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[(FZE] BH HIPWEH S R (DHA) XK BRI ER M CE L IR P8 (SONFH) #3697 V8 F R LA,
SONFH (TR FIE A P IR R, . F75% 4% 24 e SD K RUBEHL /X IRZH | BRI | (G DHA 41
(1.0mg - kg +d™) UK DHA 20 (5.6 mg- kg '+ d™), &40 6 K. RAWATEFH KL (20 mg kg - d™,
I 6 J&) il £ SONFH Bl % FR 41 K f2A T 5 A PHER /K (NS) LA 51 (BRI AT 4 d 3359, 3t 6 D, =2
J AR DHA 20K BUSE I 5 1.0 mg - kg™ + d7' DHA 0.6 mL, = 7] & DHA 41k BUI B 51 5.6 mg - kg™ - d™
DHA 0.6 mL (BT 4 d 53, 36 4 J8), % B AR 2 K BRI B 7S NS 0.6 mL (B3R1RT 4 d {348, 3% 4 J8),
T 4 JE G, A 450 K B, B G AT Micro-CT $48 , TR R BRUBE-3k 30BN RIE 28 4544 B AR o 1%
O, ZH ZUY) Al Von Kossa Je (OIS /NGETE AR 2548 ) 4078 LA KGRI AE B /NGRS 00, 38 2o 5 U0 R 9K
F - P4 (HE) Yot A/ NI A SE O i 1t B 1 T G2 BT 5E (Western blotting) Fl A e 41 {4 fo ks
AR (OPG) i 7R F -«B (NF-xB) SZAR30E 8 (1 (RANK) B LA (RANKL) B9 23R 5 00, TR /1N
PRAREETE . BB Micro-CT FH 5 R, X R SRS B Sk P9 B /INGRES H HEAT FL], JCIRAEZE B 5 By
2R BB S P AE BN D B /NP IEATE O H L BRAER 123 T 5 {5708 DHA 2R Bk a7l
PR ML S BRI B TR 5 &5 DHA 4R BUBCE Sk B /N IS SR R T o I, i —
A RE AT R R BRI KRB R (BV/TV) B /NRIREE (Th.Th) B /NECR (Th.N) 4%t B 21 5k
/N R DHA 414 Th.Th 8B A1 ZH B G341 (mm : 0.49 +0.05 1L 0.41 £0.03, P<<0.05), 7 DHA 41
BV/TV. Th.Th. Th.N A A5 R 40 5 30 ( BV/TV (%) : 0.48 +0.01 b 0.40+0.07, Th.Th (mm) : 0.55+0.07
0.4140.03, Th.N (/~/mm) : 1.06 +0.07 [t 0.96+0.07, %] P<0.05 ).l i 2025 4] i Von Kossa ZLfd, . A7 4] H
HE He €6 DL R 50 A1 BB IR TG (TRAP) Y a2 R , 55 BRZH AH L AR AH K U1 Sk N /N AR AR AR T,
S LU, L ToR A i /N B OS2 5 ST L, 284 DHA T80 R BRURCE Sk N B /N gt
LERVRAT , BT A B/ NG EL R B A Os A, LA Rl DHA 448kl 3% . Western blotting 62l fb e
g IR R, SRR LL , 203 R AR B K Bk N OPG 2R 32k i [ IK, RANKL Fl RANK & (5%
A AR SRR L G L R DHA 41K B OPG 25 Ik 1%, RANKL fil RANK & #E A&
IR, FLEs R DHA 4145 fb R BF o % 4548 DHA BE. LM OPG %3k, Fid RANKL il RANK #3ik, M ifi
PR BB Sk DS R BRI S, 4 SONFH 2 .
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[Abstract] Objective To explore the therapeutic effect and mechanism of Dihydroartemisinin (DHA) on
hormone induced femoral head necrosis (SONFH) in rats, and to provide a new way of thinking for the prevention and
early treatment of SONFH. Methods Twenty-four male SD rats were randomly divided into 4 groups: control group,
model group, low dose DHA group (1.0 mg * kg™ + d™') and high dose DHA group (5.6 mg - kg™ + d™"), with 6 rats in each
group. The SONFH rat model was established by intramuscular injection of methylprednisolone (20 mg - kg™ - d™) for
6 weeks, and the rats in the control group were given intramuscular injection of the same amount of normal saline (NS) for
6 weeks. Then, the rats in the low and high dose DHA groups were injected intraperitoneally with 1.0 mg * kg™ + d™' and
5.6 mg- kg +d"' DHA 0.6 mL (injection on former 4 days in each week for 4 weeks) respectively, and NS 0.6 mL
was injected in the control group and the model group respectively at the same site and on the same injection days
as other groups. After 4 weeks of intervention, all rats were killed and the samples were taken. Micro-CT scanning
was performed to evaluate the trabecular morphology and bone metabolism situation in the femoral head of rats. Hard
tissue section and Von Kossa staining were used to observe the changes of trabecular morphology and newly growing
bone trabecular condition. Paraffin section and hematoxylin-eosin (HE) staining were used to observe the changes of
trabecular morphology. Western blotting and immunohistochemistry staining methods were used to detect the expressions
of osteoprotegerin (OPG), nuclear factor-xB (NF-kB) receptor activator protein (RANK) and its ligand (RANKL). The
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metabolic activity of trabecular meshwork was evaluated. Results Micro-CT scanning results showed that the
trabecular structure in the femoral head of rats in the control group was arranged regularly without necrosis; the normal
trabeculae in the femoral head of rats in the model group were less, the trabecular structure basically disappeared, and
instead, relatively large empty cavity occurred; the number and morphological appearance of trabeculae in the femoral
head of rats in the low dose DHA group were improved inclining to be restored compared with those in the model group;
the number and morphological appearance of trabeculae in the femoral head of rats in the high dose DHA group were
much more improved toward normal, indicating that the recovery effect was more significant than that in the lower dose
DHA group. Further results of quantitative analysis showed that the bone volume fraction (BV/TV), trabecular thickness
(Th.Th) and number of bone trabeculae (Th.N) of the model group were significantly lower than those of the control
group, in the low dose DHA group, only Th.Th was significantly higher than that in model group (mm: 0.49 +0.05 vs.
0.41+0.03, P < 0.05), while in the high dose DHA group, BV/TV, Th.Th and TB.N were all obviously higher than those
in the model group [BV/TV (%): 0.48 £ 0.01 vs. 0.4040.07, Th.Th (mm): 0.55 £0.07 vs. 0.41 £0.03, Th.N (piece/mm):
1.06 +0.07 vs. 0.96+0.07, all P < 0.05]. The results of hard tissue section Von Kossa staining, the paraffin section
HE staining and tartaric acid phosphatase (TRAP) staining showed that compared with those in the control group, the
trabeculae in the femoral bone head of the model group became sparse and replaced by abnormal tissues, almost no
newly formed trabeculae was seen and the number of osteoclasts was increased; compared with those in the model group,
the trabecular structure in the femoral head of the rats after DHA intervention recovered, newly formed trabeculae
appeared and the osteoclasts were decreased, especially more significant in the high dose DHA group. Western blotting
and immunohistochemical staining results showed that compared with the control group, the expression of OPG protein
in the femoral head of rats treated with hormone was significantly decreased, and the expressions of RANKL and RANK
protein were significantly increased; compared with those in the model group, the expressions of OPG protein in the low
dose and high dose DHA groups were increased, and the expressions of RANKL and RANK protein were decreased, and
the changing degree in the high dose DHA group was more obvious. Conclusion DHA can up regulate the expression
of OPG and down regulate the expressions of RANKL and RANK, thus the abnormal bone metabolism in the hormone
induced femoral head necrosis is changed toward normal or recovery and the disease progression is inhibited.
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JBE S IRTE (ONFH ) J2& B BHE SU i iR 2
—, HHT ONFH 1) & i AL i A 78 245 220N, i
PR P b BB AT E N R 2 ARk
B, SR T 5 & (DHA) FEPUEER  PUR L g i
TR AU A TR VR, T DHA fiE
TG 200 R 4 ) 3 A AT S A
AR YT BB S A SC e s 1. E e
T DHA XHE R MR -LIRSE (SONFH) BB iE1EH
AT HLE] A B . AHFGEHI A 5T DHA 4l
SONFH % Jeiyify e Ll , Bl ko
1 #R5HE%®
1.1 L5 5504 S SD KRR 24 R (W A
T £ 24 R E SR B ), AR EE 24 300 ¢ (29 3 4~/
%), RIS SR 3 W IE R B IAIE . B R xR
20 ARRIZH KR DHA 2H (1.0 mg - kg™ - d™") Fli
Fl&t DHA 2H (5.6 mg- kg ' - d™), 440 6 B, ABF
T RHEER S R BT LA SR B R )
2 5 R TR S S0 I N HETT IR R 58 1, s
b TR A S Ae B AR BIFIY O R I R
HE R B AR By 2 A4 (RIS 2017-3-3),
1.2 SONFH sh¥ Al £ F1 DHA 9 : X HEZH K
S ZA T AR B K (NS) LRSS, 45 F i 4 d 4T,
6 Ji s ZHOCHR[ 4 ] xR | IG5 & DHA
AN R DHA 41K FREA T SONFH AL (1 # 57,

AR - DUREST R e T (35 E A A,
500 mg), N 20 mg - kg™ - d7, RS RT 4 d EST,
6 J5 . Bl S X IR A AR AR 2 K B 45 T NS 0.6 mL
RE TG, BRI 4 d 5T, 38 4 J8 5 IR & DHA 41
J il i DHA 41K B 457 DHA 0.6 mL JIE 47,
KIS N1 meg kg +d” F56mg ke -d”,
JEIRT 4 d ST, 3 4 8 B UM IR TAH DG AN

1.3 Micro-CT $14 : SRV ] F IR K AT/ sh ¥ =
4 — (PET/SPECT/Micro-CT) 14 BiA% R FE F 4 K
FUBEE 3k, $RA3EZE 1Y Micro-CT 3 EIG . SRS 1
FHVE T P28 Rl i = 2540 B kA T — 2
A, T A HORH SR DX S A T e A R T
1.4 FEZHZ) FFT Von Kossa Je 4 B BB G 9K
BUBCEARA AT 2 | 53 D) L B EEI K | 3B 2 15 Al
AR IR BEJE > 100 pum FTH T RS s 3
36, 153 TG A Von Kossa TSR AR 7 TG g
55 60 min, FHEYE 1 min J5 A RALPE 2 min,
RIGHIARE - 40 (HE ) YL 0,5 53 Y 4n it .

1.5 AU R A HE Ye o BB R v A 8 55 7
F G A B R AT M KR | R B R T
ARSI R AL B E Y RS 4 ym AT . 19
FA WYL VAT S 2 K5 AR IR AT R AR R e
Y3 ~5 min JEVE L IETE L REE TEVESA TR,
e Ja KB F o
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1.6 2 M By B (Western blotting ) 467l -
PRI BRUBCH L SV RIS R B fo e+ e
FEBRFREN - SR D9 Ik e B e FL VK (SDS-PAGE) Lk
FTHLK, S BT R e B . EHH 1 h inA—
Pt 3- WiEmR H- i A U (GAPDH, 1:2000), 4
P& (OPG, 1:1000), #Z%F5 5k HF -«B (NF-xB) 5214
PG 1 (RANK, 1:1000), RANK Fit & (RANKL,
1:1000) J5#E47T 4 CHEE, R H BRI AR XS N /Y
HRP EHE=$H1(1:10 000) EJIFE 1 h J5UERRRE,
1.7 g A i TR A,
REL 0T P 9 0 2o S04k 0 B O B in A — 4T OPG
(1:200), RANKL(1:200), RANK (1:200) T 4 “Ct
LA IMAL Z XA — 4L (HRP #Rid) TEIRFE
50 min. fe e e S | 52 YA A LA BB K B R
1.8  Giitefhb 3 . R SPSS 19.0 B A% b B i
THEGVORIIIEL + hrifi2s (R +5) F0R, 41 P L
BR R ST REAS o A5, 4 P9 HU A R FH B I 38 2%
e P<0.05 hZERA G FE L.

2 7% B

2.1 Micro-CT A5 5 & =115 45 . Micro-CT
25 R (B 1), % R AR SRR Sk Y AT L 5]
B /NGEEE R HEAT AL, TINS5 BRY A ek
P IEH BN NP AR FEAIE K B IR
Kz, L2 R FA 5 1657 & DHA 201 IE R
)/ INGEZERE) ABATYAEAERR 3 B /NS R B e
Sk NE/NRHER IS BT R 2 = & DHA
20 1 /NGRS PR A R R i IR & DHA 41, 5 %)
WA /N IR SRR T AR . 2 — 2 &%
Prad B s (1), B ALY B AR50 (BV/TV),
H/NREEE (Th.Th)., B /N (Th.N) Y800 1R
20 B N () P<0.05), T 1 2 18] B /N 32 )3 5
(Th.Sp) JCH i 2 5% (P>0.05) ; {5 & DHA £H ¥
Th.Th FEAEFRIL B 34 i (P<<0.05), B4 [E] BV/TV .
Th.N. Th.Sp ¥ J6 ] i 2% 5 (¥ P>0.05) 5 & 7 &=
DHA #H BV/TV . Th.Th. Th.N 2445 5 25 & 25 54 i
(¥1P<0.05), M #i£H 8] Th.Sp JoHH B 2253 (P>0.05),

&1 BAXBRBEE L Micro-CT HEEENMER (x5

gy SWEC BVIV. ThTh Th.N Th.Sp

- F) (%) (mm)  (A/mm)  (mm)
Xof B4 6 053+0.02 055+0.06 1.28+0.11 0.57+0.02
FRAIZ 6 0.40+0.07*0.41+0.03%0.96+0.07* 0.62+0.09

CAEDHAAL 6 044+001 0.49+0.057097+0.06 0.59+0.09
EREDHALL 6 048+0.01"05540.07" 1.060.07 * 0.54+0.04

T« BV/TV R FS3 8, Th.Th Jg i /NRIE S, Th.N Jy /N
Hht, Th.Sp /NGB ; 53X HES, “P<0.05 ; SR
Fe#s, PP<0.05

T IR (LA KRBk B /NGRS R HEA HLIN , JCIRAE
FEPH ; B (1B) K RUBEE Sk N IE B B/ NG B /NG Ek
LA R H AT 5 IR A 8 2 (DHA) 41 (1C)

KUk PN B R S I T 5 il
DHA 41 (1D) K FUBE Sk P/ INGE B e I A5 R ARG T A

B1 EAKXREE X Micro-CT 3B

2.2 FHHZY] AT Von Kossa YLt g5 W ([ 2) « %
HEZH KRR Sk s /DN TR HEAT B 55 L BEIN), ARI¢
N IFERIL, LB/ NG Bl ] DL/ B A B 2 2
50 FREHAH Ho, A 2H K BRUBCE Sk N TR B/ N R A
D ALV L TOR AR B S
RIZAAA LG, K7 DHA 40K BRUBCE Sk N IE B /N
B A P AT EAE B/ NG WAL, B/ NG ]
LB BB 43 2B i 25 TSR FH R ) i DHA T
KEBE S N B/ INRIE S 4540 B HAHEAR A
/NG L PO B i A B A

G\ R

TE 0 BEZE (2A) BB Sk B/ N EEHEAT 3 5% L AL,
TE/INGE A R AT LA A B2 4 ARIEH (2B ) R RUB Ak
PALIE B F/ NSO O BRI, e i L VA, L0 A
LY AR B T H 3% (DHA) 41 (2C) KEURE Sk IE S
H/NREBAE BRI LLAT TSN AEATI A B/ NGRS
HEUH A 412 B DHA 20 (2D) KRBk P/
TEASEEHEIT FLAHRATEN , B /N R Rl B A 4 2
5 L S T X S R 243 B O A 211480

B2 EETHNEEAXRRBRELWAHELY R
fRIEZEIEE (Von Kossa 38 {RIEHIK)
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23 AU R R HE Je 45 0 (K1 3) : A Y]
HE Ze 45 5L i o B2 B/ N IR S IE | HEAR R
W], AR NREL BB IRFERIN 5 RS ke e b B
KRB E Sk 9B /NGRS A A L T 48 R T 2,
S ALV 5 il AR DHA 1500 K BUE /N
AP AEAE — 8 R B AR B O 5 R R, A P v 79
DHA TR K B /NRALIE S Z5 RAf, LG
H/NREE R SRR IR SE A SRR B I, 5 0 R
LIk PIE A ZE R AL

EANLEDTR 83

T« XA (3A) K RUBE Sk B/ NGEHEFRLN , 1 %
H/NERUR 2 RS E B AR R ; B4 (3B) KR
B Sk BN B, 1 BN S IR U RS

RFIH AT 8 2 (DHA) 41 (3C) R EURE Sk ) S5 R
A, B/ NEECOR AR ST B E 5 sflit DHA 44 (3D)
FEUBE B3k P BN BRI A5 A R S T

B3 ARETURSHEABRRELGETR
REFYE(HAR - RL(HE) L& REMK]

2.4  Western blotting il 25 5 (141 4) « 55 X REZHAH
L, 2t PR ARG R B Sk N OPG 2 &k
i FREAK, RANKL F1 RANK 25 6k B 1w
SRR A EE % 50 i DHA 41K B OPG & 113
Ik ) RANKL F1 RANK & [ 6k R IEAIL,
H R DHA 41728 (LR o i

AL

KHIEDHAZL s EDHAZLL

RANK
RANKL

GAPDH

DHA XA #E , OPG A EH Y H , RANK WEHFEHF -« B
ZIRBE AT, RANKL 9 RANK fit{&, GAPDH Jy 3- BR Hmms
JBE & , Western blotting 272 75T o2 ED 246

B 4 Western blotting &l &40 A R AR &k
OPG.RANK . RANKL ERH X%

2.5 YU AMWIRES (TRAP) Jefagh B (& 5) « Xt
PR ZH R U Sk Y BHE &85 SR 45 /0, S 75 Bl B 240 it 26
b S0 R A F AR 4 R USSP G (5 BH

PSR W B, R R A AR R I 2 S
RUZH AR LE , IR i DHA 2H 4 6 B i B2 ] g R I
SE7R S E AR ROV L, v R B DHA 258

b i - & f*&\ A ; :

o5 Q7
VW HRAL (5A) K BUBCE Sk A A i B DA
FEORA (SB) K U Sk PR B e (6,38 8 5 0 B2 AT 1L
W b Tt S R AR 22 ¢ 30 B 7 i
(DHA) 201 (5C) K FUBE-Sk P PEA: e 60,58 B e SR 24145
TR PR BEE AR 5 =R DHA 44 (5D) KR
RSk AT P 2 o 30 B RO R R 0, 3% e 40
BEWA 5 20 A T X Ok R A

5 kETURSAKRRELG®Y SRR
X2 (HUEAEABELES (TRAP) 2 (RESHK )
2.6 LU gE R
2.6.1 OPG (& 6) : 5XT LA EL , 2o R Ab H Y
KRB E Sk N OPG Hayie 4 20k~ G o BH 14 i J3E B
R, #2278 OPG FRik it N ; MiZeid DHA 110
AR BRI 1-3k Y o B PR S 2 B B 7, #2278 OPG 3%
IR IR, FLRE DHA 0500 S 38 s e A B iR,
FHPERREE BRI, $27R OPG Rk i 2% i,

e & - S N [ 7 (4 70
7 : 4

Pefiy ; B (6B) KUK A OPG e i 55 T4
AL, B3 OPG ki F I 5 IHIEAUA T 152 (DHA)
A (6C) K BEUE-L I OPG K3 Yu T B Rk RUZH A7 BT b,
s OPG ik B 5 @585 DHA 41 (6D) KRS
Sk P OPG H e Fe B BT 38 B VRAR G, SR OPG
KRR 5 20k I 0 K I A B 22 R

6 REFTURZAKXRBRE K OPG Y
PR RIE (REANRE FEHRKX)
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2.6.2 RANKL Fil RANK (¥ 7~ 8) : 55X} HRAAHLL,
FERIZ] RANKL Al RANK 48 4H Ak 2 €0 BH 56 i 7
IR AR . ) DHA ZH s gH Ak e 6o PH PR
FEX R T, LIS Al DHA 210 8, A et v

0 i N el T YR |
e T B P
o XTRRAL (7A) K EURE S WSS SRR T - x B Z IR B0E
HE LA (RANKL) SEEg@def ; 4] (78) K EBE %
N RANKL B B i T FE AL, 78 RANKL Fik i L
R H R (DHA) 41 (7C) KRBk N RANKL
PR YL TR B AT 2 A s , $278 RANKL ik N ;
FFE DHA 2 (7D) K EUBE Sk N RANKL Fdefe i
AL IS HAF AR 7R RANKL 26k 5 i 3 R
27 o5 S TR (K I A B 4%
B7 RETHNEZHEKXREEX RANKL i
PRMEAMRIE (REALERE HERK)

- AR

s i O S
st HF -« B %Ik
IR (RANK) ARG Y BRI (8B) KERBEE -k
PN RANK FRYSRE BE 5 T 4T BR A, #2278 RANK Zeik it i
IRFIE BT 52 (DHA) 2H (8C) K EUBE 3% P RANK
FRYLTR BRI A PR , PR RANK ikt il
7l DHA 20 (8D) K RUBH Sk N RANK R RERE
FETRIZH I 55 HAR (e, 328 RANK ki 038 T8 ;
ARCK. S0 v SRR ol i
B8 NIETURZHEKRKEL RANK K
PRIt RIE (REALLEE FEMK)

3 3 8

BN IRV LY & LN N N = SN R = AN
ISR, 15 BN H s> H HEA
ASKII] 8 IE 8B 2 AU 2s SR i AU
A /NGB UL A IRFE R B 2, BV/TV  Th.Th, Th.N

B 25 R, UE B SONFH K RUBEAY & ) mi 2y , 5 SCik
[ 5 1RiE—%. i DHA REMCE KRB Sk B/
PGS LS S8, XF SONFH A —E iRy F 1R .

FHOCHFFE R, IBeE Sk - /NRARIH S SONFH
(kA AT A0 BEAAIIE R, DHA RETTHUR
B 24 L R A YL P A T S AR Sordi
ST I, DHA BETE 1 5200 40 I A5 S 1 Sl
(ERK) A NF-xB 15 538 [ WA 77 90 6 8 -1 400 e 4 £k
Kedang, SaF A, 2t R A B K B OPG
Feik @ FEHFEAL, RANK F1 RANKL 2635 & 3 T+ &,
WP S A A 84 7 - FL R 7 3, 1A R R S
VAT, FECE /NRIE S LR S, KA R
SRR R #E— 2B 8 SONFH, 5 Song 45* 4
W —%, WK DHA TG OPG #ikTHE,
RANK Fll RANKL 3k B, 1M &5 7 12t 1 U5 A8 £k
FRPE TN 25, U6 I st A 5 M B ) TS B e P,
PR S8 15 2 ek, Bl S5 B/ INRIE AR 45 H9 15 5]
MRAZ 55T SONFH Al & J&

Zi L frik, DHA gl H OPG Rk LKL T
P& RANKL 1 RANK 235, 228 e 3k P9 9 A
SH, P SONFH g, A5 76 Ho A A5 538
R ARG, BI85 DHA 1497 SONFH Ay HAA
B, S SONFH A 3 i AN 01357 4R A8 B 1%
Rz IS A A AEA 2 o

S25 3k
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