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(Abstract]) Objective To investigate the effects of Ruxiang (Olibanum) and Moyao (Myrrha)—containing serum on chondrogenic
differentiation of bone marrow mesenchymal stem cells (BMMSCs) and its mechanism of action. Methods The whole bone marrow
adherence method was employed to isolate BMMSCs from the bilateral femur and tibia of rats, and the cell morphology was
observed and identified by flow cytometry. The CCK-8 assay was used to determine the optimal concentration of Ruxiang
(Olibanum) and Moyao (Myrrha)—containing serum for promoting BMSC viability. Tumor necrosis factor—o ('NF-) was used to induce
BMMSCs to establish an in vitro inflammatory microenvironment, and its effective concentration was determined by CCK-8 assay.
The BMMSCs were divided into blank group, TNF-a group, TNF—o+Ruxiang (Olibanum) and Moyao (Myrrhaj—containing serum group,
and TNF-acelecoxib group. Cells in each group were treated with 10 ngmL. TNF-a, 10% Ruxiang (Olibanum) and Moyao (Myrrha)—
containing serum, or 10 wmol/L. celecoxib. After the treatment, BMSC viability was measured by CCK-8 assay, apoptosis by TUNEL
staining, glycosaminoglycan deposition in the extracellular matrix by Alcian blue staining, and expression of chondrogenic
differentiation markers, including Sox9, collagen II (Col II), and aggrecan, as well as key proteins in the p38 mitogen-activated protein
kinase (p38 MAPK) signaling pathway by Western blot. Results The isolated BMMSCs were spindle— or polygon—shaped, neatly
arranged in a whirlpool-like pattern, positive for CD44, CD90, and CD105, and negative for CD34, CD45, and HLA-DR, consistent
with the BMSC characteristics. The viability of BMMSCs treated with 2.5%, 5%, and 10% Ruxiang (Olibanum) and Moyao (Myrrha)—
containing serum increased (P<005), while that treated with 20% and 25% Ruxiang (Olibanum) and Moyao (Myrrha)—containing serum
decreased (P<0.05); the BMSC viability treated with 5, 10, 15, 20, 25, and 30 ng/mL. TNF-a was reduced (P<0.05). Compared with
the blank group, the TNF-a group showed reduced viability (P<0.05), increased apoptosis (P<0.05), and fewer Alcian blue-stained
cells. Additionally, the relative protein expression levels of Sox9, Col II, and aggrecan were downregulated (P<0.05), while the ratios
of p—p38/p38 and p-JNK/JNK were elevated (P<0.05). Compared with the TNF-a group, both the TNF-a+Ruxiang (Olibanum) and
Moyao (Myrrha)—containing serum and TNF-o+celecoxib groups showed improved viability (P<0.05), reduced apoptosis (P<0.05), and
increased Alcian blue-stained cells. The relative protein expression levels of Sox9, Col II, and aggrecan were upregulated (P<0.05),
while the ratios of p-p38/p38 and p-JNK/JNK decreased (P<0.05). Conclusion Ruxiang (Olibanum) and Moyao (Myrrha)—containing
serum can promote the proliferation of BMMSCs in inflammatory environments and induce their chondrogenic differentiation. This
mechanism may be related to the regulation of the p38 MAPK signaling pathway.

(Keywords]) Ruxiang (Olibanum) and Moyao (Myrrha)—containing serum; bone marrow mesenchymal stem cells; chondrogenic

differentiation; tumor necrosis factor—a; p38 mitogen—activated protein kinase

HEMR] SR AR — R AR S BB IURTE R RS RS T ARG T T3P, SR, BUA 1A
B EARA TN E A SRR F IR IO Z ABRAEIR O | JOukAT ROv e A 1A] 2R
AR G ARAEAR PR S ME ) BB A e W WL IRSE AR BREERS . 2R AR A T B 2 pl i
W2 —, Gy A B VP B A G R DR AN T G R, AR AR S R S A R
ELEAAN, HAT, R L EZRBURSHR T a0, FRUEN AR SR AR i R 2R A B
WNEMARR R AR AT 2 MBI SF X TS RERRISIF R AR T, S ECE AR IR KB SR s
PERE MR, W SR DI BR A e EEDIBR BHL, 32— (2 HEME IR £E 2 U 25 A R A 2

K



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 1655

AP, PRI, AT S 2 AR P ) 5 R ST RE XSS
THELR I T HE ] AR AR B R

UTAESR , T4 T B9 4 8L A S — Rl LR
SR TBe, [R]85 T 40 PR i 15
AR I 2 1 A AT R A DL 34, B A 2 2 P A 4K
Hh ;A (L v (A AR U, LT 3 J 4 iy i
RS 2 SR V2 B T 61 R B
PAIEFIZ R0 3 B S e PR BT S5 1R YT, [H] 58
J T A AT N RS b A3 B R A, AR Bty e
1A= N e S M O = s 21 W 2
(bone marrow mesenchymal stem cells, BMMSCs)
WABH e TR, RE NS 2T Ry 200 B A ML A L
JZ B TERHE AR T, SR, BMMSCs [ %k
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WaRHE i T — X AR 2544, 7L 3 B T I 1k
o T P A LA T8, 24 W) LA T I wCs | T4 2R 1k 9
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MBI 98 LA B B TR BB (] AR AR A5, (AL
HLRAE R AL 6 N B o, o o A UL 3L A - 1 24 %)
BMMSCs BUCH 7 LI HE ST R, AR o8 iat
WL LA — 18 24 7 24 155 X RE A T BMMSCs
B E A A R0 DR AR IR, B A 3L
BB SRR A 48 S SE IR AR
1 MBI 5%
1.1 SEIKER

SPF gtk SD AR 12 1,6 JAllY , (A5 i (200+
20) g, W R R RN R A= SR S W oL ST
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5 : Eppendorf 5810R )M A 1&[% Eppendorf A H]

1.3 FiE
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B2 MG X BMMSCs 1 JJ 5200 - U 3 X BMM-
SCs, A% B R 1x10° ~/mL, 7€ 96 FLAR LA
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RAR 99.1% 97.9% 90.9% ,CD34 .CD45 HLA-
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SRAE7R T 0 5 Y 40 L4 R BMMSCs HYIE 2545
FEIE RN R T S 28 R A BE A 43 25 15 3% BMMSCs A
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CD90 CD105

B 1 BMMSCs ¥4 R
Fig.1 Identification results of BMMSCs
0 AJG BB MEE BMMSCs B 75 (x100) ; B UMM AAG I BMMSCs R HibrGM 2RIk .
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Fig.2 Effects of different concentrations of Ruxiang
(Olibanum) and Moyao (Myrrha)—containing serum on the
viability of BMMSCs
T 578 AL, #P<0.05,
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BMMSCs 7 71(P<0.05), #EULE 3,

150

AN 11/ %
3

1
*

(5]
o
1

*

FHE 5 10 15 20 25 30

TNF-o/(ng/mL)
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Fig.3 Effects of different concentrations of TNF-a on
the viability of BMMSCs
T 528 I HEE, #P<0.05,

i LA -2 25 I A TNF-o 0P, 5
25 A B, TNF-a 2H ) BMMSCs 1% 17 il 25 B AR
(P<0.05); 5 TNF-a 41, TNF-a+F L& - 2457

2 M ZH A TNF -+ ZEK B A 21 1) BMMSCs 1% 7 b
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Mo WK 4,
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Fig.4 Effects of Ruxiang (Olibanum) and Moyao (Myrrha)-

containing serum and celecoxib on the viability of

BMMSCs induced by TNF-a
52 A4 A, *P<0.05; 5 TNF-a 41 HLAS, #P<0.05,

23 AEFE-ZASHMBIFH TNF-a iF 5
BMMSCs BT

525 A H#E, TNF-a 2110 BMMSCs TR &
T8 (P<0.05) ;55 TNF-a 21 L5, TNF-a+FL -
P2 5 2 1035 2 AN TNF—o+ ZE 38 E 45 45 ) BMMSCs
TR B E PR (P<0.05) , iAH TNF-o 15 S-AUBMM-
SCs =32 26, PEILKE S,
24 FE-EHRAMBREH TNF-a FSTBMM-
SCs BB L

75 120 BMMSCs Hh A7 Kt i (0 25 (L 24 i i
TNF—cu 2H 5 €275 € 40 i BH S k2L 100 BH G e i 43
T HE JIFRAR  AHAS T TNF-a 20, INF-a+ 3L -1 24
B LU TNF—o+ ZEK A 4119 BMMSCs i
JLAH RGN, U LR A A RE TR . TEILIE 6,

o A 8, TNF-a 417 Sox9.,Col 11 Ag-
grecan i AN 255 5 23 T I/ (P<0.05) ;55 TNF-
o A B INF—o+ 7L - 15 24 35 24 1L s 41 F TNF-
o+ FEAREATH F Sox9 .Col 1T Aggrecan # AT
KR E LR (P<0.05) , UL B JCR BL A B
W, FEWLE T,
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FHA TNF-aff TNF-a+ A FE-BASHMBEL  TNF-o+ZEREAH

TUNEL

100um

MM TR/ %
S
1

DAPI

100pm

Merge

5 IEFE-RASHMFMERERX TNF-o % S8 BMMSCs JAT- 8IS0 (TUNEL 4L i x100)
Fig.5 Effects of Ruxiang (Olibanum) and Moyao (Myrrha)-containing serum and celecoxib on
apoptosis of BMMSCs induced by TNF-a (TUNEL staining, x100)

T 528 AL HEL, #P<0.05; 5 TNF-o 41 HL4K, "P<0.05,

FHH TNF-o TNF-or A& - A& miE4A TNF-a+ZERE A 4l

. 100pm

Eo6 IABF-RARHMBEMEREMI TNF-a FSHI BMMSCs BUAKE 5L B R0 (FTFIH I €4, x100)
Fig.6 Effects of Ruxiang (Olibanum) and Moyao (Myrrha)—containing serum and celecoxib on chondrogenic

differentiation of BMMSCs induced by TNF-a (Alcian blue staining, x100)

- A
Sox9 | s s o | 50 kDa = TNF-a %
== TNF-o+ L F-R S MmiEH
Col I | ™ w s e | 390 kDa 15 == TNF-or Bk A A L
Aggrecan | SR & S s | 240 kDa
g
GAPDH [que 4SS @HENS @NE| 3¢ Do 8107
&
,&‘3? z@‘& @% & Z
& % ’GS‘§' % {0 0.5 # #
Q o ¥ o
iy & # # 3
%/ «QQ * * *
.o 0.0-
Q'e' Sox9 Col II Aggrecan
&e

B7 IEBELHSHMBFMERERI TNF-a FSH BMMSCs H Sox9,Col 1T  Aggrecan B HRIEHIZIA
Fig.7 Effects of Ruxiang (Olibanum) and Moyao (Myrrha)-containing serum and celecoxib on the protein
expression of Sox9, Col II, and aggrecan in BMMSCs induced by TNF-a
TE: 5745 AL ILEE, #P<0.05; 5 TNF-o 214, *P<0.05,
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Fig.8 Effects of Ruxiang (Olibanum) and Moyao (Myrrha)—containing serum and celecoxib on p38 MAPK
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