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Abstract Objective: To establish a transformation model of rat liver microsomes drug metabolic enzymes in vitro,

to discuss the metabolism of the drug in vitro, and to provide methods for large—scale preparation of cordycepin
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metabolites. Methods: Cordycepin and rat liver microsomes drug metabolic enzymes were incubated together, and
the metabolites were detected by the method of high performance liquid chromatography tandem mass spectrometry,
including two kinds of alkaloids, two kinds of glucuronide conjugation compounds and one glutamine conjugation
compound. Chromatographic separation was performed on a C,; reversed—phase HPLC column ( Diamonsil™ ODS
Cy5 250 mm x 4.6 mm, 5 pm ). The ratio of the mobile phase consisting of methanol with 0.1% formic acid and an
aqueous solution with 0.1% formic acid was 15: 85. The flow rate was 0.5 mL * min"'. Each analytical run was 32
minutes and the injection volume was 10 pL. For mass detection, the electrospray ionization source ( ESI ) and the
positive ion electrospray mode were operated. The chemical structure of cordycepin metabolites were speculated by
using the MS and MS/MS spectra, related softwares such as MS-DIAL V1.57, MassLynx V4.1 and CFM-ID and the
database established by our project team. Results: Cordycepin in rat liver microsomes could be metabolized with
drug metabolic enzymes. Eight metabolites were found wherein the molecular formula of seven metabolites were
identified. Four metabolites and one glutamine binding product were identified among these seven metabolites.
The identified metabolites were 4—carboxylic acid imidazole glucuronide, 3, 4, S—trimethoxytetrahydrofuran—2—
carboxylic acid glucuronide, C4HsO, glutamine conjugation, furan—2—ylmethanol glucuronide and oxycordycepin.
Conclusion: It is reliable and effective to establish the model of liver microsomes drug metabolic enzyme, which
can be used in the metabolism of cordycepin in vitro.

Keywords: cordycepin; deoxynucleoside analogue ; nucleoside antibiotic ; metabolism in vitro; rat liver microsomes ;

drug metabolic enzymes ; high performance liquid chromatography tandem mass spectrometry ( HPLC-MS )
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Fig.1 Chemical structure of Cordycepin
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HEALBE, T 1E RO AIE , FH U8 4R T 7K 43, BRI 6 4
SCHR AR B9 U B 0 1 1R A I AOREAR ", Lowry
W I S FIMORE (A v L B BSA A o I
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Tab.1 Optimization of NADP regeneration system conditions

THCRLAATE
. %
Faxi! (' microsome NADP NADH G-6-P G-6-P DH MgCl, .
. o B o o B ( cordycepin )
(group ) protein ) /Cmmol + L.7") /(mmol + 1.7") /Cmmol + 1.7") /(TU-mL™") /(mmol + L.7") .,
o /(mg-mL™")
/(mg-mL™")
1 2.0 1.0 - 10.0 1.0 4.0 0.10
2 2.0 1.0 1.0 10.0 1.0 4.0 0.10
3 2.0 1.0 0.5 10.0 1.0 4.0 0.10
4 2.0 0.5 0.5 10.0 1.0 4.0 0.10
5 2.0 1.0 0.5 10.0 1.0 4.0 0.15
6 4.0 1.0 0.5 10.0 2.0 4.0 0.15
25 2 (blank ) 2.0 - - - - - -
FrifEZ ( standard ) - - - - - - 0.10

HE (note ) : “=" MR NIZPI I ( no substance added ) ; NADP S5 AL AY4{IHE 1T ( oxidized form coenzyme 11 ) ; NADH A7 1 ( reduced form
coenzyme [ ); G-6-P >N 6— B FH % ( 6-phospate glucose ); G-6-P DH “fy 6 B g 15 4 ¥ i 2 ( glucose—6—phosphate dehydrogenase )

1.3.3 HEAAbE IR iR E IR 30 s, B0 (5
#5000 v+ min™') 10 min, #ERREEHR L ERIT
WS, R W 1 mL R, RS, B

i

(5000 r-min™) 10 min, WH FIHW, 35 022 pm AL
JE IR, #FFE 10 pL #F 7 HPLC-DAD DA & HPLC-MS
K
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1.3.4 HPLC-DAD # Il 25 £4F 80 7= # 4% “1.3.37
TR J5 32 3R AT RE b AL B 28 HPLC-DAD 53 1R il
P, ELARSEAE: SRR 1200 B30 AH 51,
Diamonsil™ ODS C,q 713% (250 mm X 4.6 mm, 5 pum ), LA H!
B — 7K (15:85) A SN AH, i3 0.5mL « min™", 4
WK 260 nm, VeI TE] 32 min, #FFEE 10 pl.
1.3.5 HPLC-MS il 5504 ™= 9% “1.3.3”7 T
TR TR A AL, 54T HPLC-MS &gl . —2%
TR T 25+ SR FHAEHEAE 1260 w2 R0 Rk (2,335 B0 e A
55 7.0 T FT-ICR Jfii% £4¢ , Diamonsil™ ODS C,, ffii%
(250 mm x 4.6 mm, 5 pum ), A5 0.1 % FER T H i -
T0.19% B R 1) K (15:85) N W 3 #H, Wi # 0.5
mL - min™", YRR ] 32 min, EREHEE 10 L. 5 HUESAR
O WSS HL B (ESD), A0 IE B 434, 55
fEARSE 4.0 x 107 kPa, TR E 10 L - min', T
SARFE 200 Co P TS R FHIRFFHE 0k
F TSR B Waters LCT Premier XE Q-TOF Y
( HPLC-Q-TOF ), Diamonsil™ ODS C,; {%3% ( 250 mm x
4.6 mm,5 wm), A7 0.1 % F R HEE - % 0.1%
R 7K (15:85) Ay shiAf, i 0.5 mL - min™", P
IFA] 32 min, FEAE D 10 WL H BB h Ha IS 55 Ha 125
CESD), FA4 A 1F B 494, s <O /A, B4
BHLE 2.8 KV, HEFLHLE 3.0 V, JRIEE 110 °C, B
SRR 10 L min™', BiFEAER 15~25 eV,
1.3.6 AN FELW RIS X258
PRI P2 HE ) 4 SR AR Y E B AT, AR A il ™
WIEE RS LIS W25 AR A3 24 A gt it 1
FELAS AR B, AT H AR PE SCHRBIF 78 7 6 T 1
RS AU = B SR AR () B P R st
T2 AR T ) 45 0 0, e e ST I B I AL 9
264 FAL AW, Hoh 5 T & Fb S i SCA R
YL LA FR  InChlKey . CAS | 43 2 RS B AH X0+
R BT KRS SR . B PR X AR T H
A SEAR T A AR KRS Bl X B R0 E A Rt
T 0 S T PRI A

R 2T A5 2] () i A QI = e, R
A o o 22 S A b vk 25 e XA Q™ 1 S A AR
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PROBESCA TR BT URRRE 2 T ik

P, 455 AR OCRIR FAR DG, AR 1 ) 2
AR RFFRNFEEH
2 #HR
2.1 GRS 1

DL BSA Bl SR AW SRS A X6 B vk i
CYETAERMEZ A3 A5 e
A=0.002 3C +0.073  r=0.998 8

THCkRE AR (I KRR BE 100 55 , 7R RRESSF
FE W REAE A 0.673, F 1015 7 FE A5 A DN 2 14 o
T N 258.8 pg - ml R ORI A B 1 R
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2.2 IRIEEHARILAL

K A NADPH Ff A= R 40 (38 1), FL IR 0% 7= ) 4%
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T 00, LA ROR , 0 ik B S AR A R 20
Xof ik A4 2R AP Ak, e 30 H R 3R A S AORE AR v R A
it PR AR R, B E NS
M AT E S . AT RIEA R R T
OB i 2.0 mg * mL™', NADP 1.0 mmol + L™, NADH
0.5 mmol * L', G=6—P 10.0 mmol - L', G-6-P DH 1.0
IU * mL™", MgClL,4.0 mmol * L™, %% 0.10 mg - mL™",
2.3 WK AT
231 ZSPIRRRYE O RS A O A e R
IR B A2 bR L RN 2 VAL R R T g 1A
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DNREBE TR OISR E 2, 455K, 7E R TR
o3k ] SR B AL 2 3502 A RS A B RS n
€ 3k 0, i — 25 38 3 MS-DIAL (http:: //prime.psc.
riken.jp/ Metabolomics_Software/MS—DIAL/index.html )
A XA B G A T A 2
232 —HIEAAERAE R i “1.3.57 TR AR
e EA TG , 388 3 A1 MS—-DIAL X4 AL i A 740
B B2 525 AL RBR LA R B , 45 5 s
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Fig.2 Total ion chromatograms
F2 FAHES HPLC-MS 48 233 BB PE R Waters HPLC-Q-TOF-

Tab.2 HPLC-MS results of transformation samples
A

MS/MS XJAH AR B I 8] ) 2 1 EAT e L, 19 81 1 —
FRIVRYE T, 8 G A ARF MassLynx

tp/min m/z
metabolite e I NT R, N A
Lnetabolite) VAL XI5 B B TETAMT, 5 2 S H
M1 4.64 283.019 4 s N _ S L S 4
PEHEAT LORT , 3 — 20X — g8y 71 b AT Lexs, an sk
M2 4.64 426.076 1 ST e SRS 2 y “y S
FROERE A 850 E B AT 5 - RERSARAT , W e i Gt st
M3 4.66 664.126 6 ¥ \ e N
SRR T A A — SR
M4 5.61 383.116 0 . 2 .
1 e SR T 1, AR v 2 SR S RS A A A
M5 10.34 255.096 4 PN e PN ) N
e s - AN, S5 R, B S AE o A A S, A
" 12'98 253'093 , ) 8 M, M 1 H 5 A, 8 MRl
s 13'09 527'162 . Y37 AEFA AR B 3, Ho A e 1 (1
: - FIHRR LI 3, 3o 5 AR =4, WK 4.
*3 HREREFRBERELRIE =Y
Tab.3 Metabolites of Cordycepin in liver microsomal
AN Sy e gy
e P e {’?Eﬁ?k%?. W ' 'Wﬂsﬁﬁ
. . . A ( quasi—molecular ion ) (error )/ tp/min ( fragmentions )
(' metabolites ) (‘identification result ) ( formula ) ¥
m/z (x10°) m/z
M1 A— FRTR KA R A BRI R 5 S ) CoHgN,Og 283.019 4 1.0 4.64 167, 186, 247, 265
(4—carboxylic acid imidazole glucuronide ) [M+H J*
M2 - CoH(N,0,,P 426.076 1 1.9 4.64 143,207,227, 287,
[M+H ] 305
M3 - - 664.126 6 - 4.66 283,305, 543
M4 3,4, 5- = HUESEE DI ARG -2- KRR CHu0, 383.116 0 6.3 561 203,207
TR RR L 1) [M+H J*

(3,4, 5-trimethoxytetrahydrofuran-2-

carboxylic acid glucuronide )

i
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W ET R BT
fRsr=4 gt e
. . jz 'n * ( quasi—molecular ion ) (error )/ tp/min (fragmentions )
(' metabolites ) (‘identification result ) ( formula ) .
m/z (x10°) m/z
M5 CoH,0, S ML CyH 4N, Oy 255.096 4 4.5 10.34 108, 109, 125, 150,
( C¢H;0, glutamine conjugation ) [ M+H J* 168, 180, 237
M6 W —2— F A A IR S €y H,,04 275.075 2 34 12.85 116,129, 139, 159,
( furan—2-ylmethanol glucuronide ) [M+H |* 227
) g
M7 F AL A (oxycordycepin ) CoH;,N,O, 253.093 2 -0.3 1298 110, 137
[M+H |*
M8 - CyoH30046 527.162 0 -2.6 13.09 159,275
[M+H |*
T (note ): “=7 AU 1ALA Y ( compound unidentified )
- 7 M1 - 3.5+ w2
£ By
~ 54 ~ 2.5
i~ i~
x4 224
2 2
8 34 | 8 1.5
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S 1 | us 2 w6
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5 \ = |1
0.8 f /\ + 0.8 ||
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0.2 \L P ASEE 1 0.2 \
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35 ""‘ 7 ~ }'\‘ U8
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E 3] ‘\“ E 2. 5 H
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% | s i
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Fig. 3 Selected ion current chromatograms of metabolites M1-MS$ of cordycepin in liver microsomal



+1760 -

5 W) 4 KT 2 & ChinJ Pharm Anal 2017,37(10) ‘jPA

CeH;0, glutamine
conjugation

/\q \2‘(NH
/ OH
Oxidation

Loss of C;,]-LJO3

Hydrolysis _N NH,
Glucuronide con_]ugatlon 0 r
Oxidation N / \

Loss of CgH\Ns
Oxidation
Glucuronide
conJugatlon

Loss of CgHNs

Oxidation Methylation
Glucuronide conjugation
\

0

4 RERFERMEHRGTRERRE

Fig. 4 Possible pathways for the metabolites of cordycepin in liver
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CyoHN,Og, B 25K 1.0 x 107, 2% BT 846 I 45 31 1
FROEE A m/z 167,186,247 265, 43T #E, m/z
167 B2 = A AL A MR IR ) 7 A IR BS 7, m/z
186 AL A5 W DR s ST I 24 J A5 B I B 851
m/z 265 A G — S A AR IR () SR SE A A I
1 DK FAFE] 4- FRILORIME IR 85T, m/z 247
m/z 265 WIRE 85 iy K e 38 | R B X 1
KO FAERN IR BT, 454 CEM-ID Chttp: //cfmid.
wishartlab.com/ ) #1588 , 45 tH AL &0 45 X

o R A W M2 1 R BRI ] S 4.64
min, H (+) ESI-MS — 2% 4 i 3% 46 1F F Fﬁi
([ M+H ]* 24 426.076 1, B A 4 0 43 F =X 0] G >
C1oH sN,0,0P, 28 1.9 x 107,

HOR 1Y AR W M4 [ 1R R R TE] R 5.61
min, H (+)ESI-MS — % & i Bk &40 T, }iﬁﬁi
A M+H " 4 383.116 0, K {4 4 I 43 -+ =X 1] g
CHp0y, R K 6.3 x 107, G0 % 46 I 45 21 )
FRIERE R A m/z 203,207 43 BT HEI m/z 203 S i 2%
ARG 3, 4, 5- = H A —2- ALk = A
IR 7 85, m/z 207 R B R i A BB IR )5 3, 4, 5-
PR 2 R VO SRR A R R B L A
CFM-ID #L&%088, 45 AL B Wi 2 p =X, H 900
T LI 5-A

i
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Fig. 5 HPLC-MS/MS spectrograms of the metabolites of cordycepin

in liver microsomal

HE R ALY M5 B3 B8 5] 8] 4 1034 min,
H(+)ESI-MS — ¢ 4= 3 B 5 F L 7 AW
[ M+H " 24 255.096 4, % {4 #E 9 4> 7 =X o] 68 A
C HN,O5, IR 250 4.5 x 107, 0 T A6 45 51 )
FEAF B A m/z 108,109, 125,150, 168 . 180, 237,
TE M5 ) g ik b, [ M+H | o 255.047 1,5
P A R B m/z 109 2518 K 146, 456 Bl
PR A S I () PR 5 OB, BRI AT AR E M5 S
CHs0, 5B @M s &

HELR WAL ) M6 E@ﬁ%’ i) 4 12.85 min,
H(+)ESI-MS — 2% 4 9 # B 5 F L 77 AW
[ M+H J* 24 275.075 2, K {4 #E 0 4 -+ =X 0T g 4
C H 04, 1R 70 3.4 x 10°, R JHHEAS 45 2] 10 47
HERE R A m/z 129,139,159, 227, m/z 129 A i % b
TEE TR PR 25 BT e, m/z 139 Sy Uoir 2088 2 A 18 iR 2R
Sl 3.4.5- =R HGIR S W A B, m/z 159 2
JW 22— 3% PR R ok e ) R e B T R 1Y B R B, m/z
227 HWTZLR IR 2 43 ¥ F L DA K R A M T R ) 2
NEBRFERN 5 7 IEAG RN RIRE R BT, 454 CFM-ID i
Aé@ﬂ}% Btk S STk 21 1R, AT H

SN 3 YA A 3 AUN B

AR Y AR W M7 R B B[R] R 12.98

min, H (+ ) ESI-MS — 2% & i i & 14F 7, 7=k
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B9 [ M+H ]* 2k 253.093 2, K {4 #E 9 43 7 2 T BE >
CioH N0, TR 250 0.3 x 107, 90 5 % 46 I 45 2]
FRRIERE F A m/z 110,137, m/ 110 22 37 - it
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