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Determination and Multivariate Statistical Analysis of Amino Acids, Nucleosides and Alkaloid in
Mulberry Leaves from Different Origins

LU Chengyu'?, LI Junsong'?, DI Liuqing'*", ZHAO Yonggui’, L1 Wanhong*(/.Nanjing University of Chinese
Medicine, Nanjing 210023, China; 2.Jiangsu Provinczal TCM Engineering Technology Research Center of Highly Efficient Drug
Delivery System, Nanjing 210023, China; 3.Qinghai Yuanxing Industry, Xining 810000, China; 4.Hai’an Hospital of Chinese
Medicine, Hai’an 226600, China)

ABSTRACT: OBJECTIVE To establish a method for simultancous determination of amino acids, nucleosides and alkaloid
[1-deoxynojirimycin(DNJ)] in mulberry leaves from different origins by UPLC-TQD, multivariate statistical analysis is
employed to analysis discrepancies in compositions from these samples, to provide scientific basis for quality evaluation of
mulberry leaf resources. METHODS Waters Acquity UPLC BEH Amide(100 mmX2.1 mm, 1.7 pm) column was employed,
0.2% formic acid-acetonitrile(A)-0.2% formic acid-water(B) was served as the mobile phase, gradient elution, flow rate was
0.4 mL-min~!, column temperature was set at 35 ‘C. Multiple reaction monitoring and positive ions mode was used to detect ions.
Comprehensive evaluation of mulberry leaves from different areas were subjected to multivariate statistical analysis such as
principal component analysis, etc. RESULTS The concentration of 22 components showed a good linear relationship
consistent with the peak areas(#>=0.990 3). The RSD values of the precision, reproducibility and stability of the method were
<7.5%. Moreover, the average sample recovery rate was 86.7%—106.4% and the corresponding RSD was 2.2%—8.9%. Mulberry
leaves from different origins revealed great differences in amino acids, nucleosides and DNJ, combined with multivariate
statistical analysis, these samples could be divided into two groups based on the discovered 8 most inhomogeneous componeous.
CONCLUSION The method is accurate and reliable, combined with DNJ and 8 different components, mulberry leaves from
Hubei and Jiangxi are deemed to be better.

KEYWORDS: mulberry leaves; amino acids; nucleosides; 1-deoxynojirimycin; principal component analysis(PCA)
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PE(S3)~ WFE(S4). HIL(S5). WIk(S6), HA=Hh
REMEM 3 . HEmIRE TGS — b Ek
FeFRERE, BEig, 60 CHET, MR jEid 100 H i,
AR G R K FE R RIS E RN
Bl 3 8 FEY 35 (Morus alba L)IFH-

2 FEEHR

2.1 SrHT A

2.1.1  @i% %M Waters Acquity UPLC BEH
Amide(100 mm=2.1 mm, 1.7 pm)faiH:,; FHahM:
0.2% R 2. i (A)-0.2% H & 7K (B) ,  Hif &£ ¥k it
(0~3 min, 10%B; 3~9 min, 10%— 18%B; 9~18 min,
18%—>20%B; 18~23 min, 20%—>46%B; 23~24 min,
46%—10%B; 24~25 min, 10%B); & 35 C,

Ik 0.4 mL-min~!, A& 4 ul.

2.1.2 iR E B EST RN
% ) ¥ 5 #% (multiple reaction monitoring, MRM);

I TR FE A 350 C: AR E 650 L-h!y &S
1 L-h™'e 22 Fpl s i SR S 503 1.

®1 RELAGHRAEHK

Tab.1 MS optimization parameters

wEY REEE/min B FSm/z)  HEFLBRE/V iR E/V
PHE 2.34 165.91/102.90 20 24
LYS 16.59 146.90/83.98 20 16
MET 2.90 149.86/104.46 20 14
LEU 2.02 131.88/43.99 20 18
THR 6.31 119.90/55.98 18 14
VAL 2.66 117.86/54.94 18 20
ILE 2.06 131.88/43.96 18 20
HIS 15.98 155.93/82.71 24 26
ALA 4.00 89.87/44.02 18 26
GLU 6.63 147.91/83.93 18 16
ARG 15.47 174.98/69.98 28 22
TYR 3.56 181.97/90.94 20 26
PRO 3.31 115.91/116.62 22 16
SER 7.87 105.87/69.84 6 10
ASN 8.71 132.90/73.92 18 16
ASP 7.67 133.88/73.92 18 14
GLY 5.30 75.85/47.93 16 6
TRY 2.35 204.94/143.08 18 28
JifE 5.34 243.98/111.92 14 10
R 5.38 244.91/112.91 16 8
5y 4.95 283.98/152.03 18 12
DNJ 9.90 163.95/82.58 30 20

22 W&

221 AHESATRSIE KSEAEL PHE. LYS.
MET. LEU. THR. VAL. ILE. HIS. ALA. GLU.
ARG. TYR. PRO. SER. ASN. ASP. GLY. TRY.
MuF. R SiF. DNJ WHSEE, I 10%H
i i 1) BSR4 391 v 80.84, 81.20, 79.76, 70.00,
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Fig. 1 Extract optimization diagram
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Fig. 2 MRM diagram of amino acids, nucleosides and DNJ
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®2 AER. MERDNI FEFER
Tab. 2 Results of methodological investigation on amino acids, nucleosides and DNJ

L B SR = ML /g mL! K% ¥ RSD/% HEVE RSD/Y% FasElE RSD/% Mk B /% [EUk % RSD/%
PHE Y=18 245X+1 310.8 0.997 8 0.039~20.210 0.8 7.4 0.9 92.8 8.2
LYS Y=12 687X-1 646.5 0.997 6 0.040~20.300 2.4 1.4 22 93.6 4.6
MET Y=175 631X+5 1472 0.999 7 0.010~19.940 2.0 3.8 25 98.1 8.1
LEU Y=109 335X+12299  0.999 3 0.017~17.500 1.7 6.0 1.3 94.3 4.5
THR Y=33 664X+4 690.4  0.999 5 0.086~23.130 2.7 33 3.1 98.0 8.2
VAL Y=276 984X+44 934  0.993 7 0.020~20.180 13 2.1 1.5 95.5 5.6
ILE Y=68 838X+28 323 0.990 3 0.039~19.940 33 4.0 3.2 88.7 5.2
HIS Y=13 070X+974.5 0.999 0 0.651~20.840 23 3.0 2.5 101.2 7.5
ALA Y=23 990X+10 492 0.994 6 0.051~25.900 2.1 25 2.5 97.8 5.1
GLU Y=27 843X+4 244.2 0.997 1 0.045~23.040 2.7 6.8 3.0 86.7 5.2
ARG Y=58 683X+12 166 0.990 8 0.168~21.480 1.8 1.9 24 95.5 8.9
TYR Y=22 162X+3 169.3 0.995 5 0.053~27.020 2.6 33 23 96.8 7.2
PRO Y=120 403X+26 532 0.994 3 0.166~21.200 1.7 23 2.1 89.7 22
SER Y=311.23X+10.741 0.998 8 0.334~21.390 4.8 49 3.6 100.1 6.1
ASN Y=15 154X+1 210.2 0.999 8 0.343~21.930 3.5 42 3.5 95.6 2.3
ASP Y=19 364X+47.3 0.999 7 0.184~23.550 3.5 45 3.7 102.2 7.0
GLY Y=34 113X+9 459.6 0.996 9 0.050~25.630 2.4 75 2.1 94.4 5.1
TRY Y=9 739.4X+2 475.6  0.9952 0.038~19.690 4.1 6.8 43 98.3 8.6
JiitR=§ Y=41 165X+1 737 0.998 6 0.015~14.936 22 1.7 1.5 97.0 8.0
JRAF Y=3 353X+56.89 1.000 0 0.239~15.313 2.7 4.6 3.0 99.6 5.5
194 Y=58 054X+9 844.5 0.994 8 0.074~18.838 4.1 6.7 4.6 94.8 7.2
DNIJ Y=14 264X+4 528.2 0.995 8 0.345~22.050 2.8 25 2.5 106.4 3.2
*x3 BRAENELER
Tab.3 Concentrations of different components in different samples %
B i GLY ALA SER PRO THR ASN ASP LYS GLU HIS DNJ
S1-1 0.004 0.092 0.011 0.017 0.016 0.025 0.019 0.035 0.035 0.003 0.065
S1-2 0.005 0.096 0.013 0.018 0.017 0.030 0.021 0.042 0.041 0.003 0.072
S1-3 0.004 0.091 0.011 0.017 0.016 0.027 0.020 0.038 0.036 0.003 0.070
S2-1 0.007 0.052 0.020 0.095 0.034 0.409 0.030 0.051 0.039 0.016 0.108
S2-2 0.007 0.049 0.018 0.098 0.036 0.467 0.033 0.056 0.041 0.016 0.115
S2-3 0.007 0.053 0.022 0.101 0.032 0.445 0.033 0.054 0.036 0.016 0.118
S3-1 0.007 0.110 0.060 0.030 0.031 0.543 0.106 0.084 0.071 0.019 0.394
S3-2 0.008 0.105 0.054 0.030 0.030 0.495 0.105 0.079 0.059 0.017 0.369
S3-3 0.008 0.110 0.061 0.030 0.031 0.483 0.097 0.074 0.060 0.019 0.381
S4-1 0.005 0.049 0.030 0.017 0.018 0.197 0.037 0.021 0.066 0.003 0.233
S4-2 0.005 0.049 0.025 0.018 0.017 0.196 0.038 0.020 0.062 0.002 0.225
S4-3 0.008 0.080 0.048 0.029 0.032 0.308 0.057 0.036 0.101 0.006 0.428
S5-1 0.008 0.096 0.040 0.066 0.042 0.404 0.061 0.058 0.131 0.016 0.127
S5-2 0.007 0.092 0.038 0.066 0.039 0.406 0.058 0.055 0.133 0.015 0.127
S5-3 0.007 0.096 0.036 0.066 0.041 0.394 0.058 0.052 0.124 0.016 0.123
S6-1 0.009 0.053 0.052 0.333 0.041 1.535 0.108 0.268 0.076 0.067 0.321
S6-2 0.006 0.040 0.033 0.271 0.027 1.105 0.079 0.176 0.060 0.044 0.208
S6-3 0.007 0.041 0.029 0.274 0.031 1.170 0.085 0.187 0.070 0.038 0.214
FE il TYR 5,3 LEU VAL ILE MET ARG TRY iR} JRFF PHE
S1-1 0.018 0.044 0.020 0.017 0.020 0.002 0.017 0.001 0.009 0.014 0.008
S1-2 0.019 0.044 0.022 0.018 0.021 0.002 0.020 0.001 0.009 0.013 0.008
S1-3 0.016 0.038 0.021 0.018 0.020 0.002 0.021 0.001 0.008 0.012 0.008
S2-1 0.036 0.032 0.011 0.031 0.013 0.002 0.077 0.008 0.012 0.010 0.024
S2-2 0.034 0.030 0.010 0.031 0.012 0.001 0.080 0.008 0.012 0.010 0.023
S2-3 0.034 0.029 0.010 0.032 0.013 0.002 0.081 0.013 0.011 0.012 0.026
S3-1 0.027 0.116 0.024 0.045 0.032 0.001 0.114 0.006 0.035 0.022 0.025
S3-2 0.024 0.101 0.025 0.046 0.032 0.002 0.108 0.004 0.031 0.021 0.023
$3-3 0.028 0.109 0.026 0.048 0.033 0.002 0.117 0.005 0.032 0.027 0.027
S4-1 0.009 0.008 0.005 0.012 0.005 0.000 0.015 0.001 0.002 0.005 0.005
S4-2 0.007 0.009 0.005 0.013 0.004 0.000 0.013 0.001 0.002 0.006 0.005
S4-3 0.015 0.022 0.013 0.021 0.016 0.000 0.031 0.004 0.005 0.008 0.011
S5-1 0.032 0.054 0.014 0.045 0.020 0.002 0.046 0.010 0.013 0.012 0.029
S5-2 0.026 0.041 0.011 0.042 0.016 0.001 0.040 0.009 0.009 0.009 0.024
S5-3 0.029 0.046 0.014 0.043 0.020 0.001 0.040 0.009 0.010 0.010 0.027
S6-1 0.045 0.107 0.029 0.050 0.030 0.001 0.136 0.032 0.033 0.028 0.052
S6-2 0.028 0.052 0.019 0.045 0.021 0.001 0.084 0.020 0.014 0.017 0.036
S6-3 0.031 0.059 0.019 0.045 0.021 0.001 0.085 0.019 0.018 0.015 0.037
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Fig. 3 Cluster analysis of samples in different regions
S1-Nanjing; S2-Tianjin; S3-Jiangxi; S4-Hunan; S5-Zhejiang; S6—Hubei.
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Fig. 4 Biplot and DModX diagram

A-Biplot; B-DModX; S1-Nanjing; S2-Tianjin; S3—-Jiangxi; S4—Hunan; S5-Zhejiang; S6—Hubei.
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Fig.5 OPLS-DA analysis diagram
A—score plot(Jiangxi and Hunan); B—VIP diagram(Jiangxi and Hunan); C—loding plot(Jiangxi and Hunan); D—score plot(Nanjing and Hubei); E—VIP

diagram(Nanjing and Hubei); F—loding plot(Nanjing and Hubei); 1-Nanjing; 3—Jiangxi; 4—Hunan; 6—Hubei.
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