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Simultaneous determination of nucleosides and nucleobases in Cervi Cornu
Pantotrichum of sika deer (Cervus nippon) with different processing methods
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Abstract: Objective To establish the method of simultaneous determination of the content of 13 nucleosides and nucleobases,
including cytosine, uracil, adenine, guanine, 6-hydroxypurine, 2,6-dihydroxypurine, uridine, thymine, inosine, guanosine, adenosine,
2'-deoxyguanosine (2'-dG), beta-thymidine, in Cervi Cornu Pantotrichum (CCP) of sika deer (Cervus nippon) by UPLC, and compare
the distribution differences of nucleosides and nucleobases in different zones of the CCP with different processing methods. Methods
The nucleosides and nucleobases in CCP were extracted by water with assistance of ultrasound. Acquity UPLC HSS T3 column (100
mm x 2.1 mm, 1.8 um) was used as chromatographic column to separate the nucleosides and nucleobases. Thirteen target compounds
were eluted with acetonitrile 100% (eluent A) and water plus 0.006% formic acid (eluent B) at a flow rate of 0.3 mL/min. The column
temperature was 30 ‘C, and the injection volume was 3 pL and the detection wavelength was 260 nm. Results A total of 13
nucleosides and nucleobases basically reached the baseline separation with a good linearity within linear range (r > 0.999 6). The
nucleosides and nucleobases content in wax slices, powder slices, gauze slices of CCP without and with blood were respectively 4.47,
3.95, 2.68 g/kg and 4.14, 3.44, 2.51 g/kg. And those three parts of CCP with boiling and freeze-drying processing were respectively
4.60, 2.95, 2.74 g/kg and 5.06, 4.24, 2.31 g/kg. Conclusion As far as the total content of nucleosides and nucleobases were concerned,
the wax slices, powder slices and gauze slices of CCP without blood were all higher than those of CCP with blood. The wax slices,
powder slices of CCP with freeze-drying processing were more than those of CCP with boiling processing, while the gauze slices of
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which were less than those of CCP with boiling processing.

Key words: nucleosides; nucleobases; cytosine; uracil; adenine; guanine; 6-hydroxypurine; 2,6-dihydroxypurine; uridine; thymine;

inosine; guanosine; adenosine; 2'-deoxyguanosine; beta-thymidine; sika deer (Cervus nippon Temminck); Cervi Cornus Pantotrichum
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slices; gauze slices; UPLC; distributional difference
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i, G235 7T o % e oM Cervus
nippon Temminck (9% /1 ( 4L . S8k 7772,
BEALZE IR 3 i fE H AT HE L E: (P) 57 il #H (D)
IREEe N T, 53 EC 3 X AT Wk K& KE (boiling
processing, B) 5 ¥ T4 (freeze-drying processing,
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Table 1 Sample names and corresponding shorthand
symbols
FE i 24K e fis FEm 2R Frafi’s
HE 5 Pw i I P A Dw
He M #o8 F Pp i L FRy A Dp
He 520 Fr Pg WL E 2 Dg
BNEHEIE Bw R HE Ay Fw
BINEEM Bp BT R Fp
BIEEYD F Bg HTHEY R Fg

1.3 X%

Sop R S RIS E (HES TMO313XB13) . fiumsng
({5 TN1128XA13) . RIS (415 X18N6M6005)
BEis (b5 KM0522CA14) . RS (LS
TMO0313XC13). ZMEM (L5 AJ0722MA14). JK
1 (b5 TM0313XA13). i fimsne (45 140708-
200401). WIH (#It5 TJI0623XA13). B (Hit5
AJO60INAL4), JIREF (b5 KMO0529CA14). 2'-fiit
ASTH (S NOTATWI12580). B-MiF (it 5
DN1122WB13), ¥4 H LA A R A
F], HPLC 72 it /270 £ =98% . H iR, 35 [E Mreda
nals OBE, EE Honeywell A7), $Eitkat,
2 HEE%ER
21 BIEEH

ik Acquity UPLC® HSS T3 #: (100
mmXx2.1 mm, 1.8 um); JishifR Z.iE-0.006% F R
KB, VEFEFE: 0~1min, 0.006% H R /K&
1~8min, 0~8%ZJi§; 8~9min, 8%~15%Z.f;
9~10.5min, 15%Z.fi&; 10.5~11 min, 15%~0 Z
;5 11~15 min, 0.006% R /K AR E 0.3
mL/min; £ 30 °C; ZEAEE 3 pb; Bl 260 nm.
2.2 XRRmiEERIECH

K BRI I E . PRIGENE , RIS, SLIENS |
IRBENENS | TS | PRAF. BfRmEnE . UL, 2.
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FEor A, BB AL o 8 P A B A ER 60 min JiF
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1-ffamsng  2-pRMENE  3-JRIERS  4-IENS 5 REENERS  6-BE IS
T-RAF 8-MaflmENE  O-fLEF  10-9F  10-REF 122-HA ST
13-B-Hats
1-cytosine  2-uracil  3-adenine  4-guanine  5-6-hydroxypurine
6-2,6-dihydroxypurine  7-uridine  8-thymine 9-inosine  10-guanosine

11-adenosine  12-2'-deoxyguanosine 13-beta-thymidine

1 HEEEISVRSR (A) REEMS (B) UPLC
Fig. 1 UPLC of reference substances (A) and CCP samples
(B) of nucleosides and nucleobases

W 1. 2. 3. 4. 5. 6. 8. 10mL T 10 mL &I+,
ERBZIE, &5, Bkl RS R A XS
MR, 4% “2.17 TR (a5 AF e T E, LA
WETEFR (YD SRR (X BHATLMERIA, 24
P2, 733 13 Rz A 2 2 itk (=1 3 7 F
BRI G FRUE S BRI, #%EME (SIND) =3 1f
R, % SIN=10 iM5H e &R, 4581 ILE 2.
242 FEEERL  HUEIRA X SIR, ELL
BEFE 6 IR, H% “2.17 TUF MRS, 1HE®
ATV T AR AR AR W 22 (RSD) {H. 45 S
WE . PRIENE ., JRAEERS | SLIEENA | PRI | BEIEERA |
PRAF Bafgmsne . WU, S, IR, 2-BisE 1.
B-M I T ALY RSD B 73 il 72 0.20%. 0.29%.
0.10%. 0.48%. 0.28%. 0.27%. 0.18%. 0.11%. 0.11%.
0.11%. 0.07%. 0.09%. 0.22%.

243 HEEMRE HEFFRBUEREER W Pg 0.10
g, 613, % “2.37 WU N7kl & AR AL 1%
“2.07 TETEZARIME, W& TR A, it
5 RSD fH . 45 MM, JRUENE  BRAZERS | [ IERA |
RTINS | BN | PREF. M RmENE . UL .
BRAF 2= S - SRR ) RSD B 43
7 0%- 1.25%. 1.34%. 1.80%. 1.46%- 1.29%. 1.71%.
1.71%. 1.80%. 1.59%. 1.28%. 0%. 1.86%-
244 FREMEIRLS  HUE AR EAE S AR
W, % “2.17 BUNEIEFMA T 0 20 44 6.
8. 10, 12. 24 h HFEIIE, X & iAoy,
THE RSD fH. 255 MmEnE . JRIENE . JIRIES | N5
o VREMENS | BENERA L PRIEF. HARMELE . LEE.
B, JREF. 2-BAE ST, -l T AL RSD 1H
43 )% 0%- 0.22%- 1.53%. 0.83%. 0.42%. 1.63%-
0.62%. 1.70%. 1.10%. 0.97%. 1.32%. 0%. 0.98%.
245 JOFEECERGEE  AERRRE OISR S =
[F]—AEREEFE A 6 47, T4 0.05 g, FEEIAEH
BEIE 2.06 pg/mL. JRIEE 20.12 pg/mL. JRFEM 2.04
pg/mL. B HEN4 19,12 pg/mL . YK FEE 20.32 pug/mL.
T 1,72 pg/mL. JRFF 20.20 pg/mL. i flms g
2.05 pg/mL. WLFF 20.32 pg/mL. %F 16.32 pg/mL.
R 2.02 pg/mL. 2"-MLAE S H 2.02 pg/mL. B-HH
1.88 pg/mL FIVR &% RS 10 mL, 4% “2.3”7 T
NIPER ARSI, 2 “2.17 TUT g Al
SE, X BT VETAREATAR 4, T EUIRE RN R
SPYME. 2R 13 P BISFESIEE RN 45 R
92.13%.98.58%.97.46%.96.84%.100.91%. 94.45% .
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97.27%-95.38%.98.51%.93.35%.101.74%.93.25%.
96.39%, RSD 434 3.25%- 2.87%- 2.31%- 3.89%-
2.03%.2.56%- 3.54%.4.91%.4.42%.2.59%. 3.41%.

4.83%. 3.05%.
25 HREENE

HEMPRHACE B RE oy R, R 3 40, 1%

e

“2.37 WUR ik & AR AL 1% 2.7 TR
TR E, 45 Rk 3 MK 4 P

25.1 HRMESHMERZEIRETHILE hER 3
AR, AL SR AL I B 5 7 I B AN R A AL A
IIATRVEAR L. PRMENE . PRIENE ., PRIEIS. SHIERS
KBRS | TEIERG . M RREENE . WU, BREE. B-

BEEBSOEASGE. WHR. EER

Table 2 Regression equation, detection limit and quantitative limit of nucleosides and nucleobases

5% EVEpp R? LB (ugmL™ B R/(gml ™ EER/(ngmL™)
Fam e Y=189.81 X+83.69 0.999 95 2.06~20.64 10.32 34.40
PRI E Y=240.78 X+73.21 0.999 97 2.01~20.12 10.06 3353
JiRngEng Y=307.35 X+55.61 0.999 94 2.04~20.44 10.22 34.07
i Y=178.44 X+115.93 0.999 66 1.91~19.12 19.12 63.73
IS Y=191.62 X+17.71 0.999 94 2.03~20.32 20.32 67.73
BIEENS Y=156.18 X+72.33 0.999 96 1.72~17.20 17.20 57.33
PRFEF Y=139.64 X+46.91 0.999 96 2.02~20.20 20.20 67.33
g e Y=194.63 X+69.05 0.999 95 2.05~20.48 20.48 68.27
JiIRES Y=86.91 X+29.52 0.999 93 2.03~20.32 20.32 67.73
¥ Y=121.96 X+33.42 0.999 92 1.63~16.32 16.32 54.40
7553 Y=139.86 X+49.63 0.999 95 2.02~20.24 20.24 67.47
2 S Y=172.51 X+25.87 0.999 87 2.02~20.20 20.20 67.33
B-Mg Y=108.97 X+30.12 0.999 97 1.88~18.80 18.80 62.67
#*3 HIMESHTFMEZELERIMELER
Table 3 Nucleosides and nucleobases content in CCP without and with blood (mg/kg)
JiR 5 ¥l (mg-kg ™)
e R N N
s g PR E Ji S I TR B IENS T PRFF
7 Pw 4.3740.09° 1011.33+551° 22.76+1.03" 358.86+2.83" 1044.49+532° 73.13+150° 805.64+3.74"
Dw 4.82+0.03°  969.344+0.90° 25.63+0.33° 368.15+0.67° 1013.05+550" 62.29+0.53° 699.14+0.30"
¥ Pp 2.83+041°  668.064+1.29° 4.33+0.10° 347.16+154° 706.59+223° 54.68+1.32% 885.37+2.97°
Dp 3.13+0.02°  710.664+2.28° 371+0.37° 337.83+6.40° 697.64+4.41" 59.89+243° 672.24+5.20°
Zbfy Pg 2.294+007°  264.25+054° 1.87+0.06° 266.424+0.11° 395914087 21.06+0.12° 785.65+0.27°
Dg — 247.71+0.36" 1.93+0.02° 242.87+1.11" 40325+1.72° 1551+0.45  786.29+0.73°
. JFUEE 53 #U/ (mg-kg )
FE i 44 R — .
i s e JilIRzS 54 JiRtr 2l S g B-Hir B
I Pw  13.88+0.39° 531.09+2.84° 51450+2.85% 34.81+1.29°  8.8240.20° 41.75+1.38° 446543+ 8.40°
Dw 12.6740.17° 428.60+0.99° 424.96+0.62" 94.54+0.45°  1.924+0.03° 35.29+0.15" 4140.40+ 4.08"
WA Pp 12.841+056° 512.76+5.60° 714.31+450° 7.83%0.12° 6.414+0.23° 24.81+0.74° 3947.98+ 8.00°
Dp 10.88+0.60° 349.47+0.89° 551.06+1.77° 6.32+0.10°  4.234+0.33° 30.98+0.03° 3438.05+24.38°
“bF Pg  2.04+0.12" 355.81+0.96° 570.15+0.34° 4.944+0.17°  0.66+0.09° 11.14+0.32" 268220+ 2.26°
Dg 1.11+0.01° 32357+1.01" 471.80+057° 4.28+0.15° — 14.25+0.01° 251258+ 3.54
81 AR B R R SN A R (P>005), HNHREMER (P<005); “—” oL TRk i, FF

The superscripts in the same row containing the same letter indicates that there is no significant difference (P > 0.05); otherwise there is significant

difference (P < 0.05); That the symbol “—” means the content is lower than quantitative limit or detection limit, same as below
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Table 4 Nucleosides and nucleobases content in CCP with boiling and freeze-drying processing
— Ji B 53 $i (mg-kg ™)
s g R 5 TE JIIEE I B IES T PRFF
&K Bw — 899.95+4.62%  6.25+0.01° 424.63+ 1.06° 773.78+ 2.19° 25.07+0.94° 52450+ 0.84°
Fw 8.05+0.23* 739.91+580" 25.46+173" 619.83+ 3.46" 1163.03+34.65° 38.15+1.22% 1087.44+12.76°
¥ Bp 1.274+0.03° 518324530  0.62+0.02% 264.46+ 9.44° 457.26+ 9.13% 1548+0.42° 504.32+ 4.11f
Fp 2.85+0.11" 642.98+6.91° 955+0.03" 875.63+16.01° 1140.36+ 6.24° 24.85+1.12° 1052.03+ 9.24°
Zbfr Bg 1.3440.10% 324.74+1.11° — 239.49+ 452° 38264+ 0.96° 9.65+0.26° 726.70+ 1.68°
Fg 1.65+0.25° 22554+046"  566+0.19° 33257+ 1.50° 54570+ 3.90° 9.69+0.24" 592.11+ 6.61¢
- Jii 43 $ (mg-kg ™)
I i e ilINzS 5 JiREr 2" g B-Har <8
I Bw 14.58+0.29° 755.81+4.22% 1113.04+ 4.92° 36.11+1.89" 0.32+0.01"  28.45+0.48" 4602.48+11.29"
Fw 8.73+0.31° 507.33+4.93" 773.64+16.02° 38.32+0.50° — 51.43+0.72* 5 061.32+64.39%
¥ Bp 10.48+0.57" 457.95+0.48° 648.64+1.88° 28.6240.97° 0.15+0.01°  37.51+0.65° 2 945.07+26.88"
Fp 7.0640.35% 176.22+2.03" 248.70+1.90" 14.79+0.03° 0.5440.06°  48.73+1.73° 4244.28+41.79°
#b)7 Bg 3.68+£0.01° 405.61+4.47" 599.07+9.57 16.79+0.01¢ — 28.91+0.48" 2738.62+12.80°
Fg — 272.1945.07° 289.37+1.96° 11.5040.10" — 23.03+0.27° 2309.02+19.07'

S 2H o AR HE I 5 415 B AN [R) R A7 (1) & 3 R I
NEER>kr>2 s IRE. SEER . B
2\ BRI 3 A WA BN 35 5], i B H 73 A
Ik > R >R g . 2-AA S E A
AL AT TC B R, AR BT AR B A
SRR, EREMETAREE. Bk, HdEkk
HER I NN R GE iR 22 2 5] e L e & &5
RHBRAA . 13 Py o LAPRIERE « IR RS |
PRAF 5 ECEBOR, 3% AT RE A AT X I T LR
KRR MRREZ —. FREEWEEH N S5
MBS K hr s 20 AL H S & 237008 101133,
668.06. 264.25 mg/kg H1 969.34. 710.66. 247.71
mo/kg; KT A TE HE If S I E S A R A
b R AL A BRI 1 044.49, 706.59. 395.91
mg/kg A1 1 013.05. 697.64. 403.25 mg/kg: JRFE7E
HEMLE 57 MBS . By v 20 AL ool
J& 805.64. 885.37. 785.65 mg/kg 1 699.14. 672.24.
786.29 mg/kg.

%0 R A7 () e B AR R I 5 2 i AN [R) A
(o A R AL, B R A dw s, W AR,
YA A, HEMERS . . DA
KRS A 4.47, 3.95, 2.68 mg/kg, il
B B QR Az T R B & 50 5l
414, 3.44, 2.51 mglkg. XFAN[EIEALZ (A PA% T K

B S B E R i, S5 RN, FE LS
F AL Sk B A ZE A R (P<<0.01), By if
M52 AL Z R R (P<0.01); 7 ME M A
BRI Py B 25 A R 2 (P<<0.01), 3 H &BAz
Syb Rz 55 (P<<0.01). w6, HE
MEE T M, ZREZE (P<0.01); #H#Eb
b, HEMESTHME, ZRKEE (P<0.01);
2R, HEME ST E, ERWMEE (P<
0.01).
252 BIFEHSHETEEKTRBSMLE BEE
HHETERTRATNEEESBONHE, HER
[FIEBAL I ATt T 22 5. PRIENE , JIRNERS |
RIS | B | iR R . R AE AL 1R A E
HHGTHEBM S EaEMER, By >Hhr>2
Fro SEES . AR, STF. 2-BA S TFSA S
BEEEETEE > >2 g, HXL
PR R TH AR MITCAH R A A A . P . R
T P-4 AR R FEAN [F] AL S IS v >y
R >0, AR AR RN R ) 40 AT I TG B R
HRNZERA . I IEERA | YR NEERS | TENEERA SR 22 )
EHETEYNEERE S TZES, et As
AR s LA 8 U SR I A S i e, RIAE
BIEHEHRMEES THTH.

BIEBE ST HRZERN B2 B
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AR—3, Bl R > i >2b Fr . BXEEE A B A
20 R R AR IR E 460, 2.95. 2.74
olkg, HFTHEAFFALREE02 5.06. 4.24,
2.31 g/kg.
3 g
31 REEIZmiit

SR, HREUA R (GGEIEK. 10%
FEE . 50% 20 PrkHE W L (1010, 1220, 1
30). FEEUEE CER. 50 C)H. FEEURA (30, 60
min) HEAT VAT . 3L A R T AR AN ]
FHUTFAR B ML, SRR, ATk
HUR A% T R A 22 45 B s T R e K
50% ZBEHE LR AR A A I 2 B bR ARkl
WL 1010 153 B pt R s R 4 0 i FLE
JB5, F% 1020 F0 1 0 30 A4k L il 4 1 A
TV AT £33 58 AR AL B8 B 5@ H IR i 06 s 50 CE S
UG M AR S B, TR TR
T T 2SR s 38 S 3G IR [A] AT 42
PR HZCRAZEMK, PIkHEW L 1030,
TR H2E 60 min.
32 BIERMHREE

TR R R, B R RIKEE,
AT T 0 FH i /K £ Acquity UPLC® HSS T3
R, ARG G R - K A G- F R K
ABHE R AKBIARFIEL, ELi 13 M 285
o B8R, B R 2.5 -0.006% FF R /K A it 3
FH o MoHJRA X HE VA IAE 210~400 nm P K P 3EAT
AP, 13 PR o 1 R KRS K 53 i)
J& 274.9. 258.4. 262.0. 247.3. 249.2. 266.9. 262.0.
2645, 2485, 2535, 252.8. 258.4. 266.9nm, %
H 7 B BT RN B R oy B R, AR
260 nm KBTI o
33 TRERHNZELERS

13 PA% T o EAE R R 3R R, JERAR
BEIE . RTHIERS JRIT. RS UL, SRR
P& eiim, DAHRI RS 5o, X JLFR RS A3 1Y
3552 1.011.33.1 044.49.805.64.358.86.531.09-.
514.50 mg/kg; JRMERS . TR R BREERE . MR
B-H AR A3k 2, HEM BRI B ook LR 28Rk
SrHIEMKIRN 22,764 73.13. 13.88. 34.81. 41.75
mo/kg; HERERE. 2-JAE S D, HRifE RS 5
XA R I il 2 4.37. 8.82 mglkg.

gE Loy, HEMERS A B A 2R 3 AN

5

>

MHEHRRS RS &S T LE (P<0.01), & TH
WA B R E T EMEE (P<<0.01), 2R
K FEHEE (P<0.01).
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