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Abstract

BACKGROUND: Hypoxia-inducible factor 1 a is highly correlated with normal physiology and pathology of
intervertebral disc cartilage because it can maintain normal activities of cartilage in hypoxia. After knockout of
hypoxia-inducible factor 1a, cartilage cannot maintain the hypoxia state, resulting in nutritional disturbance, and
hypoxia/ischemia in chondrocytes. Consequently, cartilage degeneration occurs.

OBJECTIVE: To observe the degeneration of intervertebral disc cartilage end-plate in hypoxia-inducible factor
1a gene knockout mice and investigate the effects of Chinese herbal compound Yigihuayu Prescription on
intervertebral disc cartilage end-plate degeneration.

METHODS: We collected 2.5- (n=6) and 4.5-month-old (n=6) hypoxia-inducible factor 1a gene knockout mice
and wild type hypoxia-inducible factor 1a™* control mice were obtained by interbreeding. The mice were
sacrificed at 2.5 and 4.5 months old. Lumbar vertebra at L4 levels was harvested for Safranin O/fast green,
hematoxylin-eosin, immunohistochemical staining. Another 12 hypoxia-inducible factor 1a gene knockout mice of
0.5 month old were randomly assigned to normal saline and Yigihuayu Prescription groups. Following
intragastrical administration for 2 months, lumbar vertebra at L4 ¢ levels was harvested for Safranin O/fast green,
hematoxylin-eosin, immunohistochemical staining and analysis.

RESULTS AND CONCLUSION: For hypoxia-inducible factor 1a” mice, mice at 2.5 months old developed aging
related cartilage loss and bony tissue appearance, in addition to cartilage defects, uneven distribution of cells,
and chondrocyte reduction. In addition, type Il collagen and Sox-9 expression in intervertebral disc cartilage
decreased, while type X collagen and matrix metalloproteinase 13 expression increased. At 4.5 months old, the
cartilage injury was worsened, type Il collagen and Sox-9 expression further reduced, and type X collagen and
matrix metalloproteinase 13 expression further increased. Compared with normal saline group, Yigihuayu
Prescription reduced ossification and defect of endplate cartilage, the number of chondrocytes increased, and the
distribution was more uniform as shown by Safranin O/fast green and hematoxylin-eosin staining. Moreover,
Yigihuayu Prescription increased type Il collagen and Sox-9 expression, but decreased type X collagen and
matrix metalloproteinase 13 protein expression. The results indicate that intervertebral disc cartilage
degeneration occurred in hypoxia-inducible factor 1a gene knockout mice, which was progressed with aging of
mice. Yigihuayu Prescription can attenuate the degeneration of intervertebral disc cartilage in hypoxia-inducible
factor 1a gene knockout mice.

Key Words: tissue construction; tissue construction and bioactive factors; Yigihuayu Prescription;
hypoxia-inducible factor 1a; gene knockout mice; intervertebral disc; cartilage; degeneration; ossification; bone
defect; type Il collagen; chondrocyte; matrix metalloproteinase; National Natural Science Foundation of China
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Figure 1 Safranin Offast green staining of hypoxia-inducible
factor 1a gene knockout mice and wild type

++

hypoxia-inducible factor 1a™" control mice (x400)
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Figure 3 Immunohistochemical staining of type Il collagen in
hypoxia-inducible factor 1a gene knockout mice
and wild type hypoxia-inducible factor 1a™*
mice (Light microscope, x400)
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Figure 2 Hematoxylin-eosin staining of hypoxia-inducible
factor 1a gene knockout mice and wild type

+/+

hypoxia-inducible factor 1a™" control mice (x400)
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Figure 4 Immunohistochemical staining of type X collagen in
hypoxia-inducible factor 1a gene knockout mice

+/+

and wild type hypoxia-inducible factor 1a™" control

mice (Light microscope, x400)
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Table 1 Comparison of areas of type Il collagen, type X
collagen, matrix metalloproteinase 13 and Sox-9 in
intervertebral disc cartilage of hypoxia-inducible factor
1a gene knockout mice and wild type hypoxia-inducible
factor 1a™"* control mice (xs, n=5, ym?)
2.5 A% 4.5 A%
HH AT MAFSHET 10 HEAES KEEIET 1a
BT 10" BEEEBRAR BT 10" BEERR
Iy 4 0.81+0.03 0.31+0.02° 0.79+0.02° 0.20+0.02°
X B R 0.08+0.02 0.45+0.02° 0.20+0.02° 0.52+0.03°
By 0.04+0.01 0.25+0.01° 0.04+0.01° 0.34+0.02°
EAME13
Sox9 0.44+0.04 0.12+0.02° 0.41£0.04° 0.08+0.01°

SEEFESRET 107 2.5 HidtiE, P<0.01; 5EEHEZHET 107 4.5
Hit, PP <0.01; S5{LEAESET 10 £EEG/N R 2.5 & HE,

°P <0.01.
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Immunohistochemical staining of Sox-9 in
hypoxia-inducible factor 1a gene knockout mice

+/+

and wild type hypoxia-inducible factor 1a™" control

mice (light microscope, x400)
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Figure 6 Immunohistochemical staining of matrix
metalloproteinase 13 in hypoxia-inducible factor 1a
gene knockout mice and wild type hypoxia-inducible
factor 10" control mice (light microscope, x400)

1R 5 Xt B/ RAH 2.5 H i F14.5 H IR A5 5
PR 51 e PR e o /s BUAME TR) 238 A 11 25 i Ji o 1 AN Sox 94
B, I BLREAE RS 1T AL SR AN SoxQ 8 [ K ik = B i
BERAG, XU S AL o < £ Y 3408 K I, ELREH
BIRIEERH T, ZRA REEE X (P<0.01).

2.2 #BAMFT AREASF B T 108 B SR RAE A
HIRF Fh

BUEFABNFAE-PFLROER. EHEHKAMK
AP T PR o PR 5 ) Bl A O S 2 i A A
AL, LT, ST 4UHER S SR A AL 3 2
e, W7,

GEAA L FRE: WA A S AR KA
B, NRAERSD D TR IR XA R 4R E A
Al 13F1Sox9 & & 7% 7t A W& s (P < 0.01), B[4
AR KA /N RMERBLAR L, 387 4/ RMETR AL 1T
RIS Sox94 ik B BT, a AAIFE 7 2/ UAE IR 5
XU fi S RN I 4 Jed B A 3R IA FRAIE . DLIKIB, K2,

4485



Ldg, . RAEFET 1a BEREA KR EE S a TR #I T

Qﬁf WWW.CRTER.0rg

A: AR AL B AR G B: i AL AR AR

C: EBEKAFARE- I RE D: s U AR AR R E

TE: ABERKAMETE SN T 1a DR/ BT 2R L
BB SRAME AL (T R), 2R, 2 AR T A ) 2 A
FEAC B B -

B 7 AT AHCEE TS BT 1o D A/ RUAE () 25
TR R R ) (e 0[] 2 2 £ R0 95 AR ORS — L 2 (5,
x400)

Influence of Yigihuayu Prescription on intervertebral
disc cartilage of hypoxia-inducible factor 1a gene
knockout mice (Safranin O/fast green,
hematoxylin-eosin staining, x400)

Figure 7
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Table 2 Comparison of areas of type Il collagen, type X
collagen, matrix metalloproteinase 13 and SOX-9 in
intervertebral disc cartilage of normal saline and
Yigihuayu Prescription groups (Xts, n=6, um?)

EiEE AR K2 T
RA R 0.33+0.02 0.45+0.02°
X B R 0.45+0.02 0.26+0.02°
EEmEEAE 13 0.26+0.02 0.14£0.017
Sox9 0.16+0.02 0.23+0.02°

S5 KE L. *P<0.01.
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Figure 8 Influence of Yigihuayu Prescription on type [l
collagen, type X collagen, matrix metalloproteinase
13 and Sox-9 content in intervertebral disc cartilage
of hypoxia-inducible factor 1a gene knockout mice

(immunohistochemical staining, x400)
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