+5378 » ¢ %% Chinese Traditional and Herbal Drugs 25 49 3% 25 22 #§ 2018 &£ 11 A

« BHHERTR o
FREEMM FHRIFEZSIR S HRTHEENERR

j%a %1,2, EP /5 1,2, EF‘ f&l,zﬁ, ,ﬁ-%\# 1,2*’ ‘ﬁi%#?&l’z

L P EESERER A AR SR 24 R T, db3 100193

2. FE MR EAY) PSS R H E A=, b 100193

3. R REFEREERE DA MR 2 SR =, W KV 410008

B FE: BE NARSRIERSERBEEYH 3T 0 E o A L R R B Y SR A R ORI R 31 e AR
fit. A3% RF UPLC-DAD AR 5 FhEZ My RH . =M. MR B TR E) K48, A UPLC-Q-TOF-MS
B FHAR R EARFF GO ANFEF=HSRIER 20 B3t 40 5 7 g AT TR, I 25& Gt S & IR fk
ROHAT T BT . SR 5 PO TR RIR A FSRIEE T F b & EE R, AP REFSESH, a8
B TE 1.01%~17.15%, MREZZ. P TR R s V2 AFTE, T = e U R B E S SR A P LR 7 R AR R4 R A7 TE,
R RFIRER A AR AT A R E IR AR R T /AR E R B, R 26 MER
P& AFEFHSRR YT A AGE RO A AN BPAR SRR EY M S O AR SRie SRR R e
ARG EEZTWRNIT, RIGERNAYARMEMER; ZEEYT s e BEERNRA, R EA—E
MZES, NEHEFAZEEY S e B, ERBEY R REE S BTEA, EEE— PR AR .

KERA: ERE: EREM A RBEE ALY BIER A

FESES: R282.12 XERFRERD: A XEHS: 0253-2670(2018)22 - 5378 - 10

DOI: 10.7501/j.issn.0253-2670.2018.22.024

Metabolomics analysis and quantitative determination of five components in
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Abstract: Objective The aim of this experiment is to compare the chemical composition of Malus leaves from different origins,
which can be as a fundamental research for the comprehensive utilization and resource development. Methods A UPLC-DAD
method has been developed for the determination of five compounds (phlorizin, trilobatin, phloretin, rutin, and quercitrin) in Malus
leaves, and UPLC-QTOF-MS based metabonomics was applied to the comparison among different groups from different origins and
species. Results There were significant difference in the content of five compounds, of which phlorizin was widely contained and its
content was relatively high in the range of 1.01% —17.15%. Phloretin, rutin, and quercutrin were also widespread, while the trilobatin
was only in Ser. Baccatae (Rehd.) Rehd and Sect. Sorbomalus Zabel, which was not detected in the cultivating-varieties. The results of
metobonomics showed that the chemical composition in leaves of Malus between Ser. Pumilae (Rehd). Rehd and Ser. baccatae
(Rehd). Rehd were clearly distinguished, and 26 discrimination markers as the basis for distinction were identified; The chemical
composition of Malus leaves from different sources of origins were different while the wild species were similar to the cultivating-

varieties. Conclusion The Malus leaves generally contain phlorizin and other polyphenols, which are the potential drugs and health
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products resources; There is certain difference in chemical composition and content of Malus leaves, which provide the scientific basis

for the next utilization; Malus leaves are so rich and renewable that are worthy of further research and development.

Key words: Malus Mill.; Malus leaves; phlorizin; metabonomics; resource utilization
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Table 1 Information of Malus leaves samples
W5 il EATIEA HT4 FHEMA

pgs-03 3L IE 4 Sect. Malus SR F Ser. Pumilae (Rehd.) Rehd. WHEEER M sieversii (Ledeb.) Roemer TR X
pgs-04 BiE L S Jeniii B IX
pgs-37 BiE L S LT YT
pes-02 P i M. micromalus Makino Jem i X
pgs-14 TESNR M orientalis Uglitzk. subsp. turkmenorum JLH T E-FIX
pgs-33 PiZAN M. asiatica Nakai LTI
pgs-50 r M. prunifolia (Willd.) Borkh. TR
pgs-51 W& (FE4) M. asiatica Nakai LTI
pgs-093 iE 3544 Sect. Malus LI % Ser. Baccatae (Rehd.) Rehd. EMELGHE M. halliana Kochne ¥
pgs-10 iipltio e M. hupehensis (Pamp.) Rehd. HHETX
pgs-07 YLAETIIT LM, rockii Schneid. JemTi & FX
pgs-01 FERELIGE M. halliana Koehne JemiTiRvE X
pes-38 FEHZE M. hupehensis (Pamp.) Rehd. LT P
pgs-39 WG LTI
pgs-12 FIRWIT T M. baccata Borkh. il &K
pes-47 WIS M. rockii Schneid. LT NN
pgs-48 BT M. mandshurica (Maxim.) Kom. LT YT
pgs-49 W3 M. baccata (L.) Borkh. U <P i}
pgs-11 R M. sikkimensis (Wenzig) Koehne. e EFEX
pgs-40 [k ¢l LTI
pes-131EMSERA Sect. Sorbomalus Zabel FE7RiEH 2 Ser. Kansuenses NG M. xaojinensis Cheng et Jiang e B
pgs-44 B AR i M. kansuensis (Batal.) Schneid. LTI
pgs-45 R M. toringoides (Rehd.) Hughes. il &K
pgs-46 NG M. xaojinensis Cheng et Jiang b <P i}
pes-4IAEMKERAL Sect. Sorbomalus Zabel =HfE5: % Ser. Sieboldianae AR=IESE M. sieboldii (Regel.) Rehd. LT 8T
pgs-32 0 LRI Sl &8 (FILM) M. domestica Borkh LTI
pgs-30 Ho Jesii B
pgs-34 ®eE LTI
pgs-35 BT LTI
pgs-29 BT THHETX
pgs-36 Trhg SURREP s i
pgs-52 fiztl 12 O <P i}
pgs-53 firtl 13 O <P i}
pgs-54 frtly 14 LTI
pgs-55 fitl 1-5 TP ]
pgs-56 filli 1-6 LTI
pgs-57 Tty 1-7 LTI
pgs-59 Tt 1-9 LTI
pgs-60 Bzt 1-10 LTI
pgs-61 Bzt 1-11 b <P i}

2.3 UPLC-DAD i &

Waters BEH C;g 14 (100 mm X 2.1 mm, 1.7
um). AN 1%HBR/KER (A) -48F (B),
KR 40 °C, EFEN 0.3 mL/min. PEBFET:
0~8 min, 15%~35% B; 8~10 min, 35%~50% B;
10~11 min, 50%~100% B; 11~12 min, 100% B;

12~13 min, 100%~15% B; 13~16 min, 15% B.
BEFERAR 2 uL, A IPE K 280 nm.
24 ZMEXREE

FEE R “2.27 TUNRAN RS ERER, H
F ARV A RRE, T B — R 51 o SR B
T T8 “2.37 WU EIgARNE, AR K
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FERARAR (X0, U T AR AR A AL bR dE 4T 2 1k
IS, SRMHECE . RER MRBH . =M
THZAERETTRE, WA 2.

F2 KMHEERE

Table 2 Linear regression equation

St EEpz AMJEE/ (mgmL ) R
=W Y=204.7 X40.036 4 0.0070~0.5600  0.9997
WEE Y=269.15X+02181  0.0019~05100  0.9999
W Y=112X—0.1139 0.0088~1.0100  0.9999
BT Y=76501X—0.1155  0.0059~09500  1.0000
WREH  Y=122.6 X+3.2176 0.050 8~2.0300  0.9995

25 TEEMNE

Pl €237 TN A SR E A, FRR IR
“2.47 TJUT LR A B3 77 FE 50 A T SRR S o R
R RER. T A=,
2.6 UPLC-Q-TOF-MS & &4
2.6.1 OiE%E Waters BEH Cig foifiAd: (100 mm X
2.1mm, 1.7 pum). FENAHN 1%HEEK (A -2
(B), #ii N30 C, A E 0.3 mL/min. Y2
¥4 0~3 min, 2%~4% B; 3~4 min, 4%~ 13% B;
4~6 min, 13%~15% B; 6~7 min, 15%~21% B;
7~9 min, 21%~22% B; 9~10 min, 22%~25% B;
10~15 min, 25%~60% B; 15~16 min, 60%~80%
Bo TR 2 ul.
2.6.2 JREERAF RA HI S IE R AR TR
M EEA, S AEAE Ny, RS A &4l
FE He, JREFAMIEE: m/z 100~1 200. %15 F
WERHEFLEE 40V, BAEHE 24kV, B TUH
B 100 °C, W< uRE 350 C, Bk
AR 900 L/h, HESLSARFRULE 50 L/h, Aill 4 GE
# (CE) 20~40eV, LockMass: =%/ kMK,
miz N 554.261 5, IE&FRAESMESLBIE 40V, £
HE R 3.5kV, BRI 100 °C, B
AL 350 °C, BLiE SRR E 900 L/h, HESL
SARFRLE 50 L/h, CE 20~40 eV, LockMass:
TR, m/z N 556.277 1.
2.7 HIRAE

¥ UPLC taill 45 2 (14 5 £ 5 N SPSS (22.0
WA HEAT AL B 22 e o T R BEAR SR b 4
2 G Btk - i X (UPLC-Q-TOF/MS)
13 2 IFE 2 S O\ Waters Masslynx 4.1 #fFH1,
1t MakerLynx application manager Version 4.1 %%,

AT TR | XS5 JRE R IR A A — A S T AL
PR A H o % 5 N Progenesis QI (32 & Waters
ANFED AR, S SRR AR R CH AR B (]
R AR XS 70+ B B A T AR RO, B a5 3 )
FiPES N Simca-P B (13.0 lA) AT EK S5
Hr (PCA) e/ = I 43, SFAS Rl Fk 5
FUASR] = 1 S B A AT B R ), TR 4HTH)
ZE SRR BRI A -
3 ERESH
3.1 UPLC M35 R

FEM B RN ELSRRE (K3, FERIEHED

#3 HRPFSHEPEBE

Table 3 Contents of five compounds in samples

o S B %

WRECH WK WEE M T =H
pgs-03 7.16 — — 0.17 —
pgs-04 10.35 0.10 0.08 0.22 —
pgs-37 6.34 0.02 — 0.14 —
pgs-02 1.73 0.02 — — —
pgs-14 1.01 — — — —
pgs-33 10.74 0.04 0.09 0.18 —
pgs-50 8.60 0.04 0.08 0.24 —
pgs-51 8.70 0.03 0.06 0.15 —
pgs-09 15.84 0.02 0.08 0.17 1.30
pgs-10 16.78 — 0.06 0.11 1.50
pgs-07 17.15 — 0.07 0.31 0.03
pgs-01 15.19 — 0.10 0.10 0.03
pgs-38 15.76 0.02 0.01 0.16 —
pgs-39 15.53 — 0.10 0.18 0.03
pgs-12 9.37 0.02 0.12 0.28 —
pgs-47 13.46 0.10 0.07 0.17 —
pgs-48 7.58 0.04 0.07 0.13 —
pgs-49 11.05 0.11 0.08 0.31 0.02
pgs-11 10.99 0.02 0.16 0.26 —
pgs-40 15.10 0.02 0.13 0.30 —
pgs-13 11.90 0.04 0.11 0.25 —
pgs-44 4.77 0.03 — 0.12 0.80
pgs-45 15.78 0.06 0.07 0.08 —
pgs-46 12.26 — 0.15 0.47 0.02
pgs-41 7.30 0.05 — 0.24 0.88
pgs-32 10.65 0.06 0.12 0.35 —
pgs-30 8.31 0.02 0.07 0.21 —
pgs-34 7.77 0.03 0.09 0.20 —
pgs-35 11.38 0.06 0.11 0.29 —
pgs-29 8.42 0.09 0.07 0.20 —
pgs-36 11.39 0.04 0.09 0.20 —
pgs-52 8.99 0.01 0.12 0.24 —
pgs-53 12.38 0.03 0.14 0.34 —
pgs-54 11.03 — 0.08 0.31 —
pgs-55 11.15 — 0.14 0.31 —
pgs-56 11.22 — 0.11 0.29 —
pgs-57 8.49 — — 0.12 —
pgs-59 11.71 — 0.10 0.27 —
pgs-60 9.30 0.01 0.14 0.27 —
pgs-61 12.08 0.01 0.07 0.18 —
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e S AR . MR IR RS T W
JZARAE, MW RAAE TR . AR
B 05 i 1 A AR YL L0 3R T (pgs-07 ), 1K 17.15%;
R R BRI LT (pgs-49), N 0.11%; il
A R m 2 S (pgs-11), N 0.16%; 1
TERERNEEE (pgs-46), N 0.47%; =M
& AR (pgs-10), A 1.50%.

i SPSS (22.0 A THESEREEYI
AREHA S P S ESMIGH, FHXAFRH R K&
ANFEFEHLE) S s St AT TR SR E R
B, HaERER GR 4, FEARFWLHT RS #
W G EBHEETERER, SRR ARG E]
S FAEAE s EOESERA A AR M R
PT SRR TACGE R AL, BAEHCE R4 =

F4 BARSHBESLEN

e T HIESERA, 2 Ayt R E RS
AR RS R A ARAGI B = A A
FLA 4 Fob RS oy A2 B A AR RIRR RS b 5 B A A s
KEARTHEA=HESENERTRELT
BT RIREA, LAt 4 FSME 2 AN RIE )
- AT AR -

¥ 40 DR REMIEIRIZ 5 Fh a0 & R
AT IR, R B 2105 AR S BRI
BN, FERG R IRFE i 0 AT A W 1 M
i, Stkgiamn R eIrA .

E I E A RAE — EREEE BB T A [F R
SER B X S MUsor SRR ER, NTE
LN A K7/l WAl R e 7 JDier 3 i B N M v i
— B KM e 2 AR AL 22 AT 0 A

CERABEEREST (x+s,n=3)

Table 4 Content range of five components in each group and Anova analysis between groups (x+s,n=3)

o N 0 HU %

REAH RN R WA W FT B
FRA 8 6.83+3.44" 0.014-0.03 0.02£0.04" 0.05£0.09" —
7 & 12 13.65+3.00" 0.0340.04 0.09£0.04"™ 0.21+0.08" 0.2440.52
B4R g5 & 4 11.18 £4.00 0.03+0.02 0.08+0.06 0.23+0.15 0.21+0.34
—IHE R 1 7.30 0.05 — 0.24 0.88
L1iga ok o= S5 20 10.92+4.62 0.03£0.03 0.07+0.04 0.18+0.09 0.15+0.42
Ligayia &= S el 5 10.40£3.90 0.04+0.02 0.07£0.06 0.23+0.14 0.34+0.41
7 A Fof 25 10.8244.49 0.0340.03 0.07£0.05" 0.19£0.10" 0.1840.42
FesEpp 15 10.28 £1.50 0.02+0.03 0.10£0.04" 0.25+0.06" —
b 14 10.32£5.00 0.03+0.03 0.07£0.05 0.18£0.09" 0.22+0.50
T2 26 10.76+2.81 0.03£0.03 0.08£0.05 0.23+0.09" 0.06+0.22
P<0.05  TP<001  “—” RKIF i
"P<0.05 "P<0.01 “—No peak detected

3.2 UPLC-Q-TOF-MS RFAF HirER
AR R B A Fr () UPLC-Q-TOF-MS
BT 1R 2 B, MWESESE AT AR
[ ot () €l B AR UL PR R, RBARAE — T 7o
WrE e, TR, EIESERAF LT R
AR RARAEAE R BRI 2 7. R T RN
KIEER B A I E S, AR ST
IR A A — D A B
321 3T UPLC-Q-TOF-MS 1 76 MK i3
RIEHEYI 2y 2 TRt s R B
25 AN AR S AR IS R SO A T Sl
17434, % UPLC-Q-TOF-MS & &l ¥dE iE47 7>
Mr, FidfE H Progenesis QI /3 #fTabEE 5, 153 725 4
Ao T bl PR B R R TR ZH ) = 4R
SN Simea-P #4: (13.0 A 347~ 04

PCA 1357 Elrh, Ffih oA mUBREEL, RIFEAR
TS A AR R R B R . SRR
AR 2 AN CERCERAMEIEERYA) 1) PCA
BoBusE (F 3-A) H, 51 BRI 2 EAK
SILRBET 64.6% (PCl: 46.7%, PC2: 17.9%)
I FE A S 2. I 3-A FFafDLBE H, pgs-9 (3
MR 22305 A pgs-10 GHIALIEE) N2 M RE kit
AAH, PR B TAA Y PG e AemorE R4 1)
AT RESD pes-41 (L =ME5) M pgs-44 (B ZRifE
) SHEIEERAFG BB, mHR 3 MEER
pegs-13 UNEHESE) . pgs-45 M) Al pgs-46
UNEIE) R EIESERAMFEARG R E.

EHIESE AP F RAER R PCA
BBl (B 3-B) 1, 251 ERASFIEE 2 E&
Sy ILARBET 70.4% (PC1: 53.0%, PC2: 17.4%)
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1-TE 22365 3 pgs-09 CEF AR T 5O

2-TUFilg 5 pes-02 (HFAESEHLASER D, TEIF

1-M. halliana Koehne pgs-09 [Ser. Baccatae (Rehd.) Rehd] 2-M. micromalus Makino pgs-02 [Ser. Pumilae (Rehd.) Rehd], same as below

E1 FREEYH K UPLC-Q-TOF-MS® f1 5 Fiill & & &
Fig. 1 UPLC-Q-TOF-MSF total ion chromotography (TIC) of Malus leaves (negative ion mode)
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B2 ¥EREBEHEYPHF UPLC-Q-TOF-MS" IF & TN it &
Fig.2 UPLC-Q-TOF-MSE total ion chromotography (TIC) of Malus leaves (positive ion mode)

o 1Ak R 4L
——— A SUESE 4L

I
A 4X10°]
3X10°

i .
2X 102' ; gS_41 pgs-10
1X107 a8 \

0 | [ {.
1 7 ’
0

-1X10°) |
-2X10°
-3X10°|
-4X10°]
—5X10°!
-8x10°

pgs-44 pgs-09
L ]

t[2]

—4%10° 0 4X10° 8% 10°

t1]

w

4X10°

2X10°

{[2]

2% 10°
2X10 pgs-09,, o

-4X10°

—-6X10° R AR DeCa S
—8X10° —4X10 0 4X10° 8X10

t1]
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Fig. 3 PCA of wild species (A) and Sect. Malus (B) of Malus leaves
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N TR E BRI L RS R 2]
2o 25, R A B 1 PLS-DA &
RMRA R RZ A 2E 5. 28 HHBIRE R G0 IE 25
(K 4-A) (R*y=682%, R*y=67%) il 2 NHRZ
6] BE A AHAAME X 2 5% . OPLS-DA (& 4-B) #i{
RO M 45 BB IBR TN R 225 (pgs-9) LML
3 (pgs-10) 2 MEAR A FR A HANFEAAG — 2 i B 45,

FIESERA 2 DN RIEY I8 BB .
HRE PCA 8 fuf 4 FEFE 2 B (] 5-A)+ S-Plot & (&
5-B) & VIP>1.5 AXf B A B L1 R A0SR
R ZERACEIAT T e, SEgRn
%S5 FR. LR 26 MEFUEY, LEh 214
EY, s MEEYIARLSEE N, HA L& .
W=, R R WM. =I5, 20T, &
ER . vanillyl mandelic acid. 11125/}, RILAEAM
B TR O Sk P A T RED, Atk &k
W53 R R Y G RkiIE . A SR
MR 2 M R P A1 =R AR “3.17 TR gt
UPLC-DAD £, [F]BS 2 A 2H 5 73 #r Hh 1) 22 7
Ew, REE—5 XX 4 Bk &97E L3k 1 R A
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Fig.4 Model validation of PLS-DA (A) and score plot of OPLS-DA (B)
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Fig. 5 Loading plot of PCA between Ser. Baccatae and Ser. Pumilae (A) and S-Plot of OPLS-DA (B)
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Table 5 Identified markers in Ser. Baccatae and Ser. Pumilae by UPLC-Q-TOF-MS

TN S L BR— S T T B
min i E Sl REX109)
1 0.80 165.121 4 165.029 9 0.14 CsHigOs  101.024 5 xylonic acid/ribonicacid/lyxonic acid/arbonic acid
2 0.86 203.1263  203.0194 -1.59 C;H;0; 1-0x0-1,2,4-butanetricarboxylic acid
3 2.19 3152528  315.0716 -1.86 Ci3Hi09  108.021 6  2,6-anhydro-1-0-(3,4,5-trihydroxybenzoyl)-D-mannitol
& 513 2892601  289.0713 -155  CysH04 NS EIIR S
5 6.56 479.4108  479.118 7 -1.71 CyHy0p, 317.066 6 (2R,3R)-5,7-dihydroxy-2-(4-hydroxyphenyl)-6-methoxy-4-oxo-
3,4-dihydro-2H-chromen-3-yl-B-D-threo-hexopyranoside
6 6.68 4633684  463.0878 096  CyHyOp 227.0349 &4ME/RHLE
T 6.75 169.111 6 169.003 3 248 C;H¢O5 BETR
675 2872442  287.0555 -228  CisHj06 1350445 BEET
9 726 3012278 301.0345 -286  CisHy0; L&
10° 741 289.2601  290.078 5 -1.93 CisHi40s  123.0451  3,4,7-trimethoxydibenzo [b,d] furan-2,8-diol/3,4,6-trimethoxy
dibenzo [b,d] furan-2,7-diol
11 741 167.138 8 167.034 6 -2.46 CeHsO,  135.0451 FHHEHR
12 742 917.7929  917.2250 -0.10 CyHy0y; 447.0932  5,7-dihydroxy-2-(4-hydroxyphenyl)-4-oxo-4H-chromen-3-yl-6-O-
[(2E)-3-(4-hydroxyphenyl)-2-propenoyl]--D-glucopyranosyl-
(1=2)-B-D-glucopyranosyl-(1—2)-B-D-glucopyranoside
13 745 4473690  447.0929 -0.84 CyHy0y 225.0298 it #F
14 826  273.2607  273.0761 276 CuHu,0s 179.035  HREE
15 826 4354013 4351290 -1.58  CyHyOy 273.0768 MR
16 8.27 168.147 0 167.034 6 =231 C4Hg0,4 123.045 1 3,5-cyclohexadiene-1,2-dicarboxylic acid
17 8.27 198.1730  197.0347 -1.66 CoH;0s  123.0451 vanillyl mandelic acid
18" 8.79 4364130 4351291 -1.24 CyHy0yp 273.0768 =MHiF
19 9.18 286.2360  285.0400 -1.69 CisHig0s 1510036 1%
20 9.18 288.2520  287.0555 -2.18 CisHj,06 1510037 XEE
21 9.36 4363660  435.0922 -2.39 CaoHy0y; 4 8-dihydroxy-6-methoxy-9-oxo-9H-xanthen-1-yl-B-D-glucopyranoside
22 10.34 2742690  273.076 2 -2.23 CisHi405  123.0451  2-(3,4-dihydroxyphenyl)-ethyl-4-hydroxybenzoate
23" 10.34 167.138 8 167.034 6 -2.31 CHgOy  123.045 1
24 10.54 641.5960  641.1875 -0.24 CyH340y4 6-hydroxy-5-methoxy-1-0x0-9-phenyl-1H-phenalen-2-yl-4-0--D-
glucopyranosyl--D-glucopyranoside
25 10.66 629.5853  611.1769 -0.20 C3H34044 2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-ox0-4 H-chromen-3-yl-6-
O-{[(4R)-4-(2-hydroxy-2-propanyl)-1-cyclohexen-1-yl]carbonyl} -
f-D-galactopyranoside
26 .11 393.3662  393.0975 -1.18 CypHi50, justicidin A
‘TR GAE AR TR SR TN [M—H0—H]
"compound was not identified; ~detected ion of compound was [M—H,0—H]"
Compound 8.26_435.129 0 m/z: Compound 8.26_273.076 1 m'z: Compound 8.79_435.129 1 m/z: Compound 7.45_447.092 9 m/z:
Compound abundance Possible identifications|3D Montage | Compound abundance Possible identifications 3D Montage Compound abundance Possible identifications 3D Montage Compound abundance Possible identifications 3D Montage
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Fig. 6 Content difference of four compounds between Ser. Baccatae and Ser. Pumilae
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Fig. 7 PCA of wild species and cultivated species (A) and PCA of samples from different regions under positive ion mode (B)
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Fig. 8 Mode validation of PLS-DA (A) and score plot of OPLS-DA (B)
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