RT) LU & MetDNA 47 6 &
P, IR S U 1Y 2 5 1 X HE B R PR B
[ RT, 454 104 A A 80 R A 22, R i 78 Q-Trap i
TTRRAREA RS B 2

AR e B R = 3 DU AT B3 ) MRM 43
Mroe . MRM R, 55 — 3 DU 1 50 ik H Ax
YIRS (BER ), HEBR s At 42 J5T X6T 1 11
HIAR B LUK HEBR T 90 5 B4 25 178 55 — 8 DU
FI-rh 2 mliAR 5 B S A T, TR AE 9 ot B 1Y
LERRFIE T 2T B — R %) BRI 7 B 1,
T P o 5 — S DO AT 2o B e R 1 — A LAY
RFIERE R B85, HEBRIE B AR &8 1 T4, (e it
kG, I WA AEARAE A [RIFEAS B W BT AL
B 5, XA A 0 4 RS - (g 0 Ay Sl i A T
WA TR AR 3, I X H v ] — A P E S A A A v
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Fh ARS8 E 4 h, ISR WA 150 wl/
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MTT R 25%)) WL, OD .y, R 525020 (55 A 20
EEFREL MTT OR[RIVR EE D259 ) OB
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2 1(Continued Fig.1)
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Fig. 1  Overlapped TIC of mixed quality control
VEra IEE ;b B AR, Note:a:Positive ion mode;b: Negative ion mode.
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Fig. 2 MRM multimodal plots of component detection
VEra IE B A b B TR, Note:a:Positive ion mode;b: Negative ion mode.
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Table 2  Classification and number of the detected metabolites in Arcae Concha and MLCSH

R .
Classification of the detected metabolites Number
SRR B H AR Amino acid and its metabolites 237
I8 f HAT A=) Benzene and substituted derivatives 189
28I 1EE ) Amino acid and its metabolites 161
A HLEZ M HATEY) Organic acid and its derivatives 145
% (B \FiE2& Aldehyde, ketones, esters 73
1R M HAC ) Nucleotide and its metabolites 72
AEIFIESS Fatty acyl 69
fis & Alcohol and amines 66
KAL) K A Carbohydrates and its metabolites 41
HMBAEZE Glycerophospholipids 27
R N E MYt Hormones and hormone related compounds 27
W Alkaloids 19
T 4EE & CoEnzyme and vitamins 14
# 25 Flavonoids 11
52 Terpenoids 9
Ef RS Sphingolipids 7
ANEZEMFE T ZE Lignans and coumarins 6
B2 Bile acids 3
@tz JIBF {62 Tryptamines, cholines , pigments 2
HlEZE Glycerolipids 2
2K [E P Steroids 1
HAh Others 27

Bl
MLCSH

B3 RHEFREMGRZHAGHCHEYIERERE
Fig. 3 Venn diagram for differential metabolite comparison of Arcae Concha and MLCSH
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Fig.4 PCA Score plot of Arcae Concha and MLCSH
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Fig. 5 Hetmap of compounds of Arcae Concha and MLCSH
R A 53, R R R AN RIREA 21 R AR AR X i 5, 2k R R M XS Ik . Note: The vertical axis represents metabolite

components ,and the horizontal axis represents different samples ;Red indicates high relative metabolite levels,and blue indicates low relative metabolite levels
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BUER T 0.9, WAT DLz iz e 8 i) ] Sk 5 A28
P, Hrr MLCSH 5 MH B R°X = 0.774 R*Y =1,
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= 1.0 = 0.984 BRI A HOR BT, UE I 145
AT AR — 20 10 22 SR 04T

44 OPLS-DA #5A1f FC A1 VIP {E 57 £ 45 % 1R
I 2E AU, T L S50 FCH =2 50 # <0.5
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A AN E A, Horh 224 A FiE 186 SR
4, MLCSH F1 NH Z[a]45 398 4~ &k 24 [m] 1) A i
e, Hirp 177 A 1,221 A~ R, MLCSH fi1 KH
ZIAA 440 A~ 5 AR ARS =4, Horb 182 4 I
4,258 R, 3 R EEIE BLES - 5 00 eI A
167 22 AU, B 45 5L e S AR 44 4.

® i down-regulation
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B LA B LA BRI 1A, 452 RAN1A 6a
6b K33 R, alad X 167 A2 A 17
Br,67 MBI AE 3 Bl JRUIE o 35 3R B0 M,
Forp 3 A BEIEUE by oA T O i P A 1Y) A
40 >, BR(EE LR 40 79 AMUBHYITE 3 Rk JE
A R BN T 21 MRS E TR IE AR AR Hh
BB AR IE A AR A TR R B o i
SCHRAT B, P B AR 15 4 ELAE IE b 825 1A
(122 AR N -5 MR FE R AT L 6-8-F2 S S2 1 L 34
- R AT AN SR RS, A2 4 B 1 255K
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Fig. 6 Number of differential metabolites and Venn diagram of three species of Arcae Concha and MLCSH

®3 EBEFRENREZEMERHZESKEUHEREE

Table 3  Classification and number of the differential metabolites between Arcae Concha and MLCSH

fRBH RN Hom
Classification of the detected metabolites Number
SR AR Amino acid and its metabolites 44
HJe HAT A=) Benzene and substituted derivatives 27
2234k A 4 Amino acid and its metabolites 27
% B 52 Aldehyde, ketones , esters 14
R K E MY i Hormones and hormone related compounds 8
Rt S AR MY Nucleotide and its metabolites 8
A HLEE B EoATAE Y Organic acid and its derivatives 7
i J22% Alcohol and amines 6
LEYIIRZE Alkaloids 6
Tl Glycerophospholipids 5
KA A S AR Carbohydrates and its metabolites 3
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2:5% 3 ( Continued Tab. 3)

FRUFPIFNAE B
Classification of the detected metabolites Number
i3 Terpenoids 2
GiiEE 4k R CoEnzyme and vitamins 2
£a 4 SR (22 Tryptamines, cholines, pigments 1
KW % M7 5 % Lignans and coumarins 1
#EHZS Flavonoids :
B2 Bile acids |
BRI Fatty acyl X
FHAlZE Others 3

F4 NEERBPRUIBIE 40 MESEEER

Table 4  Specific information on 40 ingredients that detected only in genuine products

X . YT
75 5T ety 43 WESH T T mEgst
No. Molecular formula Compound Classification  Quasi-molecular ion Ton mode - g
mass spectrum
Py
1 CioHy N5 O Aﬁi{jﬁi Fr NIaeY 308.176 3 [M+H]* 195.094 9
A e T A
2 CysHye N, 0, 10,11 *fji YT S AL A 395.187 6 [M+H]* 256.969 0
3 CppH,g0, ARAR AU EHAT Y 209.100 0 [M-H]- 163.112 1
Jasmonic acid
N = TE]
4 CygHy 05 ijfiffz NN 319.152 0 [M-H]- 237.149 2
B -Sa 13a- .
CypHz 0 SR JiSay e a .
: 0 Taxa4(20) 11(12) -dienSa, 13a-diol AT ET Y 339.212.4 [M+Cl] 293.213 0
— YA
6 C4H,NO, ];(ilmﬁd'jlz RIALAY 148.000 0 [M-H]- 148.039 9
éj:4 N 1 P
7 C35sHyyNO, }L‘?ﬁfﬁf AR HATEY) 674.319 8 [M-H]" 630.293 3
1 > i
8 C13Hy O &ffgﬁ"ﬂle N 239.1633  [M+HCOO +2H]* 161.1319
A
9 CyHy 04 éﬁr"ﬂ:jn WAL Y 565.114 1 [M-H]- 329.060 4
10 Cast 04 i Yoo BORRBCRHEM AT 3591965 [M+HH01+ 2402314
11 CypH3 0,5 yﬁ}i%ﬁﬁf%m ZRIME S 357.190 0 [M-H]" 339.178 6
. 1732 J2, 5 B A 55 PO . . .
12 Coye Hayy O Sf:nolif&bf‘ iﬁtﬁﬂ BRI A 393,238 6 CMH]- 201.124 1
A 4 T R
13 CyHy 05 Xjfiﬁfﬁjm ARSI 153.300 0 (M+H]* 109.200 0
14 €y, Hy 0, Caﬁﬁgﬁi@f;i d S o KA 357.217 0 [M-H]- 227.134 1
HC-5% e A )
15 Cy H3p N, Og o . LIS 435.2329 [M-H] 271.227 6
Helminthosporium carbonum toxin
12R-Hydroxy-5Z,87 NN
C,yH5, 0 [ = i -
16 072 10E 14 Z-eicosatetraenoic acid Bl 3352112 [M+Cl] 2471537
y = A
17 Co H,oBINO, 3-IRAE R LR B LAY 260,000 0 [M+H]* 135.067 8

3-Bromotyrosine
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g S 2 Sk o P— “YUR
b a1 (ta=g?] PIEN T FEF ERRUEN Seconda
No. Molecular formula Compound Classification ~ Quasi-molecular ion Ion mode 1y

mass spectrum
18 C33H33 FOg Wﬂz#}_ﬁ AT 543.229 3 [M-H] 300. 036 1
Etalocib
. 3,4- " AR AR o
CoH, O ’ R s _ -
19 o0 3 ,4-Dimethylbenzoic acid ARBIAT ) 149.100 0 [M-H] 121.020 0
M A A
20 CgHyNO, 4 F'tt ZE& ) TIMEE 184.100 0 [M+H]* 148.000 0
4-Pyridoxic acid
3R CH &R .
21 €, H3NO; N-3-AHE I 1 2R SR B LACIEEY 208,100 0 [M+H]* 105.069 9
N-(3-Phenylpropionyl ) glycine
i 1|5
22 CyyHyg N, O5 ““m‘“@;ﬁg EAEY) 345.216 5 [M+H]* 228.138 6
Oxyphencyclimine
23 CgHys 05 Testololactone NN 344.2217 [M+CH;CN+H]* 298.2162
NG T R ,
24 G Hy7N; 05 : R HAT ) 402.104 3 [M-H] 359.096 8
Azoxystrobin
- 3, 4-T BRI RO (ZEFR) - .
CyH,, O ’ S T A A E
2 o0 Ethyl 3 ,4-dihydroxybenzoate ( benzoic acid) AR B 181.0000 [M-H] 108.0217
(4-YAFHGE 1. =
26 CoH), 0, 3-(4-RR AT -1 - B FHLRR KA Ay 151,100 0 [M-H]- 107.051 1
3-(4-Hydroxyphenyl ) -1-propanol
R NBR S -
27 C23H3805 %‘ﬁﬂ\ﬁﬁ 415.2450 [M+Nd—2HJ 333.204 2
Tylactone
s R R S T
28 €16 Hyy NOS W R PR 2 IR 308. 149 5 [M-H]" 221.154 1
Fulvine
NO- S J s -
29 C,sHy N5 0, o #mﬁiﬂ’%ﬁ. ArR MY 336.200 0 [M+H]* 136.060 8
N®-Isopentenyladenosine
_7 Tk LoD -fa 5 g
00 CulN0, N CHID- B LR BILAH™ 2451000 [MH) 740245
N-AcetyTryptophan
B o
31 CaoH3 0,4 H”ﬂﬁ% A2 R ATEE 333.200 0 [M-H]" 333.204 4
Prostaglandin A2
AP -FFI R E 12 N
32 CyoH30O - 2 1 Pk 333.200 0 M-H ]~ 333.204 4
oo A" -Prostaglandin J2 Les [ ]
3-ROHEMEER A
Cas Hyg MgN, O SFRAL -
33 35T T8N T 3-Hydroxyethylchlorophyllide a AILEN 631.254 2 [M-H] 175.055 2
N-F25E-2-(1 H-15|We-3-28) LRI
CyoH,(N, 08 FUFRAY L - )
34 10707 Indolylmethylthiohydroximate AIMEE 225.0549 [M+F] 210.031 2
A
35 CasHsN, Oy HiT O Y LAY 879.355 9 [M+H-H,0]*  799.3839
Precorrin 6Y
112 i
36 C30Hys O *’?:.Ef@‘?‘ LR S AT A Y 487.341 9 [M-H]" 237.144 4
Asiatic acid
. 13-(2-H L G EERE ) 10 P S0 : -
CyoH30N, 0 L -
37 2073072 13-(2-Methylcrotonoyl ) oxylupanine H I 345.219°6 [M-H] 187.098 6
38 Cy Hyy FO, 6a-Fluoropregn4-ene-3,11,20-trione (NN 345.191 6 [M-H]" 187.097 0
39 Cy, Hy NO, P LPE(17:1/0:0) BRI HIEES 466.300 0 [M+H]* 325.274 1
45U TN A s
40 Cs Hy FgNOs kel K HCAT 542.140 6 [M+H]* 270.088 5
Acrinathrin

2.5 ERREMXT TPC-1 1A 5E D% 1E F
WA Ta IR ,6-B-F2 J 52 B 2H 1 BRI - s 24 iR 21
£ 200,100 .50 25 12.5 pmol/L ¥ i F{EFH 24 h %f
TPC-1 £ i (1) 184 59 A S22 30 v B A0 A, SF- 2400 il %
G3R-2.65% 3. 22% . W Tb FisR, N°-5 0
FEMRAFAE 1.56 .3.12.6.25 .12.5 25 wmol/L YR T
XF TPC-1 4 LA B A 34 5 0 iV, HL22 e A

P, VEFH 24 h 48 h (1% ICy 3k 4. 56 pmol/L,
2.6 N-RIXEBEREX TPC-1 4AET- RN
N T 2 T A NS 0 S AR A X TPC-1 3
ARSI, T 40 e 14T Annexin V-FITC/PI X %%,
A AASORG I IN® - 53 7 975 6 B %o A e A T A 7%
SYER. fh & 8a.8b nJ I, N°-5 13 4 5 R 45 Xt
TPC-140 il H A W Wi M T e, OF HI A 245
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Fig. 7 The effect of 6-B-hydroxytestosterone, cyclo( Pro-Tyr) ,N°-isopentenyladenosine on cell proliferation
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Fig. 8 The effect of N°-isopentenyladenosine on cell apoptosis (n =3)

HA~DRREAGWE HR2.254.5.6.75.9 pmol/L, EXFHEZH (0 wmol/L) ML, * P<0.05, *P < 0.01, Note:A-D represent the dose
concentration is 2.25,4.5,6.75,9 wmol/L. Compared with the control group (0 pmol/L),* P <0.05," " P< 0.01.
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