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Simultaneous Determination of Eight Bases and Nucleosides
Contents in Allium macrostemon Bunge. by HPLC
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2.College of Food and Biology Engineering,the Chongqing Engineering Laboratory for Green Cultivation
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Abstract; Objective ;: To establish a HPLC analytical method on the simultaneous determination of eight bases and nucleosides
(uracil ,adenine , guanine , uridine , guanosine , thymidine , adenosine and deoxyadenosine 2’—deoxyadenosine ) in different parts
of Allium macrostemon Bunge from different producing areas. Methods: HPLC method was used to determine contents of 38
different parts of A.macrostemon samples,and the results of 14 bulbs were analyzed by cluster analysis and principal component
analysis.Results : The eight bases and nucleosides in 38 different producing areas and parts of A.macrostemon showed a good
linear relationship(r > 0.9995 ) within their linear ranges, with the detection limit for 10.78 ~37.62 ng-mL™", the limit of
quantitation for 35.81 ~115.28 ng - mL™", the average recovery for 97.72% ~100.29% and RSD less than 3% .The eight
nucleosides and bases could be detected from different parts of A.macrostemon.There were obviously different mass fraction and
composition structure in eight bases and nucleosides among different producing areas and parts of A.macrostemon ,and some non
—medicine and non—food parts were higher than the bulb.14 bulbs from different habitats could be divided into two categories
for by cluster analysis. Moreover, principal component analysis showed that comprehensive quality of bulbs produced in
Wanzhou in Chongqing province was best.Conclusion ; This was a fast and simple method with good reproducibility, and it was
appropriate for measuring contents of the eight nucleosides. Meanwhile, the results provided theoretical basis for efficient
utilization on different parts of A.macrostemon.
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Table 1 ~ Sample source
EiRe SRAE A HBAE KA ]
S1 ERTATTT M X H S i =K - - - 2014.09.15
S2 R R B A =% - - - 2014.10.12
S3 R KRR X F T =k AR 2% - 2014.09.08
S4 U4 H B ELE A AT =k JiR £ n 2014.10.11
S5 HMNERERRLS =k JiR - - 2014.10.07
S6 B AR HE AT T R A =5 R e nt 2014.10.07
S7 TR BTG T A figh =5 AR = it 2014.10.01
S8 TLPE P 7 5% <4 i =K - - - 2014.10.10
S9 B £ =5 R ES n 2014.09.25
S10 WIEE A WV M =2 3k i =x - - - 2014.09.27
S11 EHAAGR AR ZH s R - n 2014.09.14
S12 CHRAE B TRTTIL fig =5 - - - 2014.10.02
S13 HHRE K APERE AR R et s 25 - - 2014.09.18
S14 LT # M dEA Bz R e 5N 2014.10.09

TE =7 IR BOAR D 7 R 2K
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Fig.1 The chromatogram of reference

substances( A ) and sample(B)
T LR E ;2. S IEE0G s 3 PR AT ;4 IR IERS ;5. 554 5
6.t 7 Bt ;8.2 - AR o
B, T 0.4.8.12.16 .20 h #4743 51 1z bR i B | I 12E
R PR IRIEERS I M MR 20— AR, ]
SEAAZ T I T AR I 1 RSD, l5 38 5 Al 41 RSD 3
/NF 3% , FRAMER R IEAE 20 h NER e R AT,
2.6 hniEEY LI
FRECE, 0 & 1 1 /N AR 35 8 25 0 K 29 0.25 ¢
(S10) 3L 6 #y, 3 HINE AR I A 1.2.1 TR 25 B 4F
o HE S I A VA WG L 2 1.2.2 100 F 7 v A A
W, 7E 1.2.3 TR g 5604 T 300, 3145 04 m
eI R RSD , FEIG TEAS I vk i vl Pk, ST in kg
e, g5 R UL 6., 5, /IMRFR(S10) H 8
Bl L FOAZ A 1% S 34 [\ SR AE 97.72% ~100.29% , RSD

B R — it 5 5 0 ( S10) FE 2SR 4 Faw e N 144% ~2.97%  FF G oy Hr 2R . SRUTIZOT IR 1
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Table 2 The liner equation,ranges , detection limits and quantitative limits of eight reference substances

A Ry
W TR co RGeS R
PR 8 g y =87785.535x-1206.278 0.999 9 0.20~4.00 16.68 56.64
19, ik y =65815.882x-2409.397 0.999 6 0.105~2.10 12.08 40.82
PRAF y =49641.389x-4279.910 0.999 9 1.65~33.00 10.78 35.81
iR M2 y =131660.684x-2999.298 0.999 9 0.11~2.20 15.36 51.22
53y y =26173.085x-3382.195 0.999 9 1.995~39.90 32.81 98.16
o y =43260.060x +2647.989 0.999 5 0.59~11.80 37.62 115.28
BT y =67502.617x-2601.804 0.999 9 0.59~11.80 29.84 99.63
2 - WA AR y =69979.118x-2107.671 0.999 9 0.515~10.30 26.32 82.12
3 OMEEZLRER
Table 3 The results of precision experiment
L . Wit R 2B
RSD(% ) 0.31 0.49 0.33 0.42 0.23 0.11 0.23 0.21
#4 ERMELRER
Table 4  The results of reproducibility experiment
% PR E 5 S PRH JRIEENS 5 M BRA 2 - BRI
RSD( % ) 0.67 1.93 0.59 2.13 2.03 1.05 2.61 1.26
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Table 5 The results of stability experiment
% JR W e 5 S RH JRIEES 5 i B 2 - BRI
RSD( % ) 0.72 291 221 0.80 244 2.06 1.58 1.63
6 /PUERT 8 FTHAE AL AT AR [ RS (n = 6)
Table 6 Recovery test of 8—component in Allium macrostemon Bunge(n =6)
JAGE S iR RSD A S i RSD
a=s?] waEw
(pg) (%) (%) (ng) (%) (%)
8.000 119.700
8.000 119.700
N 8.000 . 119.700
TR WA WE $.000 99.49 2.47 54 119700 98.53 2.86
8.000 119.700
8.000 119.700
4.200 23.600
4.200 23.600
4.200 23.600
JEAIS 4.200 98.56 1.44 Wt 23.600 98.73 2.97
4.200 23.600
4.200 23.600
82.500 64.900
82.500 64.900
82.500 64.900
PRAF 22 500 99.86 2.80 BRAF 64.900 100.29 1.94
82.500 64.900
82.500 64.900
6.600 20.600
6.600 20.600
T N 4 Zzgg 97.72 1.56 2 - AR 28238 99.88 2.37
6.600 20.600
6.600 20.600

Wy, BE L T /R G v 8 ol i 3 A A i A
55347
27 HmEBENE

AR i AN R ERASE /AR i v 8 b i 22 AN
B & AR ULER 7 S5 RN AN TE] T H AN [R] A
VIR HR R T 2 B T S AL, B4 A R e E L 1 T
We IR RIS 5 M IR 2 - AR, A
(5] /AR R v 8 A FIAZ 11 28 1l 3 Y 5 B 240 A7
TERR I 28 57 (B A AZ T 2l TG g 0 & ik 2 4%
TS5 (4 A I 18 A W J8 (g LA, 3 5 39 e 25
SR TP AT IS B WE A R A — B, AR
B APEOT R AR, R TR H(S3) TPH AT LM T
(S8) A LT (S9) VZRAR BTE L (S11) & &t
LI DA R R (U SRR L e = G RS R ooy
REE iSRG UR | ) A HE A OG0 RpE 2B iR
AWFTE o I, BEAT /IR s RS A AR 575 1), A 455 23k 3l
PO EFEXT /IR 3 19 i U BB A R i, AN 5T
25 0K X /IR GR AR B SE ML e PR HAT — R E S % 0
SCo TRV PR 50 IR D HA T 2 ) o ) 32 2
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RT ORI H AR MR 8 Bl 1A (pgrg ™ on=3)
Table 7 The content of eight components of Allium macrostemon sample of different origins and different parts(pg+g ™' ,n=3)
AL G R IE 5y A TR 54 JOEES R 2" JBE AR it
S1 22973 £0.042  82.045 +0.003 455.138 £0.086 68.539 £0.044 711.106 +0.003 143.375 +0.127 380.024 +0.012 124.490 +0.095 1153.521 +0.001
S2 9.802 £0.011  16.279 £0.003 172.586 +0.079 28.408 +£0.044 333.161 £0.022 56.287 +£0.010 179.821 £0.021 39.098 +0.031 835.433 +0.032
S3 8.048 £0.158  7.486 £0.221 305.338 £0.021 21.786 +£0.026 693.681 +0.001 83.975 +£0.050 339.217 +0.006 74.259 £0.017 1533.790 +0.006
S4 19.506 £0.055 15.435 £0.038 256.641 £0.028 14.551 +0.013 554.608 +0.020 45.860 +0.088 264.906 +0.012 37.311 £0.068 1208.818 +0.021
S5 4491 £0.004  44.647 +0.004 508.587 £0.033 3.951 £0.023 373.368 £0.010 51.487 £0.009 149.625 +0.001 62.132 £0.020 1198.288 +0.015
S6 11.321 £0.016  13.966 +0.068 150.294 +0.031 16.706 £0.142 391.700 +£0.025 48.069 +0.085 174.842 £0.040 36.021 +0.016 842.920 +0.018
S7 22.094 £0.018  4.459 £0.053 107.299 +0.015 7.975 £0.752 285.432 +0.112 36.410 £0.033 128.842 +0.008 33.023 +0.057 625.534 +0.041
[N S8 58.163 £0.003  55.670 £0.090 313.774 £0.051 86.877 +0.082 405.982 +£0.003 193.009 +102 179.427 £0.045 190.851 £0.211 1483.753 +0.043
S9 9.438 £0.023 5919 £0.198 470.865 +0.011 22.311 £0.003 566.402 +0.001 100.426 +0.052 286.553 +0.000 70.748 +0.011 1532.662 +0.008
S10  36.098 £0.035 20.608 £0.067 319.936 +0.026 23.877 +0.020 514.131 £0.034 99.090 +0.038 254.060 +0.033 84.153 +0.057 1351.953 +0.029
SIT 23816 £0.007 5.772 £0.013  332.677 £0.011 14.404 +0.012 659.147 £0.009 71.728 +0.036 332.476 +0.009 60.791 +0.068 1500.810 +0.013
S12 8.895 £0.091  10.846 £0.021 235.340 £0.005 37.482 +0.004 549.305 +0.014 32.599 +0.089 251.518 +0.007 27.536 +0.021 1153.521 £0.001
S13 12.052 £0.046  7.432 +0.157 249.575 +0.027 19.196 +0.024 555.636 £0.018 105.513 £0.007 264.285 £0.020 77.667 +0.015 1291.356 +0.018
S14 9.186 £0.062  11.398 £0.059 219.656 +0.064 17.890 +£0.082 475.677 +0.051 97.229 +0.025 231.472 +0.056 75.536 £0.035 1138.044 +0.042
A 18.277 21.569 292.693 27.425 504.953 83.218 244.076 70.973 1203.600
S3 11.384 £0.036  12.969 +0.260 266.682 +0.076 21.736 +0.074 502.470 +£0.003 134.698 £0.017 225.556 +0.032 306.321 +0.003 1481.816 +0.021
S 8.416 £0.216  12.739 £0.022 376.295 +0.035 43.531 £0.023 784.882 +0.029 143.323 +0.034 334.961 +0.038 112.389 +0.047 1816.536 +0.033
S5 26.960 £0.033  40.638 +0.159 527.331 +£0.007 37.915 £0.019 825.679 +0.005 183.395 +0.038 410.027 +0.026 138.874 £0.011 2190.820 +0.000
S6 14.575 £0.086  18.558 +£0.083 131.301 £0.001 13.847 £0.045 229.379 +£0.014 70.491 £0.038 98.718 +0.019  52.357 +0.061 629.226 +0.016
il S7 6.199 £0.087 11.468 £0.010 89.469 +0.011 12.699 +£0.017 139.603 +0.025 70.099 £0.027 69.884 £0.033 48.988 +0.045 448.410 +0.024
’ S9 13.848 £0.011 16.028 +0.003 357.548 +£0.001 31.323 £0.002 535.670 +0.014 146.741 +0.011 262.511 +0.014 178.335 £0.156 1542.004 +0.010
S11 20.081 £0.188 60.832 £0.062 922.882 +0.238 63.446 +0.237 1763.031 £0.270 434.254 +0.256 821.018 £0.248 491.570 +0.288 4577.114 +0.256
S13 11.922 +0.022  13.628 +0.017 396.114 £0.109 47.413 £0.135 802.404 +0.060 103.415 +0.074 380.362 +0.049 91.831 £0.044 1847.088 +0.070
S14 4203 £0.087  3.955 +£0.012 123.297 £0.065 9.374 +£0.021 257.294 +0.004 38.074 +0.008 137.064 +0.008 32.103 +0.015 605.388 +0.008
SEHAE 13.065 21.202 354.547 31.254 648.935 147.166 304.456 161.419 1682.045
S3 17.355 £0.021  32.775 £0.291 793.864 £0.042 46.956 +0.028 1805.556 +0.043 344.776 +0.042 862.861 +0.040 450.778 +0.064 4354.922 +0.046
4 74731 £0.116  65.013 £0.099 1020.977 £0.004 35.427 +0.172 1847.057 +0.104 235.620 +£0.096 898.074 £0.109 222.652 +0.130 4399.551 +0.079
I S6 24.729 £0.048  23.986 +0.207 658.002 £0.173 49.172 £0.183 1563.823 +0.056 209.045 +0.142 630.504 +0.021 159.906 +0.079 3319.167 +0.076
= S7 45.174 £0.033  36.083 +£0.146 485.381 +0.204 42.599 +0.075 824.939 £0.022 186.755 £0.039 422.592 +0.038 154.847 +0.101 2198.369 +0.076
S9 19.938 £0.042  10.076 +0.033 543.542 +0.015 21.690 £0.261 572.941 £0.029 176.243 +0.031 371.475 +0.014 110.994 +0.078 1826.899 +0.013
SEHAME 36.385 33.587 700.353 39.169 1322.863 230.488 637.101 219.835 3219.782
S2 38.079 £0.023  37.659 £0.020 554.742 +0.023 49.054 +0.018 914.413 £0.032 184.048 +0.010 470.387 £0.031 355.038 £0.034 2603.419 +0.028
S3 30.692 £0.045 93.835 £0.223 461.808 +0.057 105.338 £0.092 452.985 +0.062 165.105 +0.084 157.898 +0.023 120.006 +0.012 1587.667 +0.066
S4 17.704 £0.156  6.543 +0.028 311.961 £0.075 41.239 +0.087 97.985 +0.053 144.172 £0.072 300.528 £0.090 120.854 +0.094 1040.984 +0.026
S6 26.034 £0.069 19.089 +0.048 445.550 £0.001 26.185 +0.231 954.308 +0.035 215.329 £0.149 502.945 +0.035 231.064 +0.163 2420.503 +0.020
S7 51.863 £0.007 80.895 +0.402 226.377 +0.067 39.823 £0.030 358.839 +0.001 164.313 +0.024 155.851 +0.002 108.955 +0.052 1186.917 +0.039
- S8 19.809 £0.098  12.282 +0.207 233.550 £0.090 14.549 +0.027 556.269 +0.078 183.889 £0.092 329.229 +0.058 222.149 +0.141 1571.726 +0.086
S9 41.295 £0.029  12.726 +£0.125 490.324 +0.027 28.609 £0.022 652.330 £0.057 145.862 +£0.050 371.895 +0.121 132.530 +0.099 1875.572 +0.050
S11 43.076 £0.242  5.636 £0.022  250.375 +0.104 11.618 +0.034 739.872 £0.066 98.483 +£0.096 399.226 +0.036 84.580 +0.154 1632.000 +0.075
S12 14.881 £0.157  5.031 £0.015 408.605 £0.012 30.795 +0.160 565.465 £0.143 156.073 £0.157 345.338 £0.149 135.685 +0.152 1661.875 +0.114
S13 15.094 £0.016  22.252 +0.116 542.720 £0.055 27.189 +£0.052 1152.224 +0.010 157.865 +0.065 528.026 +0.013 421.351 +0.005 2866.821 +0.013
A 29.853 29.595 392.601 37.440 644.469 161.514 356.132 193.221 1844.748
2‘1‘2 1‘2‘ 11 S5 .S8-S14 , AL THFE M 8 FhFlIEAIAZ H B 1Y
SI13 13 Ry TN G 9 2 v B P SR 5 2T 3 I AE
0 10l= i, BI)S2 56 ST, 1A TR i et 8 o i B R 4
S?l 1? B RO AR TR, SRR 8
” S e — 29 BHBHEMSSW
R _ | N SPSS 23.0 GEit 53 M A X A ] 7= b /N AR
S 5 5 8 PRI 53 O ik HEAT F 5y 53 BT 45
s ol | LA O A SCREURF AR AT 1 Ok B URR DA it 73
0 5 10 15 20 25 ] 2 A4~ B4, H WA 32 B4 10 B2 B DT Bk R

K2 HPLC 3 [a] b e /IR =5 v 8 Fofil 5
FIRZ A FE o3 & B SR AR ]
Fig2 Dendrogram of cluster analysis of
eight bases and nucleosides contents in the
bulb of Allium macrostemon by HPLC
FE 2 mT 0, 2328 RE B S 22 B, W 14 it/
MERIBEZEIY 0 2 28 55— 24 11 HlbAE b, B ST .S3-

78.73% . %5 3 D E ST EHMEAR B AR /NF 1, {ERT 3 4>
F AT ST DT R T A B 89.63% , A AR HE 3=
Sy BRI, AT LS BCAT 3 4 32 B oA R R AG HE
FRiEFT 50T Hod 58 1 A FEIEAR N =4.195, )7
ZETTHR R 52.44% , BT R R O, 8 S B K.
52 A N =2.103, T 2ZETTHE RN 26.29% , 55 3
FAT N =0.872, FZETTHER K 1090% . 3 D F K
4378 Aur € DL IEL 3
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K8 IFT RGBS R 8 R A A R IR T B R AU 45 21 20 5P 45 85 (pe/g)
Table 8 The average contents of eight bases and nucleosides contents in four groups sorted

by cluster analysis of bulb of Allium macrosiemon of different locations( ug/g)

S 7 FRUEEWE SRS PR BRI S MEdE RE 2-BAURE &t
1 S1.83~85.88~S14  19.333  24.296 333412 30.079 550.822 93.117 266.688  80.498 1398.244
2 S2.86.,S7 14406 11.568 14339 17.696 336.764 46.922 161.168  36.047 767.965

KO AR MM RBEE T 8 B EE AL 25 5 1EN

Table 9  Comprehensive evaluation of eight bases and nucleosides of bulb of Allium macrostemon of different locations

G C N C, 134 C, 134 w (%) w, (%) w; (%) e 4
S1 4.053 1.528 -0.657 52.437 26.290 10.898 2.454 1
S2 -1.558 -1.236 -0.104 52.437 26.290 10.898 -1.153 12
S3 0.021 1.962 0.684 52.437 26.290 10.898 0.602 3
4 -0.996 0.559 0.332 52.437 26.290 10.898 -0.339
S5 -0.758 -0.271 -2.898 52.437 26.290 10.898 -0.784 11
S6 -1.868 -0.991 0.101 52.437 26.290 10.898 -1.228 13
S7 -2.454 -2.078 0.323 52.437 26.290 10.898 -1.797 14
S8 4.701 -2.998 0.462 52.437 26.290 10.898 1.725
S9 0.201 1.365 -0.579 52.437 26.290 10.898 0.401
S10 0.733 -0.274 0.390 52.437 26.290 10.898 0.354
S11 -0.052 1.578 0.770 52.437 26.290 10.898 0.472
S12 -1.225 0.540 0.336 52.437 26.290 10.898 -0.463 10
S13 -0.200 0.467 0.000 52.437 26.290 10.898 0.018 7
S14 -0.599 -0.150 0.000 52.437 26.290 10.898 -0.353 9
e T b, TR AT AL S BB A S 3 A4 32 4% (C, . C, .
1.0 i C) BRI A5 R 5 BS54 o RIS R L5
2 0.5 ojmw ﬁﬂz1fl\l¥l§&(F>Fj =w,C +w,C, + w;Cs0 J—ZEEF' (OFIN
= C, \Cy T ZAEISIE5 s 0, @, @, 5351 Kl =4
i RS ERSHE B TR, SO IO,
8 05 R 2-BURIF 22 9 T, Sf A )48 1K 10 AR [ 7 b /N AR
_LO*<> (25) i 8 Fofr i 3 FIRZ 1 19 25 40 VP M B AT o 2
T ~ 00510 5, WK I lx.(Sl)g%:aﬁmﬁFz’éﬁ o N
EA A A 2 KL (S3) ZEAT IR SR 3 1T DT S B 25 43
WrHESEE 12, b2 W/ SR 00 SRR B —
ES IR NG s AN i8R = LR S e R i Fr b, Jl, R A 5 A4 2
Fig.3 Loading diagram of bulb of 3 g;g.i/k\‘

Allium macrostemon from different locations

B SPSS 23.0 B AF 45 Hh 19 PR3 1 fap B A 2 S0
AHRE N Y REAE R B9 SF- 7 AR, 4331 3 4> 35 il o3 v B

ARG U N TR I U R AN [R5 b AN R
L/ IRGER A 8 A A Il o & FE g HPLC 3%,
BT S IR REAS [RIAE ff vh 8 A FE AR o3 HI REAS 2

AFEFR TR R R A, FRIBAANTF : C, =0.334X JR1IE
B +0.380X I IENS +0.261X JRAF +0.425X RN +
0.193X 5 3F + 0.453X K5 + 0.199X R + 0.461X
2~ PAENR TR ; C, = —0.340X JRMEIE —0.086X 1 12 14
+0.323X JE A — 0.160X Jf I 14 + 0.604X 13 4 —
0.082X fiigF +0.594X BR4F—0.148X 2’ — it SR 4 5 C,
=0.352X SR W5 g —0.484X 1 I 14 — 0.669X R #F +
0.154X RIS +0.267X 54 +0.122X fatF +0.289X
JRAF +0.025X 2/ - A IR 1T, 28 1 s €, 5 8 4>
Bl FIAZ 7 28 4 B S IR AR &, oA 5 g 1 .27 — ik
SR IE AR SRR s . H 3 D FEr T, 56 1 EAL
Sy DTMRER B, LB BT 27— B AEUIR T 2 B FE /D
AR IR EE H R IS0 R S s il 7 R S mEEE A

B /IR TR 85 =25 A A oAZ A 2 1 B = AT R o

254 20184 51541

K474 88, 31 HR B SR 28500 0 32 B 43 43 B 7 v X
B X /MR BRSO A T RS TR, N
JEHA 0 R VT S AN ] 7l AN [R) SR A B A 4 BT
AL —Fh AT ) F By, g5 R R IA,38 Iy A F =
i AS[EIFRAL /I S5 H 8 Pk 2 A AZ 1 S Al o3& i 7E
LM B N P M G &R R IT-(r >0.9995) , K H BR oy
10.78~37.62 ng-mL ™", 2+ FR 4 35.81~115.28 ng-mlL ™"
e S A %Rl 97.72% ~100.29% ,RSD <3% , /)
AR BRAN [RI B AN 24 1] A 0 2] 8 Al g I A AZ A 2L Bl 47,
HASTE] = 3, AN [R] 3B /N AR 50 v 8 o el 356 A A 1 2k
J AT PR BT 43 B0 M 2 R A A LU AR AHE B i Y 25 R, 3
SrABRAZh B B S A B 3 A0 A% A S v T L 2R
SR RIS HT 8K AN [F] 7= i 19 14 55 /NAR 55 8% 25 5
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bR g

IRZE 300 C. TEZSM&MT 521 EPA ) H 0%
A TE]J2 10.015 min, DHA A4 H 05 R [] & 16.500 min,
iz 5 EdR GB5009.168-2016 H1 [ g i 8 €2 3% 43 #r
J7AR b, HLA B e (] PR RS I EPA (DHA) |
WER P =5 | B g AR R s K ) R L, B A T B
[ FH 82 min 4AJH = 18 min, FEHEAESTEAMT B
T A VG AR FEER: R e Bl 7 R s | R
BOEFBIGE R CO, ZEHE RS My b & A 19 EPA 1)
Ko HH B AR YR 2 54.67 .35.23 40.13 33.40 mg/g, DHA [
K H AR YR 134.01 77.50 .102.30 .67.31 mg/g.
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