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[ Abstract | In order to strengthen the research and development of Cordyceps nucleosides, multiple
detection methods adopted for Cordyceps nucleosides at home and abroad were reviewed. Three detection
technologies used in the analysis of Cordyceps nucleoside were selected, including high performance liquid
chromatography ( HPLC ), capillary electrophoresis ( CE) and thin layer chromatography scanning ( TLCs)
method. According to different detectors, HPLC was also classified and compared. The HPLC method is usually
applied in the qualitative and quantitative analysis of nucleosides, with a high sensitivity, quick separation and high
separation efficiency. Among them, the LC-MS method features a wider adaptability, strong separation capacity and
low detection limit and can provide rich structure and molecular weight information of each component. The LC-MS
method has been widely used not only in the detection of Cordyceps nucleosides, but also in intensive studies on
Cordyceps nucleosides or other drugs containing nucleosides at the molecular level.
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deoxyadenosine) , Jf 7F (uridine ) , & FF ( guanosine ) , 1 I 1%
(guanine) , Jfi# (cytidine ) &5 , o op | Jif 4 70 ( o [ 25 ) 2010
AP R — 3 Hh B S O K T LR R R R D R 0, 0
HARBAT 0.010% . BAMELZR, KZIUEL hHZ &
o B A — 2R Y R I b2 o) B 2 B AT
gk TR HPLC IR [ AG  # , LL  JE R% E  F 5
X5 X AR ) 43 87 5 vk HEAT 3 25 PR IR S B 3T L A A 5% 5 ik
AR DRGE . B, AR SCEE R T E AT 15 AR ok B R
A2 B4y 1) HPLC I/ 32 6 4045 F Ok i B )2 (3% 1 4 vk
S5 3 PR N 77 v, 9F K HPLC 35 4% A [R) ki 4% i 47 43 28 %
L, Sk U 2 b A A 2SO0 I S T i ST SR A A A
1 HPLC #il%

HPLC i 2 IR 17 26 20 1 23 B A s fr b AR 00 1
BTz FH T RE b 0 P RE o A b, B R AR R A
JE TR A3 RO T B oy T AR R A, I A SRR PR
W, FLAE SR e T A T 0 2 A

HPLC ¥ 4> & 3 Z&. HPLC-MS ¥, HPLC-UV ¥: Al HPLC-

DAD ¥,

1.1 HPLC-MS i HPLC-MS B R HA & 2 B RE 1 5
RGO A TE T O 5 Y T AR R, R H TR e
HE Y 4 W B R 22— Yang 457 g S B 7 % MM
0% - T 0k D P A AT R A% T M LA AR A 16 Fh
SO B 4 SR 16 Bl 4 AT B4 B A T B R RG ¢ BR 4 51
7 0.01 ~0.16,0.04 ~0.41 mg-L~", Fiig 2™ % A HPLC
55 MS I A R RS2 L U R R T Ak
E W HEAT ST 6k 45 21 4 AT A PR R E BT, O HO AR T
Pl e S [ ol A T AR A - R 9 S
T Tl A3 5 b4 st BT 60 5 B A A& B 0 v A A 4 26 0
ROy ¥ N B R ORI AT WS O & 0.5% £ R ¥ K -HR
Wik Z . sk 41 g 57 LC-ESI-MS #: 25 & ¥k £ 55 7 W5 )
(SIR) 447 & HyBE i oy ot 86 R | ol 65 38 DR WA I 45 0 4k g
G R g 90% ~ 110% . 4751 %57 @ 57 LC-MS-MS %,
454 22 I RIRG I ( MRM ) 45 2, 0 4 st B o K HEAR H i o i

7R FE A A AT T E . #2295 4 R HPLC-

MS i g T A s B EE R AR e R e R R
S5 R WA HUREFORT 2-GUMR T A B AR R SOR AR
1 LC/ESI-MS i % R 4K 4 1 5 B ) 2 M o 55 b (g A% 4 2%
G R AT PR T, IR R R B A I A 45
W FE B K N A A TR AR e Mg
JE M. Fan 4571 g5 HPLC-ESI-MS/MS i, ] { B i  xof K
SRFIRG % B R O By FL S I R AT T e A e
Eo Zhao % % B HILIC-ESI/MS 5 T KR di & 15
FAZ T R HL AR, I i T 12 A4 ik R 48 1 B (19 4%
TR AN, £ 12T AR & E 256 (19 HPLC-MS
2%

1.2 HPLC-UV % 7& HPLC % v fi JT] 282 40 46 I 2% 2 1L &2
R GE WA J7 vk, H AT, 76 © 08 098 1 28 B & = 0
T B UL RR 2 SR ] HPLC-UV 36, i BB 7 2 4%
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Zebk o R B X R AE 98.4% ~107.5% . # T %
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®1 ZHERERRFBEZAME HPLC-MS & Il & # L&
Table 1 Comparison for HPLC-MS detection conditions between Cordyceps sinensis and congener herbs
o ) B AL Sk
A L 3 A y B W 52 45 i
/mg-L /mg-L B3
ZORBAXSB-Aq (4.6  ZI§-/KBEREVEBE  MR#F:0.03 J4F :0. 553 ~ 8. 850 AL AR R RS B, [13]
mm x 250 mm, 5 um) JRAF:0. 16 SR :0. 328 ~10. 500 bk R R I, 2R iR
5,4 .0. 06 9,4 .0. 422 ~6.750 81.5% ~120.2%
YWG-Cg (20 mm x 2 Jif-7K 66 B2 U i - ¥ 12.5 ~150 ZMBRMGF UM B R FR [14]
15 mm, 5 pm) BAF RIS A 2 5, & W E
e BAT TG PE Y 275 SR T
XlerraRC18 10 mmol- L ™"y JRUENE 0. 072 PRWERE . 1. 41 ~20.0 MR PR WERE R M R [16]
(20 mmx 150 mm, FEUKFWCEEH  RIF0.050  BRIF0.22~22.0 T RN T 8 3 0 7 e
3.5 pm) JEE P i H % .0. 065 B % 0. 64 ~64.0 T4k 183 ,111,137,265,136,
268,252, [ 90% ~110%
Waters XTerra" MS 7K - - R JRHF :0. 44 AR A R R o B R R Il iR gy [17]
Cyg (2.1 mm x 150 (89:10.5:1) HE 0. 31 0.005 ~1.0 SR 98.12% ,97.94% , i% 5 i R
mm, 5 ) i PR RET D
Shimadzu VP-ODS 7k - FV - H iR 0.1 JlRH 0.5 ~124.5 JEEHF 0t 5 A =R 4 ) (18]
Cyg (2.0 mm x 150 (94:5:1) HE 0.1 MEZK.0.5~136.5 N 95.8% ,98.1% ., % i E 5
mm, 5 pum) 13, 55 Rl o , 6 M
Shimadzu  VP-ODS K -H - R MR 0.1 JiR 4 :0.5 ~128. 5 HH R R X R AR [19]
Cig (2.0 mm x 150 (85:14:1) HER0.1 HMEFR0.5~131.5 THE A B RORAF MR RAF,
mm, 5 pm) JEE R 7E 94. 0% ~105. 0%
Shimadzu  VP-ODS 7K - Y - R A7 0. 2 R4 :1.0 ~125.0 R RAF IR R IRER [20]
Cy (2.0 mm x 150 (86.5:12:1.5) SR 1.0 SR :4.0~115.0 1 [0 i R 7E 96. 6% ~103.2%
mm, 5 pm) BRI RS 0. 6 BRMEERS 2.0 ~ 140. 0
ZORBAX  Eclipse 5 mmol- L' Z, g  JRFF:0.007 2 JFF :0. 1101 ~3.525 0 BA R LRk, ek, W [21]
XDB-Cyg (150 mm x Gk % i-H BEAGJE  JRF:0.001 4 FRF:0.046 0 ~1.4718 i, BB , 43 H7 i i) 45 e, o )
4.6 mm, 3.5 pm) Ve G1F:0.000 7 7:0.046 3 ~1.4843  RAE R pe- L 0 E N
Waters  Xbridge™ 10 mmol-L~'§#  J:0.0006 1§ :0.010 ~5.000 FUAT BUFROLR e, S PR [22]
BEH Amide (250 mm x  #k-ZBFBIEVERE  RIF:0.0015  JRiF:0.010 ~1.000 A IE WU T A R [
4.6 mm, 3.5 pm) 5 1F:0.007 5 1 :0. 050 ~ 10. 000 DR R 12 LR I R A %

2B 1 o 7

Y356 R 4 A A0 S AR WD S DX, BRSO e
327 HPLC-UV 3E A A T 0 e e 4 Fp 32 22 8% 4 il 4%, %5
AN 8 3 AR A, AE 20 min AN ED Al SE R, W B E A
PE R W R R, KA 40 RP-HPLC 35 % 17 2 4t
i b R ) MR A, 4 R 2 R R v R T 0 OF 34 4 )
Sy 348.8,312.7 pwg-g 'RSD 43314 2.27% ,3.49% (n=4),
W7 45 4 R HPLC 6 0 R 7 o B0 o 1 R R 5 ik, LA
WK S AR, O i R TR MR R O R
S 1 RO AH 8 3 32 X iy JB B 7 & /) AL A8 B RCEF0864 T
L2 RR & B P A 254k 2 oy i AT o BT, A SR R W A R
& /NAE R RCEFO864 B 22 {R b & A M R .3
T AR TS 6 M, FEE SRR R
HE 5 A 0 3 vk X A 8L 7 B RCEF1081, i 55 40 75 %
RCEF0845 , i, [C 4% {5 i RCEF0772, K Ji& ¢ & #4 RCEF0717

Bk BB AR KA R BT T B AT BE AR
2R i HPLC B s 2 7 b 4 s B 8 L R i L2
BRI A R A AR R R, REKSE
HPLC #0074 HUB B8 J CH: ook 7 8 v IR 1 o5 i,
R FRAY 15 B R NE TG 1 4 B (EL 3 AT LA S 2 O A B 2 R e
Fh R T R AT T 5 A R i 5 4 4% B 4 B IR 1 L %
WEE. # 3 FIR T AR HRR 256 i HPLC-UV 45 B 3k B fr
CRIIE U
1.3 HPLC-DAD ¥ A5 B 94 I %5 (DAD) , 2 {5 45 4%
ARG 5% 5 T H T A I B B R B B LR B . DAD A
S ) - AR 7 A il XA A3 L 0335 U L ¢ i 3
PRV IE R S A ) = 4R IR 4L
(1) {5 B T I6) 0 ' 335 7 7 T A5 L, AT Ak B A b T
B DAD A AT L i 6 35 38 48 S G I 2 150 T 4 4 4
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®2 ZHhBHEREEHHH HPLC-UV 8 E AN & L&
Table 2 Comparison for HPLC-UV gradient elution detection conditions between Cordycepssinensis and congener herbs
Fem e T Sl W5 25 it
/nm /g K
Kromasil-Cg (200 mm x 7k -F1 iz 260 Ji 1 :0. 082 6 ~4. 14 Wim M E S M5 RSD ) < [23]
4.6 mm, 5 pm) PR :0.073 4 ~3.66 5.0%, H 8 Fp 4l 4 0y F ik F A
95.8% ~102.5% , Ft fh & = 7E 8 h
Promosil-C 4 (4.6 mm x 7K -Ff Ji4F :368.0 ~ 1 840.0 S35 A o A ] g A R ROR R SR [24]
150 mm, 5 pm) 260 BB % .231.2 ~1 156.0 JITAG B U RS PR R IR S IR A AN
JRAF :395.2 ~976.0 WMEFE 5 AR BN 3.588 1,6.
554 6 mg-g !, {08 IS B RUR AT
TSKgel ODS-100VC,,  KH, PO, -l iz 260 B4 :0.003 2 ~0.310 8 K s T ST A M T I R U B [26)
(250 mm x 4.6 mm, 5 54§ :0.003 2 ~0.317 WA B0 T 5 T 22 A DR W E R N
wm) JRF :0. 003 2 ~0. 317 B AR, IR AE T SR T 2 4
i
KNAUER Eurospher-  KH, PO, - i 260 PR :0.119 5 ~0.478 Sy A AS AN R P N T A R AR [27 ]
100 Cpg (4.6 mm x 250 B 0. 117 ~0. 468 SR BB P A i 0.265% ~
mm, 5 pm) BB 0. 150 ~0. 600 0.870% F10. 168% ~0.250%
AgilentTC-Cyy (4.6 JK-HIEE 260 J 0. 018 ~0. 448 6 SRR R, AL B S, (28]
mm %250 mm, 5 pm) JRF 0. 021 ~0.519 8 [l Z I TE 95.39% ~103.3% , K[l 7=
JIE % 0. 001 1 ~0. 027 P I SRR % AR 2R 20 B i 22
ERION
YWG-Cpg (250 mm x  ZJiF-/K 260 0. 125 ~5.125 JUIH s R 38 o BT A (R 24y [29]
4.6 mm, 5 um) ey, HOH 3-SR AT o U s T
A B E T bR T R IS A i T4 il
B
Symmetry Shield™Rp18  ZJif-7K 260 JR¥:331.0 ~ 1 796.0 N E) 7 A R o RS [30]
(250 mm x 4.6 mm, 5 MR :338.0 ~1 844.0 SN/ NS RN R L < N
wm) B2 .384.0 ~2 110.0 W % 4y Rk 98.72%, 101.48% ,
99.74% ,98. 46% ,98. 09%
Symmetry Shield Rpl8  Z -7k 260 B :80. 4 ~3 216 AT H B A f e R R s [31]
(3.9 mm x 150 mm, 5 W 10.32 ~ 688 W TR AR R B A BB R, R
pm) BE
AlltimaC g (4.6 mm x  ZJf§-7K 260 J 1 :0.103 ~1. 025 BT MRS Z R R R Sy ) [32])
250 mm, 5 pm) H 22 .0. 070 ~0. 700 99.74% ,100.05% F 99.98% , RSD 43
JRA :0. 300 ~3. 005 MR 1.12% ,1.05% ,1.02% , 4 W 35 3%
Zorbax SB-Aq ( 250  ZJiE-/K 260 J 1 :0. 003 69 ~0. 189 72 e e JE B R RN AR RAE [34]
mm x4.6 mm, 5 pm) HUE 2 0. 003 66 ~0. 188 48 EERE, AR B RS ERE;
FR A :0. 003 66 ~0. 188 55 A KNS RS Y AR
T ESZ A I BT, 19 3 3 o 00 7y 2 2%
Lichrospher RP-C,q  ZJi§-7K 260 A 0. 106 ~2. 12 DA R IR 2 sl B B AR b iR [35]

(250 mm x 4.6 mm, 5

pm)

F) 5 B 2 IR K, 7 35 R 98. 8%
RSD 4.2% ,H & 1 K 4.

Bt I I A A 9 A L, G X T 0 e A A A R i, R R B
T LI 4 A T
Z835 255 1) g 57 HPLC-DAD I FH 305 1k X 4 st B 8 o1 1
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R3 ZHEERRBEHME HPLC-UV & & 5% & 0 & 4 L&
Table 3 Comparison of HPLC-UYV isocratic elution detection conditions between Cordyceps si is and cong herbs
Hw doaty K R WL .
/nm /g K
Amethyst Cig-H  JK-HIEE(85:15) 260 A Ry 2 1 3 R B TR B SR MO A [39]
(4.6 mm x250 mm, 5 pum) 0.005 ~2.0 18 min Py 58 A, H 45 4153 26 Pk #1256 R 8
T 0.995 Pk R R AP, A
i 4 5 B R i Al 3 R
Kromasil-Cg (3.9 mm x  7K-FIEE(90:10) 260 fiEF:0. 080 32 ~0.401 60 2 St o A IR A [40]
250 mm, 5 pm) 348.8,312.7pg - g, RSD 4 % %
2.27% F13.49% (n =4)
YWG-C g (4.6 mm x 250  7K-HI[E(88:12) 254 JEHF.0.272 7 ~27.27 Iy B ROR B, HWETE X Bk, & 4l [41]
mm, 5 pm) JR# :0. 109 ~10. 90 TE 14 min 35 BB 09 73 B, fe /MG
JRIENE -0, 327 ~32.70 ik 10 ng, EE ML
Waters Spherisorh-ODS2 KH, PO, - F Jix 254 JRF.0.216 ~7.876 R LT /NS f RCEF-0864 % [42]
Cjg (4.6 mm x 250 mm,  (90:10) M 0.2 ~8.0 FERCP B2 S A R
5 wm) T BN BR AR AR A 6 Rl S
Waters  Spherisorb-ODS2 KH, PO, - F i 260 J§1F:0.2~8.0 WIE R R R M SRR [43]
Cjg (4.6 mm x 250 mm, (85:15) MAEHE:0.1~2.5 e, DR LTS 78 1< B 9 B4l P i 3
5 um) SR :0.216 ~7.876 A X 5 g, R {0 AT P D R R
T
Welch Material XB-C,g  7K-HIfE(85:15) 258 B :0. 023 ~ 0. 464 MR | HUR RO SAE mcR A )l [44]
(250 mm x4.6 mm,5 pm) HHF 0. 030 ~ 0. 600 98.97% ,99. 15% , {03 W 43 5 KL 4%, H.
TGk o W 4t
pBondapak Cys (4.6 mm BRERZ oh W (pH 260 JR{F:0.2~1.0 PR 5 B SE 0 B AR Il [45]

x250 mm, 10 wm) 6.5)-HIf¥(85:15)

B g3l e, MR 104, 5%

PEXT LG &5 R RT3 4 A R p IR R S ILH R

W R S (1 7 B AR T A BB R0 Y K-

FIEE-HTR (94:5: 1) 29 3 8 M1, 76 260 nm % K 4k, % Al
HPLC-DAD % % 4t 4 37 55 e b B8 38 () & it AT 7005 , &%
H R B Z O SR B RS R 3,51 min, S ¥ 1R
100. 8% . AT 45t ] HPLC-DAD %943 T A T 4 it
BErp R MR O R 0,019 7%
2 Hfteas s
2.1 BYIEARIKEE KR HPLC ¥ 40, B 4048 ik ¥ (CE 5
HPCE) gy —Fh &2 s Pk B R 5 BB - B A LSS & 1Y
BB AR, WO TAEY R EGSE, 5&5 W
OYETEEMILL , CE B AT 15 2 P R L RE S D S
BLBE I R TR R B S RO R 4 & R ) 5
4TS o

Ve g 4 PO UHRGE T SR B A DX H KRR L
R P B 2 A7 AE LUK % vR i 0. 025 mol - L7l
P (pH 9. 4) K I ik K 258 nm, 4> B AL R 20 kV, 915
R AR 9 & B 1 451.5,1 656.6 pgeg ' A
S E T A B S BRI A A 0, AR P Y SR A
K JE K 50 em () Beckman JGIR)E B4, L 0.2 mol - L~
{19 B 7% o 228 bR, K 90 G 254 nm 43 8 HLUTE 220 KV 5 T

RARFNN T4 0 BT B v B 28 B0 1 % i, 45 SRR LR AT
1 T B 7 24 5] 26 43 5k 97. 0% ,97. 1% Fil 98. 4% , RSD
A3 0.72% ,0.62% F1 0. 67% (n =6) ;% W b o 18 (5 , #f
A D R R KR S Wl TR R R R
RESRVE A BN, A K JE 50 em, 20 BS HLJE 20 KV, K0
K 258 nm, L pH 9.0 4 0.05 mol- L™ PH#>-AER (8:2)
ERGE PR R X4 iU s i B IR R RS S
A RS FRMENE YR EH R RS A 9 N B ik 2
BT HEAT I SE 45 54 AR TE 1S min PIIGIKE] T AL 4N B
2.2 WREERE O REMEST R W A0 E
Xof 7 L1 MU R 22 4R 55 R SR 4 it BT R TR S0 oA R A 1
SEHEAT T RN R O BE R, R T O = - -
NBE-L R CBR-WeZ K (8:3:3:3:0.9) , 7E I K 254 nm b 19
i, S5 RIS TR R KO A U RS A 4
SR . AT AR Y R T v DA - R £ -
P - S P -9 M (6037 1,52 1.5:0.5) g JRIF 5, Ml 15
B IR P R YA R 0. 166%
3 4iE

% H 2 A 2 2 A ) A LA A i B R AR T R
B 2280 Ay 6 e R i g 32 A A AR AR A A TR
K B2 AN R A b R R PO R R
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AT S0% (925 A% IV £ B0 25 0t R A
SO DR, XA 2 AN HEAT WS T A ELA TR B R

FR [ P xF e 80 201 ob B0 R 1 25 2 BF 92 B o R
AR T R 5 A BR B 4 T % A0 ) FE G v 0 A 2 2 0 T
W, B RS 0 AR R I R . HPLC ¥ 2 2 i 4
Sy PR B 2 B ) 5 L B BT HR B A R
FEE TG % B A R 4 B R A A A I R R
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