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Abstract : The aim of this work is to establish a HPLC fingerprint and region identification model of Lycii fructus,and to pro-
vidie reference for prediction of samples production areas. The analysis was performed on an Elite Sepherisorb ODS C,4 (250
mm X 4.6 mm,5 pm) column. The mobile phase was consisted of water containing 0.3% glacial acetic acid and acetoni-
trile. The column temperature was set as 25 °C. The flow rate was 1.0 mL/min and the detection wavelength was 310 nm. The
similarities of Lycii fructus samples (34 batches collected from five different production areas) were evaluated by the software
of " Similarity Evaluation System for Chromatographic Fingerprint of TCMs (2012 version) " . The cluster analysis (CA) , prin-
cipal component analysis (PCA) and orthogonal partial least squares (OPLS) analysis were performed by the SIMCA 14. 1
software. In this study,28 common peaks in the HPLC fingerprints were determined. The similarity evaluation results indicated
that the Lycii fructus samples of different origins have significant differences due to the variously geographical and ecological
environment of the production areas. The results of cluster analysis showed that Lycii fructus samples from the same produc-
tion area can be well clustered into one class. Principal component analysis determined that P12 ,P23 and P26 were the differ-
ential compounds of samples from different areas. The discrimination model of the production areas was established by orthog-

onal partial least squares method. The model discrimination rate was 89.0% ,and the Lycii fructus samples of nine production
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areas were accurately predicted. This method is simple,stable and reliable. And it can be used for prediction of Lycii fructus

from different production area.

Key words: Lycii fructus ;fingerprint; principal component analysis ; orthogonal partial least squares analysis ; production are-

as.

FIRS ¥ R i BHAE ) T AL (Lycium barbarum
L) By TR R s, R P AT VB 2, By
WEAMIT Y 25 A5 W] H B DI, L TIR9T B 95k 77, 1
MEZ= 0, MR IR R , FHZEiERg , NPT 98, I Hng
H AR . SRR R W, Al T
HADUEA BT AD | 8 0 i g Ak 28 0 4 45
ZREPE . (CPEZGHL)2015 B PO B R
MAc Z2 WA TSRO A & 5V o HoAG I 6 b, ok 42
TP 2544 1 B i, s Ah T AR TR T
ENGINGREE PN E R S R SR Tt R =
AR XA A PR PR B AN 6], 38 A [ 7 XA F AL T
Bt 22 . HETA ST 795 SRS B o
P HIAHARURE PEA LA e SR 3 03 B, PEAG HL it B
AR SR A SIS M2 e A 2
72 XA T 1 AHIFE SR HPLC 304
34 HLFE G AT T AR SURIE TS, TV T AR BT
#r B 224 M1 (cluster analysis, CA) M 32 5l 43 43
(‘principal component analysis, PCA) , 3 F) H 1F 32 1l
fz/N "3 1 ( orthogonal partial least squares, OPLS)
ST T AAC 7 DRI AL, LU A AN [R] 72 X )
e A R Jo e A i i AR 2 A A0 R L

T
1.1 {5

Agilent 1200 ¥ A#H {2,3% 1% ( Agilent Technologies,
JEl ), £ 5. GI312A {H i %, G1315B £ I #%,
G1328B F-shul#: 45 #1 Agilent Chemstation software
T AR s HAFEE Sepherisorb ODS C , 4344 (250 mm
X 4.6 mm,5 pum) ; AT-950 #: 46 (K Automatic
Science Y4547 PR/ W) ; KQ-250DE AU 428 7 17 1k
PLCER L A AL A R A |, ) s BSA2248-CW Al
Ty Z—HF ot RV (L 2 R R R A
MR P ED) o XQ100 ve 84 Z2 Dy fE ey s A i HL (
B TRABRA W, ) ; DHG-9140A R A4 E
TR RS ( Rk R S i A R A WL
) s AR R B B0 AL (I F R T,
) o
1.2 s

Z )& (Mreda Technology Inc. , fa % 4l ) ; yk 2. 12
(CREETT R Al 271 ), i, @5 26 5 2l K
(BUH IR IR B A FR A | 55 A AR XA HAd
TR, 2 H R TP B 2 R e B H AR M E i R
(Solanaceae ) ¥l J& ( Lycium L. ) T B ( L. barba-
rum) FERORIEILZE 1,

1 HmER
Table 1  Sample information
gtk SIRILE 2 Origin Latitude Longitude Altitude
Training set Prediction set ) ) (m)
1~2 - TH(PTHR) 32.79 105.41 1 183.40
3~4 26 TEOPIAT) 37.32 105. 11 1225.70
5~7 27 THE(FOR) 37.59 106. 11 1128.80
8~9 - FH(HERA) 36.25 94.55 2 807.60
10 ~11 28 G (FE2HL) 37.22 97.23 2 981.50
12~14 29 Hl(EH) 40.16 97.02 1526.00
15 ~16 30 HR ORI E) 40.32 95.47 1 170.90
17 ~18 31 PN%2 (s 40.51 107.07 1 024.00
19 ~21 32 %2 (3L T7) 40.32 109.53 1 004.70
22 ~23 33 s Ok T L) 44.34 82.49 329.20
24 ~25 34 BRI 43.57 81.20 662. 50
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2 HERE4ER
2.1 KRB ENHE

BUIRC FFE A 100 g 7260 CF T4 4 h B,
FHRERLAG B o AETRARBAAL TR K29 3.0 g, B T
250 mL HEJE I A, ingiigoK 45 mL,60 C iR 75 3 H
30 min, $EHUETE 10 000 rpm 544 F &0 20 min, 4
B 2 50 mL 2, HAK E 2 2 50 mL,
FEAY, 260,22 wm TRFLUE B U8 ISR UE WL, 1 M it
A
2.2 @itsgH

F FK A4 Sepherisorb ODS C 4 (250 mm x 4. 6
mm,5 wm) @G s 0.3% VK ZERK (A) Al
O (B) 2H s B6 FE BRI 45 7F: 0 ~ 60 min,95% ~
75% A4 310 nmg FEJR 25 C i 1. 0
mlL/min; #EEEE .20 wlo
2.3 HEEER
2.3.1 #FEERE

W1 SRE N FR B2, 17 TR J7 e 4 ks
VR, 3 2.2 B4 SR LRIERE 5 IR il SR ek
DL 21 50 Sk 2 HR0G T 5A5 4% AT Wk X (4t B B[]
() RSD 4y 0.14% ~2.10% , A%} W [ ALY RSD
0.39% ~3.70% ,F WK % B R AT
2.3.2 BT HXE

W1 SRR FR B2, 17 TR J7 e 4 ik
VWL ¥ 2.2 s 4, 3 F 0.2 4.6 .8 .24 h it
FEINE o FEAT WG AH X P2 FE B[R] /) RSD 24 0.39% ~
2.37% ,FASTIETE AL RSD #7 0.30% ~4.68% , %
AL A WTE 24 h MBS e M R AT

2.3.3 EHAMRAE

U1 SHESL, F 2. 17 T0F J7 il & Ak 5
TR, ¥ 2.2 g5, DL 21 SIS R TR 4%
AT W AR X (R B B E] Y RSD 24 0.04% ~1.53% ,AH
XU TE R RSD 24 0.98% ~4.91% , £ EES
R
2.4 MIEFIEYEISHEIRBMUEEN
2.4.1 IEBHEGES

PRI 34 HEARS FAE SR AR, 422, 17 T J7 i
Tl 25 R SRV, 45 2. 2 (OIS AR UEREI 2 . K 34 1L
Ffc ¥ HPLC €535 (&1 i B4 5 A b 28 835 48 s 5]
WAL PEM R GE (2012 JlR) 7, DA 1.8 12 17 i1 22
SREM HPLC 35 1 o 2 IO, 2R 45 B 7 X )
A A B (LI 1) SR 5845 77 X
AR FA LR, DT B KA
Z: RG], R 800 O REE T 2 JSROE , B
[ FERE N 0.3 s, HEAT A S PCHC, 2 7 AL 4 i
XT R AR o R, e 28 I (LRI 2) .
2.4.2  FADLVEEN

¥ 34 HAAC T HPLC @ik pEdE 5 A T2y
AR SR AR EEPE M R 58 (2012 JR) 7, AT AH
RUEEVPAN , TR 7 XA AL R i 2 (B AR RLBE
DR 2, W3R 2 B vT A, 45 77 X N FIAC TR b 2
] A AELBLEE 351 F 0. 900, 1 BH 4 A 72 X PN B i 2
)R AR 2 S PR /N . AT B XX B SR S 2
W RS 7 XX BR A8 S0 R 2 ] () AR ABLRE , DL
3 AHUEE A 0. 898 ~0. 992, R WIAS [A] 7™ IX A Al 1+
in Z A1 26 S A A . o A T 2 1]

\Jﬁ“k\mjk%ﬂwf\wj J JRL/J\/J\ bssraan o Kl ﬁ\wf WAANWA___ g

in 12 ) p__ff\_/’\/ bu«—) J s se——q
‘“ o J'i' N y ~J . ) —— ;{\/ “, LAY LT SN )
[e==iis i i | b
| HNHIN . | I
/'y L s f | | I / I\
P BANRA WA WA WL ANK A& A A L |
0 10.00 20.00 30.00 40.00 50.01 60.01

I AEFRAREFYRELEE
Fig. 1 HPLC fingerprints of Lycii fructus from different origins
ST ISR B 152, B I SEAT S 93, 7B 7 K AT A sS4, PRI IS ST B2t 585 . ™ I JE4T B R, APIRI AL
Note; S1. Fingerprint of Gansu;S2. Fingerprint of Inner Mongolia;S3. Fingerprint of Ningxia;S4. Fingerprint of Qinghai;S5. Fingerprint of Xinjiang;R.

Standard fingerprint.
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Fig. 2 Standard fingerprint of Lycii fructus

RO RELLFEE e A 30T, 70 A0 DAY 53¢ 22 ) R R AL B 0
AN T B R H i DX R R AL R AR 22 Bt , 2R ]
H T DX AR 2R PR 0 22 S S BORE B Z AL —
AT

®2 FE—FRAREFHEUE

Table 2 Similarities of Lycii fructus between the same origins

FEIX. ARALLEE
Origin Similarity
il Gansu 0.954 ~0.971 (n=5)
5% Inner Mongolia 0.977 ~0.995 (n=5)
5 Ningxia 0.951 ~0.993 (n=7)
51 Qinghai 0.974 ~0.991 (n=4)
i Xinjiang 0.988 ~0.995 (n=4)

*3 AREFR#IEFHRNE

Table 3 Similarities of Lycii fructus between different origins

FEIX ARBLEE (X HRBTHE )
Origin Similarity ( Standard fingerprint)
i Gansu 0.956
P22 Inner Mongolia 0.961
T H Ningxia 0.992
FF Qinghai 0.989
S Xinjiang 0.898

2.5 WFEIHEFSW
2.5.1 REHH

21 5 g TE ARAR E W R4S fR BE B TE] Oy 35
min 247, By 2 M THA A 28 AN g Y
AR 0 TR, o He A DA A o 0 T AR K i S A SIMCA
141 B X A AL 4 21T R 2 3 Hr, R ] Ward
B AR Z B oy S BE S, WL 3. F IR AT,
FrERpAE RO 2 TR MR 2K HIEW
PR —28, HIR RN SRR IR — 28 s Al
T BRI B 22 B, T RN I R R S

HAZERGT , B AE R RIARLE 7 T 2R — 2

2.5

2.0-
1.5
1.0+
0.5
0.5 1%»1&4;%4;«”“

03 04 05 06 07 08 09 1.0

B3 #MiEFREE
Fig. 3  Classification clustering map of Lycii fructus
Wl 1 2. 583 TE 4. H16;5. i, Note:1. Gansu;
2. Inner Mongolia;3. Ningxia ;4. Qinghai;5. Xinjiang.

2.5.2 EROHM

KA SIMCA 14, 1 B4 X6 i 4 B a4 7 4k 2
DIMAL T i 48 S 1 1% v 11 28 Aoy i Sy A5 o i
1538 B4y 4y At B AN 32 8 o BB TR R 1k
82. 3% , n] S BRACER /R AE W i 5 8., LA A 2 i
Gy ST AR R E R EI(E4) . 45578
AN I R NE 2 €= D S N i RS o T =
BUBA 5 04 53 25, AR R DX R S A AR G AR 23R (H 2
HR T DCRE SR B, 1T BB B TR AR AR R
1) - 33 PR 2 e At B35 PR 3% S 30K it ) A A0 o
AR SR Z BN B, B X
P i B Al ™ DX 52 , 10 BH LAk 2% i 40 B o
HHEFXAEREES . HNSNE“X . TH
5 7= X A R BT, U I X B X AR A 2
] Ak 27 1 o 2, e 45 SR 55 HE AL o A B SR 2
M —3,

Zopr B rp A AR 1 ARRIEE, 5 A
A28 3T 27 1202 e T R i 20 v BT AT Rk A KD
B0 SRR BB , 2R AR AN [RAE i v 22 031)
KRR BTk R, P12 #8 5 2 b otk
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LK, H46.0% P23 P26 78 RS 1 LStk
R, AR 55. 2% F141.9% . ph 28 ey 2 1 1 (&
5) 43 X PR = K ML T4 3 4~ (P12 P23, P26)
SAEY .
25 i
200 p
1.5+ -
1.0+ [ ] ®
05 A T om

PC2

0 ,,é;A "
—0.5
~1.0- - &
—15} L 4
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_ L L L | . . ,
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4 fE@PCABHE
Fig. 4 PCA score plot of samples
L H 2. 583 TE 4. 95185, FR.

Note:1. Gansu;2. Inner Mongolia ;3. Ningxia;4. Qinghai;5. Xinjiang.
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PC1(60.4%)

5 & PCA HfTE
Fig.5 PCA loading diagram of samples

2.5.3  FRAR M

DASEA W AR T 0 1T ARl X AR i, R [R] 7 X N
SRR Y(HMN R L, NS R 2, TR N3, HilEN
4,080 5)  HNZREERERL (1 ~ 25 5) 57 1E A
B/ T IRFN IR AR RTY 0. 947 Y SR
S 0. 890, EHA BT AR R B A LI R4 A A5
SHE(Tp[1]) A8 1 AN IEAS BT B9 43 E (To[ 1)
LA B IR, AN 6 BT , S [R] 7 KR i T LA
15435 1 b B R X 43

hy S I I A 5 ) 20 S R T S XA
FTEBAR K, BEFLITRL ¥ A8 5 19I5 200 Y2, WK Y
Ap ik BEALHE S AR 55 UG Y A R AR Y 2 (] ) 22
ST RS Y AR AL ) R® (5. Q” [

SR BB R AR Q B 22 A1k Im] U1 2%, UL &
7. EAEAAER Y Q° E AN R (HK T2 AT
—ANBENLHEFIRE R A, Q° F Y Jil A R 2 67 {1
HEHERSFM RY =0.283 F1Q* =-0.673 H/h
TIEHRE , o T A AR BB I LA RS, A
TR T AE Sy BLAf AT EE

®!

4
u2
3F A3
v 4
@5
2 ) ‘0
- *
1,
on
_ m
=0 ..7.
£ o 4 s
—1F A‘
oL -
3L
_4 . ‘ . ‘ ‘ . . . ;
-25 -20 -15 -10 -05 0 05 10 15 20 25

Tp(1]

6 ZERR OPLS FHE
Fig. 6 OPLS score plot of samples from training set
WL HR 2. N5E;3. T E 4. ;5. B
Note: 1. Gansu;2. Inner Mongolia;3. Ningxia;4. Qinghai;5. Xinjiang.

1.0 or

mQ

A
Calculated value

02 04 06 08 10 12
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Correlation coefficient

E7 OPLS #HEK B REK
Fig. 7 Permutation test of OPLS model

KT ST AR ARSI ZRAE Y 25 AN FE Sk
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(BB, ST Sk 7 27 DX s 7 4 £0.5 2Z [a], 40 K
KRS XRE N FE 5 £0.5 Z Al JIWF R i e
DA, A T B AE N 78 R R B DX ], 387 JH 28 AN Y
B T8 v LR 2K A B Y LS R AR
THEAE Y Pred PS S 9h AR, 25 il 5 K, S 1 |
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RTINS S s, 6 2 AN RE i CHOR TR
P T A, HA R R A 89. 0% K F
i) 9 AREAT AV ZREE QI Y OPLS KA v i
FrAMARII , MARE 35375 20 1 3 1) A2 (1 i o
7 DX, T 45 2R UL 3% 4, B A R il 249 45 21 1E A 3R
S, YT AR AR T L) oA ) TR0 A R AT R
PRI

# YPredPS

* 0

6
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4
3
2
1
0

0 1 2 3 4 5 6

B8 lGETHaEITEEXESHEEZANXRE
Fig. 8 Relationship between real values and calculated

values of samples from training set

x4 MIRFERBNLER(9 )
Table 4  Origins prediction results of Lycii fructus (9 batches)

%5 bR X =X i
No. Real origin ~ Predicted origin Prediction resul
26 THEBI TH EAf
27 TR THE T
28 TR il i
29 HIREN HM LA
30 R IO o i
31 PSR SES e
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33 SR T s EH
34 AR e T
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