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Research Article

Abstract

BACKGROUND: The research focuses of knee osteoarthritis are on mainly articular cartilage, subchondral bone and synovium. There are few studies on the
ultrastructure of the meniscus in animal models.

OBJECTIVE: On the basis of observing the ultrastructure and types of chondrocytes in the white zone of the meniscus, to observe the ultrastructural changes
of the white zone cells of the meniscus in an animal model of early osteoarthritis, in order to explore the relationship between the microstructural changes and
the physiological functional changes in the meniscus.

METHODS: Sprague-Dawley rats were randomly divided into a control group and a model group. Rats in the model group were made into the model of early
knee osteoarthritis by intraarticular injection of papain. After 5 weeks, the meniscuses of three rat models in each group were taken, located and observed for
the ultrastructure of the white zone cells through a transmission electron microscope. An ethics approval was obtained from the Animal Ethics Committee of
Fujian University of Traditional Chinese Medicine.

RESULTS AND CONCLUSION: In the control group, most of cells were fusiform in the superficial layer of meniscus and were triangular-like in the deeper layer.
They were rich in rough endoplasmic reticulum and mitochondria, with presence of Golgi and other organelles. Extracellular collagen fibrils were mainly

type Il collagen fibrils. The cells in the white zone of meniscus were chondrocytes. In the model group, the meniscal surface became rough, the cells were
swollen, cytoplasmic organelles were reduced and swollen, glycogen was accumulated, and most of nuclei were abnormal with heterochromatin agglutination.
Extracellular collagen fibrils became disordered and sparse. These findings indicate that the mild degeneration of chondrocytes and matrix in the meniscus can

reduce the ability of cells to synthesize and secrete matrix components, which may lead to the physiological hypofunction.
Key words: meniscus; osteoarthritis; early; white zone; chondrocyte; ultrastructure; electron microscopy; rat

Funding: Science and Technology Platform Construction Project of Fujian Science and Technology Department, No. 2015Y2001-57 (to LXH)
How to cite this article: LIU XX, HUANG YM, CHEN WL, LIN RH, LU XD, LI ZF, XU YY, HUANG MY, LI XH. Ultrastructural changes of the white zone cells of the
meniscus in a rat model of early osteoarthritis. Zhongguo Zuzhi Gongcheng Yanjiu. 2021,25(8):1237-1242.

0 5| Introduction

B T SR B AR WG, RUARHER O R
WA SRR, R N W, kA
BORBEIRAT A B, R E, AMEFIXIE, N
Xk, ZMER, HRIRS4E S BRI, BHRITW
BOPERIBUEYE, REUEISRIR G TR M, RO E A
o o 2 MR IR SR R R A R — A R B
RIS 2 H RG] 5 R AT MR AL iR, B H A
TEANIER T2 S8, Wittt AR SR AR
A2, TEBCEHEIEIN, WHRIBE KT REAE: BERTREH
0w I &2 AR ARG B (8 E R AR 3 BGE E F
JiTE IR, BTN B2 i R R 1 DG 48 B R
BRI S EE R AR A M, T A S S AL B T
FLD OO S TE BRI AR (AR A M AN B R . F 2 AR
MEERA BT 7S ST R IR EE, TR X IR TT
B2 T REXTHZ TR A AR R 5B BT B .

R IR & Ty o Sl =7 TR R S AN NIEAR S |
X " 2 AR XA M A, $RONLIX, @&RE
N AAXS A DB, (T AN XIS NI
2, B—EMEEET: PARNGXIEC M 51, B
FOAEX, HFZmmits, Bk Temmn ™, W
H A, BHRAERE D, RBE I R EEFR
2o Rk, SR kU R AR ST RAF ALK A AR
F X U B s /AR, LIRS 2 H BRI 45 i A8 10 & 3 5
AR IRE AR R, HETTERTT 2 A AR IR A R
RAT RIS B AT BE 2 o

1 #M#EFF5E Materials and methods

1.1 &3t AL RSP S .

1.2 BFE AME T 2018 429 H % 2019 4E 5 AfFEMmaE =
2K S G R 45 5 B TE

1.3 A 16 R RIHEME ST (6 JAEE )SPF 2% SD KR, 14
JiLEE (200£10) g, HH_Fifg ISR b SEER S A R T AR A w4 AL,

1238 | PELRRTIEHASR | 5525% | 5588 | 2021534

BIMIVFAIE S SCXK( 7 )2012-0011, 7548 7 P IE 25 K41
SPF 2] = 2 SEIG S W A B Uil @ L PEPRESR 1 R, VRRTIES
SYXK ( [ ) 2014-0005.

1.4 Z£¥FH*

1.4.1 hWsrdl. ER L% E 16 HORRBENL N2 A xR
M. BRIH, R4 8 W 2 EXt A b HE; B A ) %
KR AR ST A A B RIS B, RS v A 4%
AMEAM 02 mL, T 1, 4, 7 RpHES, L3 W% IF
T2, 6 RIGERKRMILEz), &8s G, /NS
Tk FSAGASCRS 5 DR BRBE DG, AR 2 5G5S 3 e AR B A
(B 1), RFAGER 3 HH T B W i &t b B AR 1k
HRBERAT ARG, AR 4 um, JRARKR - 4
Pt e e ), SRR Mankin YE4) (P4 5 A
BORRAR ™ E ), TR % e LA

LR ENE AR AR A AR K (1R

MEPE SPF 2 SD KRR, HHARAE PR 25K 1 SPF R IR 275K
it

SRR : JRIER R, BRI TE AT 4% AMEARE 0.2 mL, T451, 4,
7RHGES, 30 FETER 2, 6 RIKH KR EILE3)

EREBEFESAA: 4% ANEAK

EMBERNET 16 JIKRBEHL N AR AL, B4, Al 8

EERIIVEN IR ERES G, /NSRRGSR SO R RO L TR -

AP EREMER T LR Mankin P74 B

#R:
EEETAEE:  ERS FAE, REOCR, TIHCHBERE AR
REBERSHUE: SR RERE P EARE I IR B it

142 Bt 5l & e BRI, DIBCHIBR ST ARG



BN 3% X % -15 g/L £ % H% -0.1 mol/L PBS(pH 7.4) 1, &
BT x 58 x JEN 2.5 mmx1 mmx1 mm [/~ 4 CJE 2
4d; fin % 11%EDTA-0.1 mol/L PBS(pH 7.4)4 °C fiit 45 [7] e [
JE 10d, PBSVEVE; 1% HRERIAT € 2 h JEIEEE; AR E
50% LEEMLK, RALrHL 70% LB - MRS R 4 Cid g,
LT - RERABREE I K, FREM i 618 RS 3 h, E i,
35, 45, 60 C/rJl5&G 24, 12, 72h.

143 HERMBEMERE - RE NREREEY T B8
PR, FI4k-K RM2265 R3] Fr L) 1.0 um 1)
Fy W - R 1Yt e Bt 100-1 000 f5 05T T M2
R ARAX SO A X AL BN . &5 TARK - e
Pettim i Image J G AL 3 23 #3120 B2 H BRCECE FA
H RGO A T AR

1.4.4 JESTERBALSH - HREREET R dE e A
WRAXE, BELAX, HKR uce BEH Y] HLY] 90 nm
Y s BEERAN . AR UL H 57 H7650 YIS HUBR,
ML H AR X 4 M 45 195 Image ) G AL 3853 B X
ff “Uncalibrated OD” ZhfEEE T 2 umx2 pum TEI AR (1 41 fig
AR R I J5L I 4T R AT (T RO B P, I 1 pm 2R
FIT 5 35 (P S JiR A e B i S HL AR

1.5 T EARARAR KB AR E XML NTES 281,
1.6 %its ot HEi@id SPSS 20.0 Siit A br, iHE
BORLLL xts FoR, 4R ELBGHAT t K56

2 Z58 Results

2.1 EHFHMEENN LEIEFRR 16 X, R 24, s
KRR R, NGRS

2.2 FHME AT A KE AR - PN
g2 Bl R A] IR 5 AR I VR S, A
PR G0 b B A 225 5G9 30 9% B Mankin 74,
FIXf fE 20 9 0.33$0.52, M4 Ny 4.1720.76", W4 b A% 2
AR R E MR X (P <0.01), R IR T R
BT, WL 2.

23 F ARG RAR MBS RF 1% RJ 02100
femBE s Wikl B2, 3.

/‘\

I

*1 | KR AMAX ENSEHEREMERENZ L HRER
Table 1 | Microstructure of the white zone of the rat meniscus and area of
aged cells in cartilage lacuna deeply stained

24 F ARG R minBusmnE k2, 3, B4, 5.

*2 | KRFARBREREREEEBBHEEHIELLE

Table 2 |

Comparison of cellular ultrastructure in the superficial and

deeper layers of the white zone of the rat meniscus

aE

S EXTHEA

HALZH

wRE &KW

SN

gl |

i AhIE R

44N

iiliEse

fshFE

Tk, BN

Z 2W, DR, 7-
11 pm, BRI

AT A R R, £ A%
R, DY IKERTEIR: RR I
B bk, BRIk
ML BHERDEERE: A%

VTR, 4-6 um, RZJERCT

W, WROFUNE. B8

hYE, IRLRRSL, RUIREIZRR
M. BORHS: R EE
128 75-85 nm () T 24 fi 5 it
Y, BESUUE

=M KK, 6-15um,
Rl %

MR MERE, W&k, ¥
Y TR R AT
LRk % BEIERRIA> L R
AR BWIRR: ARz
[, 4-7 um, BREA R,
Lt Sl

RIEIRL A2 HCON TR, W
WL, fURECRE LR, %4
Wb EAE )Y 75-85 nm [ 1
HUR G R T4, RSO 2

BATE, £k

Wi R=MpakiE,
6-14 pm, R/

LT P9 o P A/, o A i i
RBESLRBGBAR, 5 I
P B AR, FEEE R
TABCRRL: Bk D, b
Jik S22 RE B R R
ALY, 3-7 um,
BRI, SR
. hHE

Ji IR SR 4T 4k 22 KR TR
JREFYE, AIWRESL, RUREK
FELRTT RS . AR BN
HLHES: W E B ARy 75—
85 nm [f) 1 AU 1 4,
TS

KR K=MK, 8

18 um, Lk

T P TR L, 2 95k
FOBAR, B R AR B
B EURERME N 2RIk
B, K S AR bR
KE, RE. nmap; nf
WL, dfetzRZ g,
4-7 um, BZIRAIRR,
SN BUESS

G R AR CEZ (Gl
A, u] ARG, mUIREUE 2R
R, B AL bR
H42N 75-85 nm (1) [ Ui
JRIELT4E, RESU 2

*3 | KEFARBRRRERERMEKRERAERE. BAKES
HRER NERRREAEFHERLER

Table 3 |

(xxs)

Comparison of the density of collagen fibrils, the number of

distribution per unit length and the average diameter of type Il collagen
fibrils in the superficial and deeper layers of the white zone of the rat

L7 2 IR IR AL [ Rictee)

RRZGE RIMBOCHET5, 2 RIOBOCHE T, MK,
WK, BRNEAE, =2, EmRKESERE, 1-3)2
WAL D AE

HEGEH Mt iRRZMRKR, £H  WREERZ . KEE,
=M, WHENZ M ZREETY,; W ERRR
SACERBAEEAR, > TR, 28 2-4 A EEAN,
O N AUE AN A AN, K440

PR IR e S €
ZAA M T AN 43 061+8 403 58 292+6 446

(xts, n=8, um?)

UL BRAS S AXTIRAALL, AR R

Z1mn, P<0.01

meniscus
RGN SRR AR AL Pt
KRR 2 D65 JER T 44 5 ST S W O A 85.88£0.96 72.02+3.32 <0.01
SN (n=8, %)
1um 2R B B IR R R A 45 (n=8)  20.63+2.26  17.50£1.60 > 0.05
I B RIF R LT 4E B4R (B X4l 37.83+9.79  40.88+10.34 < 0.01
n=165; A4 n=140, nm)
HE iz D5 J5R T 4 25 S W ' FE A 84.29+1.21° 73.39+2.77 <0.01
b LR (=8, %)
1um BB B IRG R4 4508 (n=8)  16.00£0.93° 17.25+1.49 > 0.05
MR R R 4 B A% (25 XIS 47.58+8.96° 39.34:8.95 <0.01
n=128; KiMI4 n=138, nm)
RE: ANSERRERSEFR L, °P<0.05; °P <0.01

(1) RREMMEFRABELE: S2EAXRAME, B
YL i JEE T 24 ) SRS T AR 2 L 2 2% R B (P < 0.01); Mz
BEST AR T W VAR AL (P > 0.05); 1T R JR R £F 412 B
238 (P<0.01),

(2) EEMSMNERABEBELEL: SaAxT A, B
2R 2 I R T 4 ) SRS T AR R B R B (P < 0.01), B KR
OAECETC R E AL (P> 0.05), 11 AL AEJR JR T 417 3 BLAR

Chinese Journal of Tissue Engineering Research | Vol 25 | No.8 | March 2021 | 1239



Bl B AR AXEH, FARE. FARE, iR AR S A:
B AMRIAL, WIBCE . FHAWRZS, KATINZE

B 1 | KERBRXT N Eiims g

Figure 1 | MRI observation of the knee joint in rats
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Figure 2 | Microstructure of the rat articular cartilage under light

microscope (hematoxylin-eosin staining)
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Figure 3 | Microstructure of the white zone of the rat meniscus (methylene
blue-azure Il staining, A, B: x200, scale bar=100 um; C, D: x1 000, scale
bar=20 um)
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