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[ Abstract | Objective: To establish a HPLC method for simultaneously determining the contents of three
nucleosides, namely uridine, guanosine and adenosine, and compare the content differences of the three
nucleosides and the composition ratios in Corydalis Rhizoma from different regions and commercial grades.
Method: A Venusil MP C,; (2) chromatographic column (4.6 mm x250 mm, 5 wm) was used, with methanol
(A) -water (B) as the mobile phase for gradient elution (0-10 min, 1% -5% A; 10-15 min, 5% -15% A; 15-22
min, 15% -17% A ; 22-26 min, 17% -20% A ; 26-32 min, 20% 24% A) , at a flow rate of 1.0 mL « min~'. UV
detection wavelength was set at 260 nm, and the temperature of the column was maintained at 35 °C. The above
HPLC method was applied to determine 38 batches of Corydalis Rhizoma and a cluster analysis was carried out for
the results. Result: The contents of three nucleosides in Corydalis Rhizoma were determined, and showed a good
linear relationship within the linear range (r >0.999 8). The average recovery rate was in the range of 99. 63% -
104.24% , with the RSD raging from 0. 7% to 2. 3% . The three nucleosides could be detected in all 38 batches of

Corydalis Rhizoma. There were significant differences in contents of uridine, guanosine and adenosine and the
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composition ratios for Corydalis Rhizoma from different regions; there were significant differences in contents of the

three nucleosides and composition ratios for Corydalis Rhizoma from different farmer households of a same region.

38 batches of Corydalis Rhizoma were divided into three categories by cluster analysis. Conclusion: Overall, the

contents of three nucleosides in Corydalis Rhizoma showed significant difference while there was no significant

difference in nucleosides content for the Corydalis Rhizoma with different commercial grades.

[ Key words ]
HPLC method; cluster analysis
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Table 1 Sample source of Corydalis Rhizoma

Corydalis Rhizoma; different regions; commercial grades; uridine; guanosine; adenosine;

W TSR
1 #FE

LC-20AT Y i 280 AH €35 A ( H A 83 ) , DZF-
6050MBE # Hy $fi 3 B 45 T4 (L i i sk A
FRAF ), TDZ5-WS B Z 4550 [ 8 75 2.0 ML (91
TR O WL A R w] ), CP225D #43 HF K
- ({8 [ Sartorius 22 ) .

PRAE O B (b £ 24 A o 5 B
L2 110887-200202, 110879-200202 ) 5 12 4 Xt FR &
(P ER A B A R A 4l B 48 HPLC U 1 A1
H— {8 >98% it 961-07-9) ,

S 2% i P 25 R A T R BR o O B R L g
o 45 Hh 9 A 7 1 Bl AL SR B 20 b A AR K P, B B
i BT 50 Ak A BVHE AR B 2K DLORUEAE A SR
P& =g 2 [ Ji] ok ) 20 2 s o Ol B SE R A ) A R
Corydalis yanhusuo BT 2E, W& 1, #4625 61 K
INARTR G N — M —FIEWI R R A T
K =W e bW 5 B SRS E L . SE
RUEWHVEIG 45 CHRMATHT, 2581 50 B
i, #& o B BRI Al KON BERA M Al K
2 FHEEER
2.1 & Venusil MP C, (2) @& 4 (4.6
mm X250 mm,5 pm) , i S AHHEE(A) =K (B) B B

No. SR AR Hh A G 545 /m
CQDD CIUNIIPIR= PN LN G T 108°22.59'/31°16. 37" 882
CQGJ HR T IT B KA A 108°25.23'/31°18. 23" 618
SXZJS B G A L ol Al B 5 L LA 2 A 106°43.01'/33°09. 53’ 548
AHHQ LR JEH B AR B A 118°37.02'/31°15. 13’ 1 400
ZJXW W VLAE 5 22 B R B A R 120°23.27'/28°57. 02" 337
ZJSH WL AR 48 22 B i BN 120°38. 24'/29°06. 58’ 486
ZJRC WL 48 2 A IR 120°26.27'/28°53. 11’ 541
2JQX WL AT THBAR EN 120°06. 49'/29°01. 57" 169
1877 VL5 A8 38 M X 5k 2 B B A 121°01.17'/31°56. 27’ 14
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PEWE (0 ~10 min, 1% ~5% A;10 ~ 15 min,5% ~
15% A; 15 ~22 min, 15% ~ 17% A;22 ~ 26 min,
17% ~20% A ;26 ~32 min,20% ~24% A) , ¥ I %
£ 260 nm A FF R 1.0 mL-min ', JEFE R 20 pl,
FEWR 35 C o # BR B3R G S AT 20 07, & 1O 43
B R RS M B K L 1

2.2 XFRRSVA WA 40 A o R IO T A
S T AN R AN S DO E R i = ) || B (RS ) (S
fif I B IR vk B 4y H oA 1.212,0.804,1.200 g-
L™ A X BRI 45 Y

2.3 MR AW R WA R AR IUCRE B R B R
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1 RBREMRBH(A)REHE S13 # & (B)# HPLC

Fig.1 Mixed reference( A)and S13 sample’s of Corydalis Rhizoma
(B)HPLC
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LM R R4,
2.5 MEEIRE  HUE—IR A XSS, 7E LR
S S T R SRR 6 ISR
kR, G5 IR IRH S R 0 I ALY RSD 43
SIS 0.4% ,0.5% ,0.3% , FRHAJ7 B0k % B R 4T
2.6 @EEMERE  HUE - EE RN 6 7 (S23),
B0y 1.0 g AF B E K 2.3 T F 5 32 47 1 & it
A, TE IR AT S5 BRI E 0 SRS AL
R N T AN P A 7 S RN S N /8 < & T A
RSD 4331 & 1.1% ,1.0% ,0. 6% , 3% B kE 5 ] 5 5
BEEME R
2.7 FoEMERES R s W (S23) 7E
AT B ACE, 4 #E 0,2,4,8,16,24 h it
FEO R, IL RS E M AT IEmA, 25/ .5
T R T AL RSD 4512 0.7% ,1.4% ,1.3% ,
FWIRE SRR S 24 h R EPE R AT
2.8 ke RIRIE S E R (RIS AT
J 1 B 404y Bk 0,346 2,0.216 2,0.241 3
mg-g ') [ S23 MEHI R K KL 0.50 g, L 6 4y, K%
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F2 EHERP I NZEF LB SHMEEE Y E
Table 2 Recovery rate investigation of 3 nucleosides in Corydalis

Rhizoma

W Fefbhi A AR RBeR F¥{E RSD
& /mg

/mg /mg /% /% /%

JKH  0.1731 0.1818 0.3613 103.52 104.24 2.1
0.173 1 0.1818 0.3677 107.03
0.1732 0.1818 0.3627 104.25
0.1733 0.1818 0.3666 106.35
0.173 1 0.1818 0.3565 100.90
0.1732 0.1818 0.3611 103.37

54 0.1081 0.1206 0.2287 99.96 99.63 2.3
0.1081 0.1206 0.228 3 99.69
0.1082 0.1206 0.226 6 98.19
0.1082 0.1206 0.2241 96.11
0.1081 0.1206 0.2305 101.47
0.1081 0.1206 0.2315 102.34

B 0.1207 0.1200 0.2426  101.61 101.28 0.7

0.1207 0.1200 0.241 6 100.74

0.1207 0.1200 0.2409 100.15

0.1208 0.1200 0.2432 102.04

0.1207 0.1200 0.2424 101.38

0.1207 0.1200 0.2428 101.73

3L 4F, B S12,S15 i S36, 1t 25 25 4 v i 5 o &
s FHE, R S ST S ¥EMEAR, REE
RN TR 2R L b2, B S35, 1
LMY S O i T A, T AR MM T i
5O (AR 258 K, A B b 2 v T (E L RAIE
FH ARG R ERNE A4,
3 iFig
3.1 EAA W S AR BTG 2
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Fig. 2 Dendrogram of HPLC method for simultaneous

determination of six kinds of alkaloids in Corydalis Rhizoma

cluster analysis

E L, B T LAF Innoval AQ C (4.6 mm x 250
mm,5 pm), Venusil XBP C; (L) (4.6 mm x 250
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Fl Venusil MP C 4 (2) (4.6 mm X250 mm,5 pm)4 Ff
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FMIy M 1 R BRI B 22 . R LA T A
[ F) 3t 20 AH 2H 80 20 -7K L BE-2K L N -HY R K W
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AYEPET Venusil MP C, (2) 43 4E (4. 6 mm x 250
mm,5 pm) N EE-K R GURR FE BRI . 7E 190 ~ 400
nm | H] PDA KG I # X60 1R Gk B 24T 063 49 4
TRAFAOC 1, AT UL 3] B4 | 5 4 AR 7E 260
nm Ab HAT B I W W U, i 4 260 nm A O HAG:
g
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R3 TEAFHERARGHIRT.EHEREFNRESBREMLIL (0 =3)

Table 3 Amount and structure alignment of Uridine, Guanosine and Adenosine in corydalis from different places(n =3)

R R (5 +5) B (5 xs) W (e 2 s) ﬁ;ﬁfif RAF-15 7
H A% /mg‘g'1 /mg'g'l /mg'g_l /mg-g’l B 45 L
s1 cQDD  —% 0.244 2 £0.065 6°7%  0.263 3 £0.008 3**:3-%) 0.3615+0.151 2%% 0.869 1 £0.083 834 1.0:1.1:1.5
S2 ~% 0.334 9 +0.007 6% 0.238 8 £0.021 3%:¢7:%) 0.390 9 +0.215 7%% 0.964 6 £0.079 52450 1.0:0.7:1.2
S3 cQDD  —4 0.3217+0.107 5*%7  0.309 9 +0.091 4% 0.402 6 £0.028 0>°% 1.0342+0.049 924> 1.0:1.0:1.3
S4 —% 0.3252+0.275 17 0.263 2 £0.031 6°*> 0.304 9 +0.002 6 0.893 3 £0.159 5345 1.0:0.8:0.9
S5 CQGl  —4 0.3243+0.001 6*°7  0.283 3 £0.019 1°*> 0.3257 +£0.007 0*+* 0.9333£0.003 9%+ 1.0:0.9:1.0
S6 -t 0.3003 +0.011 2% 0.517 8 £0.028 3% 0.369 7 +0.014 22+% 1.187 8 £0.425 01234 1.0:1.7:1.2
s7 CQGJ - 0.360 4 £0.036 9%>*  0.289 5£0.073 6>+ 0.199 6 +0.062 7% 0.849 4 £0.071 13 1.0:0.8:0.6
S8 ~% 0.4210+0.183 323 0.249 3 £0.018 547 0.380 8 £0.245 5%% 1.051120.167 12%*5 1.0:0.6:0.9
9 SXZJS  —Y 0.273 6 £0.023 0°7) 0.249 8 £0.007 6*:¢7 0.485 0 £0.216 4>+% 1.008 4 £0.244 0>345) 1.0:0.9:1.8
S10 — % 0.221 5 +0.023 87 0.192 2 +0.001 0% 0.152 0 +0.063 5% 0.565 7 £0.079 8*-> 1.0:0.9:0.7
S11 AHHQ  —% 0.4257£0.008 0'->%  0.287 5 +0.018 0**>) 0.052 6 £0.080 0> 0.765 9 £0.007 834> 1.0:0.7:0.1
S12 4 0.371 1 £0.015 3% 0.289 3 +0.073 834> 0.8857 +0.781 5% 1.546 1 £0.465 1'% 1.0:0.8:2.4
S13 AHHQ —% 0.427 2 £0.040 0"% 0.321 5 £0.000 2% 0.396 4 £0.043 92+% 1.1451£0.006 1-2*%  1.0:0.8:0.9
Si4 -t 0.466 7 +0.021 9" 0.318 7 £0.000 1°% 0.382 4 +0.044 623 1.167 8 £0.005 9"*34 1.0:0.7:0.8
S15 AHHQ — —% 0.438 4 £0.040 1'% 0.260 6 £0.013 9340 0.9632+0.199 6" 1.6623£0.102 9" 1.0:0.6:2.2
S16 t’/ 0.4259£0.039 1'% 0.291 3 £0.014 334> 0.349 7 +0.043 623 1.066 9 £0.144 045 1.0:0.7:0.8
817 ZIXW  —% 0.403 4 +£0.003 323 0.277 6 £0.029 9°**® 0.310 8 +0.090 6>+* 0.9919+0.038 1%+ 1.0:0.7:0.8
S18 — 0.3851+0.001 723 0.276 1 £0.063 4°*° 0.278 4 +0.022 3% 0.939 6 £0.024 525 1.0:0.7:0.7
S19 ZIXW  —4 0.377 2 £0.002 1%¥ 0.291 5£0.014 4%4:5) 0.085 1+0.014 3% 0.753 8 £0.155 1345 1.0:0.8:0.2
$20 —Y 0.358 9£0.200 5% 0.263 4 £0.032 2%*:5:%) 0.150 3 +0.004 2% 0.772 6 £0.170 9*-*>) 1.0:0.7:0.4
s21 ZIXW  —% 0.309 5 +0.005 7°7 0.284 9 +0.007 374> 0.343 4 +0.135 423 0.937 8 £0.049 9>34>)  1.0:0.9:1.1
S22 ~% 0.467 7+0.019 1'% 0.486 5 +0.028 3% 0.382 4 +0.112 4%% 1.336 6 £0.017 7"%% 1.0:1.0:0.8
s23 ZISH — —% 0.346 2 £0.043 234 0.216 2 +0.081 77-%) 0.241 3 +0.046 6> 0.803 7 £0.054 634 1.0:0.6:0.7
S24 -t 0.193 6 +0.003 37 0.132 7 £0.020 8% 0.074 8 +0.004 2% 0.401 2 £0.255 2% 1.0:0.7:0.4
825 ZISH  —4 0.316 7 £0.002 37 0.312 6 +0.010 8 0.336 7 £0.002 4* 0.966 0 +0.003 6% 1.0:1.0:1. 1
26 -t 0.296 1 +0.055 8% 0.210 7 £0.003 97 0.241 0 +0.006 1% 0.747 7 £0.022 9>+ 1.0:0.7:0.8
s27 ZJSH -9 0.302 6 +0.003 7°7) 0.239 8 £0.008 9°:¢7:%) 0.249 4 +0.001 9% 0.791 9 £0.001 9°*->) 1.0:0.8:0.8
28 ~4% 0.345 9 £0.007 1>+ 0.252 6 £0.031 3*¢7) 0.240 2 +0.011 1 0.838 7 £0.009 2343 1.0:0.7:0.7
29 ZIRC  —4 0.334 8 £0.058 1*° 0.284 0 £0.002 134> 0.496 3 +0.093 123 1.1151£0.095 534 1.0:0.8:1.5
S30 —% 0.420 0 £0.000 6" 0.3121£0.021 9> 0.144 6 +0.012 3% 0.877 6 £0.004 1>+ 1.0:0.7:0.3
S31 ZJRC  —4 0.363 7£0.039 5%%%  0.249 8 £0.002 0**" 0.303 3 +0.031 6*% 0.916 7 £0.004 7245 1.0:0.7:0.8
832 -t/ 0.305 6 £0.031 5%7) 0.147 7 £0.014 2% 0.258 2 +0.003 5 0.711 5+£0.308 3%+ 1.0:0.5:0.8
$33 710X —% 0.374 0 +0.036 7%% 0.265 1 £0.002 8%+4:3:¢) 0.236 7 +0.002 9% 0.875 8 +0.001 95 1.0:0.7:0.6
S34 3 0.355 7 +0.003 3> 0.280 9 £0.003 0*+*:3:©) 0.219 9 +0.380 2% 0.856 5 +0.100 0°+*->) 1.0:0.8:0.6
835 S22 —% 0.118 0 £0.002 3% 0.798 3 £0.028 3" 0.223 3 +0.003 1¥ 1.139 6 £0.095 5234 1.0:6.8:1.9
$36 -t/ 0.384 6 +0.007 6"2%  0.305 6 £0.021 9*>*>) 0.641 6 +0.021 8"%% 1.3317£0.017 7"%% 1.0:0.8:1.7
37 ISzz. —% 0.394 6 £0.007 123 0.274 8 £0.007 3°*°% 0.273 2 +0.009 9% 0.942 7 £0.008 0> 1.0:0.7:0.7
S38 -t 0.4195+0.000 5"%%  0.3229 £0.024 6> 0.186 0 +0.014 22+% 0.928 4 £0.275 0% 1.0:0.8:0.4

TSR b M BCF AR E R R 257 B3 (P <0.05)

B PR B, SXZIS, ZISH By 3 Rl 4 B B B AR, HAs RO B A4 A 10 45 R EL (R4 22 T R I H)
FEHL R A OMREE 3 RO M TER SR L (B SRR S IR G L I R 2 A0 5 LR 22
SR ARG, AR RVIEY] ST AR R IR M 2 R IR A RN . 4
KGR R P MR T R AT 2t S W L Bl A SCHR G I8 S S0 25 A5 Y, SR DAIE s AT 28, Y
BRI S YRR, R IR LR R [ L R HE R 2 A 5 A DA R 4 R4 R 7 T A T
(RAF SHF RTF) X S0 R B A WA MR e T HsEH,
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x4 FAEFHEPREHIMNZELEEREIFNIRAINEH
SHFEHRESB(n=3)
Table 4  Average content by cluster analyzed of three kinds of

nucleoside in different groups and in different place of production

(n=3) mg-g !
A 77 M PRTT 597 53 MR
1 Sl ~SI1,S13 ~Sl4, 0.3505 0.2782 0.2825 0.907 5
S16 ~ S34,537 ~ S38
2 S12,515,536 0.3980 0.2852 0.8302 1.513 4
3 835 0.1180 0.7983 0.2233 1.1396
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B WY 2R BH B o sy M X7 4 5 2% A o5 I g T
b= M, E— 2 SR T RIS 22 WU AR B O T
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FEAS [] 7 Wl A 5 2 e P R VS IR MR
SR SE Y R 0. 358 0,0.281 7,0.317 6,0. 949 1
mgeg ', LERH S 1.0:0. 8: 0.9, 7] UL [F 7 A 2 4%
FEFA R PR R R A R A, R [
FEREHERPEHERN T RER AR E, RV E
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- 76 -

[1]

[2]

[3]

[4]

(7]

[9]

[11]

[12]

[14]

EReyMZE bl P NRIEFEZG M. —FF[S].
AE 5T B 2 B AL ,2010:130-131.
A FEHI R E AT LT ] B AR 2y ,2013,
15(4) :340-341.
PRARAR R ME 3z , J8 8 , 5. HPLC [a) B 5 2B 5 2% v 6
MBI SR T]. R0 5E 59T & ,2015,27
(9) :1571-1575.
PRARAR A, B, 45 B T HPLC rh 24 48 80 i
AR IE B FR 2548 S 50 B9 B R R (] R
iz ,2015,40(12) :2470-2473.
KEM, A ER, BT Bah PR R 1 25
YRR FE R LD]. &Rl ,2012,33(9) :277-282.
BRuk e, JA 8 Je . 7 T4 M OT b o SR R AR T BOR
A, DB33/T 382-2013 [ S]. HuJH « # V1.4 B & 5 A
B )Ry ,2013.
JRI B W B 22 07, B . LC-ESI-MS PR3 [] i 3 5 46
WE R R EAZH R [T]. i 254235, 2009,
34(18) :2349-2352.
Duan B Z,Wang L Z,Dai X H,et al. Identification and
quantitative analysis of nucleosides and nucleobases in
aqueous extracts of Fritillaria cirrhosa D. DON. using
HPLC-DAD and HPLC-ESI-MS[ J]. Anal Lett,2011,44
(15) :2491-2502.
BRI A P G B 2 TR AT A S W B AR
# 25 B RE B A P VA P R, CN101306005-A
[P]. 2008-11-19.
TRV HER, KRB REMH A AZTHAHEY R
HAe & % ms 259 b w o A b |,
CN101306004-A[ P]. 2008-11-19.
i (32 SR TR S NI 7 B s 0 N )| B T
HPLC 48 8C I 3E BF 58 [T ]. 25, 2009, 31 (10) ¢
1481-1484.
NG, 3B T48 , R IRIE , 55 SE ) R 48 H5 M 43 A
ROFEWFm R0 [T]. b B 5088 07 R 28 A5k,
2013,19(3) :89-92.
VPRI, £ U 3, Ay [ 28 O MR AE 1R AR K R A
AR RS W WS [T]. 2544 ,2004,27 (11) ¢
804-805.
B H S R AT, B, S R [ 7 S R RO A
B JGE A B8 4 & i pg W E [T]. 25 81, 2013, 36
(11):1754-1758.

[REHE BMEM]



