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Determination and multivariate statistical analysis of four nucleosides in Aconiti
Lateralis Radix praeparata and Aconiti Radix in Jiangyou of Sichuan Province
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Abstract: Objective To establish a UPLC method for the simultaneous determination of uracil, adenosine, guanosine, and uridine in Aconiti
Lateralis Radix Praeparata (ALRP) and Aconiti Radix (AR), and to compare the content difference of four nucleosides in the samples based
on multivariate statistical analysis. Methods Nucleosides in ALRP and AR were extracted with purified water by ultrasonic extraction. The
UPLC method was performed on a BEH C;g (100 mm x 2.1 mm, 1.7 um) through a gradient elution of acetonitrile and water at a flow rate of
0.2 mL/min with column temperature at 30 ‘C. The injection volume was set at 4.0 pL, and the detection wavelength was set at 260 nm.
Difference significance analysis, hierarchical cluster heatmap analysis, principal component analysis, and TOPSIS analysis were used for data
processing to comprehensively evaluate the quality of ALRP and AR. Results The method was in accordance with the regulations, the
quantitative evaluation of uracil, adenosine, guanosine, and uridine was in good linear range (+* > 0.999 3), and the average recovery was
99.86%, 99.14%, 99.74%, and 98.71% respectively, and the RSDs were all less than 2.0%. Taking the four nucleosides as indexes, the samples
No. 18 of ALRP and the samples No. 23 of AR were the best in quality. Conclusion The established method is simple, accurate, and reliable
with good precision, repeatability, and stability, which can be used for the simultaneous determination of four nucleosides in ALRP and AR,
and it might provide the scientific basis for the study of water-soluble constituents in ALRP and AR.
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Table 1 Samples of ALRP and AR

T FE SRR HH/m ZE (B) /4E (N) KA [A]
1 YLV T 32 WK BT 5 241 501 104°42.417/31°42.413' 2017 %6 [ 24 H
2 YLV T 32 W BT 5 41 501 104°42.375'/31°42.529' 2017 %£ 6 J 24 H
3 YLV T 32 W BT 3 41 503 104°42.601'/31°42.505' 2017 4E 6 H 24 H
4 TLVH T 82 B B B 3 41 500 104°42.696'/31°42.487" 201746 A 24 H
5 TLVH T B2 B B B 5 41 501 104°42.321'/31°42.399’ 201746 A 24 H
6 TLVH T B2 B B B 5 41 507 104°42.274'/31°42.432' 201746 A 24 H
7 TLVH T B2 B B B 5 41 511 104°42.339'/31°42.668' 201746 A 24 H
8 YLV T 32 W BT 5 241 503 104°42.379'/31°42.718' 2017 %£ 6 J 24 H
9 YL T RSP AT 4 241 501 104°41.540'/31°42.350’ 2017 4E 6 H 25 H
10 YL T RSP AT 6 241 501 104°42.009'/31°42.828" 2017 4E 6 H 25 H
11 YL T RSP AT 5 241 503 104°41.745'/31°42.605' 2017 4E 6 H 25 H
12 TLIH T RSP AT 2 41 501 104°41.893'/31°42.487" 201746 A 25 H
13 TLIH T RSP AT 2 41 501 104°41.773'/31°42.446’ 201746 425 H
14 VL T RSP FEAT 3 41 507 104°41.242'/31°43.241’ 201746 A 25 H
15 VLI T RSP FEAT 1 4 511 104°41.246'/31°43.599’ 201746 425 H
16 VLI T ASPEERYLA 10 44 503 104°41.820/31°43.791' 2017 6 A 25 H
17 YL T RSP AT 6 240 503 104°41.596//31°43.819' 2017 %6 A 25 H
18 T T AP IR A 2 40 503 104°41.301/31°43.837" 2017 %6 25 H
19 VLI T AP0 FE AT 4 41 503 104°41.407/31°43.850" 2017 %6 A 25 H
20 YL T ORSPER TR 10 41 503 104°41.358'/31°44.947" 201746 425 H
21 TLIH T RSP MR 2 41 503 104°41.775'/31°45.031" 201746 425 H
22 TLIH T RSP MR 3 40 503 104°41.526//31°44.814’ 201746 425 H
23 TLIH T RSP MR 1 41 503 104°41.755'/31°45.232’ 201746 A 25 H
24 YL T R SPAEAT MR 4 21 503 104°42.004'/31°44.793" 2017 4E 6 H 25 H
25 YL T RSPEAT MR 6 40 503 104°42.003'/31°45.105' 2017 4E 6 H 25 H
26 YL T R SPEEAT MORT 5 241 503 104°42.136//31°44.908' 2017 4E 6 H 25 H
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i k. ACQUITY UPLC® BEH Cy5 (100
mmX2.1 mm, 1.7 pm); JisNAH: 45 (A -7K (B);

BREEVESL: 0~3 min, 1%~5%A, 3~7 min, 5%~
10% A, 7~8 min, 10%~15% A; AFHiE 0.2
mL/min, i 30 C; AR 4 pL; fillsg K 260
nm. EIEE LK 1.

I-JREENE  2-RE 3-LISHE  4-JREEERL
l-uracil 2-adenosine 3-guanosine 4-uridine
1 RAXMRRBE A) MHF @) )5 () #HiXmERneiLE
Fig.1 UPLC chromatograms of four mixed reference substances (A), ALRP (B), and AR (C)
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Table 2 linearity, LOD, and LOQ of UPLC analysis

D% EVEppE FHIR R EL LAEVEH/ng B /ng & HfR/ng
JRBEIE Y=2X107 X+800.91 1.000 0 0.424~21.20 0.0853 0.284 2
i5:3 Y=2X10" X—840.45 0.999 5 1.205~48.20 0.1910 0.636 6
L AR Y=1X10" X—2 164.7 0.999 3 2.020~50.50 0.265 4 0.884 5
PREEVERZH Y=1X10"X—1588.7 0.999 6 2.010~50.25 0.246 8 0.8226

2.5 FHEFER

251 REEERE R —RA SIS, 1%
“2.17 TN G R IESERE 6 IR, VRS R
AR A XS bR 2ZE (RSD) fH. &5 FIRMENE. fif
H SIS R PR E A% H AR B RSD B4
A2 0.30% 0.37%- 0.42%7F1 0.44%.

252 fEtEREe R AR (19,
% “2.17 WU ERERAF 0T 04 24 4. 64 8. 10,
12, 24 h#FENGE, THE& BT IEIFR ) RSD 1R
SERRMENE . IR SRR RN PRI A I T AR
i) RSD {H 5372 1.26%- 1.06%. 0.66%F1 0.87%.
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HRE S, “2.17 TR g S dERE I, 13 %Ak
o, THEINFEREICR AT RSD 18, 45 FIREENE |
JIRE S MEEA AR T AR R NE A% 1)~ 351 e (el 26
N 99.86%- 99.14%. 99.74%#I1 98.71, RSD 437K
1.62%- 1.14%. 1.11%#1 1.59%.
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B 7~ Hp R MEIE S BN 8.25~183.36 ng/g, R SR
N 90.53~390.45 ng/g, SRR IZEF SN 97.63~
338.15 pglg, IRMEBERTT & EA 99.91~508.05
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Table 3 Determination results of nucleosides in ALRP and AR (X £s,n=3)

W& AR (g g )

G &R R RN S (g g )

s

R () BH Of)  SEREE (G REERE ) RERE ) B ) SEREE X))  REREE ()
1 11264£1.06 39045+253  246.20% 2.08 281.62% 4.8 733510.54  21642% 017  450.09% 049 530.78+ 0.93
2 13736x121 318.94£1.99 142.82% 2.05 324271921 31741040  196.07% 147 428.68% 1.92 465451 1.02
3 32.09+0.67 289.05+3.30  230.98+ 5.66 190.69+ 1.48 38.8310.13  244.93% 249 49033+ 341 607.92+ 2.68
4 14011158 316.54%3.19 14178+ 0.95 401.84+ 9.27 45361019  257.29% 062 55108+ 3.83 580.71% 4.36
5 4396+1.65 201.73+£4.06  269.86* 3.26 270.06+ 4.20 41611027  257.29% 050 450324 475 609.38+ 6.76
6 8254031  90.53+0.86 97.63+ 248 9991+ 146 3091+0.57 27635+ 076 550.87+ 2.00 643.63+ 4.36
7 13.23£072  97.34£2.71 135.14% 0.28 183.64% 1.75 57054043 339.65+ 9.03 47627+ 2.85 75156+ 4.78
8 18.66+137  93.014+3.38 118.96+ 3.86 10138+ 1.77 4321£0.73  263.11% 057 48853+ 454 568.621 3.86
9 12352077 113.60£1.39 174531 3.72 196.89% 6.01 66.7011.40  23449% 128  380.94% 0.73 681.19+ 127
10 2851010  239.83£0.80  338.15% 2.89 41580t 6.04 40512037 17611 136 356.94% 257 543.83+ 2.03
11 30.1410.32  20941x1.34  272.54% 285 33577+ 4.15 354410.68  351.73% 627  363.14% 2.59 839.15+ 4.98
12 80401044 224.95+5.10 166.10% 1.72 39833+ 5.98 54.17£1.00 233.00% 3.74  316.87% 126 626.15+ 6.88
13 734310.77  328.4016.62 178.55+ 2.74 49197+ 8.88 62.5010.86  226.83% 3.65  402.31% 1.58 747.60 5.54
14 75431136 234.15+1.30 146.26% 1.07 441.04114.67 35172054 191.23% 191 432511 340 560.55+ 451
15 182661732 295.31£5.05 130971 2.48 37634+ 448 54061040  199.10% 453 45235+ 323 5674911181
16 952010.98 329.62+0.98 165.15% 0.78 47131 691 58261048  223.75% 237 450.00% 9.40 858.15+ 7.29
17 4734%057 233.88+241 22895+ 110 508.05+ 3.42 41111057 21795+ 224 456.67+12.34 59145+ 333
18 183.36£249 308.01%1.18 154.69+ 1.86 428.28+42.45 45621065 2825911026  503.89+ 2.98 748.99% 1.57
19 12245%0.16  346.65+1.97 151.17+ 1.51 45394+ 475 41.19£0.60  259.05+ 6.86  587.92% 6.36 554.00+ 345
20 17924093  22544+1.80  275.88% 337 391.23+ 244 69.04+0.23 28827+ 500  564.77% 5.19 685.90+ 0.89
21 55574028  222.60+1.60 21730+ 4.26 505.48+ 2.67 40.99£0.79 27736+ 4.66  529.08+ 1.50 68244+ 3.03
22 35494042  211.09+2.19 29140+ 249 356.59+ 126 36041035 24325+ 236 456.06110.00 60535+ 4.20
23 44491056  209.38+£0.94  323.97+ 2.62 358224 0.87 4220£0.56  468.08+ 3.80 58291+ 6.09 1109.17+ 1.77
24 9331+1.14  16521+2.74 116.82+ 2.86 265.61+ 2.69 4775%0.58 25731+ 3.63 516.85+ 8.13 61920+ 8.68
25 28.08+0.53  203.72£6.24  308.99%13.01 339.014 4.54 41554038 15791+ 834 51191+ 4.14 608.96+ 6.30
26 31.06+£0.35 196954027  287.97+ 2.20 361.38+ 137 3403+1.01  232.14% 424 51570+ 528 528.42+10.12

RSD 76.62 34.68 35.62 33.96 2545 24.69 15.00 20.50
3.2 EREBEMSH I v RN A B A JRIBENE AL 5 AR

Xt 26 ANANFIMLERAIAE AR5 F1) 115 2 FZipt o
PRENE . BRE . SHUEMAZ T A PRIENERZ T 4 MZH K
HAABH T 2R BT, SR 2 fos. [Fl—
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Fig. 2 Difference comparison of uracil, adenosine, guanosine, and uridine
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Fig. 3 Hierarchical clustering analysis and heat-map of content of nucleosides in ALRP and AR
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Table 4 Results of principal component analysis of ALRP and AR

FEf FERG FMEE TETRE/ % BT E TR/ Y% PREENE MR SRR REEET
-7 1 2.175 54.367 54.367 0.864 0.915 —0.113 0.761
2 1.293 32318 86.685 —0.408 0.135 0.955 0.443
N5 1 1.923 48.068 48.068 0.043 0.946 0.500 0.881
2 1.168 29.205 77.274 0.854 —0.014 —0.588 0.306
200, ‘o 250 g
Lol 264570 L5t 12¢
@ 1&s 17 £ 10 16
& st 5e 21 S 200 7
2 ol 3e 1;'6? 3 g.s— 0. 15 1k
14 19 - 18
K 05| 9, 120# . ] 17 3 g 24 23
= 4s 18 ﬁ{ —0.5p 14% 4 oot .21
H -1.0} 7a e 1; ol 2. 2522304
s B 24 ~1.5 260 19 L ¢
-2.0 L I I L I I I L | 2.0 L L 1 1 I 1
=25 20 -15 -1.0 05 0 05 10 15 20 220 -10 0 1.0 20 30 4.0

FES 1(54.37%)

FE S 1(48.07%)

4 MF Q) #MIE B) ERTIHIFIE
Fig. 4 Score plot obtained by principal components analysis of ALRP (A) and AR (B)
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Table 5 Results of PCA and TOPSIS of ALRP and AR
. FERsr B RS JIED TOPSIS (HtF) TOPSIS (JI[5)
[P ZEE Y He4 St W H4 et CI HE4 et CI H4
1 0.9343 5 0.021 1 10 0.609 0 6 0.440 1 6
2 0.458 8 1 ~1.4826 26 0.686 5 4 0.1132 26
3 —0.388 7 21 —0.413 1 17 0.2299 21 0.2655 19
4 0.765 6 6 —0.2413 13 0.706 2 3 0.329 6 13
5 —0.3410 20 ~0.260 6 14 0.269 4 16 0.291 1 18
6 ~2.403 9 26 —0.264 6 15 0.000 0 26 0.309 7 15
7 ~1.8728 24 1.2472 2 0.062 2 24 0.5629 2
8 ~2.2602 25 -0.3218 16 0.058 0 25 0.3073 16
9 ~1.5935 23 0.5110 8 0.090 4 23 0.444 8 5
10 0.625 6 9 ~1.105 6 25 0.2855 15 0.1377 25
11 —0.048 5 19 1.048 0 3 0.266 2 18 0.462 6 4
12 0.1237 15 ~0.058 7 12 0.466 8 8 0.3353 12
13 1.024 1 3 0.602 1 6 0.4309 10 0.430 0 8
14 0.208 9 13 ~1.064 7 24 0.406 5 1 0.1393 24
15 0.702 3 7 —0.474 0 19 0.8079 2 0.300 5 17
16 1.021 0 4 0.895 7 5 0.5224 7 0.438 4 7
17 0.650 8 8 ~0.603 7 21 03215 13 0.226 0 21
18 1.067 8 2 0.555 4 7 0.832 1 1 0.408 0 9
19 1.089 7 1 —0.4320 18 0.643 0 5 0.3124 14
20 0.176 0 14 1.000 6 4 0.228 8 22 0.544 9 3
21 0.5750 10 0.1526 0.3459 12 0.3570 10
22 0.096 2 16 —0.5178 20 0.266 8 17 0.240 4 20
23 0.2527 12 3.0823 1 0.309 0 14 0.690 8 1
24 ~0.888 7 22 ~0.041 4 1 0.448 8 9 0.346 9 1
25 0.017 1 17 —0.914 3 22 0.249 4 20 0.201 8 23
26 0.007 6 18 —0.9197 23 0.250 4 19 02153 22
%6 TEANBENSESR SL UPLC M€ ik e eI 5, BAR
Table 6 Results of attribute weight determined by WA . RaE R E B M, 18 FZ 7 v Aa il
coefficient variation method TR R R R A YD, A LK 73 )
i B N ﬁﬁ&%ﬁ%ﬁﬂ%&%ﬁﬁ%ﬁﬁo
\ cv D cv B Z AT AT AT SN HR 2 T R R R, A
R 07662 04236 02545 02972 bS], B RIRA R EWA . BT, &
it 03468  0.1917 02469  0.2882 SRS E AT 2 B/ S Az 1 2
SR 03562 0.1969  0.1500  0.1752 a3 BAR S R AN S o A A, PR H Y
JRESERZF 03396 0.1877 02050  0.2394 ANTRLHE B R 4 Pl k% 43 & s e R, T
4 g BN R AT TOPSIS 43 #1521 () 45 Fh

ARSI ST A ] (104 204 30+ 40 min)-
HBAIRE (25, 35, 45, 55, 65 C) FRhLL (1 :
10~1:90) X} 4 FiZEFIRICEImM, UL 4 i
T =RV FabR, e B AETRIE N R
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