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Quantitative analysis of five nucleosides in Cordyceps by HPLC and quality
control of Cordyceps militaris
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Abstract: Objective To establish an HPLC method for simultaneous determination of uridine, vernine, adenosine, cordycepin, and
N6-(2-hydroxyethyl)-adenosine in Cordyceps (Cordyceps militaris, Cordyceps Fungus Powder CS-4, Hirsutella sinensis, and C.
sinensis), and determine the characteristic components of C. militaris to provide the scientific basis for quality control of C. militaris
and its extract. Methods HPLC was performed on Inertsil ODS-3 column (250 mm x 4.6 mm, 5 um) with mobile phase A
(acetonitrile) and B (water) for gradient elution. The flow rate was 0.8 mL/min, detection wavelength was 260 nm, and column
temperature was 30 . Results All mentioned five nucleosides can be detected from C. militaris. However, cordycepin and
N6-(2-hydroxyethyl)-adenosine were undetected in the other three Cordyceps species. The sample preparation method of C. militaris
has a great effect on the content of nucleosides. The content of uridine, vernine and adenosine was the highest in samples prepared by
ultrasonic extraction 180 min. Cordycepin was stable form six sample preparation methods, and N6-(2-hydroxyethyl)-adenosine was
unbearable to heat and acid. The contents of cordycepin and N6-(2-hydroxyethyl)-adenosine were the same in four preparation
methods. Conclusion This experiment provides a basis for the quality analysis of C. militaris and its extracts. Cordycepin and
N6-(2-hydroxyethyl)-adenosine can be used as markers for the quality control of C. militaris and its extracts.
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Cordyceps militaris (L.) Link
1-2] Cordyceps
sinensis (Berk) Sacc.
HPLC
B CS-4
[4]
N6-(2-
)- N6 1.1
(571 CS-4 Waters 2695
2998 PDA Empower 3.0
(81 ODS-3 Cis 250 mm><4.6 mm 5 um
Mettler Toledo KQ-500V
[9-10] 2015
90% 30 min TDZ4-WS
0.019%!M4 1.2
2003
60% 887-200202
10 minl2 111977-201501 110879-200202
180 110858-201503
min(s] 20% 98% N6
30 min4! 17071122
30 min Cordyceps
30 min 0.5% 30 sinensis (Berk) Sacc. CS-4
mint*®]
0.05%
0.01%16-17] 1
1
Table 1 Samples information
1 A JCYCC17022301 20 G SHYY)
2 A JCYCC16120701 21 G TINKY
3 A JCYCC17011401 22 H BSZ20170602
4 B (BZ20170629 23 H BSZ20150610
5 B BZ20170301 24 H BSZ20160301
6 B BZ20170622 25 H BSZ20160302
7 B BZ20170705 26 I SH-201701
8 B BZ20170505 27 J YB-001
9 BZ20170622 28 K BSZ20170314
10 BZ20170629 CS-4 29 K BSZCs-4
1 C HS20170612 30 L JCCs4
12 D WYT201710001 31 M  WYT1701004
13 D WYT201710002 32 N BSz-1
14 E SH-1 33 N BSz-2
15 E SH-2 34 N BSz-3
16 F Q-1 35 O TIXD
17 F Q2 36 TRT-1
18 F QJ3 37 TRT-2
19 F QJ4 38 P JC-BM
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mL 4000 r/min 10 min
2.1 0.22 ym
ODS-3 Cus 250 mm><4.6 2.3.5 90%
mm  5pm A B 4 02¢g 100 mL 20 mL 90%
0 10min 25%A 10 15min 2.5% 85 30
7%A 15 30min 7%A 30 30.1min 7% 2.5% min 90%
A 30.1 40min 25%A 0.8 mL/min 0.22 um
260 nm 30 10 puL 2.3.6 0.5%
2.2 4029 25 mL 20 mL 0.5%
N6 30 min 10 mL
20 mL 20% 4 000 r/min 10 min
51.20 51.80 0.22 uym
102.20 99.40 98.20 ug/mL 24
2.3 “€2.27” 0.1 0.2
2.3.1 4 02¢ 04 1.0 2.0 50mL 10 mL 20%
25 mL 20 mL “€2.1>”
180 min Y
10 mL 4 000 X
r/min 10 min 0.22 pm 3
(23] 10 2
2.3.2 20% 2.5
4 02¢g 25 mL 20 mL 6
20% 30 min “€2.1*7
20% 10 mL 3
4 000 r/min 10 min 1 3
0.22 um (24] N6
2.3.3
4 029 25mL 20 mL
30 min 100 pL
3 min 10 mL (18]
4 000 r/min 10 min 180 min NY/T 2116-2012
0.22 um [13] 180 min
234 4 02¢ 20% 180 min
25 mL 20 mL
30 min 10
2 5
Table 2 Linear equations and limits of quantification for analytes
r /ug Ing Ing
Y 30503421 X 650 1.0000 0.005 0.512 0.95 0.19
Y 29813117X 1265 0.999 7 0.005 0.518 1.80 0.36
Y 41232609X 2470 1.0000 0.010 1.022 0.62 0.19
Y 40580521 X 2155 1.0000 0.001 0.994 0.70 0.28
N6 Y 33702060 X 4351 0.9999 0.001 0.982 1.28 0.51
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Table 3 Mass fractions of nucleosides by different sample preparation methods
1% 1% 1% 1% N6/%
180 min 0.159 2 0.1018 0.2159 0.206 9 0.1841
20% 30 min 0.044 4 0.0175 0.0823 0.204 7 0.1821
30 min 0.0399 0.0377 0.0757 0.206 1 0.180 6
30 min 0.036 9 0.026 4 0.068 2 0.208 9 0.1818
90% 30 min 0.009 4 0.024 8 0.2125 0.0394
0.5% 30 min 0.020 7 0.006 3 0.024 8 0.204 3 0.039 2
3 4
180 min 4 20% 30 min
1 3 5
2
1
2
¥ 4
30 min 30 min
3
1 2
¢ 4
90% 30 min 0.5% 30 min
3 1 2 3 5
! Udu_u_ M}HRLJJ_ﬁi
—_—
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
t/min t/min
1- 2- 3- 4- 5-N6
1-uridine 2-vernine 3-adenosine 4-cordycepin 5-N6, same as below
«C 4
Fig. 1 HPLC of samples from different preparation methods
6 RSD
[4.19] “<23.1%” NG
“€2.3.277 “€2.3.1%” RSD 0.75% 1.10% 1.19% 1.19%
5 1.23%
“€2.3.277 2.7
N6 4
2.6 “€2.17” 0 2
“€2.277 “€2.17” 4 8 12 24h “€2.3.1°”
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N6 N6
RSD 2.77% 2.14% 3.33% 0.28% 3 “€2.17?
0.26% 24 h
4 4
“€2.1°” 0 2 4 8 CS-4
12 24h “€2.3.2>” N6 5
N6 2
N6 RSD 43.37% 37.25%
27.69% 2.05% 0.28% 3 15 21
N6 24h 3 CS-4
2.8 19 17 28 min
4 6
“€23.1°” “<2.1%” 35 15
N6 RSD 2.96%
196% 1.17% 0.57% 0.23% 3.1 CS4
4 6
“€2.3.27” “€2.1%”
N6
RSD 0.57% 0.23% (18] N6
RSD
10%
2.9 Cs-4 Cs-4
4 6 01g “€2.3.27”
20 mL 24 h RSD
N6 “€2.3.1%” 045% 2.87% 0.15% 0.31% 0.51%
“€2.17” 0.20% 0.32% 0.41% 0.12% 6.56% 7.73%
5.69% CS-4
N6 103.55% 96.33% 96.77% Cs-4
99.27% 97.45% RSD 2.3%
4 6 01g 5
20 mL
N6 “€2.3.27” 3.2
“€2.17”
N6 102.67%
101.55% RSD 2.1%
2.10 “<2.3.17”
“<23.17” 5
©©2.3.2772 “€23.1°” “€2.3.27~
5 “€23.27” N6
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4 (n=3)
Table 4 Quantitative determination results of nucleosides in samples (n = 3)
180 min 20% 30 min
1% 1% 1% 1% N6/% 1% N6/%
1 0.094 1 0.0753 0.3104 0.309 5 0.1437 0.346 0 0.158 0
2 0.092 1 0.070 7 0.282 6 0.3294 0.1450 0.3291 0.1507
3 0.093 8 0.075 6 0.3200 0.326 7 0.1441 0.340 8 0.156 0
4 0.159 2 0.1018 0.2159 0.206 9 0.184 1 0.2118 0.1796
5 0.0718 0.062 0 0.152 3 0.1958 0.1330 0.194 3 0.1358
6 0.1181 0.1053 0.189 6 0.284 6 0.090 9 0.2828 0.096 8
7 0.1141 0.100 9 0.1840 0.2107 0.1420 0.216 2 0.1512
8 0.0759 0.085 2 0.1720 0.1294 0.097 8 0.1305 0.1109
9 0.0490 0.047 2 0.130 2 0.169 2 0.0539 0.1874 0.067 3
10 0.118 3 0.098 1 0.2141 0.1715 0.109 8 0.1550 0.1155
11 0.1718 0.1120 0.1755 0.3824 0.280 6 0.3910 0.2859
12 0.1323 0.1139 0.211 4 0.1751 0.142 8 0.1801 0.1579
13 0.148 6 0.126 0 0.214 8 0.1755 0.1390 0.184 2 0.1475
14 0.1918 0.144 4 0.2110 0.3181 0.2252 0.353 2 0.237 3
15 0.134 4 0.0915 0.1839 0.052 8 0.080 3 0.069 8 0.096 3
16 0.307 6 0.1553 0.1919 0.376 3 0.200 5 0.3715 0.202 2
17 0.142 4 0.072 3 0.1510 0.1856 0.128 4 0.1854 0.1114
18 0.1716 0.1211 0.2210 0.154 3 0.1397 0.153 2 0.138 7
19 0.1420 0.1259 0.120 3 0.067 8 0.178 6 0.060 9 0.1812
20 0.128 6 0.060 3 0.140 8 0.1570 0.1259 0.1733 0.114 2
21 0.182 7 0.150 8 0.2215 0.0300 0.0739 0.0337 0.078 5
22 0.1736 0.117 8 0.1699 0.1575 0.107 8 0.1616 0.116 1
23 0.043 4 0.0127 0.050 9 0.163 7 0.065 4 0.160 1 0.064 4
24 0.1705 0.118 6 02221 0.2957 0.1557 0.2714 0.1518
25 0.1726 0.1237 0.2253 0.2952 0.1556 0.2735 0.154 5
26 0.092 9 0.089 5 0.1758 0.237 3 0.136 2 0.2381 0.136 8
27 0.2576 0.209 8 0.2709 0.204 7 0.269 4 0.2104 0.2600
28 0.1958 0.1311 0.248 9 0.4879 0.3331 0.4070 0.218 7
29 0.2736 0.2336 0.3010 — — — —
30 0.068 3 0.044 5 0.2855 — — — —
31 04581 0.262 6 0.263 9 — — — —
32 0.367 7 0.2930 0.624 8 — — — —
33 0.927 4 0.647 2 0.8155 — — — —
34 0.344 4 0.284 4 0.598 5 — — — —
35 0.1525 0.148 3 0.1254 0.029 6 0.022 2 0.043 3 0.0189
36 0.1110 0.1205 0.056 8 — — — —
37 0.065 4 0.064 0 0.065 4 — — — —
38 0.028 7 0.026 8 0.598 1 — — — —

“—" not detected
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Fig. 2 HPLC of mixed reference substances (A), C. militaris (B), CS-4 (C), and C. sinensis (D)
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Fig. 3 HPLC of suspected fake and adulterated samples
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