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Effect and Mechanism of Morindae Officinalis Radix Extract Improves Osteoporosis in Rats

by Inhibiting NF — kB / NLRP3 Signaling Pathway
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China; 2. College of Pharmaceutical Science,Zhejiang University of Technology,Hangzhou,Zhejiang 310014,China; 3. The 2nd School of Medicine of
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Abstract: Objective To investigate the effect and mechanism of Morinda Officinalis Radix extract on inhibiting osteoporosis.
Methods The osteoporosis rat models were replicated by bilateral ovariectomy, 50 female SD rats with successful modeling were
randomly divided into model group (equal volume normal saline) , diethylstilbestrol group (0.1 mg / kg) and Morinda Officinalis
Radix low — ,medium — and high — dose group (50,100,200 mg / kg),with 10 rats in each group;another 10 rats were taken as
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the sham operation group (equal volume of normal saline), and received gavage administration of normal saline or corresponding
drugs, once daily for six weeks. Micro — CT was used to measure the femoral microstructure parameters [bone mineral density
(BMD) , bone trabecular number (Th. N),bone trabecular separation (Th. Sp),bone trabecular thickness (Th. Th),and bone volume
fraction (BV / TV)] of rats; Hematoxylin — eosin (HE) staining was used to observe the pathological morphology of femoral tissue
and measure the bone trabecular area (Th. A) of rats;the enzyme — linked immunosorbent assay (ELISA) method was used to
detect the serum levels of bone turnover markers [bone morphogenetic protein — 2 (BMP - 2),bone alkaline phosphatase (BALP),
osteocalcin (OC),collagen type I cross — linked C — telopeptide (CTX - 1)] and inflammatory factors [interleukin (IL) — 6,IL — 18,
IL - 18,tumor necrosis factor — o (TNF - «)]; Western blot was used to detect the expression levels of bone metabolism related
proteins [osteoprotegerin (OPG) antibody, receptor activator of nuclear factor — kB (NF — kB) (RANK) antibody, receptor activator
of NF - kB ligand (RANKL),BALP antibody ] and NOD - like receptor thermal protein domain associated protein 3 (NLRP3)
signaling pathway related proteins [NF - «kB, NLRP3, cysteine — aspartic acid protease 1 (Caspase — 1), GSDMD - N].
Results Compared with those in the model group,the rats in the diethylstilbestrol group and Morinda Officinalis Radix low - ,
medium - and high — dose group healed significantly,the bone trabecular space narrowed,the number of osteoclasts decreased, the
number of osteoblasts increased,the BMD,Th. N,Th. Th,BV / TV of femoral head and Th. A of femoral increased significantly, and
the Th. Sp of femoral head decreased significantly (P < 0.01) ;the levels of serum BMP - 2,BALP and OC were significantly
increased, while the levels of CTX — 1,TNF - o,IL - 6,IL — 1B and IL — 18 were significantly decreased (P < 0.01);the protein
expression levels of OPG in femoral tissue were significantly increased (P < 0.05),while the protein expression levels of NF — kB,
NLRP3, Caspase — 1 and GSDMD - N were significantly decreased (P < 0.05);the protein expression levels of RANK,RANKL in
femoral tissue were significantly decreased in the rats in the diethylstilbestrol group and Morinda Officinalis Radix high — dose

group (P < 0.05). Conclusion Morinda Officinalis Radix extract can promote remodeling and healing of bone in osteoporosis rats,

which may be related to regulating the level of inflammatory factors and inhibiting NF - kB — NLRP3 signaling pathway.

Key words: Morinda Officinalis Radix extract;osteoporosis;rat; NF — kB — NLRP3 signaling pathway;inflammatory factor
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A BFARA B AL C LHEXKMNZA D BEXPAHZTHA E CEXGHHAZH F THEHA
B1 ARREBX=HEZE
A. Sham operation group B. Model group C. Morinda Officinalis Radix low — dose group D.Morinda Officinalis Radix medium - dose group E.
Morinda Officinalis Radix hig — dose group F. Diethylstilbestrol group
Fig.1 3D reconstruction of rat femoral head
®1 SEXBRRBEBMEWSHILR(X £5,n=10)

Tab.1 Comparison of femoral microstructure parameters in each group (X % s,n = 10)

20 7 BMD (g/cm®)  Th.N(1/mm?®) Th. Sp(mm) Th. Th(mm) BV /TV(%) Th. A(pm? X 10*)
BF Ra 0.779+0.005 2.418+0.042 3.169+0.312  0.253+0.011  48.18 + 4. 38 7.56 +0. 63
AEAL L1 0.535+0.005" 0.786+0.031" 4.513+0.346" 0.165=0.008" 10.67 +2.57" 0.56 +0.23"
EEREAEA T 0.619+0.006" 0.842+0.029° 4.029 +0.308" 0.182+0.007" 12.87 = 3. 14* 2.82 +0. 29
TR FATLA  0.638+0.007% 1.226+0.035% 3.514+0.297* 0.214£0.009% 22.57 +3.61* 3.14 £0.34*
ERRZHATLA  0.724+0.007% 1.586 +0.032% 3.371 £0.308* 0.226+0.012% 38.59 +3.73* 4.71 %0. 42
& e By 2 0.731 +0.008" 1.723 £0.031* 3.453 £0.313% 0.228+0.011% 43.06 + 4. 16" 5.32%0.45*

E:HBFARELE,P < 0.05,7P < 0.01; 5RAE,P < 0.05,%P < 0.01.82.K3F.
Note: Compared with those in the sham operation group, P < 0.05, P < 0.01;compared with those in the model group,*P < 0.05,#P <
0.01 (for Tab. 1 — 3).

A BF R B AEA C EHEXKANFL D EHRXTHANETH E CERXGANFTLA F THEHA
E G R AT IR, REMN AT R DR TR,
B2 ARBAARERE(HE, x200)
A. Sham operation group B. Model group C. Morinda Officinalis Radix low — dose group D. Morinda Officinalis Radix medium — dose group
E. Morinda Officinalis Radix high — dose group F. Diethylstilbestrol group
Note:The red arrow indicates the inflammatory cell infiltration,and the black arrow indicates the location of bone trabecular lesion.

Fig. 2 Pathological morphology of rat bone tissue(HE staining, x 200)

A AR /DN R AR L O HLLARUARIE A 522 4L #*2 BERRBEBITEW KT (X £5,0=10)
5@?7]{% Hﬁﬁ jﬁﬂ 2ﬂj{ ﬁ% /J\géﬁ%m 71> , ,%L ,J\;'jé Tab.2 Comparison of bone turnover markers in each group
S B B 5K R M zem = 10

O T . Th. A 20 /N(P < 0.01, L3 1) . % ki) BMP-2(pg/mL)  BALP(U/L)  OC(pg/L)  CTX-1(pg/L)
P 40 i 92 T Eﬁﬁ,'ﬁﬂﬁﬂéﬂ Fedss , O K M g 20 i b i BFAL 17.53£2.11 74.63+6.11  9.07£0.71 38.5¢3.77
1EE\'43\%%U%éﬂj(ﬁt%d\ﬁéﬁ(%\%/J\%ﬁfﬁi’aijt, HAA 6.87+1.69"  43.11£4.49" 5.12£0.29"  66.3+7.54"

LB N TR R B 4 /N B 2 e b TR 2 i LHEXIKAEA 8.68+1.64°  47.14+4.69 5.43+0.19  63.3+5.52
B Th, A 2Rk (P < 0.05). % PE gl e g CHATHEE  041:158 600514 0895047 5074647

D EERE 2. CHEXAMTA  14.83+1.76"  69.29+6.01% 8.81+0.67%  42.1+3.41%
2.3 BIEBIEEY Lhkaa 14.78£2.73%  70.25£6.48"  8.90+0.44"  39.4£3.04*

GER R 2 5T RE R, BAE KRN CTX - 1K FEREFAE(P<0.01); SHEI i, O
BMP - 2 . BALP 1 OC /K3 g AR (P < 0.01), My 4 A0 B gl AR L P s 771 i 4H K LI T BMP — 2,
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BALP . OC 7K ¥ i FHE (P < 0. 058 P < 0. 01) , Il
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(P<0.05) 33,

#3 SAXRAMEFKELR(X £5,n=10)

Tab.3 Comparison of inflammatory factors in each group

(X £ s,n = 10)
ekl TNF-alpg/mL) IL-1B (pg/mL) IL-6(pg/mL) IL-18 (pg/mL)
BRFARA 2. 340, 34 §5.2419.67  15.78:2.29 10,5320
#Aan 6.27:0.46" 162 41£12.68"  47.36:4.37°  37.6743.26"
ERRKATA  5.18:0.30  145.27£1173  40.08:3.63  24.83:2.19°
EHEAPAEA  3.82:0.31% 133761224 27.5413.16"  17.62:2. 147
EHRBHEA 25306 106,69+ 10.28%  24.06:2.32"  12.1622.03"
THREA 2.49+0.25%  103.1849.69"  23.16:3.17%  11.91+1.68"
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A. Gel electrophoretogram  B. Data statistics
Fig.3 Expression of NF — kB — NLRP3 signaling pathway related

proteins in rats (X = s,n = 3)

RANK o S S S s s 06 kDa
RANKL S S I . a0 |

GAPDH ‘....- 37kDa

B Ul = SN
¥ Fe &7 Fo
. S 5
o & & ® 4‘\& B ﬁﬁ&
A
(RS S
2.5

= 0PG
N R/\NK

B
A BICERE B, St R
B4 XRBREBEXEARE

A. Gel electrophoretogram  B. Data statistics

Fig. 4 Expression of bone metabolism related proteins in rats

(X = s,n =3)
BRAG , W 2 AT 8 25 ARG, 3 850 TR 35 1) R
7K % A 2 A8 B TNF — o L = 1.0 — 6 25 48 A



202645 H 20 H 55 35 %55 10 4]
Vol. 35,No. 10, May 20,2026

&%

China Pharmaceuticals

HFIE-
Pharmacy Articles

THRIRWFEIEINNF — «BAE 53 PSR M R ik T
RO AL, T I AR E 22 b S E AR DGRk R 1 3R 35
AL4% NLRP3 . NF — kB il id 15 NLRP3 JE [N 13 3l 1 X 5
Zi G, B SEUE NLRP3 By 4% 5160 gh &b NF - kB %

i e A RS B HAB AR A 7 I I - 18 A TNF — o f7™

PR RS N B o ST i — 2P S NLRP3.NF - «B

FINLRP3 75 5 Pk [ 7 ) 7 Az b it v R 42 B ) 4 7

5 W) B 40 B 3 6 B RANKL 5 OPG 2 [i] 1 °F- £

RANKL / OPG 5 55 it #ff ) 25 5 5 2 RANKL 2 15 M1 X

FE 5 OPG A4 2R il 32 Bl , {1 7% RANKL / OPG I

Tt DT i 2 1 40 L P 3 A 8 3k — BL R AN e 1

Bt AR I TR T R XU A RIS

B, EL R RAR U R B voh 1 B0 MA R R R BB BMD , H:

YEH P e 56 TNF — o S IL - 10, DL A B

OPG Y 35 AH C120) | 1 3% K 42 U RE 9 5 RANKL 5

OPG mRNA (Y3235, Bk RANKL / OPG!2Y iR RE T IfiL.

T I T 2R FUME — B A K P22 AR BIFFE S R B, B

RAR Y 25 AR T A 2K UL B 41 24P NF —

kB.RANKL.NLRP3 . Caspase — 1 2 GSDMD - N )7

FKIKF-, 8.3 TH R OPG I BALP 1 2R 1R 157K F- 5 Il

TR F (IL - 18.IL - 18 IL - 6 TNF - o) 7K F-

HH L AR, 2 B L0 sl SR 418 RO fle i o g s A5 AR

FHAT B8 53] NF - «B - NLRP3 {5538 B A 305 A G

g5 L ik WK AR B n] BEsE i 40 i NF — «B —

NLRP3 {55 5 38 # A FEAR A TP, I RANKL

5 OPG Z [a] - , NI b B i S5 B4 G

S 3k

[1] EMMANUELLE NE,MARIE — CECILE V,FLORENCE T, et al.
Critical Role of Estrogens on Bone Homeostasis in Both Male
and Female : From Physiology to Medical Implications [J]. Int J
Mol Sci,2021,22(4) : 1568.

[2] SABRI SA,CHAVARRIA JC,ACKERT - BICKNELL C, et al.
Osteoporosis: An Update on Screening, Diagnosis, Evaluation,
and Treatment| ] ]. Orthopedics,2023 ,46(1) :e20 — e26.

[3] HAFFNER - LUNTZER M, HEILMANN A, HEIDLER V, et
al. Hypochlorhydria — induced calcium malabsorption does not
affect fracture healing but increases post — traumatic bone loss
in the intact skeleton[J].J Orthop Res,2016,34(11) :42 - 53.

[4] GAMBACCIANI M, LEVANCINI
postmenopausal osteoporosis and the prevention of fractures[ J J.
Panminerva Med,2014,56(2):115 - 131.

[5] LI YQ,ZHAO PF,JIANG BY,et al. Modulation of the vitamin D /

vitamin D receptor system in osteoporosis pathogenesis : insights

M. Management of

and therapeutic approaches [ J ].J Orthop Surg Res, 2023,
18(1):860.

[6] BAUER DC, ABRAHAMSEN B. Bisphosphonate  Drug
Holidays in Primary Care: When and What to do Next? [Jl
Curr Osteoporos Rep, 2021, 19(2):182 - 188.

[7] REID IR, BRISTOW SM, BOLLAND M]. Calcium supplements :
benefits and risks[J ]. J Intern Med,2015,278(4) :354 — 368.

[8] TANANOO S, AREEWONG K, RASAMIMONGKOL S, et al.
Efficacy and Safety of Generic Alendronate for Osteoporosis
Treatment| J ]. Orthop Res Rev,2024,16:85 - 91.

[9] CHI KD, YAN JQ,ZHU YY, et al. Efficacy and safety of oral
traditional Chinese medicine combined with conventional anti —
osteoporosis drugs for osteoporosis and fractures: A meta —
analysis of randomized Controlled trials [J]. Medicine
(Baltimore) , 2023,102(51) :e36634.

[10] Z—7 Sk, #RS, ¥ . WA RRKRESTEZER

R BRANE A MG BRI A Meta 2 47[T]. P BR A%
w4 E,2019,25(1):47 - 61.

(1] % B, 0B, & &. 2PRLRSGERBELETE
B R GFANE R WG R[], ARG 5 16K ,2018,33
(6):1476 - 1480.

[12] 2 H,7F @ FRE F. PHEERLFZRSHEH
RAE GRS DA RTEE [I]. LB EHXFFIR,
2025,56(10):1180 — 1184.

[13] 2B &, AR, X84 . &R R KR 8 LR T 2
JoL R B 44 OPG/RANKL R ik ey Hem ()] BdEZF,
2016,27(3):345-348.

(4] & T%, B 2%, £,%F. KARTARFTIHREES
ke s s g (1], F%sh A ,2023,40(5):
65 - 170.

[15] MONTALCINI T,ROMEO S,FERRO Y, et al. Osteoporosis in
chronic inflammatory disease: the role of malnutrition [1].
Endocrine,2013,43(1) :59 — 64.

[16] KASZYCKI J, KIM M. Epigenetic regulation of transcription
factors involved in NLRP3 inflammasome and NF - kB
signaling pathways[ J]. Front Immunol,2025,16:1529756.

[17] TSUKALOV 1, SANCHEZ - CERRILLO I, RAJAS 0O, et al.
NFkB and NLRP3/ NLRC4

differentiation,activation and functional properties of monocytes

inflammasomes  regulate
in response to distinct SARS - CoV - 2 proteins [J]. Nat
Commun,2024,15(1):2100.

[18] LI GF, WANG AF, TANG W, et al. Progranulin deficiency
associates with postmenopausal osteoporosis via increasing
ubiquitination of estrogen receptor o [J]. Genes Dis, 2024,
12(1):101221.

[19] CHI GH, QIU LS, MA J, et al. The association of
osteoprotegerin and RANKL with osteoporosis: a systematic
review with meta — analysis [ J]. J Orthop Surg Res, 2023,
18(1):839.

[20] REP, ¥ X, A3k, % . CEX SHSXAE R AL
BV RALEI BT ). Bedm P B ,2024,45(3):302 - 307.

[21] ZE &, R, X G, F . CERRALERIS T4
ShIEIR AR 49 OPG / RANKL & W A e ik ey o [J].
A A EF 3 ,2016,16(20) :3849 - 3852.

[22] AT, FAHE, M AF . CERFR LI LR R A5
PNER BT EAE R[], P E 2 &,2019,35(11):139 - 141.

(ks H 3912024 - 12 - 02; 48 101 H 1812025 - 03 - 15)

61



