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Establishment of fingerprints and quantitative analysis of alkaloids in leaves of
Lycium barbarum from different producing areas
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Abstract: Objective To evaluate the quality of Lycium barbarum leaves from various production areas in Ningxia, an HPLC fingerprinting
technique combined with chemometrics and quantitative determination of multiple alkaloids constituents with LC-MS/MS was used to
construct the alkaloidal fingerprints of L. barbarum leaves (S1—S50) from five bases in three production areas in Ningxia. Methods The
HPLC method and Similarity Evaluation System for Chromatographic Fingerprinting in Chinese Medicine (version 2012) were used to
generate fingerprints, and similarity evaluation and common peak confirmation were carried out. Meanwhile, LC-MS/MS was used to establish
a method for the determination of the contents of seven alkaloids constituents (choline, betaine, trigonelline, lyciumin A, lyciumin B, N-trans-
feruloyltyramine, N-feruloyl-3-methoxytyramine) to evaluate the leaves of L. barbarum from different origins in Ningxia. Results The
obtained fingerprints had a total of 18 common peaks. The similarity between the alkaloid fingerprints of 50 batches of L. barbarum leaves.
The control fingerprints ranged from 0.692 to 0.981. Zhongning and Guyuan origin L. barbarum leaves fingerprints have higher similarity to

the control fingerprints, while Yinchuan origin L. barbarum leaves fingerprints have lower similarity to the control fingerprints. Hierarchical
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clustering analysis (HCA) clustered the 50 batches of samples into four categories; principal component analysis (PCA) screened out four

principal components, with a cumulative variance of 89.014%,; orthogonal partial least squares-discriminant analysis (OPLS-DA) screened out

the components with larger contributions to inter-group variance, which were, in the order of the size of the VIP, peak 5 > peak 3 > peak 10 >

peak 11 > peak 13 > peak 2 > peak 4 > peak 9; content determination showed that seven alkaloids from Guyuan origin had the highest content.

The results of content determination showed that the seven alkaloids of Guyuan origin had the highest content. Conclusion A stable HPLC

fingerprint of L. barbarum leaves of different origins and a quantitative LC-MS/MS method for the determination of seven alkaloids were

constructed, which can be used for the analysis of the difference in the origins of L. barbarum leaves and quality evaluation by combining with

chemometrics.

Key words: Lycium barbarum L.; Ningqicai No. 1; choline; betaine; trigonelline; lyciumin A; lyciumin B; N-trans-feruloyltyramine;

N-feruloyl-3-methoxytyramine; fingerprint; HPLC
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Table 1 Samples of L. barbarum leaves
FE b dm 5 it b ZHE HHR/m
S1~S10 R R A B 2 A EReR S A | E105°40'34"; N37°31'13" 1 124.65
S11~S20 R T AR BT R A A e L E105°44'46"; N37°27'57" 1152.78
S21~830 [ S T SN (X = VA A [i] JER i by E106°6'19"; N36°18'10" 1518.34
S31~S40 HNTHAEEIXGII0 (RES YNBSS E106°4'59"; N38°39'33" 1097.19
S41~850 BRI BE 2= B R SR A AL X BRI FE 2 E106°4'59"; N38°44'7" 1061.73
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WAFHCAZIEE RN A F, 0.1%FER-/KIEWCA B .
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JEMEIEE 5 BT

2.1.3 FEEERLE ARAE “2.1.27 T & T E M
M (S21) FEM, T8 “2.1.17 Tk 5 etk RE
6 o PL 6 FIENZIRIE (S), HHEMEF 18 NLH
g Py ARG OR B B TR] RSD 323/NTF 0.056%,  FH XU TH]
AR RSD 2 0.021%~0.043%.

710 15
o) G, 1121314 161718

2.1.4 FEEMRE B 2.1.27 T EH&T
et (S21) FEfb 6 3, FFidsk “2.1.17 Bl
FAEFREEE. DL SIS RIE (S), THEAS
B 18 ML AHXT R I 5] RSD 4 0.320%~
0.560%- FHXFUETHIFP) RSD N 0.856%~2.087% -

2.1.5 Foetalass  fREE “2.1.27 Tkl & T EMid
e (S2D) MR, IR IR KT 20T 0.
4. 8. 12. 18, 24h T “2.1.17 Tihil 4% N iksk
HFE 6 I, ILFAHM TS . DL 6 SUE NS
i (S), THEFE] 18 AN ILH WX LR RIS (8] RSD
PINT 0.56%, AT UET AR RSD 4 0.078%~
0.543%. FHALE 24 h PRES e E Tk B AT

2.1.6 fRGUEIEE S LAHBE Rtk HE2.1.27
TR IR T 210 4% 50 by B A AT ks AR i 56
W, AR 2017 Wi g R P AT b B . X
R1FH HPLC B3 AT 04, JFAIH (h2g il
Fe o EEARLEE PEAN R 40 (2012.1 RO Az Biox i
Bl (R). B4 T 50 fbFE S e 8o e, Bk T
FE S SR SCERE (B 1. 50 b7 B HAC H-RE 5
bR E T 18 AN, U AR & B St

123 4 5
1 1 | |
- - 4 R
’ T3 . - S50
odo aot o ooy sea - g — P P——
- - - -y :
- .- —
- -
e 0 & e s
b o e = -
- o -
st = == BRE s oiesse = = =
eet s -+ es o s ssm S -
L - i - - -  ——t
- — $=3t 18 =
1 = = .22 22
tss - - e e —
: 4 -
- - —ae -
= +e = 4
-
- # - -
SE— B0t -
O e e e a P opud . - ou_snosens— -—n o v
- osm=o— -
The o 4 ea e snmes = = - sa e
- ed
i -
- - -4 - - -
.: - i -l sy - — AR - - - . -
e - a5 A e
- e -
-ee » = = =
e —— S1
0 5 10 15 20 25

1 50 tTEAIRCH#RA HPLC EMMigs EE M RIELEE (R)

t/min

Fig.1 HPLC superimposed fingerprints and control fingerprints of 50 batches of L. barbarum leaf samples (R)
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Table 2 Results of similarity evaluation of HPLC

fingerprints of 50 batches of L. barbarum leaves samples

Gis  MUE | A OMUE | g5 HIBUE
S1 0.967 S18 0.956 S35 0.894
S2 0.966 S19 0.966 S36 0.780
S3 0.977 S20 0.954 S37 0.906
S4 0.970 S21 0.979 S38 0.917
S5 0.970 S22 0.981 S39 0.817
S6 0.940 S23 0.966 S40 0.870
S7 0.992 S24 0.977 S41 0.877
S8 0.912 S25 0.976 S42 0.872
S9 0.908 S26 0.977 S43 0.853
S10 0.993 S27 0.981 S44 0.956
S11 0.956 S28 0.978 S45 0.835
S12 0.961 S29 0.978 S46 0.897
S13 0.968 S30 0.973 S47 0.829
S14 0.954 S31 0.850 S48 0.892
S15 0.955 S32 0.813 S49 0.894
S16 0.957 S33 0.782 S50 0.891
S17 0.955 S34 0.786
22 WEHEFSHN
2.2.1 HCA M RGRRNT, ReRIEEIEES

H G B ARALCIR L, S AR X 40 AR ] A AR B3
R, Dk o B AT 3 25100 B 1281, A Origin
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KE
Fig. 2 Dendrogram of shared peak clustering analysis of

alkaloid fingerprints of 50 batches of L. barbarum leaves
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F3 18 T HORFHEESTEE

Table 3 Eigenvalues and contributions of 18 components

D' M v (15 TR /% FRTTIRE/%
1 7.306 40.588 40.588
2 3.879 21.552 62.141
3 3.001 16.674 78.815
4 1.836 10.200 89.014
5 0.568 3.154 92.168
6 0.320 1.775 93.943
7 0.243 1.349 95.293
8 0.213 1.182 96.475
9 0.171 0.948 97.422

10 0.146 0.809 98.231
11 0.118 0.658 98.890
12 0.064 0.357 99.247
13 0.048 0.268 99.515
14 0.043 0.239 99.754
15 0.018 0.100 99.854
16 0.015 0.083 99.937
17 0.007 0.038 99.974
18 0.005 0.026 100.000

x4 EERNAKETHEER

Table 4 Matrix of rotated common factor loadings

353 i
1 2 3 4
1 —0.013 0.929 —0.058 —0.080
2 —0.354 0.761 —-0.310 0.283
3 —0.263 0.310 —-0.337 0.816
4 —0.560 0.498 —0.324 0.404
5 —0.225 0.026 —0.247 0.893
6 —-0.077 —0.269 0.487 0.733
7 —0.026 0.064 0.897 —0.363
8 —0.419 —0.088 0.879 0.046
9 0.498 —0.554 0.547 —0.049
10 0.565 —-0.216 0.657 —0.425
11 0.018 —0.008 0.232 —0.842
12 0.909 —0.155 0.153 -0.119
13 0.419 —-0.176 0.743 —0.267
14 0.886 —0.240 —-0.326 —0.113
15 —0.056 0.906 0.169 0.150
16 0.978 —0.024 0.028 —0.038
17 0.814 0.333 0.005 —0.236
18 0.271 0.744 —0.298 —0.428

WREAREAT 7020, SR)5EHET OPLS-DA, #H5A,
15 AR BT AR B SIS 3 R2FI R?y 43 5l H 0.651
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Fig. 3 Plot of OPLS-DA scores for S0 batches of L.

barbarum leaves
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Fig. 4 VIP values of 18 shared peaks in 50 batches of L.

barbarum leaves
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2.3 AR ST RIS EE
2.3.1 i fF  Aligent ZORBAX Eclipse Plus Cis
F£ (100 mmX2.1 mm, 5pm); FEIAH A K 0.1%H
2 +5mmol/L ZF#R%, B NN FREWEH: 0~3
min, 1%~60%B; 3~4min, 60%~70%B, 4~5
min, 70%~90% B; 5~8min, 90%~1% B. ik
30 C. AFE 0.1 mL/min. #EFEE S pL.
232 HEEEEm IR [ “2.1.27 B MFEHT
TR 10 £, TN E 2
233 ARGV A RO R 5 mg,
HHRsEES, W2 S mL 2+, B30
Xof B S AR B IR FE A 1.0 mg/mL FRIVE 2556 HEL A
Wil HET 4 CUKF %M.
234 RMEXRARFE CKXIRMSERLL 10 5T
BIEATHRE, )45 B AR BT I IR, g%
M“2.3.17 BUPRE2AFEAT I E 5004 . il A4
B QO X BRI AR (YD e AR
IbRERT 2R (3R 5). ZXTHEELTE 4.30~590.00 pg/g
LYERLF, KMHXRRRL .

£S5 GMERER

Table 5 Linear relationship examination table

ST =15 7 7% R?
HE 6% Y=1120.88 X+8709.69 0.995 6
S Y=169.73 X+1343.6 0.998 1
B P LT Y=119.04 X+1866.28  0.990 3
MIRC A Y=4.40 X+22.81 0.998 8
MIFC B Y=3.93 X+44.69 0.999 8
N-Jse X5 20 Tk T i Y=654.66 X—1713.01  0.999 8

N-B B ME-3- P& f& % Y=2 602.44 X—20277.45 0.999 2

2.3.5 KRR BOGER AW, 1% “2.3.17 T
RS SR AL 6 IR BRI (IHBL. §3%
Bl BART L. MIRCE AL MIRCE B. N-aRTEL
TR P Jr  IN- o] 8 - 3 - AU B Tt i ) s T AR RSD 43
AN 0.006%- 0.028%- 0.023%-+ 0.101%- 0.109%-
0.007%- 0.008%.

23.6 FEEMHRE FEHLKAES (SD % “23.27
T £ 6 Bt Vs, SRR . TH R TS
VAR AR B AT AL MR R AL B
fC 3= By N-JF BRI . N-Fif &R k-3 - FF AU 1%
Ji Jii & 70 20 RSD 4318 0.013% .+ 0.020% -
0.024%. 0.090%- 0.094%. 0.011%F1 0.013%.
237 FaEtEiEg  FHEEES (ST ARYE “2.3.2”7
W7k & AW, 78 04 4. 8. 12, 18, 24h

Mg . FERP ARG, &HEm. &  Ea. Mifd R
A AL ER By N- R B0 1% fie « V- B k- 3- HH
FIERER G T A RSD, 45850514 0.013%.
0.020%- 0.030%- 0.091%- 0.096%- 0.052%- 0.011%.
2.3.8  NFERICRRLS B i B AT i
FER AR 6 17 0.5 g, FEEIRE, AN EER
PEAR . B30 BT MIfd R AL MIRd &R B.
N-J BT R i i -] 25 19k - 3- FR A L i e o) L
W, 4% “2.1.27 il el s, % “2.3.17
T B 2 AR ERE I 2, THEED IR R 3 AT RSD fA -
REBR . B30 B 5 Em. MiAd R AL MIAD R B.
N-Jsz 3 B 20 Tk % i« IN- o] 28 1 - 3- P 4 22 s e 174 °F
PIMEERICR 2358 104.8% 101.7%- 102.5%.
98.8%-+ 96.4%. 100.2%-. 106.7%, RSD {H4> %A
0.50%- 1.08%-0.12%- 0.75%- 1.49%. 1.13%- 1.34%.
239 TEMKEHAEYREENE (£ “2.3.17 I
(LT 25 A X “2.3.27 TR J7 ikl 4 1 50 HE At
Al VA BCEEAT I 58 , VI T PR AR PR o 1R B S B
SR NER 6. WTLUE W, AR T 2 A
W AR A B R 22 5 . IERRTE A b 2
SERE, N 7684 ng/g, TEH)IFEH 2 thE R
i FHSERRAE D3 1 b S ERE, N 549.14
ng/g, TEHT ML 2 ARG B EE
B 1 hSERGE, N 46.55 ng/g, EAR)IFEH 2
TR MRKER AP 2 P EERE, N
85.44 ng/g, 1EARIIHE 2 Hh & 2K MIACE B £
He 3 2 TR RGN 107.58 pg/g, TEFRTEE 1
RS N-ROUFT BRI e rE AR ) | 2 2 & =iy
1, N 25.57 ng/g, FEH T AERN 2 B E B ARG V-
B 2R It -3- FH AU P e 7 vh o B 1 5 B A
N 736 nglg, FEH T 2 SRR,

Fah, g N R AELE T (5D,
RE A% A D 0 AN 5] 77 1 7 2 A AT i o AR SR PR AR )
TRl 70 o SR BB R 77 LRl DA B2 V- B - 3- HH 4R
Fis Jiie v AV R IX 3 vp e e 1 5 o b 5 5 A i
(22 St s IN-J BT BRI s fr T A S IX 23R )1
FEHh 2 b5 F At R b e S M AC P 0 2 S s R
MIRC R A FIMIRLE B Al A X g it 2 5
fiby 7 B A AT ) 22 Ry . Fed e iR 1
el 20 B0 JEH 1 AR 3EHE 2, EARHES
A& T — Fr=ih, {5 2 DNEEHEAE YA B EADAR
A, AR PR R B AN SRR ], i A
FEEFWNIRETTRE RS 2 AN EMAEY #8557
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F6 TEMICHPEMEESSEINE (n=3)

Table 6 Determination of content of alkaloidal components in leaves of L. barbarum (n = 3)

95

FRES B (ng g

R B 17 EL HIiCER A ffc® B N-S R RRME AR i N-F B G- 3- P S 1 e

S 37.65+1.19 5529611827 44271410 73.52%+11.03  49.54+9.33 19.80+7.28 6.7712.06
S2  37.78+135 574.62+19.82 37.00%£6.30 74.8316.05 67.15£14.29 24.29+5.13 10.04+2.47
S3  40.08+2.92  546.32+12.27 39.38%+9.25 72.711£9.38 41.651+29.96 26.03+5.28 9.42+3.72
S4 41431536  549.46134.60 50.511+1334  88.924+24.30 41.91+27.70 31.231+6.88 6.1411.47
S5 37.19+1.18  581.41%25.15 35.14%5.74 71.57£1437  56.99130.16 25.30+9.44 9.99+1.68
S6 38.68+543  560.83+1.29  43.18%£7.73 54.55+9.77 43.361+21.65 28.44+435 6.621+2.91
S7  41.7314.58  538.96%13.67 53.341+4.09 737912636  40.58+5.07 22.291+6.77 5.92+0.99
S8 36.84%+1.74 532.82+13.25 51.70£17.96  93.91%£26.06 42.871+7.61 2230743 7.28+1.32
S9  40.39+3.79  521.16+17.35 57.58+5.66 85.91+£14.79  43.28+10.33 23.13+6.42 5.9110.46
S10 38.15+142  532.83+33.85 53.39+1573 72711267 47321896 18.33+5.34 5.661+0.06
SI1 84.731+5.59  406.74%£19.09 29.224+6.37 83.824+1.27 112901841 9.75+3.20 4.5510.64
S12 672712422 456.61+£9.33  39.75+£8.71 75.73£21.27  82.31£50.22 14.7016.05 5.5010.78
S13 63.581+24.46 458.05+533  41.79%£13.24 59.00:43.96  86.761+45.29 13.374+3.93 5.851+0.45
S14 70.621+24.04 453.16+3.57 38.19%+1335 76.10:11.90 101.92+7.46 15.47+7.67 5.19%+0.53
S15 76.78+598  415.82+9.49  32.61+£2.55 91.82+6.84  113.31%£12.63 9.10+1.44 5.121+0.49
S16 83.73+7.26  398.03+6.55  31.17£5.02 86.49+246  119.53+10.17 10.21+0.29 4.6610.57
S17 78931275 415.00:6.18  32.341+4.13 104581146 124.50+9.77 10.25+0.94 5.12%+0.75
SI18 80.081+6.25 402.71+17.24 32.58+3.96 93.56+551  107.34£25.99 9.10+0.90 4.8910.75
S19 78991457 417.96+6.06 33.75£341 101.39*£16.81 111.36%£16.20 10.4712.66 5.561+1.33
S20 83.67+0.73  39535X+11.54 32.601+2.36 81.931+14.90 115.87+8.52 11.00+1.85 5.431+0.94
S21 39.66+4.01 530.73=11.64 47.88%+3.80 70.03+13.34  71.01+£14.39 13.51£3.56 6.14+1.85
S22 38.691+2.78  513.43121.66 48.38+3.94 69.031£9.45 71.91+£15.47 11.624+3.03 6.811+2.52
S23 4533+233 517.86+31.72 4551%8.18 91.77+£37.65  83.021+13.87 12.15+4.99 6.021+2.20
S24 3899+195 551.68+13.56 44.53%+2.00 65.151£9.99 88.50139.98 15.99+3.37 6.861+2.52
S25 38.96+3.96  55091+9.51 46.45%5.71 69.781£13.04  90.93%£39.50 13.23+4.29 7.301+2.89
S26 40.03+3.23  562.61+737 4631348 7041£10.55  76.35£4.96 13.79+4.14 6.351+1.66
S27 36.99+2.74  555.94115.84 46.62+£5.32 83.761£10.03  90.51£33.29 12.65+2.51 7.92+2.27
S28 4133+443 5352213033 37.15£1596  66.09+18.76  91.15+3.73 20.17%6.01 6.10+1.41
S29 41.56+1.88 548.90+13.68 45.46+7.12 73.00£18.30  71.38+8.01 16.61+8.77 6.7110.92
S30 42.53+3.95  533.19+15.84 48.29+5.29 68.8714.63 72.53+8.98 12.041+4.78 5311+1.38
S31 41.58+4.65 496.37+11.98 33.35£4.23 71.14£35.00  92.37x5.61 13.71£3.20 6.341+3.64
S32 45.92+9.18  485.85+30.17 36.49+0.37 6542139.09  96.76+15.96 12.81+331 6.9913.63
S33 63.461+15.80 449.431+32.31 33.85+4.83 98.90+1.20 83.49+1.27 9.831+2.71 4.86+4.43
S34 558111822 471.54+33.92 32.46%6.15 59.00£43.96  96.871£9.89 13.22+4.86 5.52+3.43
S35 3821370 550.75+4.13  36.53£4.34 10591%18.16 102301221 18.00% 14.46 10.07£0.76
S36 50.691+7.14  469.91+17.42 36.97+2.08 60.08+2.89 66.10+13.78 16.511+1.85 5.5012.34
S37 4240%+1.54  526421+10.69 38.371+4.09 95.10+4.93  105.96+20.29 12.77+1.04 10.36+1.26
S38 47.66+835  477.25+29.29 33.90%8.57 52.76£3.30 91.18%28.11 13.37£0.98 5.651+3.65
S39 41361570  492.09+6.81  38.77+3.47 75.52+9.60 83.76 £ 11.11 14.231+6.07 7.891+0.97
S40 4225+4.50  506.44110.67 35.71+5.82 74211721 80.65+15.95 15.0015.65 7.2010.68
S41 3649+128 513.38%17.36 25.95+5.59 68.971£27.19  96.77t15.18 25.04+4.25 6.971+3.24
S42 3820%+1.14 488.85+2.75  23.26%1.01 47.69£8.59  103.84£16.35 23.56+8.24 4.6810.97
S43 36.42+348  505.78+31.99 25.1942.27 69.28+38.57  98.29+9.55 19.82+4.85 5.841+2.44
S44 36351040 491.40+14.56 23.20%2.15 35.70+£3.34 77.821£2.22 21.74£10.98 428+%1.18
S45 37.69+192  490.86+576  22.99+3.68 37.08%3.35 91.89x11.96 20.43+7.72 4.15+0.59
S46 37.06+037  491.49+575  22.93+2.77 54.12+10.83 108.40+18.15 27.211+4.70 5.0040.61
S47 42.84+538 561.75+598  30.83+7.81 8491+ 11.15 123.68+13.20 32.11%£11.76 10.33+2.56
S48 40.29+345 513.03x11.72 24.11£0.68 04.34112.42 114.42+17.65 30.31£5.33 6.921+3.29
S49 38.02+592  552.36114.88 29.74+4.94 97.05£8.65  106.30+9.31 25.81%£8.32 10.74£0.91
S50 39.26+4.42 5244513442 26.14%7.66 812742720  94.78+28.56 29.68+5.29 9.82+4.51
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Fig. 5 Box line diagram of alkaloid content of seven kinds of wolfberry leaves in different bases of L. barbarum leaves
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