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Abstract: Objective Optimizing the extraction process of deer sinew, conducting a thorough analysis of the chemical composition
of'the extract, and evaluating its anti-inflammatory and analgesic activities, in order to provide scientific basis for practical applications.
Methods Taking the yield of deer sinew extract as index, the ratio of material to liquid, extraction time and the size of deer sinew as
optimization factors, the best extraction process of deer sinew was obtained by single factor experiment. The chemical components of
each extraction layer of deer sinew extract were analyzed using ultra-high performance liquid chromatography-tandem mass

spectrometry (UPLC-MS/MS). The in vitro anti-inflammatory activity of deer sinew extract was studied using an lipopolysaccharides
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(LPS)-induced RAW264.7 inflammatory model, while the in vivo anti-inflammatory and analgesic activities were investigated using
acetic acid-induced writhing experiments in mice and xylene-induced ear edema experiments in mice. Results  The optimal extraction
process for deer sinew involves a material-to-liquid ratio of 1:40, an extraction time of 6 d, and a deer sinew size of 60 mesh, resulting
in an extract yield of 12.05%. Through database comparison, it is speculated that the extracts of deer sinew contain 38 chemical
components such as isovanillin, a-linolenic acid, cytosine, etc. Combined with the results of network pharmacology, it is speculated
that dendrobine, isoferulic acid, curcumol, capsaicin, hyperoside, maslinic acid have anti-inflammatory and analgesic effects. Deer
sinew extract significantly inhibits the secretion of inflammatory factors nitric oxide (NO) and interleukin-6 (IL-6) in LPS-induced
RAW264.7 cells, as well as significantly suppressing acetic acid-induced writhing and xylene-induced ear edema in mice. Conclusion
The optimized extraction process for deer sinew, the chemical components identified through UPLC-MS/MS analysis, and the related
anti-inflammatory and analgesic experiments conducted in this study provide important data support for the further application of deer
sinew in health care aspects such as anti-inflammatory and analgesic effects. This research offers a new development path for the
abundant deer sinew resources in Northeast China and other regions.

Key words: deer sinew; extraction process; UPLC-MS/MS; anti-inflammatory and analgesic activity; isovanillin; aleuritic acid; 6-

gingerol; a-linolenic acid; methyl hexadecanoate; vitamin D3; cytosine
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Table 1 Single factor experiment design and results on

deer sinew extraction process

.- RER B FERh 5/ %ﬁ'::Hx /‘7;%%
K/NHE mL  E/d BRI%
1 60 1:60 10 600 6 12.1240.39
2 60 1:50 10 500 6 11.5240.64
360 1:40 10 400 6 12.05%0.86
4 60 1:30 10 300 6 9.8640.61
5 60 1:20 10 200 6 10.28+0.48
6 60 1:40 10 400 2 10.25+0.83
7 60 1:40 10 400 4 10424044
8 60 1:40 10 400 6 12.05+0.86
9 60 1:40 10 400 8 11174147
10 60 1:40 10 400 10 11.84+2.07
11 60 1:40 10 400 6 12.05+0.86
12 40 1:40 10 400 6 5.87+0.13
1320 1:40 10 400 6 3.82+0.80
14 10 1:40 10 400 6 3.29+0.20
15 Hidf 1:40 10 400 6 3.16+0.19
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Fig. 1 Total ion chromatograms of petroleum ether layer, ethyl acetate layer, n-butanol layer
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Table 2 Chemical composition analysis results of petroleum ether extraction layer of deer sinew extract based on UPLC-MS/MS

gy W TWBTRE D) BE ey a7t ‘ i
min  FSH SEIME (X1079) I B4
1 3.87 153.05462 153.05476 0.93949 93.034 16,125.060 21 CsHsOs  F&HEZR isovanillin
2 10.02 137.05971 137.05986 1.096 09 109.065 32 CeHzO2  TI&EME anisic aldehyde
3 18.08 264.19581 264.19580 —0.034 89 218.190 64 CiH2sNO2  £7 ik dendrobine
4 2020 195.06519 195.06541 1.15053 163.039 15 CioHi004  SEFTFLRR isoferulic acid
5 2023 163.03897 163.03905 0.47376 107.049 45 CoHeOs  7-}23EFEE  7-hydroxycoumarin
6 21.00 209.11722 209.11746 1.15800 121.065 23 CioHisOs -4l fisi 0-asarone
7 2447 207.10157 207.10178 0.99528 189.091 29 CiHiuOs LB ] &Ml isoeugenol acetate
8 2450 225.11214 22511223 0.39266 225.11259 CioHi60s | F#E pogostone
9 2670 303.217 70 303.21765 —0.16039 171.10147,267.196 41 CieHOs  %XHHiRR aleuritic acid
10 29.51 293.17583 293.17563 —0.68675 177.090 67,236.104 68 Ci7H260s  6-Z) 6-gingerol
11 31.96 219.17434 219.17439 024045 121.06522,177.12772 CisH20  D5a4Hd aristolone
12 33.38 315.25408 31525360 —1.519 17 297.242 98 Ci7H3402  KRHARR S methyl hexadecanoate
13 3722 279.23186 279.23190 0.15427 95.086 17 CisH3002  o-TEJHRFR o-linolenic acid
14 3821 41532067 41532062 —0.12599 211.149 19 CoHa0s  EHHEER diosgenin
15 4026 295263 16 29526349 1.11348 95.086 18,263.23770 CioH3s0> VIR H g methyl linoleate
16 42.56 385.34649 38534653 0.09628 107.086 10 CyHuO 4R D3 vitamin D3
17 45.14 112.05054 112.05094 3.58291 95.024 63 C4HsN;O  fomsng cytosine

F 3 ETF UPLC-MS/MS FEFHZIMIBEER CEEZE BB W FE R D TSR

Table 3 Chemical composition analysis results of ethyl acetate extraction layer of deer sinew extract based on UPLC-MS/MS

gy W IATRE ) R TERERS TR \ A
min PRISE SIEE (X1079) 34 WA

1 255 153.05462 153.05484 1.43797 93.034 19, 125.060 10  CsHsOs REZER isovanillin

2 20.88 209.11722 209.11752 1.44987 121.065 12 Ci2Hi6Os -2k o-asarone
32312 15111174 151.11197 1.51540 105.070 50, 133.101 53 CioHisO  E950 perillene

4 2369 22511214 225.11255 1.81611 225.111 08 CioHi0s | #E pogostone

5 2433 153.12739 153.12761  1.43183 97.065 36,109.101 82  CioHisO 1%/ camphor

6 2460 231.13796 231.13817 0.901 34 157.101 04, 185.13284 CisHis02  FHARNE I atractylenolide I
7 25.00 249.148 52 249.148 74  0.893 75 145.10173,231.13820 CisH2003 /NAZHMEE  parthenolide

8 2579 132.10191 132.10220 2.22078 86.097 21 CsHisNO»  L-TE R L-leucine

9  26.61 166.12264 166.12277 0.79590 93.070 57 CioHisNO  KZZ 2 hordenine

10 2677 305.23225 30523239 046311 215.18051,251.20024 CisH»0s  LRAHE aleuritic acid
11 27.10 237.18491 237.18507 0.69082 135.116 87 CisHaaO2  ZEIEEY curcumol

12 27.16 251.20056 25120064 0.30978 191.180 04,215.179 72 CiHs02  FHEIHNEE  clareolide

13 29.05 42632140 42632172 0.74195 273.18591,355.263 73 C2aHaoOs  HIR cholic acid

14 2941 193.12231 193.12260 1.52427 91.05495,137.060 10 Ci2Hi602  VE)IIZ NS A senkyunolide A
15 29.55 293.17583 293.17560 —0.790 84 177.090 82, 236.104 87 Ci7H2s04  6-3EM) 6-gingerol

16 3025 279.23186 27923212 0.91930 95.086 20 CisH3002  o-TEJFRR a-linolenic acid
17 3277 30620637 30620679 1.36218 137.060 47 CisH»NO:  #ifE capsaicin

18  33.45 315.25408 31525369 —1.22876 297.243 71 Ci7H3402  FRHEFEFlE  methyl hexadecanoate
19 4258 38534649 38534677 0.729 84 107.086 03 CyHusO 44K Ds vitamin D3

20 4432 34524352 34524292 —1.73813 301.253 14 CoH03 AR ginkgolic acid C15:1
21 45.10 112.05054 112.05097 3.85527 95.024 66 C4HsN3O g cytosine
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Table 4 Chemical composition analysis results of n-butanol extraction layer of deer sinew extract based on UPLC-MS/MS

gy W IATRE ) B TEHERS AR . LR
min  HipHE SEfE (X1079) R4 B4
1 1.09 162.11247 162.11255 0.48626 85.029 14,103.039 54 C7HisNO; /AR JiT L(-)-carnitine
2 1.15 132.10191 132.10204 0.950 19 86.097 12 CsHisNOz  L-ZH R L-leucine
3 139 124.03930 124.03956 2.08330 80.05025,96.04504  CeHsNO»  JHE nicotinic acid
4 1.40 243.06226 243.061 69 —2.33979 200.055 25 CoHi2N2O6  JRTF uridine
5 2.07 153.05462 153.05478 1.03919 93.034 10, 125.060 01  CsHsOs REZER isovanillin
6 1123 609.146 11 609.14600 —0.186 99 300.027 50 CoH30016 A1 rutin
7 11.72 463.08820 463.088 13 —0.140 87 255.16391,301.053 10 C21H20012 422 BktF hyperoside
8 17.54 191.106 66 191.10701 1.83085 91.054 84,145.101 41 CioHiO2 T FEHEAL 3-n-butylphathlide
9 23.08 151.11174 151.11194 1.31344 105.070 46, 133.101 49 Ci1oH1sO )% perillene
10 2426 153.12739 153.12758 123254 97.06553,109.101 68 CioHisO  Hfigi camphor
11 24.88 249.148 52 249.148 80 1.13872 231.13745 CisH200s  /NEZHNBEE  parthenolide
12 2653 166.122 64 166.12288 1.438 87 93.070 59 CioHisNO K0, hordenine
13 26.77 30523225 305.23212 —0.436 72 251.200 68 CisH»0s KRR aleuritic acid
14 27.08 237.18491 237.18491 —0.016 84 135.117 08 CisHuO2  ZEHE curcumol
15 28.96 407.28030 407.27975 —1.339 03 289.216 89, 343.265 08 C24H40Os cholic acid
16 29.53 293.17583 293.17572 —0.37447 177.090 56,236.104 77 Ci7H60s  6-3H} 6-gingerol
17 30.83 47134689 471.34756 1.43142 407.33127 C30Ha04  18B-HE IR 18B-glycyrrhetintic acid
18  30.87 489.35745 489.35770 0.50379 205.159 06,407.331 12 C3HssOs  FHE R asiatic acid
19 3338 315.254 08 315.253 63 —1.42237 297.243 59 Ci7H340:  FEMHERFFBE  methyl hexadecanoate
20  34.92 294.20637 29420657 0.691 64 137.060 00 Ci7H»NOs HiHE nonivamide
21 3530 473.36254 47336301 0.98570 203.179 84, 409.347 90 C3oHssOs  LLIAERE maslinic acid
22 3724 27923186 279.23218 1.13789 95.086 28 CisH3002 -V R a-linolenic acid
23 44.10 38534649 385.34653 0.09628 107.086 14 CHuO 4R D3 vitamin D3
24 4429 34524352 34524353  0.02976 301.253 05 CnHu0: R ginkgolic acid C15:1
25 4510 112.05054 112.05093 3.51482 95.024 70 C4HsN3O  Humgng cytosine
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P P b e T B PR ZE RS A 3@Id Cytoscape
3.10.1 BATEE R HAR A i AL R 2% 1] . 45 5 LA
20 EIREREIE Y 91 MEG R W EOITE
W& ZERUES 25 ME2ERSr s AR R E

MEZERZ, “A7 REAMEE, “2” RERER
LlEZE, “IE” REBIETEZ, “fH 2”7 REA M
JZRIBETR .82 ASEE, “ ZOE 7 ARRBE R .12 A
ETEZHACE, “fACIiE” REAMEZ . R L
RIZFIE TEEENAC4E; A6 TINAREH TS
JET . AW EAERT 10 B9k R 20 T 9 Bk
F.6-LMy . FT L o e LR R T EWEE. o-
TEFRER - AFAERR R . BT 2RIR . MR L2
WA DA _EAL SV N SIS TR B A S BT -

2.3 RERTEBI AR SER LR

231 LPS FHSFH/NREAZ BRI A L RAW
264.7 4 JRE LI F ST K R SR EU 6 I NO
MIL-6 ZEMFm  BUSEAE K RAW264.7 41
M, BL1X103AN/mL 1% FERR T 96 fLARH, A&
H 10%a4-17E (FBS). 1%Pi4& (10000 U/mL
HH 210000 pg/mL ¥ % % D) DMEM (dulbecco’s
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Fig.2 Network diagram of anti-inflammatory effect targets-chemical components from various extraction layers of deer sinew

modified eagle medium) 58 &35 FRFL AT HE 7% . 54
R 37 Cy CO2IREEN 5%. 240 [/ dI4h 24, 4%
BN A e IR, B (LPSH+
SEAEFREE M) . A (254 LPSH e 4 Es
FRIEAUMD) . BT IR AL (B & PTAR+LPS+ 58 4
BRI R+, B 3 AR AL, LPS R E R E
N1 ug/mLs 2254 IR Al E N E . P K
(25.00- 12.50. 6.25 mg/mL); PH: 245 =] U b7 1%
FREIRE A 25.00 mg/mL. 259009 “2.17 Tl T
ST 2 N IR = RS .

Y574 24h 5, AT FEE BIE, @ —E b
G MR SN NO & &5 @il IL-6 ELISA &l
AEAN IL-6 &, 45k s frr. 55A4
FIEL, HEAHANME NO 2R B, ZR7A
B4R (P<0.001); SHEAAMLEL, B
BE . P RS R AL B 25 21 40 i NO 4>
WEHE TR, ZREAEgE L (P<0.001).
gt R LPS nf (24N NO 4 Wb & 3 hn;
G 33 P A0 B 2 25 5] =] S AR (2 ik 40 NO
gy, RS B EU AN AR F S 305 R 1

5 A, RGN TL-6 43 i 20
#ahn, Z5RAEA GRS (P<0.001); H5HHAH
FHEG, REMRE . . RS IR R P 24

®5 REAGIREVIRS LPS F55H) RAW264.7 4R ERRE
1 NO F1IL-6 S=MIF M (X+ts,n=23)
Table 5 Effect of deer sinew extract on contents of NO and
IL-6 in LPS-induced RAW264.7 cells inflammation model
(Xxs,n=3)

HH FE/(mgkg") NO/(umol-mL™") IL-6/(pgmL™")

=H - 20.39+0.56  3.34+0.14
LAY - 58.24+3.12"" 14.65+0.49"
BH P24 200 18.76 £0.44"* 9344091
JE IR 200 14.97 +0.08"# 6,87 +0.40%#
100 17.70£0.16%# 9.6340.77##
50 22.79+0.40%# 10.56+0.22%#

HRRMAR: ""P<0.001; SEBALLR: #P<0.001.
**P <0.001 vs blank group; *##P < 0.001 vs model group.

YA IL-6 /Wbl B TR, ZRBEAgIHE X
(P<0.001). %L, LPS nl 5 E(Eit4M IL-6
YU RGN R A SR ) AN BH A 24 R =] DU AR T R
EHH M NO b, HE SR FH 230
A o
2.3.2 RSN RUE AR B g T K RE PR ELY)
PN B IKEE  EOm R S L s R IL-
6. IL-1B. TNF-o & &5

(1) 777k B30 HOICR HEME/NR P2 T A
W1 RGN NSRS, RN R BN N 5 H,
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FIEH BHPEZGA (BTRIVCHRD K RE P m . .
s, HH6 . BRI, . KilE
IR 257 B 73514 200, 100, 50 mg/kgl22l; FHE:
UL PRI R ULAK 200 mg/kg2324; 25 (AR ZH 25
TEEMAEEIK: ig4%), 10mL/kg, %S 7d.
RIREGZi 1 h G, HBBEIREL 2K 50 uL 2218
15 i T % 2H /N B B, A5 BRI R
TERE 30 min Ji5, SR SUMER A% AR BN BRL25-261,

(2D Bk BE AN EL i ik ) 2 . H B4R 6 mm [
TEATFLERAEH IR AL AT N e MBI E f, #K
HCH o 2 DA U5 e I 5 0 e A Ao 2.

EE MK P = 75 HE R — 4 H

i 1) 2 = (3 P 0 PR L i FEE — 4 24 4% 4L i
ik FEE )43 11 2L g 2

SRR 6 Fn. SRV, BRTEZ4 AN
FER PRI T AR B 20N BRI B SR
b, BRAF GRS (P<0.05. 0.01. 0.001);
JE PR R A E A R (52.68%) T
FHPEZG 2 (45.14%), 77 2 4 B ik 0 1) %Ry
26.78%, B E M IKINHI 2y 18.58%, JE i
H) &35 2 40 B B ) 26 2 A A G . 45
FH, fE—ERIET, Fla] VSRR B P B —
FR 2R S/ BRUCE I K 35 B B B IR A

*6 FEAFIREIN ZHREREBUNEEMBERRE (X,
n=26)
Table 6 Effect of deer sinew extract on ear swelling
induced by xylene in mice (X + s, 7 =6)

Hul FIEA(mgkg ) HMAKE/mg B IH 2%
TH - 1.054+0.90 -
AT - 9.15+1.46"# -
FH 1424 200 5.02+1.12"* 45.14
JE S HR H) 200 4.33+1.06"™" 52.68
100 6.70+1.16" 26.78
50 7.45+1.14" 18.58

HaEO4 kR #P<0.001; SHEBHLLLE: "P<0.05
**P<<0.001.

##p < 0.001 vs blank group; "P < 0.05 *P <0.01 *P<0.001 vs
model group.

(3) HE He ik Mg/ i iR B4 475 . B AL
AN 1 ANRAERBRIEH ., 1 4% KW
I 7 /N B H A TR B 0, SR E B B A
GUIATER RS CREI K . —HIRIE B AR, X H2H
AT A, Ui, B Sum. K45 HE Jt
BT EREAT SR R A, AN RS B ARG
AL, BN R ERR IR .
BTy IR MU, MRS, 45 R aE
3 . AHA/NRE AL R F %
ARSI AR AL, TR 2/ B B R K A

*P<0.01

100 pum
l= T FHEZS
JE R SR U AL BRI PR JEE A5 S U AU

B3 HEPREEANKEYIAE (HE, X20)

Fig.3 Pathological section images of ear tissues from various groups of mice (HE, x 20)

MM 5K, HHEREAERE; X TH%®
H/NREAHL, KMIG. MET IRAHE, R
AiER R IEMIREIRIE; BRI &, . K
A ZH /N R -2 43 A K i Rd 28 PR 4 s e B R A
ANFEIREFEIRES, Ui R B B A — e iR
YEM .

(4) ELISA VARl /N B4 219 IL-6. IL-1B.

TNF-o S8 ZAHE 3 J/NR AT AL E R
B, B0, FOREAR D9 B EIn N AR EEK,
FEATHEEE, H R 10%ZHZUR W, 2 )5 LA 3 000 r/min
B GEOFE 10em) 10min, WegE FIEW,
vt B 77345 il g AR IL-6. IL-1B+ TNF-a
MEE. GRNE 7 Por. SSAEM, HEH
/NEREAH R A TL-64 IL-1B TNF-o 2 & 8 B30,
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2R ARSI FE N (P<0.001); SHEAAMLL,
FEFPEI S T A TR R 2 A PR 25 2H /N B E 2
L IL-6 HEME NE, ZREGGIFFE L (P<
0.05. 0.001); SHIAIZHAHEL, 4 B mrf 24 |
rh 2 PR /N R EH 2 IL-18 S &R
I, ZREASE L (P<0.01. 0.001), (&5
sHILRENEEZR, SHEAHME, BRI,
o RS TR 2 R PH P2 A /N R ZH 2R TNF-a &
HEIE TR, 25 A40E L (P<0.01.0.001);
&8 T3 I R A B B % I A4 243 e ] TG AR ] B S 0
INRE AL IL-6. IL-1B. TNF-a 500, H B
SRS E FH 2 I A M
R7 RENRELHLEF IL-6. IL-1p. TNF-a 2
(X*s,n=3)
Table 7 Contents of IL-6, IL-1p, and TNF-a in ear tissue

of mice in each group (X +s,n=3)

15 billi=1) IL-6/ IL-1p/ TNF-o/
(mgkg") (pgml")  (pgmL™) (pgmL™)
A - 28.06%£202 7834+527 49153+10.12
A - 78.20£3.30™ 109.00+1.82"* 860.93+77.35™
B2 200 30.52+3.36"* 89.24+0.51% 52514+ 22 60"

FERFREUY) 200 30.2415.29%  84.10+4.34%# 511,20+ 28.33%
100 44.69+5.29% 96.32+£3.77% 621.86118.22%
50 6757+552% 108.53+3.63 760.38+41.87#
A i: "P<0.001; SHEEALLLE: *P<0.05 *P<0.01
##P<0.001.
"*P < 0.001 vs blank group; *P < 0.05 *P < 0.01 *#P <0.001 vs

model group.

2.3.3  EEERE0/IN BRI AR 6 57 K R A R B 1
PUBMCRIIT . R “2327 Til. Kk
25 1hJa, BHECHIFE 0.7%0K BRI IR X 4
H/NRAEAT ip, WA /N 20 min P H LA
B (RIUCAMEATEEZ MG . BB IEEk A
[0 5 B A sk PR S ) BIIRER, IS R %
i A . G5 RN 8 Fin. SREAAAHEL, FHME
RN IR B . R AR L) BB R LA
RHA RS, 25 A% R L (P<0.05.
0.001); FEAHHEEUY =7 S BUR R (44.53%) BEAL
TRHMEZGA (43.25%), HHIEHEIEEN 29.33%,
KA R ERE RN 16.48%, JE I &7 Ed
R RIAEM N, FRRW, E—EHET,
a] ] TR AN REE A5 B2 A %o B IR 5 | 2 P /0 BRCHL AR s
Y1 B B A A

/N BRHL R 52 87 0] 6 = (RSB AL LA S I8 TR B — 2 245 %
G 5SS B0/ AR 2 LA I S

*8 RBEFREINEERBUNRARR AR (X £s,
n=26)
Table 8 Effects of deer sinew extract on writhing response

in acetic acid-induced mice (X £ s, 7= 6)

HAERBIR B/ %

45 A E/(mgkg ™)

AT - 77.83+8.38 -
FH 24 200 44.17+8.09"" 4325
JE L) 200 43.17+6.80"" 4453
100 5500947 2933
50 65.00+9.59" 16.48

SERA LR *P<0.05 *P<0.001.
*P<0.05 *P<0.001 vs model group.

24 RS

R TZHM, FHLKES 3R, 4R0CF
BIME; PURBURIETER S, s S AR A E
n=6, HHLLx+sK/x; ¥KH Graph Pad Prism
8.0.2 BfF4: K, K IBM SPSS Statistics 26 {433
ITHIRIZR T Z W7
3 it

ALK H UPLC-MS/MS 77 7% M JEE i 12 B
I Z . BERR CBR2E . 1E T2 Hh e 5 &
2R o-RER . MBS 38 Fiib 2z pkisy, Hi
FER KB -2 o- TR « ERAER 1
YRR Ds MEMERETE 3 NEEEUZ A /A, HENIX
7 PR TERE T SRR S A A AL R
SRR, AMEEE AR, SRR, R
CBRIZMZEEEE. BMER, 1B TREERS 2P,
LA R S AT T AR R FH 28290 (EL M i B X
VSRR Z M aE FRESRkE, HELIEAH
AL TR o BT RGN, HEIN R PR 7 8 T 50
WiZkzitt, HEARGER . Fik, 7EE%LML
Bk, R0 AR SR EU BOR ) — S B AT
PR e I B BT, AT A I A AT

TEPESEIR A IR R, SRR LR, REA PR
YIiE (25 mg/mL) F1(12.5 mg/mL) i (6.25 mg/mL)
B4 I R S BT LPS 5 51 RAW264.7 41 48
FERE AL NO M1 IL-6 73wk, H 2FREAHCE. 2t
—BHIR A SEIR S TR, ARG 2570 R RE R
Yokt ZHIEBUNR B . BEERECN RHAIS A B
EADHIE, 1R B SR EUY B BRIP4 B
RO, e rp s R B T 2 B A A T BRI 24 ZEL (R
A UCHO; ELISA SRE0 45 FaR 8, R #R B v] B
MR JGHHH P KRR T IL-6. IL-1B. TNF-o [1) 5
&, IFHHEA RIFRIPIRICR.
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