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Summary

To analyze the myxomatous changes and the components of acidic glycosaminoglycans (GAG)
of the mitral valve in aged patients with the mitral valve prolapse (M VP) syndrome, a pathological and
histochemical study was performed on hearts of 18 autopsied cases with MVP. The histochemical study
included toluidine blue Ohno’s method, and 3 enzymatic digestion tests with streptomyces hyaluroni-
dase, chondroitinase AC-II and chondroitinase ABC.

The following results were obtained:

1. The incidence of MVP with mitral regurgitation among 2,060 elderly autopsy patients over
60 years of age was 0.87%,.

2. Pathological findings: Marked prolapse was detected in the anterior leaflet of 3 patients, mod-
erate prolapse in the anterior leaflet of 6 and moderate prolapse in the posterior leaflet of 5. Most
patients showed greater prolapse in the anterior than in the posterior leaflets. The MVP of 11 patients
(61%,) was associated with tricuspid valve prolapse.

3. Histological findings: All cases exhibited thickening at the rough zone; 17 patients showed
enlargement of the spongiosa layer, and 15 showed a decrease or disappearance of the fibrosa layer.
All cases showed various degrees of change in the atrialis layer. The main site of myxomatous change
in the mitral valve of MVP was the spongiosa layer of the rough zone.

4. Histochemical findings: Results using 3 methods of enzymatic digestion tests were positive
in 13 patients, which suggested that the major component of increased GAG at the myxomatous changes
in the mitral valve of MVP was hyaluronic acid, as did the results with Ohno’s toluidine blue method.
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14 18 P & B JE & &£ (mitral valve prolapse:
MVP) iz B v THR ICHREMEZE(L (myxoma-
tous change) A SN BV Z LX< HmohTH
Y, ZOBLERTHRRELAET MVP oFH G
Tk, BRIV BRRZLOBEIRLS.
L2, WEESEEEMcER T s8tL=%
$3H (acidic glycosaminoglycans: GAG) m#rk
R DAHIZ 2T DEEY 1T 0.

AFFE CREEE CH SN MVP zonT,
HREEEALEL & WA RA T 5 L &
bz, BT 5 GAG ico W THGLEr i kat
L7z.

WREFE

HRIERBEAER L F—Ii2 BT 5 605
U EoZEEERTIR 2,000 Fdh, 4§, EIEF
PAAA2EE (MR) DEEERZET 2372 & h, WIRAR
BHEiRick Y MVP o shz 1861 TH 5.
FRPRE I T BRER 2WT, LB, OFN, LT a—
B, EEic>WTHRE L.

REER I OER, TEIRIREREOM, 4
ER B LOZRFORGE, FROBEBIPA LB
B, BIUBROBREOVWTHAN:. M
i, EBEFRRERAHFIA L v basal zone,
clear zone, rough zone ® 3 S iZX4 L, 204
FiCOEDEE, WHRE, BRI, hema-
toxylin eosin, azan, elastica van Gieson D4 %
@ L [RIEs iz, toluidine blue 3 X ¢ alcian blue
et 21TV, HIRIERE LI 2 B L 7e.

HMBEFRR I 62 O EEREZ AW,
toluidine blue kBfkiz & v, pH 2.5, 41 Bkt
7.01zT, pH 0EE2R#T Lz, %7 strepto-
myces hyaluronidase, chondroitinase AC-II 3
X U¢ chondroitinase ABC o> 3 f 0yl {bE:SRE # H

v, pH 4.1 » toluidine blue ¥ 21742\, &
ST ORERILES RE L B0 EL & b
BL, HEoRELHEL .

% L

1. gsme (Table 1)

ER ORI, B8 Fl, &k 10 5T, Fix
72-913%, V58378 Th o7, FEKZHHIIZ MR
o, KENRFFAGHTE 446, KBIRFIZE A
HAL 24, BERREHES LVC=ZRAFHEER
EREL1FITH o 1.

DERTE BIEE 250 0EMBIZ 114, £
FEKE 126)icH 7. FEZR IULER TR UL
WEHZ Y v 7 22618 i, R INFELIMT
2UHER 14 6], IEEH46ITH - 7.

DTa—F Tk, W L1645 94z T
MVP ofiR&HBk. 56 1 flxBRREHEOZ
Thole. HEDS BLEIO6FHIT, 20554
Bl OARIZE D LD TH ok,

2. swEpre (Table 2)

DERITEY 378.3+908g v, 114z 350 g
AL E 7. EEARRZE R B0 9.0/15
T d - . MIBFHEART T 99.1£12.6 mm
T, 104 100 mm Ll OFEEE #5757 Lz,

MVP iz2onWT, 134 CRERR L b icimpins
B bl BIRIZOBEBAED Shic bk
44, BRIZOAZAFD S bDIX1FITH o7z,
BB OBEIZ W T, BIRICEE DBBLEED
bBhicb o 36, PEE6H, BESH TH k.
BRTIIEEOEP 2R LBl <, hEED
LS Bl, BEEIFITH -7z, B & Bk Dk
TIRATRICEBEOFRE R X 3RWGix 741, #R
X VEBWElE3fITh o7z, BRoh i
MR ICEBEDZE B bhvic. SR O AP
X 1141 (61%) 1238 bhiz. BiEHFREEE
SHl, ER2H], W - R 4 16T dH 5 72,
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Table 2. Pathologic findings in mitral valve prolapse

Ring (mm) Prolapse
(Il\?;e I-(IgV)V ((/:lsfsl) M . AML PML T tSrl::ir:eaaee Miscellaneous .
m P
1 400 10 95 110 + H+ + pa MRC
2 360 14 110 115 H + aberrant AMI
3 380 12 110 102 H + + AR
4 295 10 85 104 # p,S,a elong
5 425 11 100 120 H + s AMI, PM fibr.
6 530 12 80 80 + AR
7 240 9 80 85 + H+ H psa thick MRC
8 330 9 98 120 H + a thick, elong PM fibr.
9 230 8 105 115 H H + s thick AR MRC
10 490 8 120 135 H# + 4+ pa thick, deform
11 340 10 105 110 + + AR
12 340 2 120 140 H+ H pa rupture
13 380 9 90 95 + PM hypoplasia
14 380 7 110 130 H s deficient AR, OMI
15 490 10 100 120 + s thick ASR
16 280 1 80 85 + H+ +H short PM fibr.
17 540 8 100 110 +H + MRC
18 80 12 95 95 + p N> perforated

Mean  378.3 9.0 99.1 109.5
+SD +90.8 +£3.3 +£12.6 =+17.1

HW=heart weight; CSI=coronary stenotic index; M=mitral valve; T =tricuspid valve; a=anterior scallop ;
m=middle scallop; p=posterior scallop; s=septal leaflet ; PM = papillary muscle ; fibr=fibrosis. Other abbrevia-

tions as in Table 1.

¥, Dra—KiIzTREKNHEOBH AL IhT
14 (Case 2) i3/mEEM I IR 28O T, B%
&5 (aberrant chordae) T - 7z.

3. ##&Fe (Table 3)

FRIEEEAL X 7 iz basal zone DIEE #
BORER, I OFlRREROBRICLE LT
& o 7c. Clear zone DB # 58 7= 8 B, LFE
Bo#Kick s b0 14, B0 zhix 24,
BHERB D 7 ik 5HITdH -7-. Rough zone DJE
| (Fig. 1) ix 8 fl&pliciBw ohiz. 205 b
DERBEEA 66, B I6l, wEHEx 1755
WREFR L. BEERIISHchREL2VLHEE
L TWJ/z. Basal zone # & rough zone ¥ ¢ U4g

PHEICIBE 258 L7 7 B, R8O BB
KERT 3 b0 1 HloRTH 7.

HEIRREREE L1 basal zone TIXER® & T,
clear zone i 4 iz B\ THREE BT ICEE
» bhiz. Rough zone GOk &R L
72 17 fleplc, #HEEICHRENELSED S
hic.

4. mE&emmR (Table 4)

Alcian blue o8 21774 - 7= 17 f 261 <, ¥HEH
BrEE i shie.

Toluidine blue XE#» pH 7.0 nifufs G,
27 CHFRESE I metachromasia # 38w 7= (Fig.
2). pH 4.1 <z 124, pH 2.5 ot cix 1 iz
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Table 3. Histological findings in mitral valve prolapse

Thickening of zone

Rough zone

Case Myxomatous lesions
No. Basal Clear Rough Atrialis Spongiosa Fibrosa Basal Clear Rough
1 + + + ! T ) + +
2 H#t i) 1" 1) +
3 + - 11 1 +H
4 + ) 1 ! +
5 + + H - 1 ! +
6 HHt 1 " i +
7 + + + ! 1 ! + +
9 + + H# i 1 1) H#
10 + ! 1 ! +
1 H#t 1 " - +
12 ~ + H+ 1 1 i + +
13 H 11 i ! + +
14 H# ! T ! +
15 + + + ! T ! +
16 + + + - i - +
17 + + H ! 1 | ++
18 + ! t ! #

#+=marked ; #+=moderate; + =slight; | =decrease; {=increase; —=normal; ~ =unclear

» %, metachromasia 3 H 7.
BRI Tk, 1841 104] T, strepto-
myces hyaluronidase (Fig. 3), chondroitinase
AC-II (Fig.4) X v[R ABC (Fig. 5) ® 3 &
bl &R Lic. flho 36T b RIEROBEFI 238
bhic. 2R, GAG @ 5 b hyaluronic acid
NELBESLHE L. 5 56 ik
P FBIEA IZ 38V T metachromasia DO EENH
BITES, BRICX BHLOAEIRETH - 7.

E i#

THETOR 4 DHEY iz, MVP 32Ef
HRBITH D L FBED 7.9% 2 H», MR 0
FHEE LTRAFEHALERKEKRNTEL A b iz,
EABENCRERE AR LT, UEE, #
BBV THIEREZEHT 2813 A b0, BF
iz WTIX, MVP B3—%kETh 3Lkt
T b % N O REE S FER 2 B 5.

MVP oyREZHEHE L T ik RROEED,
JBE, FREHOBKY, FEOITR, BEOH
B - WREORERI AohTWS. BEAR
DOHBETIE, BRIZBVWTHIRI Y LB Zbh
% L OHE 3% 5. Edwards? ik floppy mitral
valve 102 fjogdd <, REFAICEEE OBV
BTk, BRCOBZBERALRBZLLTWVS.
Pomerance® n#& ik, MR ofEENER LD
LRoREVEEENRLLTWSA, 3544 114
THRICOAREBIE ® b h, 23FTIEFEFPR
IEBARED bR TWS. B4 OEF TIRFEFHFR
ELICHBBER B O BHINE L, EBHEORE
i, BREDLEIRICENFNSCED S .
ZDER, BaOMRTERAIC MR OBEH
B EnERICROh TR Y, MVP DEREEM
BWieptErohb.

HBFHFTR OB L LTiE, HRIEHRE O
K EMBRERTLAB o TV, BREILAD
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Table 4. Histochemical findings in mitral valve prolapse

Case

Toluidine blue Ohno’s method

Enzymatic digestion (pH 4.1 TB)

No. Alcian blue
pH 7.0 pH 4.1 pH 2.5 SH-ase Ch-ase AC Ch-ase ABC
1 H H + - + + +
2 + H - - + + +
3 H H H - H + H
4 + H + + + +
5 H + — ? ? +
6 =+ H +H + + + +
7 + + H + H +H +H
8 + + + - ? ? ?
9 + H + - + + +
10 + Ht + - + + +
11 + + + - ? + +
12 +H + + - + + +
13 +H + + - + + -
14 H + + - + + +
15 + + + - + + +
16 H H + - ? =+ +
17 + +H + - H H +
18 + + + - + + H

TB=toluidine blue stain; SH-ase=streptomyces hyaluronidase; Ch-ase=chondroitinase.

BFICOWTIE, zhi—REOELE + 55
L&, BB BT 5a 75— 7 UMD - BB
DD ZRGICHERBHBIERT 5 L 0 HSIL12 %
by, BT LRIV, ERERELO
Hoh BHREALE, MVP O R, &
B ICE VR L0BERDHB. ARGV IR
FRE T ISR O I ORI TR ERE
iz sh, ZkitE MVP CROLER S
BEcEsMEAHEAICALRS L L, THEDOR
SEFOBVWEEHELTWS. WA 520 Myt
MVP fi| (84 %) % L U2 ARRESRH T,
FEERICDOABRRT 20T OERIT H 5 25,
HRERELIBEB AL TWS. AER A
nEFEHK MVP flciads ik E K ZE L iz rough
zone DB ICED bh, BB I L A HE
HERER Ulc. FEIREREL 23R T FRBALOK
ok, ZBEEFDO MVP 3EEREOKFEM
MVP L3R 5TEEMEND 5.

MIRERELEALIcEH T 5 GAG 2o,
SHTR—RAELTHZLOFD L, a5—F
VREREORREY THHLO 28RS S. HL
GAG D#FRMc>nTiE, EXRFSO8 L0
Y U= FHEREE® CoREX b 3 2%, MVP
BlTcoREY xRV, GAG DS DN
I2id, FEEREAVTOEEMNFES I BHN
BRDTENREN. BaDEFTIEFIL<Y vk
BXU cetylpyridinium chloride (CPC) i
V=Y CEREEP I L AFROEHA W2 2,
A2 RFEICE £ o7z. Toluidine blue KB
T, GAG 05 b, FESEEITHRE X
U EREIR T & b iz metachromasia #2330z
L, WARFTAEEFET S hyaluronic acid
BRI, T i AREE 2] & h, metachromasia %
E&x2wz tizky, pH o&7% 3 toluidine
blue ¥ufaic THH 2B T 5 5ETH5. 4H
DF#E T pH 2.5 © metachromasia 3 243
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Fig. 1. Anterior mitral leaflet of a case with
mitral valve prolapse (Case 18).

Upper: Elastica van Gieson stain; lower: Alcian
blue stain (X 2.5).

B =basal zone; C=clear zone; R=rough zone.

Fig. 3. Digestion test with streptomyces hy-
aluronidase by toluidine blue stain (x25) (same
case as in Fig. 1).

Left: control; right: specimen after enzymatic
treatment.

A=layer of atrialis; F=layer of fibrosa; S=Ilayer
of spongiosa.

FRIE S (R D R B

Fig. 2. Toluidine blue stain Ohno’s method il
lustrating the effect of pH on the metachromasia
(Case 8).

Left was stained at pH 7.0, while right at pH 4.1
(x25).

NN

Fig. 4. Digestion test of chondroitinase AC-II
by toluidine blue stain (x25) (Case 17).

Left: control; right: specimen after enzymatic
treatment.
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Fig. 5. Digestion test of chondroitinase ABC by
toluidine blue stain (x25) (Case 17).

Upper: control; lower: specimen after enzymatic
treatment.

Hlix 1HloATH D, HERLHEHRE D b hyaluro-
nic acid DHEERE 2 Shiz.

B TE{LR BRI Wiz streptomyces hyaluro-
nidase?? 1%, GAG » 5 %, hyaluronic acid #
K Bagic4{t3 5. %7z chondroitinase AC-1122
%, chondroitine g2 A, [ C, 3 X ¢ hyaluro-
nic acid #{4{k3 %. Chondroitinase ABC?? jx
chondroitine Fife A, [F] C, [@ B (dermatane F
B), heparan RfE2, heparin & hyaluronic acid
ROET 5. Tho IBEOBERE Bl
35 GAG %, hyaluronic acid ¢3 3. HER
HBTh-ocSE O 134T, SMOBERTL bIC
HILER L, MRERELBALICER T 5 GAG
¥, ZFiz hyaluronic acid ThH s LE X LNz,
HIBARFIRET & - 7Bk, Rl BEAIC B W
T metachromasia BSAREHTH -7z, Zhi
EHER I GAG MEERICHH L gtk ic
L3bnEEILNS.

E#ERLD GAG oSz o<, Torii
5191 hyaluronic acid 58%, chondroitine Fife

A/C 26%, [F] B 15% &#4E L, Muratal® i3 i
L2 bz GAG &, hyaluronic acid, chondroi-
tine FiEfE2 A 1394 L, —F chondroitine FiEs B,
F C 3#mysLBELTNWS. YV y<FHH
EE >\ T, ME 3%z L Y chondroi-
tine Fifg A/C BIINEL & [/ B #ME 0 2 5 0K
BHHND EHE L, Baig 51811, 40 5L L ED Y
v < FHERBEF] i hyaluronic acid 13+
BLH|ELTWS. MVP filiconTix, Olsen
5P DG TI1X, EFF L FHEIC hyaluronic acid
BERDTH 7. SEOFK 2 0BEF T, BE
# MVP 4 4 hyaluronic acid 2MERE 2R
R T db -7z

B #

ZEFEGLIR 2,060 Filh, EIEFFAHRE
(MR) %2 L7 f4iE FRBiERERE 18 flic > T,
FR DRSIRIERR LT & R AT iRt L
To. ERFEEICERT 28t L 2 258H (GAG)
DIERRAR S Z L ER ICRFT L, LUF Ot 2
B

1. ZEHHRKRFlIZBWT MR 45 MVP
DIEEX 0.87% TH otz

2. WEOBERHBRICHLTHRIZE ¥ EN
e {BDI.

3. RLOHEEE rough zone 21T 3 HEHE
DERICEDHDTH 7.

4. HIRERELEALIIBE K L7z rough zone
DUFFEIEIZFRD bhTe.

5. Toluidine blue k¥f#: % & U8 3 OB
(streptomyces hyaluronidase, chondroitinase
AC-II, [/ ABC) H{baRBric & v, HEIRERRZEL
ALz EfE+ % GAG 12 hyaluronic acid 233
R ThH DT LKA L.

AWFFE AR ERERETEIIZE R (61 §5-4) I8
WBEEBREORE, AR S I E OWBICE T 1%
(EAERFRESE : MR ek o7,
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