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Quality evaluation of Cervi Cornu Pantotrichum based on fingerprint analysis and
quantitative analysis of multi-components
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Abstract: Objective To establish the fingerprints of nucleosides in Cervi Cornu Pantotrichum (CCP) pieces by HPLC method,
perform cluster analysis and principal component analysis (PCA), and compare the differences of six nucleosides in CCP pieces.
Methods A total of 16 batches of CCP pieces from different origins were determined by HPLC. Sixteen batches from different
origins in China were collected to assess the similarities according to similarity evaluation for “chromatographic fingerprint of
traditional Chinese medicine” (2012), and four kinds of decoction pieces were distinguished and compared by chemometric methods
such as principal component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA). Results The
HPLC fingerprints of CCP nucleosides were established and the similarity was above 0.960. Six common peaks of uracil, adenine,
hypoxanthine, uridine, inosine, and guanosine were identified. Among them, uracil, hypoxanthine, and inosine were different
compounds, which can be used as a quality control indicator for identifying and distinguishing CCP pieces. Conclusion The CCP
nucleoside fingerprints established by the method are characterized by strong features and simple methods. The combination of six
nucleosides can better control the quality, which has guiding significance and reference value for the identification and quality
control of CCP.
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Table 1 Source of CCP samples
ETRs 5 A% KA H A R
L1 X1701002 e M B AL RE AT
L2 X1701005 e MR AL RE AT
L3 X1701007 e LT P F ML RE AT
L4 X1710003 e MR RE AT
F1 X1701002 M A M B AL RE AT
F2 X1701005 M A AR AL AT
F3 X1701007 kA LT TG RE —AT
F4 X1710003  #p 4 AR AL AT
S1 X1701002  ZbF AR FH AL JEE AT,
S2 X1701005 44 AR AL AT
S3 X1701007 4 F LT VAL AT
S4 X1710003 44 AR AL AT
Gl X1701002  HH AR FH AL JEE AT,
G2 X1701005  HH AR AL AT
G3 X1701007  HH LT VAR AT
G4  X1710003  HH AR AL AT

2 FHESHR
2.1 @iEEH

KH Aglient Eclipse Plus Cis it 4 (250 mm X
4.6 mm, 5 um); NN 0.07%IKEEER K 77K -H
B, SRASFEVEm, VEMAEF A 0~30 min, 4%
it AR LR 1.0 mL/min; A6 30 C; #EAEE S uL,
KA 254 nm; FRIEEEARCEUR U I A 14 15
MANT 9900, HeEEHETF N 1.17,
2.2 NTERAARNHIE

KGRI RIENE RIS IREEIERS . R,
JULEF AT S T I & 5.00 mg, 2> BIVEAR )G B T
— 50 mL S, MK EREZIRE, RHmE
PRUENE , RIS . RIS . JREF . WLE RIS F 0.1
mg/mL [FJIRE R IE R &, H 0.45 pm 14
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L-JRMERE  2-fIRUENS  3-IREEIENS  4-JREF ST 6-9F
l-uracil 2-adenine 3-hypoxanthine 4-uridine 5-inosine 6-guanosine
1 16 HtEEETR Y HPLC a4 EE R H B4 EE
®)

Fig. 1 HPLC fingerprint and control fingerprint (R) of 16
batches of CCP pieces
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0.979. 0.968. 0.969. 0.975. 0.980. 0.967. 0.976-
0.986. 0.977. 0.969. 0.973. 0.971. 0.977. 0.980.
0.984. EHUEEFEU T AL S I KT 0.960,
R BT FR S AT T R E R e
T AR
25 BERRESEMNE
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JRUEE Y=23 524 313 X—106 306, *=1.0000; M
E Y=29 859 947 X—1 009, *>=1.0000; {KFE
M Y=2 490 4591 X—113 190, »=0.999 7; [REF
Y=12 737 730 X—58 009, »*=1.000 0; Al#f Y=
13 255 261 X—59 841, »=0999 5; &if y=
14 887 793 X—67 415, »=0.999 8; #5HLH 6 Fh
A 1E 0.01~0.10 mg/mL & RAF LR &
252 REEERK BUEERAFESFD, %9237
TR i & A, SR 6 I, FFidsk
BT WETHIAR, 115 RSD, 45 BB oRRMSnE . fij
MRS RBHIERS | JREF . WLEATE FrIE A RSD
73N 0.84%-0.95%- 0.45%-+ 0.75%- 0.35%- 0.54%,
SE IR R ARG B R AT
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AT 04 24 4. 64 8. 12, 24 hISE & RS g
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JERPEERS | IR B VRS | PR LA S I THI A () RSD
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S5 R W E [ 50 78 24 h WS E 1 R IF
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6 13, IR “2.37 TN 7 i 4t VT, $%42.17
TR IEERE 4, SRR AR TH R & A 2 B A3 1)
i, HIME RSD, 2RI RIRMENE . JRIERS . IR
TOMERS L PR WUE AN 8 5 &5 20 RSD 7374
0.96%-+ 0.86%-+ 1.25%-. 1.34%. 1.56%-. 0.92%, %&
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I-JRUENE  2-JRUERS  3-IRECIERS  4-JRFF S-ULEF 697
l-uracil 2-adenine 3-hypoxanthine 4-uridine 5-inosine 6-guanosine
E2 FEERAHS (A) FMEAHES B) ) HPLC E
Fig.2 HPLC of CCP pieces sample (A) and mixed reference
substance (B)

®2 BERR 6RO SEMNELER n=3)

Table 2 Content of six constituents in CCP pieces (n =3)

[ &> H/(mgg ™)

PRUGEWE  BRUENS BRMERS  JRF

L1 1.1871 03633 1.0498
L2 1.1020 0.5203 0.9912
L3 1.1649 03631 1.0114
L4 09768 0.2992 0.766 3
F1 0.6265 0.2848 0.6912
F2 0.5473 0.2316 0.5877
F3 0.6691 0.3225 0.698 4
F4 0.6559 0.2212 0.5913
S1 05730 02181 0.5573
S2 05911 03444 0.6238
S3 04946 0.1782 0.478 2
S4 0.5788 0.1773 0.5049
Gl 03574 02231 04311
G2 04256 0.2263 0.4566
G3 0.3817 0.1344 0.4035
G4 03673 0.2181 0.4439

55

W 5

0.8592 0.5915 0.6105
0.7433 0.602 8 0.868 5
0.6614 0.6905 0.8218
0.6221 0.5232 0.674 2
1.0279 0.4938 0.5816
0.5368 04291 0.594 1
0.7216 0.5407 0.792 6
0.5575 0.4314 0.5287
0.6792 0.404 6 0.4468
0.758 6 04111 0.572 1
0.5020 0.2995 0.356 1
0.4035 0.2872 0.3803
0.6333 0.3361 04775
0.5874 0.3480 0.5133
0.5016 0.2462 0.3382
0.6705 0.3068 0.4269
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2.6.1 FHHT ASLIRIEH SPSS 19.0 Gt #ft:
DL 16 #EEEHEO AR &, PP J7 BRIGEE 55
(Buclidean FEBS) NIX (], RHANIIEE, X 16
B E R FR S BT R R LK, 4R WA
3. R HTRERETT D, 16 HLBEEAETT 00 4
2, L1~L4 N—35, G1~G4 N—3, Fl. F3. F4
N, Pg S HON—K. BEERATR, RAHER
ST LR s B R Sk A N AR B R X )
Tk, HEk 52 R X o ARIRIEW, JimTHk
—K. HILAT L, TR HTIERERE A 1 St 16 HLRE
FAE S HPLC (il B2 [ ARG R, AR R A
[F L7 i 2 ) ) 22 57
2.62 PCA PCAET—MIAEMEMZ LRI
Mok, EAERKZAE BB R Fil g R A e
W — 2 TT BEAFAEAE MR AR S 4 o — SH R PEAS A
KA, 5 X AR SRy E R AP, K
H BIE T b A 2 1 2 B AT 2 22 3R A nT AL,

ShE IR IR R I 2 M 0% R AR B R 43 IR OR IR K
gy, GIERETTIZ N TR AM X a5 S5 .

RNT B RIRX 5 4 FhREEOR, LA
FE) 6 PR 15 N B T PCA. B PCA 1]
HHT 2 D ERS RIRTTIRE N 92.9%, HPEHE 1 £
TR N 81.1%, 5 2 T TTEREN 11.2%.
FH W6 D] 288 i 4 B W] ST 2 AN oy EL R AR i s ik
4 FBFED I EBRE. RIE 3. 4.

Euclidean {55
9 ? 1 I0 1.5 2|0 2.5

S1—
S4 —
$2 —

F2 —
$3—
F3 —
F4 —|

F1 —
Gl—
G4 —
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L1 —
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3 BERRRESHR
Fig. 3 Cluster analysis of CCP pieces

®3 HESHEREME

Table 3 Characteristic values and cumulative variance proportion

e WIEFFIEAE PRI J7 A
A1 77 Z TR % FEMTTIRE/% Hit T7 Z TR % ZATTIRE /%
1 4.868 81.134 81.134 4.868 81.134 81.134
2 0.712 11.862 92.995 0.712 11.862 92.995
3 0.281 4.691 97.686 0.281 4.691 97.686
4 0.122 2.041 99.727 0.122 2.041 99.727
5 0.009 0.157 99.884 0.009 0.157 99.884
6 0.007 0.116 100.000 0.007 0.116 100.000
T4 VERTHEER MR R 2 > By B B S ) PCA A2 SR AR
Table4 Component matrix FeRE IS R, FITRINGE 1250 0° 09 0.930 I
- ot 0.701, it B B 7 B Y (1) [X 5 R0 ol 22 i R
1 2 3 4 5 6 Uf o DART 2 DN FERTEAABFR R, 53] 16 #HEEHIX
FI  0.891 -0.398 0210 0.032 0.008  0.055 F it PCA 15, WK 4. 1 PCA 54 B 40,
F2 0937 0101 —0211 0258 —0.031  0.001 EEESSEFHESAT 2 AKX, 0PN
F3 0956 —0212 0.187 0.045 0.031 —0.059 22, Mk EY KA1 AKX, XOANEEHE,
F4 0.676 0.705 0212 —0.011 0.015 0.013 A LI A N 3 2K, BRI ER A IEAL S R
F5 0.978 —0280 0.001 —-0.193 -0.067 —0.011 R E—ERER .
F6 0932 0.014 -0336 -0.125 0.051 0.009 2.6.3 OPLS-DA OPLS-DA #|f EX3 (=245 IF it
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] 5358 1.25. 1.21. 1.07. 0.91. 0.91. 0.40, W]
] Gl |05 TR IE | I Wi FNLE Y VIP 43 52 1.25.1.21
1 209 o 1.07. PR e R E . KGR IR FIILE N 4 i
g o > T HYOTH 7RISR, TBMER X 4 RIS 5 4
71: oL & R FRARPERL T X 4 FOR 10 22 A A ik
] TG i, S S EoRuE & e T H Al 3 F
-2 W, B RS EBT Al 3 FR .
-6 —4 -2 0 2 4 6 3 whe

t[1]
El4 FEEIRH PCABH
Fig. 4 PCA scores plots of CCP pieces

JETREE, M IEAZ TR AR B YA HE 0 TN AR
200, T DR G Hh X 7 20 8] 22 S 9 SR 2 R AL
W N TR X0y 4 FEEAR O TR E R
G, BT R E M PCA 2 )5, Hi—H R
A HE ) OPLS-DA M BEEAR T HEAT 20 Hr. LA 6 Fh
iy B S BAE i N &, DL 16 LB N
fify HAF 54T OPLS-DA . 837 /) OPLS-DA #5484,
KBURRERE ISR, FRY 53512 0.929 F10.946,
TEE IS5 0* N 0.897, — AN R* A1 O KT
0.5 I, BB HAT BT AASE 1L S T RE ) AR s
B FTESL ) OPLS-DA AR A2 g 1t A N e 79 44
AARIESKR, AT S X 4 MIEEX Y. B
OPLS-DA #5343 & (& 5) W51, H5EE5 1 PCA
Il FARAL, 5 v 5B B AT AR I 4 o A e 2k,
B A2y X A B . JEHE v 58 o
AR, TR 52 B, 45 R R
AR Z AR ZE R W & R B E .

XF 4 B s 2= e AT AR A, 455
AF g A E B MEH P (variable importance in
projection, VIP) FMIME, —MilN VIP>1 (A&
Ay 4 AR ZE R R EY . 6 FEsr IR

1.0
F1

| L ]
0.5 Gl o3
‘ G4 S.l es2
a0 a3 O oL4 L'2
0.5 ..S§4 L3
or2 L
_1'0
3 2 a0 1 2 3

t[1]
5 REERH OPLS-DA 5%
Fig. 5 OPLS-DA scores plots of CCP pieces

AT TR T R A 1 s 4 o) A g
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BB S SRR TR 3 MR EUC S5
BIORB GRS B, Ak Rl I -5 R 45 AT,
FREB AR T (B, RS B5 T R,
CIERIK 3 FhiEF, 45 R RR KRR ZJEEN
A, (g T 2, WOR B KPR A BB
I EEE 104 200 30 VAR E, 45 R EoR 20 £
JE BTN, #ak M 20 AR G g
$ZHL 10+ 30+ 60 min, £ E/RIEH 30 min 55 &
ANFEREIN, #ER T 30 min /EAHREURE]

AHFFRF HPLC ¥EXT 16 LRI R B AR ik
170 M, @ T BER RS, SR ER
AR H KT 0.960, 3R B 4 FiEER A BT & 40 22 Bk
SEEAR—E, FT@SLFRSUERE T T RO
S RSl BT A EEER T TR E A
AN, 2 T T )43 1 T 2 JEG S Ak TR A et
WA SRAER, S8 2 RPERZERECR,
A| S AR BT 5767 32 37 S B R S () Bl X6 6
AT RIE

GREAERIEK 4, FRERBEERIRAH 6 F
B SN 2.00~4.83 mg/g, LAFTINE K] 6 Fh ks
TE N RGeS, @UEH . B A @R e R
6 Pk s s & MK T 3.50. 2.80. 2.30. 2.00
mg/g. 6 PSS T RIENE | IRBE R A SR T &
B, 25N 0.35~1.18 mg/g. 0.40~1.05 mg/g-
0.40~1.03 mg/g, MEMEM &5 HRAIC, N 0.13~
0.52 mg/g, MALH AL R E S B ETFAK,
4394 0.24~0.69 mg/g. 0.33~0.86 mg/g.

T O 4 MR A RO 2
I ZEFMERy, #—5KHA PCA il OPLS-DA
SR I, X 4 PO AT 4 H LU



“ 5454

23

Chinese Traditional and Herbal Drugs

FS50% F228 200511 A

ZERRY], BT o MLy IS ENELIR, W
PN X . B e S5 i A Fr s PRI E
BN AL 4 RO Z IR 2 VA &40
UM DX oy RS 5] 4 R R AR 5T s il 48 o

A 7R A HPLC 2528 ST AN [RI L VRS AR

MEARSUEIE, JFxs HARUEEBEAT 734, AR5 R AT
Ko Hr Al PCA XF 16 HEREEFE M Bm T b P
ST IR S HERG, NREEAROR I R 4R
BT R TR S B AR

SEH

(1]
(2]

(3]

(4]

(5]

(8]

(11]

[12]

[13]

[14]

[15]

PR 28 [S]. —#&B. 2015.

AR, T COLEHEGSELMELTE 1] 48R
5PEZG, 2017, 7(13): 51.

TR IR REE 25 B AR IA T FH R IE 2 1) 2 R4
FC[9]. R EFOLZ)T, 2014,11(6): 20-23.

T f, mbeEE, RTE, & BHAZWRERM. 4
FRAER S PR K B s i il A FE gt R [T, L,
2017, 48(22): 4784-4790.

HOHE, SR, BRI, FEE NIk R B AR
PERF T R [J]. Ll 78 R BE 2 B 2 ik, 2009, 10(2):
67-68.

EYUE, K, B OB BENLSER AEYTENE
WAt (7). AR SR —PERGIAL, 2012,
14(5): 2065-2069.

B, M, B FF, % BEIN LIRS SR
BEAREE (7 A R sg i R 3 BRI [J]. L, 2018,
49(14): 3270-3278.

Thelen T H. Effects of harvest on antlers of simulated
populations of elk [J]. J Wildlife Manage, 1991, 55(2):
243-249.

FERNRE, 6 B, FRimam. FEE L2 A RN 24 B S 1 AT
FtE [J]. AR AR, 2010, 33(3): 237-240.
Kruuk L E B, Slate J, Pemberton J M, et al. Antler size in
red deer: Heritability and selection but no evolution [J].
Evolution, 2002, 56(8): 1683-1695.

T UE . R PR A P T G G A AT 7 R
A4 H D] K& FHk R, 2015.

FNENA, T, EE7, &, UPLC yEMEARFIN T
J5 AL B A B sy [J]. T, 2018,
49(4): 840-846.

ARG, BOESE, FRRRD, & REAM SR ER
IR (7] hE T2, 2017, 42(21): 70-74.
FaHese, skEE, B, & NI A REE
HEOSKMAERENT WA [J]. HEZH, 2017,
48(15): 3085-3091.

Li C, Zhao H, Liu Z, et al. Deer antler a novel model for

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

studying organ regeneration in mammals [J]. Int J
Biochem Cell Biol, 2014, 56(7): 111-122.

EMAE, SFZ, A, & AR XK REHE AR
Ui R (0 SR 0 S BT [9]. R RE 2, 2017, 48(12):
2431-2441.

AR, WRE, Tk OME, fE BE I
BT [1]. ShREEZ, 2016, 36(6): 594-597.

BRRGE, XM, B B, SR REEERY PSR
DV 5 P EEM AT R RE (1] 30T h B2 Koy
%, 2013, 15(10): 76-78.

Lee S R, Jeon B T, Kim S J, et al. Effects of antler

development stage on fatty acid, vitamin and GAGs

TR

contents of velvet antler in spotted deer (Cervus nippon)
[J]. Asian Aust J Anim Sci, 2007, 20(10): 1546-1550.
. Ok RR A ER S BRI RS
M [7]. RETZEAE, 2001, 26(10): 653-655.

TR E LARSUEERT T 1], PR, 2019,
42(4): 658-662.

2o, AREE, KSR, 5 hATRGUEE ORI
KAk KRRITAEE [, FEZ, 2013, 44(22):
3095-3104.

Gao S M, LiuJ S, Wang M, et al. Quantitative and HPLC
fingerprint analysis combined with chemometrics for
quality evaluation of Codonopsis Radix processed with
different methods [J]. Chin Herb Med, 2019, 11(2):
160-168.

Kassab S E, Hegazy G H, Eid N M, et al. ChemInform
1 H-indole-2,3-dione-3-
thiosemicarbazone ribonucleosides as antibacterial agents
[J]. Cheminform, 2010, 29(1): 72-80.

g, o B, x4, 55 BT R )
SATHIAE TR SR 5T [J]. P B 24, 2018, 49(19):
186-194.

thEsng, 4= W, 38 fF, & FETROEN R E M
MR A RS R Z R T ()], Sedeshd S T
BBE2E, 2018, 38(4): 52-57.

Yang J, Zhang D D, Frangi A F, et al. Two-dimensional

abstract: Synthesis of

PCA: A new approach to appearance-based face
representation and recognition [J]. JEEE T Pattern Anal,
2004, 26(1): 131-137.

EWz, EFK, B, & ETERS I EE
S AT AT FE 5 MAS [R) 77 R B 0 S AR 4R aUREE (0], A
¥,2018,37(9): 11-17.

MEE, XIRG, BRHER, % BT IRAEREL G 2
o3 € BT RRIE T RPN AT (7], P E R
22k E, 2018, 38(24): 31-36.



