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Histological study of Highly Agglutinative
Staphylococcin in enhancing tendon-bone healing

after ACL reconstruction in rabbits
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Histological study of Highly Agglutinative Staphylococcin in
enhancing tendon-bone healing after ACL
reconstructionin rabbits

Abstract

[Objective] To explore the effects of Highly Agglutinative Staphylococcin on
tendon-bone healing after ACL (anterior cruciate ligament) reconstruction in rabbits.
[Method] Animal model of ACL reconstruction in 24 mature New Zealand White
rabbits were established using autologous digital long extensor tendon and randomly
classified into 2 groups. The HAS (Highly Agglutinative Staphylococcin) group was
separately given Highly Agglutinative Staphylococcin immediately after operation and
two weeks after operation, which was injected into the tendon-bone interface. The
control group was only injected with the same doses of physiological saline. All
animals were sacrificed at 4. 8. and 12 weeks after operation for histological
examinations. The specimens were stained with hematoxylin-eosin, Masson trichrome
and toluidin blue to investigate pathology changes of the tendon-bone healing tissue.
The VEGF immunohistochemisty stain was used to observe the neo-vascularization of
tendon-bone healing tissue. [Result] The histological examination revealed that at 4
weeks after operation, the tendon-bone interface of HAS group was filled with
proliferated fibroblasts and chondroblasts, the collagen fibers was obviously increased,
however, their arrangement was not regular enough. At 8§ weeks after operation, the
healing tissue at the bone-tendon interface had developed into dense connective tissue,
the collagen fibers was formed abundantly, some Sharpey’s-like fibers spanning parts
of the tendon-bone interface, which indicated the formation of indirect insertion. At 12
weeks after operation, The transition zones of collagen fibers, fibrocartilage and bone
(the structure alike a direct ligamentous insertion) occurred in the local region of
tendon-bone interface. These histological observations showed that the tissue healing at
tendon-bone interface of the HAS group was quicker than those of the control group.

The proportion of neo-vessels at the tendon-bone interface of the HAS group was
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significantly higher than those of the control group at 4, 8 and 12 weeks after operation
(respectively p = 0.024, p=0.007). [Conclusion] Highly Agglutinative Staphylococcin

can significantly improve the tendon-bone healing after ACL reconstruction in rabbits.

Key words: Staphylococcus aureus; ACL reconstruction; tendon-bone healing
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T, M HILIET Sharpey’s A4 L% . 23K ER,
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TERIG S 12 R k- S IR] TT 4 i B Sharpey’s 74 . AT U\ Ay k-
B EE RTEREERE, TEW I H R T

() SR E-F &SN REER

478 & N 45 37 R & % 3E (Staphylococus Aureus Injection, SAID), &%
HRER P ENLEUE A R B AP AR 4 3 030 % BR BN F= ) 48
B & 2 T AU YE R IR B A IR o i SHIR A TR TR B sl et
AR, SR N A A BR R 1 8 3% C(Staphylococcal Enterotoxin C,
SEC). L35 B it [E B (Coagulase). B, ZIKME IR,

< HIVBCLE I PR B R 5 S RT B ) 1967 4F . AT 77 B3 MOBIIL
OBHUH &3-S 1N ] 48 24 (030 AT BT 28 28 3K K G U R 78 DU T vk &
PRk, 1982 4F, B BT W S se IR A AT R I 4 O R AT BR AR i
FEYBERR BRI BT A . B A AR R A T B RO e R A
DA P AR MU AR B BV . 1 B R A 1)
f BRI Z Y8, ke H B (R A ron MU T B0, BE00 ML i = 1
YEH . BUG, 2R BT 5 0 R N P R S04 8 3 BT (B B 5 9
HIER G AN EA) Bed S0, BRm. HEm AW . B B s
IR IR T R B By T,

ARG BT VY, AR - A IR . S
LRI R4 Yamakado JEE-B RTIEEF M4, RIAEH 4. 8 f1 12
JE SR A A IS B T A A o S50 A - B SR IEIEAR S 58 12 AR 2
(o lal Bz, ) LS (s R HES I Sharpey’s 4T 4. L IUE 4 BT FRAE 25
8 JEIL B, A 12 AL TR EROIRA s B AL R R SR A A R R b
Ifla) g . ZALUEE RN, 3 AN B AU S A U R
A R TR AR IS B A T 2 (P<0.05). FHt, HAZVEMRE R, SHERER
e BE AR RS RUULIE 510 BRI TR A . BT RO I AR 42 e, R T B B 1)
T

(=) eHFRER-FREHHLH
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SR E R SRR AR EYEIF . K, SECPPIR—FAH
A ERIANEIE R B 5T, FE SR R B E B LR (Super
Antigen, SAg), {NTWME@NEHE, ng)MI A mACHE T M I8H, fefEl
EEBEMMARET, B RMEEERE, s md, BEMEA,
(EHMRACH R A . 3R B T ST (1R A S L B R B AR A,
EREE SR PEER THERESY), FAEEARERNTHEA,
APR A SR E, (R A MBI R R, (LB E AT E
53K, BEEDRFERE, REHKMERIER.

UE-F RMIEANS W E S, 78 SEC. MR 25 4 E B % 2 Fh i 73 1 3
FERT, BB muE N bk 85 5 it — 77 T Be s o 3 i A1
WRIREFAE M A iR B & BB SR AR T, BEME 3B, #ah
HHM, MRERITER R SR [F o K& ) 7 54 s A -
B S, GBI, A AT R AR AN R AR T T A
MR NIETEETERE R, X THSREEREEEMEM. i, ait
TR RPN, FERSMEE RIS, 40 3T A AN A 1 SRR AR LT
HAERS B E e B BB A A G, XA ZK T Bk T i 5 A SR O 1
L. WTW, SE R TR 2Ry FEWEER, TEA B nig-& 7
[T B e (P T £ 4 A SN B s e i T B g
AEMTEH.

() -&aa5R-FAmEnERKRR

ACL EEAFR, RIS B B5E 2 ) AT R & A AT Y4
ZRIRAT, (ERCEEAN b, KT B BB R A B 2 T UL P KO . Nitoulia
A PR, BRSNS B S A A BB, LA
SRBEAE A A B e R AR B R . Walsh 2% @I Bl IR ST R IR
HE-E SRR S S, S AR B SR ALY S Re R B
SBERTE. TN, ACLHERG, RAFRIILE fF A -8 5 i 4h s be
MR TSR KRB,

Yoshikawa T %P0 sc 36 vH R L, ACL 58 A Ja A% R LRt A 1 o 25 4K
P B A o2 ke, SEIMIR ST s, AT -1 i
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ARG TR VRS O] DL, s A AR BB AL AR A O BR . ST
AT, BB ) S S IR 2R AR i T A B3 KT X R A, A JF AR
PR gy, LWIAREARG S 8 JARK, €F 12/, CHmb. [,
SR A R AR R KNGO, AR IR A 4 A it SO T3 R4
SIS TESE 4 BN ISR Sharpey’s SF4EF BB MFTH, 2% 12 A,
Sharpey’s 746/ 2 A . BEERRA TS, 1 AMhRA I H R
eehty, MR, B S B RE R E KA 549 ) # TR
=2 IFAHSE, [ Sharpey’s £F4E 24 0 308 A C/MB B IR YIRY
BRSNS O, 4R x-S R R I AR A Al AR B et
M FAETTTH, FXHE MR R 44 SO (e 4  RAE T AL 5

&

(h) AERKAL:

SRFRE BTN AEME SRR JLRS O R B AL RS
Fio EWAERE, KR TURARIER S, B, R (et
AR AN G 6 TR sehh, O G e BEE e
R UBURESEY PALe S UIBRN G ci a2 AT

M 4w

MEVERETLRY, 4 R A Edt % ACL RS, iU S &R
AT BT R AT A, R A (R &G A AR &
R - S TS R R HAT R T R AFRTSE I .
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SCRRERIA:
AR MFHEERRRAR-BASHMRER
FEE G NER HE

B OB BRI X AL A &L FEARRIT . RIS X
HEEBEE S FRERT &S 2 EREERENCRE, miTedtE-&aa
2 AR B RS ARG A - B E R R, e BE
g5 EHIEALBERTE, . S8 EdAR. FEOEBHEUUE. 4
KEF. BRIPE. WBIGTT. RAERMNMYAEYIRESA, EEVGT. T4
MBS AT T 2RIk

K. HE-ERa, X, miE

K 8 28 U B B A - R - B A% B A8 XA (Anterior
Cruciate Ligament, ACL) RIS R IF VAT R . (HACLEREFAREA
0.7%—10% 1] 54 DRI RS A S IR R R A ST R B U2 T e A8 R LI 55 g i
MG a s R AR ERERNEL —.

1. BUIAS X W - B A A iR Y

Py b AR 2R B RT 4 0 B HE AL o B AR 4E 3R AE & (Fibro Cartilaginous
Entheses)Fl B4 112 57 T £F4E 1| 23 (Fibrous Entheses)Piff. 1F# ACL J& 1
MM EE R R, USSR S-S R, BAUBERENSEM, 1.
Whats . AEESALATECE . SRR E B A S AR IEES A AT YR A
54k 2T 4 H DX AT LR Ak . IR T A AR Lk s R LA
03, AR AR R R o IRl 6 R R S ) R 2 4T
YERURA LY, RN ETE I Sharpey’s FEIR R £F 4 H A B 4H 400,
Sharpey’s 14t 5 SR HR AL 0%, HEEAK /S HEEZ 00 FE R LR 1) B oK 2%
WA . ACL SIS, M- A VDU S0 RS AR L 500 P B R Sy B 1k
(HERE, JLRAR I SO 5 S ACL 1k sSAHAL,
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2. B-ARENEATE

E-EREEREER, A=, HR-F RS ELSUER.
Fra A IF MU A KRAR BRI MGG, EitidiT, NREEFHERS
JRZE. B, BRBRALICT R, BRI ELPH LY. B-BaEm
ERURE-F IEARTER, BRI, HaRELERIEE LA, UREES
Ax. B¥EFENAR-E 8GR RS ER I SRR TR . ACL
BEJE, LA STNAEY) S % R R KSR ARG E &E

=

3. mE-FREHRE

3.1 AYHFEER

3.1.1 B-BRAEBEVBNH3) BEVEEEREREARUSIEEMN
B, RN REEN T MAIES), BBk RN EE TR
YHTT I KB E), BIMRI RN .. HFF RSB AR TR L S B
Wfd. WUBERE R, BREED K. DUBTGKAR. VUBERERE. R
AL LA R AR JE R gl T-Host S eI RAUURHE), Zwig-afe, mEE
A SEEEEY K, YW ERKM.

3.1.2 BHEENEE T BHEIEEERBE B TR-5&E. K
[i] 5 75 ¥ AT 43 D LB SE AN R 8 . R T RSB REUUR A EEE T,
WA TR e RV AT e 5. (a8 e 2 A R WU A s [ 5 T Pk iE
H P, Gl AT AR [ e AR A R BE R e 45 . R E A L, EERE AT
ok 2> 5 UL K T A0 £ A8 20 R0 I A" 280 . Weler S VR RH U487
BrIE[E 52 AT fE R -8 T P AR B3 G, TILiZE & B e i) [ s 1 -5 i) 4
TS . W, BEEREERATR-5EE.

3.1.3 WU 4G BRE N ARSI @A 0L 5 7% VU R R ) 43
fif %, Yamakado ZEUMGRBHEMMLANE B UIB G A EE TRETH
HEER, HIERN 04 THE TR, KN MTREND, YIN)FE
DA TREE N AR EMAY) N F LR o, KN REBmaEmE-H &6
FE, AR KRISK AR TRV L 4, KN IR IECR B & VIR
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XS IR .

3.1.4 BHVES SBGERERE  Tien% P H %00k Ul E 2 ACL,
B BRIE E AR M E.5 mm. 1.8 mmA2.0mm, VT B 2R(1.48+0.12)
mm. AYVEREE, HRREESEN, B R R YRS R
FRRRY, FREBEDB)D, FRSREER. WHEFENR TARERT
FUBELE Rl B2 B B0 B LA 500, Nebelung!™ & HLZEAH ] B4 1 bl 4 2
FEACL, VUBERElL B ACLE -3 @S2 E M TR RINER . ARiE
R, BEERE S BEBENERZE R E2.0mmEt, - &G T B0,

32 EYFRE

R U LE B B AN TR 0 ) B A 1 AR A BT IX . Berg S5V R B4 1R %
ACL, fEfdfE b S AT MRGE, JRE-EE S him X, &
) DX SR AT SE T S W 3N 4 o AERTG B4, T W B B B St 12 4
By R A SR R R A D BT BIREE12E, R
AR AR 7006 T BT & HHC A A LB T B P ) A e % 3 e o 1] 61 fi
AN KRR, BRFEE OCAT I - A I )G, T R PR S5 Y
VT IR KRR . AR T A K A I

ACLARA J5 K I I iR 40 I R 1 KT BE 2 %, I #-1. 6. 8,
R ZE B 1o R AT PR SR E/K P B3 &, 1 5 Z S (A - 13240
PUR A SKEB ALK E TR HIBR, S48 B an i ve, SEEEm,
AHT - B

4. (L R-H RS IR

E AU A B ACL T AR UL B B AE TR REVURE 5 1 BE T 1) R 4 A
, XA RAZ AT R T SRS HAT, GRS IR B A 10 ik
T S YME. R OERMPUE. LREF BRI WENATT .
RAES AP R AR BEDNAYT . T A RS .

4.1 BRI R

B ERATAE by —FIAE IR 22 BT S PE A R R . Mutsuzaki HE @ik
AT AT LR S T T B Bt R AT T o RN R BB T, A 5 2 ) RS AR LR 50

op
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KA AR S E A B E RS . WenZk "I S236 0 & 5 i S 7E B R
5 -8 7K e (Calcium Phosphate Cement, CPC), AJESEWHHEBHLKNIE
DR A PR AT T X A, Ik A CPCREB (R IEIE-B & & .

42 BIEAEBHEIE

HBREAGEENRARTAR, HFE2EH, REFARKAKRHA
LUEEST . ChenZ BB EENBHEIIEERACL, KESR2ARILR
MU S A s R A R TR, LAY B ER T RE, T
B E-E AT EREEM. YounZ @ RACLE R A,
B AL E RS R LN R R - B ST A R A M e et . M B R P T
S RRE N, ERE B REER, BHRSIE N . Robert")
(I ATBEHEBENUR TR, AACLE AT B 4-& BT 8 8RR 0
Kb BEE YR, A BD TR IR N B B

43 H£KHF

Ma% U@ i R ACLE BB T A B TRABREEA
(thBMP-2)% - & & B2, R I SE 50 20 -1 AU P R AL 0 NI 2
T XTRRAl, HBE-f AHs s L s E R R thBMP-2 5 &K HitE. [
i, 15 I BMPs28 B 2 140 Bt B 528 BAR 1 B3 P9 A B IR M. Andlerson 2! 1 47
-HRMmMIIAEFERAKEF, KRAGERAR-FaERENT XA,
H S AR U SR S s PR, e s B B SRR TR
(- A HITE o Yamazaki®! IE R ACLE 88 B Y J5 58 5 F B4 40
7} KA F--B ( Transforming Growth Factors-B, TGF-B), ARJq -8 AL & R,
H Sharpey s#F4E I E AL g B E G0, teol, Ko Ay )i -
( Granulocyte Colony-stimulating Factor, G-CSF)n] 7 %538 i ik -8 5 i i & A
AR A%, 478 T - Ao

44 HRPE

& R4 % (Osteoprotegerin, OPG) M AR B 2 fia A= pled il B8+
(Osteoclastgenesis Inhibitory Factor, OCIF), 0 21 3P4 40014 k- 40 it M B R
BB, SR E ARIET.. Dynybil PO e G- F (i A —
ST RN EE IR R, GV GORIAT 553 1) 552 56 20 8% Rl JUL gk J30 TR 2 1 4
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STRRZE B I, B BRI R R A0 RN R AL B D, BRI RAR
et - G HER.

4.5 YIFIRIT

i (Shock Wave). {38 B ik #8 75 I (Low-intensity Pulsed
Ultrasound, LIPUS)3EM3 Gy, A4 C QI T ik (R #E -5 & - Wang
SR 3 R I, e AR VST e BIR R ARACLE R A G B B IE M B R
T A, ECR 2 Rt . WalshS 257 & 30, LIPUS I {2 3 ik
B FHHTE AT A B R A, R B S AA R B B R
et rEH .

4.6 RAER ML AEYRBERAR

ACLEH ARG, f-& 5L 5 A 505 RN A A 2 2 BUR-& 7 TR Ak
A AT IEE A S IREZ —. Hays% PN AR L 5 S8 fm e
WE AN AT, 45 SR R A S B 2 ) S 20 M- B S T A RE S AR ke R 4 B A
Bo RGBS E-F FmE bR SR, 7 WA F A AR
REEPY B TRET 4 G St AN e 4 DL A ) S R IR T Al . &)@ s
[1%#( Metalloproteinases, MMPs){EA% M &AL RE A6 41 i 2132 T 1 22 3 2 8
MREIMEH . DemiragZ PRSI MIRIC T WIE AN ap-ERRE T . RJE KR
KWW RPSEEARSERETE, -5 R HALH AT AR,
Sharpey’s#F4E %, 7 Ak i B 42 . HH I B op- B BRER [ BE 4% BELIT
KATHBAR NS B EOR, KIFRIEE-& T REERIER.

4.7 RGBT

R A A TR gE M- A& B IR KR BATS, 2 4R Hs 2
—. Martinek &5 s 36 41 PR 4 48 7 9 o R BRI BMP-2 56 [8] 1y i s 25 244
(AABMP-2) 5 795 B5-2F FUBE B (Ad LacZ) 6 G S i) - B UL . ACLEE 2 RS fig
P L RCE AR, T WS A AR, X AN R . IR
b R GENE IR T B0 M BEL ek v Ik, AURE 8 O A DR T e e — s o Rt
TR E B Lattermann POV FH b AR B A8 2 K DR 1 40 - S0 =) BB
K IEASE o 3 B A AR AL T A RO

4.8 T4t
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bEEAR THREN AR, & #8785 T 41 #( Bone Mesenchymal stem
Cells, BMSCs)th#i5| AFft-B B AHA+F. LimZEPEBEIRR TR —
JZ2E TTBMSCHIAT R B IR . NG A W— F AR E TR KABE
AUE, HARZZFHERUTRIEFEACLAmEN, BAYM ¥ aEEEST
StHE4H . Soon MY%% 57 T BMSCH AR LB - BT & WOTE . R sese
HARBEFHA LD I #R RN T RA . IR /<"BMSCH A2
BHiE-E R EAREE, REFEED I FHRE,

4.9 AL THE

ChenZ PV B 7, — 8 — P BR S 38 & ) (Poly-ethyleneglycol Diacrylate,
PEGDA)N 32 28kt 8}, B BiAH 41 i (Periosteal Progenitor Ceils, PPCs) 4 #h1 48
ffl, BMP-2A4KEFR@AEY TRAL. @ SEEAE ARG ER37hpsrHi
R AT S KRS . TR B B ERRE IR AR ENS, ¥
KBRS NERBEN .. ARZEERRIN, RGE3HME6E Lk A -& 5 m
HREREIERBMTXHRA, 7 T L W Sharpey’ s 4. B dHLA L4
SRR, R, sSCRABENERRE T RA B EE .
SpalazziZ PO —Fhr B A M B AR BRI B - ST, B AR
SR A, Frla AR R A, SRR R A E A . AR B SEEe R EE, LU
3P A SRR A L IR Y. R &F, FETE A BN LA 4E RS REA LR 15 £
HERIWKALEME W, FERARSEZ RS —FEE TR
MR, SCIRAEE I N TR EHPIEHR T A, nEst& m sy
NN, FTR-B&E,

5. R

EER, B-TRmERIE T L ENHE. XETEHNAESAN
Rtk SRR YE, B2 BUNAL T sl B, Blin, ey K PR AL Ak 7 i
WZEETAMRAEYE: A KR T RSEANE RGN E, FFRIERE
BRAEAE R QT ORAE & R ) TS BT AR A - A B, PR IR AL
KIEFERR R AYLE:  CPCMBHEMEIT 18 KRR R 2 Xt -8 &G
PEAEANMISER s AN ) 98 AE AR I AN A R DA 1 AR R - A T R R L AR AR A R
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