$44% %o R % h E FH F T Vol. 44 No.9
2026 %9 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Sep. 202 6

DOI:10. 13193/j. issn. 1673-7717.2026. 09. 010

£ F 165 DNA U B R T N0k 35 4 35 = 53
S B R B KR TE A R B - B B

R M FER  REFT RS AL
(1. L?’FPI_:%#K% LT PEPH 11084752, iX FH R 25 KA M@ R Be , i T JLFH 1100325
LT R EZY R TP E NG P M v 2 E TR E m SE 060 %, 307 P FH 110847 )

WE: B¢ AT - B 424 16S tDNA B AR KR Ak FL A s TR T LR R KT ALE LN
VER SHE, R L Ip A ABLEMOY e, ik RBMMEF K, %24 2 SPF B SD XK A4 A EFA(n=8) 4
A (n=8) 87 (n=8), BAMA TR A BN IES T IRRAIABRANGGEAE T 0897 AT ok F &L
RICHABR)ER . NRM KA FH S, KA HE 264 L =8B % £, Micro - CT Z 4T & 540 R R E
44: w\*fz(BV/TV) BN B4 F (Th. N) BN ZBE(Th. Th) B 5 & JE(Th. Sp) F B 022 3 A, %8 a Lo &

244 A 47104 BMP OPG Runx2 % ik ; #4 3 #4845 £ 16S tDNA 3 Rt /7 F AN 55 ASV 547, a S Af M Fa
B %#}r‘ih\#&%:‘@%ﬂhﬁw‘%' ,LEfSe -7 W 8 H AL AP 2 F M AEF K- Fo B K-F LB T, R R ELHR
FT B # SANFH X S5 k= F /8 & (P<0.05) & BV/TV. Th. N.Th. Th . Th. Sp % F 4142 % £ 4% (P <0.01) , 5
B ¥ AR A EAS EARIT BMP.OPG Runx2 £k K-F(P<0.01), MHEBHEMNFLEREE T, a y#‘%i/\#&iﬁ,ﬂf] 3K
R B ABENG I SR FEELEARERP SHROMEFRETURBEMEREANAGLEREN B, 55X
GG HA EF K THA, LZFA R, LESe 54 X LA KT F= 8 KT L, ﬁiéﬂkm%gmﬁliﬂi%éﬁ“ﬁ
RAHIE R ARIGEABHEN L -G LI, % kB %2 2 A2 SANFH X R 5 a8 42 4R 5
LiAEHEEBREME, FTRAEDH X ED TR ER DO M EMAES, S —FIESHBEEAT W - B 4069 R &R
W A2 F|Bris SANFH 6946 .

AR SRR KR ek M R I A AL - B

thE 4K E:R289.5 XERIRERAG A XEHE :1673-7717 (2026 ) 09-0053-09

Effect of Modified Huoluo Xiaoling Dan (il 75453 2 F}) on “Gut — osteoporosis” Axis of Rats
with Hormone Induced Femoral Head Necrosis Based on 16S rDNA Sequencing
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Abstract ; Objective Based on the theory of the “gut — osteoporosis” axis and 16S rDNA technology ,to explore the effect and
mechanism of Modified Huoluo Xiaoling Dan (I G 2554 % F}) on the repair of bone tissue in the rats with steroid — induced
avascular necrosis of the femoral head(SANFH) ,as well as its influence on the structure of the gut microbiota. Methods Using
the random number table method,24 SPF — grade male SD rats were divided into a normal group(n =8) ,a model group(n =8)
and a treatment group(n =8). In the model group and the treatment group,the method of alternately injecting methylprednisolone

sodium succinate into the gluteal muscles was used to establish the model, and the treatment group was given intragastric adminis-
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tration of Modified Huoluo Xiaoling Dan( preparation liquid). For the femoral samples of the rats , HE staining was performed and
the empty bone lacuna rate was calculated. Three — dimensional reconstruction by Micro — CT was used to analyze and measure
the bone histological parameters such as the bone volume fraction (BV/TV) , trabecular number ( Th. N) , trabecular thickness
(Tb. Th) and trabecular separation(Th. Sp) in the measurement area. Immunohistochemistry method was used to detect the ex-
pressions of bone tissue repair markers BMP,OPG and Runx2. For the fecal samples,16S rDNA technology was used for gut mi-
crobiota sequencing and ASV analysis. The « — diversity and @ — diversity were used to analyze the species diversity of the gut
microbiota,and LEfSe analysis was used to detect the changes in the species differences of the gut microbiota at the family level
and genus level. Resulis Modified Huoluo Xiaoling Dan could significantly improve the empty bone lacuna rate of the femoral
head( P <0.05) and bone histological parameters such as BV/TV ,Th. N, Th. Th and Th. Sp(P <0. 01) in the rats with SANFH,
and significantly up — regulate the expression levels of bone tissue repair markers BMP,0PG and Runx2( P <0.01). The results
of gut microbiota sequencing showed that o — diversity analysis indicated that there were obvious differences in the species diver-
sity and richness of the gut microbiota structures of the rats in the three groups; — diversity analysis showed that the flora struc-
ture of the treatment group was significantly separated from that of the model group,and was similar to that of the blank group.
The difference among groups was greater than that within groups,and the difference was obvious. LEfSe analysis has found that at
the family level and genus level ,the gut microbiota of the rats in the model group showed significant “pro — inflammatory” charac-
teristics , while the gut microbiota of the rats in the treatment group showed “anti — inflammatory — promoting repair” characteris-
tics. Conclusion The effect of Modified Huoluo Xiaoling Dan on the repair of bone tissue in the rats with SANFH is closely relat-
ed to its regulation of the gut microbiota. The intervention drug effectively reshapes the intestinal microecology disturbed by hor-

mones , further confirming that the reshaping of the flora has a bidirectional regulatory effect on the “gut — osteoporosis” axis, pla-

Vol. 44 No.9
Sep. 2026

ying a role in preventing and treating SANFH.
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BE Rl 5] s, 220230120000 ) 5 3 555 F 9 JE Je B2 AR #94 (
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e A MHEARAIRA R, ZB -2301) ;DAB 2 (3055 & (L 5t
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BT, i 35 mg/ (kg - ) BEAIESE 3 d, F58E 4 i =
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J& (Th. Th) B /NG5 B (Th. Sp) .

2.6 fmAfRIl kR REESFARBEFTY

KEBEHMBARY , 2B oK EAT K BEE h
AACE R PR E e B B UBK B
PR 7R WS B AR EARICY BMP OPG  Runx2 f5£5A
T
2.7 EERSWEEENT S WML

FEERE S I 1 R Y (IR AR AR YRR A
FRATHED) , ZIRFREEE R = 43977 & (hitps ://www. genescloud.
en/home ) ' R R AEEAE I 58 OBHE 43 BT o W T8 DRI 0l
FLHATAL , 256 ASV 24T, UL I B W RE A5 i f 2 e 25
W R REIR Z AT, R o 2T R B Z M)
Bro WRh2E 74347, 2Rl LESSe 437, EZIRIOA [F] Py Fh 3 2
SRR FE KT b, 7R 25 AR i A R AF X = B S LA
b, 455 B 2R BT I AR AR 43 BT (PCoA) , HEFTRE X
ik
2.8 GIFF M

i/ SPSS 27. 0 G it ~# B AF R A7 Bl o b S AL 3R, R A
K = S IEAPER BRI 52 95 6L B G A5 IES 410, fF 6 IES
SRR ZEFF TR R, DAL = brifi2E (v 2 5) /R, £
LIE] LEBER AR 3R J5 22 43 W, 7 22 AN 57 AR S i 30, P <
0.05 HEFA G EE L. Gt FaHr & il 7 P B 2R
Mt f R B Se i o AE S 2 T KW
3 #R
3.1 AR —ARANE

25 R R, BRI SR IG 0L, A BT B sl 2E B R Va1, (B0
B UK FITE S R IR, RIUE RS . FFRERE R
HIBITHRR, R A FEBRE RN BEEBOENREET
[ , B BOR LS HLATUHUN 25 7% , /K B 2b , 37 3l B2 Wl A1, B
TR, PR TR RS B WL RIS, PR TR 0 AR 22
AR
3.2 ARBREIALRERE

KEMBE L HE Je A 25 R R, 5 1EH 41 LU, B2 B
INGEZS (M5 A6 ZE L , IR BR IG5, TR AR AR 40, 25 B B 8 e ] ik 4%
i, 227 BEGITFE L (P <0.01)  5EERA W, BT A
BB /NG ZS B 25 AR HES RS LR, AT B (R IE TR ARG A5 K, 25
HFAE R B IEL, 2 F AR F R X (P <0.05), WAGHTIXV
K1 R 1,

#1 3HREBRE LN S HHRERLE (x£s) %
45 n EHEER/ (%)
SE: 8 2.52 £0.68
FERIZ] 8 16.27 +1.64**
RIT A 8 7.84 +1.14%

TE:* o« GIEHALHE, P <0. 01 # SRR HLEL, P <0. 05,
3.3 ARRJEAE K Micro - CT H# & R

FIH Micro — CT 5 K BB F 3k Micro — CT -4 {5 AT
YR, WACRTED  JPRTAT B T 45 22 il (0235 WA 7 3 4K
SRUBCH Sk AR AR A, SR DL B 3 AR BB B Sk 1/ 22
FACE T BUEE O, WAGRTIXVIE 2, IEH 4 B/ E5 ) I
LR T B SRR, TR R RIS, R BUBE KIS

55



$44% %o R % h E FH F T Vol. 44 No.9
2026 %9 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Sep. 202 6
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IER BRI, BRI
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awm n BV/IV/(%)  Th.N/(mm)  Th.Th/(mm) Tb. Sp/(mm)
SHMA 8 26.36:2.48  4.42£0.84 0.10£0.01 0.17£0.01
BRI 8 14.27£3.057 % 1.80:0.48** 0.07£0.01**  0.27£0.02* *
B 8 20.13+2.48%  3.84£0.25%  0.09+0.00%  0.20+0.01%*
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XV 5 Ffigk 3,

#3 3 HARBBRFHESTFHLEEREY
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ZSE4 3 10.10+1.49 20.03 +1.18 9.30 £1.10
M 3 3.44£0.94** 6.06+2.08* 1.66+0.41*"
AT 3 7.82+£0.49%  12.34+2.64" 5,03 +0.90*
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3 HHIRELNY 18 BilFF Al 28 16S rDNA M5, el 2 R v ¥
TG AR R B R R T B R, I B R
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VLI 3 2H R U E A BESS R AR 5 AP 7E ] 2
25, K4,
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AN RV RV REAS 1 i T8 T RS R A T E e, TR LA 1m) 2 5 14 4%
Brridio BEHLAARFR ST HT (PCoA) HEAT 41 1) Z2 A Mk 43 T, 4
B RAREE . 3 4URE S 38 B AE A PCoA M Hr &b R, IR
INT 95% EAFMEI 55 1 F R4 PCol [Tk R 1k 5 48.9%
552 Sy PCo2 [HTRHIRE N 15.9% , i viNIIE 7 AT L, 3 41kE
RRAFFERR A B S, W] X 53 3 AUMIBEIR 4544 5 25 4L ST 2 BH i 53
BRI S AR SRR S s W, R 3 A I
TSR R A S R R R FAN, 2R R
F4 3 UAREIHHEERE o ZREMERRULE (x2s)

i , .
415 . Chaol Observed_species  Shannon Simpson
(g-ke™ )
P4 2047.24£252.94 1951.33£239.02 7.85£0.90  0.95+0.04
B 0.035  2078.48+566.73 1981.28+583.53 8.12£0.79  0.98+0.01*
TP 5.600  1045.53£432.27% 1 354.48 £416.60% 7.09 +0.75% 0.96£0.03

U+ 52 AL P <0.05;# R4 LR, P <0.05,

3.6.3 A EF oA RYE 3 MG AIEERE LESe 2471
LDA 1543 K 3, IE# 41, FUATF B H (Lactobacillales ) | L& 1
B} ( Lactobacillaceae ) . #7 # #L ¥ & J& ( limosilactobacillus )
UBA3282 ,CAG - 508 %5 5 A>3 281 T B AR H R 1 s B R 4]
i, AR AR B H (Mycobacteriales ) | 234 #F B 1 ( Mycobacteriace-
ae) FEIRAT & ( Corynebacterium ) 45 3 A>3 281y T 2L H
WHE IRIT LT, v - Z2JEHF 1 49 ( Gammaproteobacteria) |} 2
H ( Erysipelotrichales ) {1 7% [X & £} ( Burkholderiaceae ) | 53 #1
& ( Allobaculum) A7 55 45 [C 74 J& ( Blautia_A ) 25 5 32K 8
HFENHERE

3 YR BN A TE BRI B A T8 . ERDKF |,
528 AL LA, B A 73 BOFF 1R R ( Mycobacteriaceae ) | B #3ié
Bl ( Oscillospiraceae ) [ BEAIXT F TR, G & BB E (P <
0.05) ; 7.2 1 £} ( Lactobacillaceae ) | fil #F i F} ( Muribaculace-
ae) \CAG —508 (4 B #EAH X F EEFRAR (P <0.05) . SHEERIZ L
BRI FLBR W B ( Lactobacillaceae ) \CAG — 508 1) T FEAHXS =
FETFED s R AT T L ( Mycobacteriaceae ) | SR AT £ ( Muribaculace-
ae) BURERF}( Oscillospiraceae ) Y REHEAF X 4= BERRAR, Horh /A
TRl Mycobacteriaceae ) 25 LB it & (P <0.05) . W35,

IR AKT b, 52 0 W, B4 B IR R
( Corynebacterium) | 54T # & ( Allobaculum ) f8) 2 B AHXT =F & 7t
f s B 50 2 5 J& ( Akkermansia) |\ FL AT 5 & ( Ligilactobacillus ) |7
BEFLAT B (Limosilactobacillus ) i T FEAH XS 4= FZFEAIC, f5 W%
TR (P<0.05), SHMAH A, G774l R w8
( Corynebacterium ) [ B HE AR XS = B2 i 25 FEAK (P < 0. 05) 5 54T
#iJ& ( Allobaculum) i 7% = i J& ( Akkermansia) 7B AT # &
( Limosilactobacillus ) /Y B BEAR N F RIS . WK 6,
4 iFig
4.1 I E T B R SR KRS AT

SANFH S K W B B 3R 28 245 9 30iy ™ JE 0 A e
Z— LA e G 05 AL | 058 P B2 4045 B B
N IR e RNE SR o ARG rp 2 iy R R e Ak
TE SANFH AT v Jj BU R R0 3, 22 B0 i 203 i 1 VA
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#5 3 AR BUIAE R BETERKT AN R 20 B ARG 32 (x +5)

20 5 FlHE/ (g - kg™!) Lactobacillaceae Mycobacteriaceae Muribaculaceae Oscillospiraceae CAG -508
EEE) 0.30+0.23 0.00 £0.00 0.15 +£0.06 0.05 £0.02 0.06 +0.02
BLRIZH 0.035 0.02+0.02" 0.23 +0.07 0.08 £0.07 * 0.08 £0.02* 0.02 +0.01"
RITH 5. 600 0.03 £0.02 0.06 +0.02" 0.06 +0.05 0.07 £0.05 0.04 £0.06

T = S P4, P <0. 05 # 5HIRIZ [LEL, P <0. 05,

#6 3 AR BMIE R AR AT EAS R AT AT (v £5)

2 5] FIE/ (g - ke -1 ) Corynebacterium Ligilactobacillus Allobaculum Akkermansia Limosilactobacillus
=SHA 0.00 +£0.00 0.23+0.22 0.00 +£0.00 0.02 £0.06 0.05 £0.04
BT ZH 0.035 0.23 +£0.07 0.02+0.02" 0.03 £0.04 0.01 £0.02 0.00 +£0.00 "
bEpag:! 5.600 0.06 +0.02* 0.02 £0.02 0.09 £0.06 0.08 £0.11 0.01 £0.01

T+ G2 AL P <0. 05 # 5B LA, P <0. 05,
GBI MR BT LA o ks 4R Y
VLSIH FIZE MR ML, 3O 25 7L A B2 T Akt 47k
T, O By (RS 25 , 22 G, VA L TR JBORS D R R, n A
g W AN B R A R TR I A 5 g R R 2
FIRK . ABFTEEE R R IR 2% 20R I 3 A R B

KA B R NB /N R B SRS R
7R HCREIE I e SANFH BRI R FRUBEH Sk 1B Sl 2 #g e b 4
4K,

4.2 fmeRESBRIFAA ARG AN S B L AE
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