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Abstract. Velvet antler, which exhibits immune and growth
enhancing effects,is commonly used in a variety of Asian health
care products, but its complex components remain unknown.
The current study analyzed extracts using ultra-performance
liquid chromatography coupled with electrospray ionization
quadrupole time-of-flight tandem mass spectrometry in the MSE
mode. Automated detection and data filtering were performed
using UNIFI software and peaks were compared with a
proprietary scientific library (Traditional Medicine Library;
TML). The results obtained using different data processing
parameters (including 3D peak detection, target by mass and
fragment identification) were evaluated against 87 compounds
comprising 1 lignan, 30 terpenoids (including 20 triterpenes),
39 steroids, 8 alkaloids, 4 organic acids and 5 esters in the
TML. Using a screening method with a mass accuracy cutoff
of £2 mDa, a retention time cutoff of +0.2 min, a minimum
response threshold of 1,000 counts and an average of 10 false
detects per sample analysis, 16 phospholipids were identified
in the extracts of velvet antler, three of which were quanti-
fied. The results demonstrated that there was 1.07+0.02 ug/g
of 1-myristoyl-sn-glycero-3-phosphocholine, 7.05+0.52 ng/g
of 1,2-dimyristoyl-sn-glycero-3-phosphocholine and
18.81+£0.55 ng/g of 1-palmitoyl-2-oleoyl-sn-glycero-3-phos-
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phocholine in velvet antler. The current study successfully
identified certain components of velvet antler. Furthermore,
the results may provide an experimental basis for further phar-
macological and clinical study.

Introduction

Velvet antler growth is a rapid process (1). During this period,
constitutive tissues including bone, cartilage, skin, nerves
and blood vessels grow quickly (2). Previous studies have
demonstrated that certain growth factors, including vascular
endothelial growth factor, epidermal growth factor, fibro-
blast growth factor and nerve growth factor are abundant in
velvet antler and are responsible for rapid tissue growth (3-6).
Numerous studies have also revealed that velvet antler contains
amino acids (7-9), polypeptides (10,11), proteins (9,12-15) and
phospholipids (16). However, there have been few reports that
assess the phytochemical components of velvet antler, which
are highly biologically active.

Ultra-performance liquid chromatography coupled with
electrospray ionization quadrupole time-of-flight tandem
mass spectrometry (UPLC/ESI-QTOF-MS) has been utilized
to reliably analyze the complex composition of food, herbal
medicines and biological samples (17-20). QTOF-MS analyzers
offer a high mass resolution, sensitivity and accuracy, providing
accurate ion masses to determine molecular formulas (17-20).
The present study developed a method of UPLC/QTOF-MS on
a Waters Xevo G2-XS QTOF system for the determination of
the chemical components of velvet antler. Based on accurate
mass measurements, a total of 87 compounds were detected in
the velvet antler and tentatively identified using the Traditional
Medicine Library (TML) of the UNIFI platform.

Phospholipids are major constituents of biological
membranes, which maintain membrane integrity and cell
homeostasis (21,22). Glycerophospholipids (GPLs) are the
largest family of amphiphilic phospholipids (23). They are
comprised of a glycerol backbone containing fatty acid chains
that are acylated at the sn-1 and sn-2 position and possess a polar
head group containing a phosphate esterified at the sn-3 posi-
tion, which is attached to a polyol or amino acid moiety (23).
The following classes of GPLs are defined by the structure
of the head group: phosphatidylserine, phosphatidylglycerol,
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phosphatidylethanolamine, phosphatidylinositol, phospha-
tidic acid and phosphatidylcholine (23). Each class of GLP
comprises many species that possess the same head group but
different chain lengths, number of unsaturations and substitu-
tion positions of the esterified fatty acid (23). Various methods
have been utilized for the quantification and structural deter-
mination of individual molecular species of phospholipids. For
example, thin-layer chromatography was used in the chemical
analysis of components from velvet antlers (24). Gas chroma-
tography techniques are not so generalized for determining
the components from velvet antler, due to analytical difficulty,
even following derivatization, and the long time required for
these reactions and the low limits of detection (LOD) (25).
QTOF-MS has several advantages, including a high reliability,
short analysis time, a small required sample quantity and a
high accuracy in the identification and quantification of phos-
pholipids (26,27).

The present study determined the phospholipids present in
velvet antler, which was determined via qualitative-quantita-
tive analysis using the UPLC/QTOF-MS method. Previously,
Zhou and Li (26) identified 5 phospholipids in the velvet
antlers of sika deer including sphingomyelin, phosphatidylcho-
line, phosphatidylethanolamine, lysophosphatidylcholine and
lysophosphatidylethanolamine. The present study identified 16
phospholipids from velvet antler extracts, with 3 phospholipids
being quantified. Consequently, a UPLC/QTOF-MS method
with commendable validation results, a slope of the standard
curve and precision was developed and validated for the
quantitative detection of phospholipids and the identification
of complex components in velvet antler. This method may
provide an experimental basis for further pharmacological and
clinical applications of velvet antler products.

Materials and methods

Materials. Antler velvet (Cervus nippon Temminck var.
mantchurieus Sainhoe) was collected from farmed sika
deer in the Shuangyan district of Changchun (Jilin Ruikang
Biotechnology Co., Ltd., Liaoyuan, China). The upper section
was cut to a thickness of 2-3 mm, freeze dried and then
powdered to 160-180 mesh (84-95 um). Antler velvet samples
were identified at School of Pharmaceutical Sciences in Jilin
University (Changchun, China).

Mass spectrometry grade acetonitrile and methanol were
purchased from Thermo Fisher Scientific, Inc., (Waltham, MA,
USA). Phospholipid standards (1-myristoyl-sn-glycero-3-phos-
phocholine, 98.5%; dimyristoyl-sn-glycero-3-phospho choline,
98.5%; and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocho-
line, 98.5%) were purchased from Nanjing NutriHerb BioTech
Co., Ltd., (Jiangsu, China). Formic acid was purchased
from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany).
Leucine-enkephalin (99%) was also purchased from
Sigma-Aldrich; Merck KGaA. Deionized water was prepared
using a Milli-Q system (EMD Millipore, Billerica, MA, USA).
All other reagents were of analytical grade.

UPLC/QTOF-MS conditions. An ACQUITY UPLC I-Class
System coupled to a Waters Xevo G2-XS QTOF mass spec-
trometer detector (Waters UK, Elstree, UK) was used. All
chromatographic and MS equipment was purchased from
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Waters Corporation (Milford, MA, USA). Chromatographic
separations were achieved using an ACQUITY UPLC® BEH
C18, 1.7 pm (2.1x50 mm; Waters Corporation) capillary
column. Analytical column chromatography was performed
at 40°C. The mobile phase consisted of a mixture of aceto-
nitrile, water and formic acid at a flow rate of 0.4 ml min™.
Acetonitrile with 0.1% formic acid was used as mobile phase
A and water with 0.1% formic acid was used as mobile phase
B. A 90/10 mixture of water/acetonitrile was utilized as the
weak wash solvent and 50/50 water/acetonitrile was used as
the strong wash solvent for rinsing the injection needle. Prior
to running the elution, the column was equilibrated to 35%.
The elution gradient program was 35-82% A from 0-3 min,
82% A from 3-7 min, 35-82% A from 7-8 min and 35% A
from 8-9 min.

MS experiments were performed using a Waters Xevo
G2-XS QTOF mass spectrometer connected to the ACQUITY
UPLC I-Class System via an electrospray ionization (ESI)
interface. Atmospheric pressure ionization was performed in
positive ion, negative ion and sensitivity analyzer modes for
QTOF-MS data acquisition. A wide mass range (m/z 100-1200)
was selected for the acquisition of accurate mass precursor and
fragment ion data. The corona voltage, sampling cone voltage,
source temperature and desolvation temperature was 3.0 kV,
40 V, 100°C and 350°C, respectively. Nitrogen (20+2°C; 10 psi)
was used for desolvation and the cone gas flow rate was 800
and 50 1 h', respectively. Argon was used as the collision gas
and the collision energy was 15-45 V for high energy ioniza-
tions. Data were acquired and analyzed using MassLynx™ NT
4.1 software (Waters Corporation). Analyses were performed
in full scan mode and the scan time was set to 0.2 sec. To
ensure for mass accuracy and reproducibility of the optimized
MS conditions, leucine-enkephalin (m/z 554.2615 in nega-
tive mode and m/z 556.2771 in positive mode) was used as a
reference (lock mass) at a concentration of 200 pg/ml and a
flow rate of 10 pl/min. The reference was injected into the MS
instrument every 10 sec. The instrument was calibrated using
sodium formate solution as the calibration standard to achieve
mass accuracies of <0.5 mDa.

Accurate mass screening of the constituents of velvet antler.
The UNIFI 1.8 informatics platform (Waters Corporation)
was utilized to integrate data acquisition, data mining, library
searching and to generate a report (27,28). The raw data were
imported and screened against the TML and a customized
phospholipid library produced in the current study. A natural
product analytical workflow within UNIFI was used to analyze
the chromatographic and mass spectral data of the velvet antler
extract components utilizing various in-built tools, including
the customized library and filters.

The TML of the UNIFI software contains 6,415
compounds and their associated data. A customized library
was also created in the current study that comprised
45 phospholipids with detailed metadata (including the
molecular structure and compound name) based on their
chemical structure. Compound screening was performed by
setting a mass tolerance of 2 mDa, a retention time cutoff
of +0.2 min, counts >1,000 and a minimum of 5 fragmenta-
tions, and a mean of 10 false detects per sample analysis. To
demonstrate the validity of these results three standards were



SPANDIDOS EXPERIMENTAL AND THERAPEUTIC MEDICINE 17: 3789-3799 2019 3791
A1o& 184.0701
N+"~—O.__OH
- //P\
| O OH  468.3090
] \ OH
§ +~_0._ 0 __~_0O
%) /Iil P ~ \”/\/\/W\/\/
o o o
469.3145
185.0734
LI o B L I B B B By B B S I I L I B S S I S s e el 117 4
100 200 300 400 500 600 700 800 900 1000 1100
P 678.4926
184.1089 o e R
/\-~"'~v~"~\./"-\/\'~/\/‘\o/“6_/’"‘0' \0'/\/"'\
1 /..___/'“---/’\L"b
s g
}4/\\,0\ _OH ' il
%o s | /,P\
O OH
0 T L T T Trrret R B | T T " T T T ' mlz
100 200 300 400 500 600 700 800 900 1000
fe 184.0713
\ -l-/\\..fo-\ ,OH
N P
| 1) o
O OH
\ 005 A I G INASS
\/\/\/V\/\/\/\/\{ f\o
o
0/04 0
O-pP-O T760.5846
1]
(o]
,-N\t\ 761.5891
100 ' 200 300 400 500 e60 700 80 900 1000

Figure 1. Chemical structures and daughter scan mode (tandem mass spectrometry) spectra of (A) MPC, (B) DPC and (C) POPC. MPC, 1-myristoyl-sn-glycero-3-
phosphocholine; EVA, extract of antler velvet; DPC, 1,2-dimyristoyl-sn-glycero-3-phosphocholine; POPC, 1-palmitoyl- 2-oleoyl-sn-glycero-3-phosphocholine.

utilized: 1-myristoyl-sn-glycero-3-phosphocholine (MPC),
1,2-dimyristoyl-sn-glycero-3-phosphocholine (DPC) and
1-palmitoyl- 2-oleoyl-sn-glycero-3-phosphocholine (POPC).
Their retention times and accurate masses were compared
with the sample of velvet antler extract.

Extraction of velvet antler. An ultrasound-assisted extraction
(25°C; 40 kHz) of 100 g velvet antler powder was performed
with 3x150 ml ethanol for 10 min each time. The solid was

filtered in each step and the pore size was 30-50 ym. The
filtered and pooled liquid phases were concentrated to 3 ml
under a reduced pressure at -20°C. Subsequently, 6 ml acetone
was added to generate a white precipitate. Then the mixture
was centrifuged at 2,012 x g at 20°C for 10 min, the super-
natant was removed, and the precipitate was stored at -20°C
until analysis. The precipitate was dissolved in methanol to
achieve the concentration of 40 mg/ml, and 2 ml solution was
filtered by 0.22-ym microporous filter membrane and put into


https://www.spandidos-publications.com/10.3892/etm.2019.7372
https://www.spandidos-publications.com/10.3892/etm.2019.7372

ZHANG et al: PHOSPHOLIPIDS IN VELVET ANTLER

3792

9pISO[AX [OUATTWIO-[AYIOW-O-6T H+ TTIYET YTy 61" SEIP €9 SO*H™D |53

19)83 [A1008 e139)-oprsoueIfdoon|3-(-¢-[01)s0ys-O- L H+ TLLSE 61'Y 61" 6S9t'6SL "O”H"D 0¢

{ ureleweIneq H+ 8969LS LOY 90 69T LEY "O**H¥*D 6T

N prsooofdirog H+ CLTYLL Y0t T 881¢°S9¥ *O""H"D 8T

UIf[LLL, eN+ ‘H+ 99TL9 WY 80" LTLELLS S0“H"D LT

D opIsnyeprur) eN+ ‘H+ €6L9Y 00t v1- €86€° 179 S0*H™D 9T

urudgouuad -HOT-LT ‘€T H+ 759501 €8¢ e TT0€ €9% *0“H"D ST

V QUOIA)SIqUINO_ H+ 9896 (4%3 6T 887¢'L0S OHTD ¥

I1 SUOUSLIIE)[FOIJ eN+ S9L8% 8¢ 90 9€0€°€TS ’O""H™D €T

"1 dprsodofdirdg H+ 870LTT we 8T 687¢ S61 OT'HRD (44

g 9pISOIeORII) EN+ TH6LS 0L'€ ¥ 0- TI8E Y9 S0*H"D 1T

9)e)R0R-¢ [ [0SI[Y eN+ 0S09% €S'¢ 81- 691€ 67S *0°"H*D 0T

uruodes snoruodel uogodorydQ S+ 688L6 €S'¢ 8T SE9T S8y ‘0 "H*D 61

O proe oruaprony -[AYSN eN+ LILSS LY'€ ¥0 LL8T L6V ’0“H*D 8T

V UIud31oeud], H+ ¥110C Sv'e v SSYT6LE *O"H™D L1

IIA UIUa3uLIe)[2§o1d BN+ €0TTT ¢ €0- ceIC TIPS ‘O"H™D 91

v uruodesarfibgueny EN+ TP ob'¢ S0 LI6E €L "O*H"D Sl

N proe oruapron| H+ 7959¢1 0L'T 60 LO6T 19% *0"H*D 4l

SP10I3)S

proe JTU0IQaIdd M+ 02601 59 % 0TE €Ty O"H™D €1

PIOY JTUOPTYIRIY 3+ ‘eN+ 68¢TT 0S'S € TLTT LTE ‘O“H™D !

syeusfoury-A BN+ 68LLT IS 0cC 811 10€ ‘O"HD 1

PpIo® O1[03YUIS-HO-H H+ 16S€LTT 6L'¢ ST ¥0ST €9¢ "O"H®D 01

Sp1oe do1ue3i0

SOpnoS[oNU Y N(J SUrwAy[, S+ 91¢81 wy €1 12S0'18¢ ‘O'N"'H"D 6

D suorsnuodeyy H+ L80S¢E€ 66'€ T 1S¥€°60S OHD 8

(dd) surweoueyd[Apneydsoyq eN+ L8LTY 06¢ G¢- 6S7S 89L d*ON®H'"D L

sururwrad BN+ 6vL6L I8¢ 0 S60€° TSP SFONTH"D 9

QUIUIPLIODADS EN+ 8260C1 see €0 96¥¢ TSt ‘ON“"H*D S

surureq3ulg eN+ YrLEY vT€ 1'0- LYYE 89% FON“"H*D 14

V ourwuroq3urd S+ PEE]ET 80°¢ 60 867 C0S ‘ON*"H*D ¢

9pIXO UZONIU I[EN[E UISSne)) eN+ LEY908 LLT 00 ¥80¢"89% "ON*"H*D 4

SpIo[ey[Y

( ULISYIUesIYOS BN+ I+ 786681 4N 61 9T€T°6SS *O*HD I

sueusI|

paynuapy sjonppy spuodsay] (urwr) owmn (equ) Z/W PIAISQQ B[NULIO] K103912D)
UONuUIlaI PaAIdSqO JOII9 SSEIN

*JO[IUE JOA[OA UI SUIUAIOS SSBUW 9JBINOJE JUIMIISU0D Xo[dwod Jo sInsay ‘[ 9[qel,



QR 9p1s0dA[3 eIquIe-T-n-O-¢-¢-proe odols H+ 0£6€LT L9 SI- TE0Y'S09 ‘0”H*D €9
5 [sory JosuaIxy BN+ 189S¢ 3G ¥ TI1- 6£SEETS *0"H"D 9
spruomon(3-¢-¢ oudgodoseLog eN+ ‘H+ SPETT 6t as 6€17°S€9 S0*H”*D 19
19183 [Ayjow proe 3s0y S+ 6S8CC oc'y e LYTE 1S *0"H'"D 09

p1oe 210-8¢-U
AIP-(67)0T T 1 -UBLAOIOUIP-()¢’ HT-AXOIPAYLIL-¢ T It ¢ H+ 88¢eP | 0¥ 91~ 680€ 6SY ‘O H*D 6S
proe o10e[03Kyg H+ €L819C 6T Y L1- 0S€€°€0S *0"H"D 8¢
11 uruodeseqre[og BN+ 9T0vL 96'¢ 00 €L6E° LS9 *O¥H*D LS
V opisojeuIn) eN+ SLLLE 6L€ S1- 6£SE 119 SO“H™D 96
eA[ uruodes nsjasnyIyo-as0on[32( eN+ 0190¢ LLE L1- 66LE'SS9 *0*H*D SS

2 proe JIjouB[0-9pI
m souerkdourqere-1-n-(g«1)-oprsoueikdoiAx-q-g-O-¢ EN+ TSILT SL'E €T 81t €L "O"H"D S
& [UUCHERR (MR | eN+ LEVES we Il €0EESSS ‘O"H'D €S
m souadianiy,
“ 1£x0yIowW-g7 7 [0Sy H+ 801€T €8'L 81 S06¢ S0S ‘0“H"™D (S
@ [01)s3[0YD eN+ 6v091 I18°L 9C- SI¥E 601 O"H*D IS
2 9pISOIN[3-¢-[01NSNYSH-L H+ TLTLY L L1 6T €6S ‘0"H*D 0S
A proe o1joyoAx0a( H+ v8¥C6 L69 1'e 6L6T €6€ "O"H"™D 6¥
m oprso[Axjousgiwr) H+ S6£8T 699 8 1- 086€° 179 S0*H*D 8t
m unnadoufrewno)-d-Q-11 H+ €8TLT LT9 9 907 68S "O*H*D Ly
& V uruaginamy eN+ 168%¢C 209 €T 6LSE L6V "O"H"D 9t
m urua3o31y, S+ BN+ Y166€ 009 60" YLIE 6EY ‘O""H"D S
= 3s0joe[e3--q-¢-0-¢--AX0I1pAy-¢ auo-g [ -ueisondg H+ LSO9Y 96'S 9¢- 8Y9€°€6S ‘O“H"D 144
2 d dpisonqui, BN+ LOLY1 8S'S 8T €ELE GRS ‘0"H"D £
= g uruodesoginomy) eN+ 8L20¢ ¥$'S T 200t 629 SO*H™D w
= 9)e)008-7 [0SV H+ TTS91 [4S 70 8L9€°TES *0"H*D 5%
@ 9pISOIqONUST-)-¢-[01)S0)Is-( eN+ 90TStH ws ¢1- 86LY 9L "O"H"D ot
m [013)s00nEB(] H+ TIISI €S 80 SSHYLLS *0"H*D 6¢
m D uruagnom) eN+ 7997€ €6 01- ¢ 18Y ‘O"H"D 8¢
= D PIoE eIIPIOWOIN H+ 0S¢€€S €S 80" 166T TH¥ "'O"H*D LE
V PIOB BIIPIOWOIA H+ LLYOET LY €0 8CTEELY ‘O"H"D 9¢
D utrewesnly H+ €0TTLE oLy 0c 99L£'19S ‘O¥H™D ¢
V proisys [esun, H+ $0S090¢ Se'y 6'1- 8YEC6LY *0"H*D 123
PIOE JI[OYdAX03pOUYD) eN+ ¥TL]S 0oc'y 01 6T8TSIY "O"H™D €¢
mnmuu H OpISOuryouesax H+ LTLY9 €Ty 8- L6EY 6L9 "OH¥*D 43
MM paynuapy sjonppy spuodsoy] (urw) own (equ) Z/W PIAISqQ B[OULIO] K103918D)

Wm UONU)AI PIAISqQ JOLID SSeIA

‘panunuo) T AqeL,



https://www.spandidos-publications.com/10.3892/etm.2019.7372
https://www.spandidos-publications.com/10.3892/etm.2019.7372

ZHANG et al: PHOSPHOLIPIDS IN VELVET ANTLER

3794

9)eIed)SOUOIA [A100A1D-g M+ ‘H+‘eN+  TI9€9¢ $6'S o vL6T 18€ "O“H"D L8
aerepud(IAxoyiAyie-g)id M+ ‘H+ “eN+ €96L6 £Y To- 099T €1¥ "O*H™D 98
unrwedouow 3+ ‘H+ BN+ L80EIS oLy S0 L99T €5€ "O*H'D c8
UIS[OUT[OUOIN-T H+ 8.859 0g'¥ SI- 878T'SS¢E "O*H"D 8
apereyyyd [fidey-u-1q H+ £96L98 (487 1'e- 60ST €9¢ "O"H*D €8
SIS
Quoge[Issn, H+ (43233 61°¢ €T 9SHT 6LE ‘O"H"D 8
H Quoe[esiN H+ €LOVY 96'¢ T 81T STy SO“H"D 18
A [e)doRIAYIESIN H+ 88TEL €50 I'e- 0TT €6€ *O“H"D 08
ULI)Y03[1] H+ Treoe 61°¢ T S61TSEe "0"H"D 6L
ueIngIpunoy H+ 76661 90°'S 0C 01ST €9¢ "O"H*D 8L
d UI[OJLIRNA H+ 881898 9L'€ Le SOLT LOY ‘O*H"™D LL
uoue
1ad1uo1oukXoIpAY-1, 1 -(Ax0[A0U01010-S1O-[AYH-€)-g L H+ 91811C € 9T LYET 6V "O“H'D 9L
apisouadIIpati H+ LT6EY 19°¢ I'e- L98T LEY ’0"H*D SL
ououenadruojou-7-oIpAyap-41¢¢-(Axo
[A1£mng-[Ayow-g)-n [ -(Ax0[A0u0)01d-SIO-[AYIF-€)-g L eN+ TEE1L 4 70 S19T €St ‘0*H"D L
[ouadur]£120e-Q-(g-(JAOUAIPEIIP-Z HT)-0-¢ eN+ #0E9 96'C 91- LS8T'1TS *0“H"D €L
sprouadiay,
[oLnouerjaw H+ “eN+ €LYEE 1€ v LOSEETS ‘0"H"D L
Vv [osteAxodg-¢.1°deT EN+ SLEIT (7 SP- SSPE6TS ’0"H"D IL
apisnaoJIwI) H+ oLl Sty L 6SSt'ST8 “'O"H"D 0L
NG p1oe 91001104 eN+ 8L7TS YOy 0C €TECISS *O"H*D 69
urunpan H+ €8LLS 14N L1 Y6£T €8Y ‘0" H*D 89
auoudsnuly H+ 96¥C1 00'L I'l- LOLE ST O¥H"D L9
proe
O10-8Z-UAIpLULd[0-(8 )¢ [ [-0X0-¢-AXOIPAH-D[T H+ 9S¥09 0S9 9C 987€ 697 "O"H"D 99
0¥pisoueappey eN+ $900€¢ €0'S 1 1€6€° 119 ‘O”H"D 9
pIoy d1uagesde[0)kyd H+ 920£TT YL €I- 11SELIS *0"H"D 9
paynuapy sjonppy spuodsay (urwr) dwn (equ) Z/W PIAIISqQ B[NULIO] K103918D)
UOTNUIIAI PIAIISqQO JOLId SSBIA

"panunuo) ' AqeL,



3,53 4 05

1.00

2.00 3.00 4.00

EXPERIMENTAL AND THERAPEUTIC MEDICINE 17: 3789-3799 2019

3795

Time

5.00 6.00 7.00 8.00 9.00

Figure 2. Ultra-performance liquid chromatography coupled with electrospray ionization quadrupole time-of-flight tandem mass spectrometry BPI chromato-

gram of velvet antler extract.

automatic sampling bottle prior injection of 5 xl methanolic
solution into the UPLC system. Internal standards with were
added to the antler powder to allow commenting on the extrac-
tion procedure. The mean recovery rates were in the range of
90-110%.

Qualitative determination of MPC, DPC and POPC in
EVA samples by UPLC/QTOF-MS/MS. The MS data of
the 3 phospholipid standards were initially assessed using
either ESI or the atmospheric pressure chemical ionization
(APCI) mode. ESI was selected as the ionization mode
for the present experiments as it provides greater analyte
responses than those achieved with APCI. Furthermore, high
ionization efficiency was observed under ESI conditions
when monitoring the signal in positive ion mode. Following
instrument parameter optimization to achieve the highest
sensitivity and lowest background noise for the protonated
molecules of MPC, DPC and POPC, the ion transition (m/z)
468.30—184.07 was selected for the quantification of MPC,
m/z 678.49—184.10 for DPC and m/z 760.58—184.07 for
POPC (Fig. 1). Other UPLC and MS conditions were the
same as those aforementioned.

Method validation of phospholipid quantitative detection.
The method of quantitative phospholipid detection was
fully validated according to the guidelines set by the US
Food and Drug Administration. Specificity was tested
by inspecting the solvent used in each validation run for
interfering peaks. The calibration curve was determined
by plotting the peak area vs. the corresponding concentra-
tion of injected standards. The limit of quantitation (LOQ)
was the concentration that exhibited an identifiable and
reproducible analyte peak (response) with a precision
of 10% and an accuracy of 90-110%. Additionally, the
analyte response at the LOQ should be at least ten times
the response of the blank sample. Intra- and inter-day
precision and accuracy were determined from 6 replicates
of the QC samples analyzed on the same day and on 3
different days. At each concentration, acceptable preci-
sion (repeatability) and accuracy were defined as the
relative standard deviation (RSD) of <10% and a relative
error within +10%. The sample recovery was calculated
at three different concentrations by comparing the peak
areas of the sample and the peaks in samples spiked with
standard. Short- and long-term stability were investigated

by reanalyzing the quality control batches following storage
at -20°C for 30 days and at room temperature for 12 h,
respectively.

Results

Characterization of velvet antler complex constituents. A
total of 87 compounds in velvet antler were identified or tenta-
tively characterized. These included: 1 lignan, 30 terpenoids
(including 20 triterpenes), 39 steroids, 8 alkaloids, 4 organic
acids and 5 esters (Table I; Fig. 2). The compounds were
identified based on accurate mass measurements, tandem
MS behaviors, database matching and comparison to refer-
ence standards, considering all data reported in the literature.
The advantages of using UPLC for the analysis of samples
with complex components (including enhance separation
efficiency and higher peak capacity) are fully demonstrated
here, for example via the shorter chromatographic peaks
(Fig. 2). Enhanced separation efficiency (sharper chromato-
graphic peaks) and higher peak capacity were observed in
the analysis at 10 min. The raw data includes the molecular
weight of the compounds and the respective fragment ion
information, which may be matched to the TML for in-depth
ingredient analysis and structural identification (Data not
shown).

Velvet antler phospholipid identification. A customized library
was constructed to verify the identity of velvet antler phos-
pholipids on the basis of previously reported data (16,21-24).
A total of 45 phospholipids were added to the custom library
with details including compound name, chemical structure
and chemical formula. As a result, 16 phospholipids were
identified or tentatively characterized from the velvet antler
extract. These data, including retention time, formula, mass
error, adducts and compound names are presented in Table II.
The use of mass spectrometry-based approaches alone is insuf-
ficient for the identification of complex botanical chemical
components (27). Therefore, the present study utilized refer-
ence standards to validate these compounds, enhancing the
accuracy and reliability of the results obtained. The standards
of MPC, DPC and POPC were assayed under optimized condi-
tions and their spectra and chromatograms were compared
with those of the EVA samples. The results confirmed that
MPC, DPC and POPC were present in the EVA. The chro-
matograms and spectra are presented in Figs. 1 and 3.
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Table II. Identification of velvet antler phospholipids.

Mass  Observed
Observed  error retention

No. Formula m/z (mDa) time (min) Adducts Identified
1 C,sHg, 0P 905.5428  -8.8 2.30 +K L-alpha-Phosphatidylinositol-4,5-bisphosphate
2 C,,H,(NO.,P 468.3084  -0.1 2.77 +H 1-Myristoyl-2-hydroxy-sn-glycero-3-phosphocholine
3 C, HyNaO,P  459.2481 -0.1 3.38 +H 1-Oleoyl-sn-glycero-3-lysophosphatidic acid sodium
salt
4 C,Hs,NO,P 5243714 03 4.03 +H B-Acetyl-y-O-hexadecyl-L-a-phosphatidylcholine
5 C,H,;NaO,,P 8354824 -38 4.18 +K 1,2-Dioleoyl-sn-glycero-3-phospho-rac-(1-glycerol)
sodium salt
6 C,Hg,NO, P 814.5507 -6.1 4.19 +Na Phosphatidylserine
7 Cy;HggNOGP 6744082  -7.5 422 +K 1,2-Dimyristoyl-sn-glycero-3-phosphoethanolamine
8 C,HgNa,O, )P 861.5002 0.8 432 +K 1,2-Distearoyl-sn-glycero-3-phospho-rac-glycerol
sodium salt
9 C,HssNOGP 5803977 04 434 +H 1,2-Dilauroyl-sn-glycero-3-phosphoethanolamine
10 C,,Hg,NOGP 760.5794  -5.7 4.58 +H 2-Oleoyl-1-palmitoyl-sn-glycero-3-phosphocholine
11 C;H,,NOP 7164543 -84 4.60 +K 1,2-Dimyristoyl-sn-glycero-3-phosphocholine
12 C,,Hg NOGP 780.5484  -29 5.26 +Na L-A-phosphatidylcholine
13 C;3yHeOsP 697.4815 1.2 5.37 +H L-a-phosphatidic acid
14 C;sHyNa,OgP 6934433 -09 549 +H L-B,y-Dipalmitoyl-L-a-phosphatidicaciddisodium
salt
15 C,HgNOGP 790.6295  -2.5 6.02 +H 1,2-Distearoyl-rac-glycero-3-phosphocholine
16 C,4oHgNOGP 7725217 -3.7 7.01 +K (18R ,21S)-24-Amino-21- hydroxy-21-oxido-15-oxo
-16,20,22-trioxa-21\5-phosphatetracosan-18-ylicos
anoate
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Figure 3. Tandem mass spectrometry chromatograms of the phospholipid standards and velvet antler extract. The results for (A) MPC standard, (B) MPC in
EVA, (C) DPC standard, (D) DPC in EVA, (E) POPC standard and (F) POPC in EVA are presented. MPC, 1-myristoyl-sn-glycero-3-phosphocholine; EVA,
extract of antler velvet; DPC, 1,2-dimyristoyl-sn-glycero-3-phosphocholine; POPC, 1-palmitoyl- 2-oleoyl-sn-glycero-3-phosphocholine.
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Table III. Quantitative detection of MPC, DPC and POPC in the extract of velvet antler.

Phospholipids Calibration curve 2 Content of phospholipids in velvet antler
MPC Y=7362.7X+21137.8 0.9996 1.07+£0.02 ugl/g
DPC Y=39811.5X+78542.2 0.9992 7.05+0.52 ng/g
POPC Y=1653604.2X-53602 .4 0.9998 18.81+£0.55 ng/g

MPC, 1-myristoyl-sn-glycero-3-phosphocholine; DPC, 1,2-dimyristoyl-sn-glycero-3-phosphocholine; POPC, 1-palmitoyl-2-oleoyl-sn-glycero-

3-phosphocholine.

Table IV. Intra- and inter-day accuracy and precision of quality control samples.

Inter-day (n=6)

Intra-day (n=3)

Samples Concentration (¢ g/ml) Precision (RSD%) Accuracy (RE%) Precision (RSD%) Accuracy (RE%)
MPC 10 4.1 2.1 59 32

20 35 -3.6 4.5 2.5

30 2.8 -1.8 4.1 2.9
DPC 5 1.8 2.5 39 2.3

10 1.6 2.0 3.7 -4.0

20 1.2 -1.8 5.6 33
POPC 15 34 2.7 6.5 -4.5

20 3.6 32 55 24

30 2.7 -3.3 5.1 2.8

RSD, relative standard deviation; RE, relative error; MPC, 1-myristoyl-sn-glycero-3-phosphocholine; DPC, 1,2-dimyristoyl-sn-glycero-3-phos-

phocholine; POPC, 1-palmitoyl- 2-oleoyl-sn-glycero-3-phosphocholine.

Quantitative analysis of MPC, DPC and POPC in EVA. The
linearity, LODs, LOQs, precision, repeatability, stability and
recovery of MPC, DPC and POPC were determined using
the optimized UPLC/QTOF-MS/MS method. The calibration
curves of each are presented in Table III. The results demon-
strated that the correlation coefficients were all >0.9995,
indicating that good linear correlations were achieved. The
RSDs of the intra-day and inter-day precisions were deemed to
be acceptable (Table IV). The results of the repeatability and
stability tests, and the mean recovery rates were also deemed
to be in the range of 90-110%, indicating that the qualitative
method was accurate, reproducible and reliable for the assess-
ment of MPC, DPC and POPC in the EVA.

The aforementioned UPLC/QTOF-MS/MS analytical
method was subsequently used to quantify the three phospho-
lipids present in the EVA samples. Each standard was analyzed
in triplicate and each sample was analyzed once to determine
the average content of the constituents. The analytical results
are presented in Table III. The results demonstrated that there
was 1.07+0.02 ug/g of MPC, 7.05+0.51 ng/g of DPC and
18.81+0.55 ng/g of POPC in the EVA.

Discussion
The chemical composition of velvet antler was determined

in the present study using the UPLC/QTOF/MS method
combined with UNIFI software for component screening.

Compared with traditional identification methods that require
long and complex purification procedures and structure iden-
tification by nuclear magnetic resonance (NMR) and mass
spectrometry, the method used in the present study is simple,
fast and easy to operate. Although the results of component
screening are based on the mass ratio of parent and fragment
ions and not NMR data, this method remains important for
the estimation of velvet antler composition and for providing
reference values, particularly for the use of velvet antler in
combination with various clinical drugs.

Velvet antler has been demonstrated to exhibit various
anti-osteoporosis (29-31) anti-fatigue (32,33), anti-inflamma-
tory (34,35) and anti-cancer (36) effects, which are commonly
associated with the chemical components of velvet antler. The
identification velvet antler chemical components determined
in the present study may facilitate further assessment into its
bioactivity and functional mechanism.

The qualitative and quantitative detection of phospholipids
in velvet antler was performed in the current study, which
revealed that 16 phospholipids were present. The content of
MPC in velvet antler was highest among the phospholipids and
thus likely contributes to its biological effects, particularly that
of anti-oxidation (37).

The phospholipids in velvet antler have been reported to
have various biological actives, for example proliferation
activity on spleen cells, and they are the subject of increasing
research interest throughout the world (38). Herein, a
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systematic, sensitive bioanalytical UPLC/QTOF-MS/MS
assay was developed to determine the content of phospho-
lipids in velvet antler; this method will facilitate the quality
control of velvet antler and can be widely applied in clinical
settings.

The analysis of phospholipids in velvet antler using
UPLC/QTOF-MS/MS has been demonstrated to be a suit-
able strategy for biomarker discovery (18,21,23). A total of
16 phospholipids in the EVA samples were identified and
three of these compounds were quantified. The current data
revealed that the content of phospholipids was low in the EVA
samples, hindering their detection by certain commonly used
methods, including high performance liquid chromatography
with UV detection. The method of UPLC/QTOF-MS/MS
described in the current study adequately addressed this
problem as this quantitative method exhibited great advan-
tages in terms of ease of sample preparation, excellent
recovery and high sensitivity. To the best of our knowledge,
the lignans, alkaloids, organic acids, steroids and terpenoids
identified in velvet antler were detected and tentatively
characterized for the first time using the UNIFI platform.
However, further pharmacological studies are required to
explore the associations between velvet antler components
and bioactivity. This may advance its application in clinical
settings.
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