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Metal-induced histomorphological injury and the
alterations in the amounts and proportion of unsaturated disaccharides of
glycosaminoglycan derived from proteoglycan
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To determine the extent of the metal-induced histomorphological injury and degeneration of tissuues, the relation-
ship between organotin-induced histomorphological injury and the alterlations in the amounts and proportion of
unsaturated disaccharides of glycosaminoglycan derived from proteoglycan were analyzed by using a high perfor-
mance liquid chromatography (HPLC). In this article, the alterlations in the amounts and proportion of unsaturated
disaccharides of glycosaminoglycan are discussed with a focus on the organotin-exposed hippocampus and thymus.
The disaccharide compositions of glycosaminoglycan from the hippocampus and thymus were significantly altered
by the exposure of organotin compounds. In the hippocampus, increases in the proportion of chondroitin (CS-0S) and
dermatan (DS-0S) and decreases in the proportion of chondroitin 4-sulfate (CS-4S) and dermatan 4-sulfate (DS-4S)
were seen in the one-week oral exposure of tributyltin. In the thymus, an increase in the proportion of unsaturated
disaccharide units (ADi-diSB) derived from dermatan sulfate and a decrease in the proportion of unsaturated disac-
charide units (ADi-0S) derived from chondroitin sulfate were seen in the one-week oral exposure of dibutyltin. An
increase in the proportion of disaccharide units (ADi-0S) and a decrease in the proportion of disaccharide units (ADi-
4S) were seen in the one-week oral exposure of tributyltin. These alterlations in the thymus depend on an decrease
in the absolute amounts of chondroitin sulfate derived from the atrophy of the thymus which contains lot amounts
-of chondroitin sulfate proteoglycan.
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AZVO R HY FUF, 2 OREIC L D EBIREOHEBRICOWTRTE L,

X—J—F &R, HSEE sVarI o sy

KEBRFHE
1. BYER : Wistar RW#E 7 v b (MM, 3:EE, 40grifk) &, ROBSOHBEY 7F VAV 70 F
(BuzSnClp) & LW MY 7F NV AX 271 F (BusSnCl) 100ppm % & & NMF B i} 2 e B IEm s ¢, FEEH
B0, 7, 14HBIC, TBEARSOBEENZEN20 mg/ kg body weight % 15 L, EEREHEEO0, 1, 2, 3
HEWWEL, thzhlgl, 5, Rk, HEZEL L,
2. MR TUaYI/TUH (GAG) DR : Mkk% 7 b v Chilg%, 05% SDSTGAGZMH L, 1.0 M HCl
T, =/ —Vikl (LEICE U CCPCILE BN 12X ) GAG O RE 5 % 157,
3. PEMZHEODE | GAGHUE M 5% & 52 Ultrafree - MC - DEAEBEIC@# L CTH®%, KicEEL, av o
49—+ ABC (CSase ABC) > Fu 4 FF—+¥ACI (CSase ACII) <T37C, 3WFEHEILL, A _H+ 3
720
4. BERFHEIOT T Z7 41— (HPLC) (CLBTEMPEDIT I HPLCIE /7 V¥ bRY 7 1 L-7100 (HZE
YERTEL), Wk 7 1 LC-10AD (BEBAEAT), MMEE  FP-1520S (HASHLHE) L 0HiMT 5. ADi-0S%
ADI-HADGEESE T 57 74 v —KR>H 524 (Carbonex) (46 mm idx100 mm, 7 um) % FH\/=HPLC T,
F DDA EIF ZHE D 437 id Senshu Pak Docosil 7 & (46 mm 1.dx150 mm, 5um) %AV 4+ o R7
HPLC TfF» 72,
5. RAZ 1) EESR I v 7V YEihyaluronan (HA), ¥ Fu A F 5Bk chondroitin sulfate (CS), ¥V < ¥ Ui
f# dermatan sulfate (DS), EIFI —HHZH# S | A Di-HA: 2-acetamido-2-deoxy-3-O-( 8 -D-gluco-4-enepyranosyluronic

Dermatan Sulfate (DS)
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Fig. 1 Structures of glycosaminoglycans
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acid)-D-glucose, A Di-0S: 2-acetamido-2-deoxy-3-O-( —D—gluéo-4—enepyranosyluronic acid)-D-galactose, A Di4S: 2-
acetamido-2-deoxy-3-O-( § -D-gluco-4-enepyranosyluronic acid)-4-O-sulfo-D-galactose, ADi-6S; 2-acetamido-2-deoxy -3-
O-( § -D-gluco-4-enepyranosyluronic acid)-6-O-sulfo-D-galactose, A Di-UA2S: 2-acetamido-2-deoxy-3-O-(2-O-sulfo- §-D-
gluco-4-enepyranosyluronic acid)-D-galactose, ADi-diSB: 2-acetamido-2-deoxy-3-O-(2-O-sulfo- #D-gluco-4-enepyranosy-
luronic acid)-4-O-sulfo-D-galactose, £ Di-diSD: 2-acetamido-2-deoxy-3-0-(2-O-sulfo- f -D-gluco-4-enepyranosyluronic
acid)-6-O-sulfo-D-galactose, 4 Di-diSE: 2-acetamido-2-deoxy-3-O-( f-D-gluco-4-enepyranosyluronic acid)-4,6-bis-O-sulfo-
D-galactose, A Di-triS: 2-acetamido-2-deoxy-3-O-(2-O-sulfo- #-D-gluco-4-enepyranosyluronic acid)-4,6-bis-O-sulfo-D-galac-
tose (BLE, AL TEMRAEHEE),

7)) a%3 7 Ay OfE#E%R Fig 1ITRT

2) B¥F .2 FuAFF—¥ABC (CSase ABC), T ¥ Fu 4 F+—¥ACI (CSase ACID) (PLl, HE{bFETE
BRAXAER)

BwoOR
1. @RIV IS I/ TV RO
Fig. 21" F & 912, AMAXBREI L o THIRFWELLDOA LN DBER W2 LOMBrbTa Tt s h v %
WYL, ZOMEGThoH 7Y a3 7)) h e RN oL, SN oML e LR Mg

FJp to 20 mg of lyophilized samples

Wash three times with 1 ml of acetone and dry up

Extract in 1.0 ml of 0.5% SDS-0.1M NaOH-0.8% NaBH.
for 16 h at room temperature with constant stirring
Centrifuge at 3000 rpm for 10 minat 4°C
Filter then add 200 pM of 1.0 M AcONa and 300 pl of 1.0 M HCL
Centrifuge at 3000 rpm for 10min at 4°C
(Till a bubble is melted away)
Add 200 pl of 1.0M HCL.
Centrifuge at 3000 rpm for 10 min at 4 °C

supernatant

Add 7 ml of AcONa saturated EtOH
Stand for 4°C for ofn

Centrifuge at 3000 rpm for 10 min at 4°C Gland
Precipitate
. Wash precipitate with 2 ml of 90% E1OH Add 0.02%1-n-Hexadecy! pyridinium chloride
Brain Centrifuge at 3000 rpm for 10 min at 4°C and dry up -monoohydrate(CPC) 0.03% NaCl 10 ml
Stand o/n at 4°C
Precipitate w Centifuge at 3000rpm for 10min
Resolve 250 pl of H:O Precipitate
80ui Wash precipitate with 2m! of NaCl saturated EtOH
N for 2 times
Evaporation and resolve 20 pl of H:0 . . o
Add 1041 of 0.2M Tris-AcOH buffer (pH8.0) gm"l‘ﬁ’g",f; ggo‘l’ »n {‘;’ 10 min at 4°C and dry up
5 ul of Chase ACT (10 U/ml) esolve with SOl ol Ha .

5 pl of Chase ABC (10 U/ml) or H:O ’
2 ( ) 2 MC-F
Centrifuge at 12000 rpm for about 20 min at 4°C

Incpbation at 37°C , o/n 204

A(100%C) 2 min Add 10pl of 0.2M Tris-AcOH buffer(pH8.0)
5 ul of Chase AC I (10U/ml)
5 pl of Chase ABC (10U/ml) or HeO

Biomax-5

Incubation 37°C, o/n

Centrifuge at 12000 rpm for about 20min at 4°C

Centrifuge at 12000 rpm for about 20min at 4°C

Submit to HPLC (8 ! )

Submit to HPLC( 8 pl )

Fig. 2 Preparation of glycosaminoglycan from tissue
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LAHPLCCHE L7z Thbb, Bohr)ay3I ) rysvidary FufFF—EABC (CSase ABC) L a v F
U A F+—+¥ACI (CSase ACII) THILL, ZONEM ML YMA 4 > X7 HPLCTHM L7z 5Nz~ b
79 A% Fig. 317K $,

MBI BT AR RO STIIERRIER BT A3y Fuf F UEEE (CS) 7N~y Ve (DS) oM
BT E RO T ETH 525, EME LIRS E ) b 20BN EDIEE IO %, BMMBICTRM O ST % L
Wiz, ERTZBHLTITo7 L2 L, ZORSEEORMMIRL 20, T8 ) — VikEO#IZCPC (1-n- hexa-
decy! pyridinium chloride monohydrate) LB O EMZ 720 CONBEOBIMEEFOBIEOKT 2EL 2%, T2
ATV VB ONCI Y FaAF R ERBILEN T2 WA TR LI wEwn) REDH 55,
PR BRI S 2 W ICENTETH b,

2. MEHhTUIYI/TUHCDOEE

ARAZRBIZL o CQEESCHBRZ: LB 7074270 7 v OMAIEE LB L7z,
2. 1. BEBHRIYaAYI/ JUH

ST, Fig 4R £, VI FNVAIRBOSE, HEEOBILEALN o705, M) TFVAXRED
e, BRELAMBCaYy FaofFY (CS-0S) BIXUFN<s v (DS-0S) OFELWHEINE I Y PO A5V 4THEE
(CS-4S) BLU TN~ Y 4GiER (DS-4S) DK TAHA LNz,

2. 2. WighsUaBI/TUH

JABE T, Fig SICRT LD, YTFNVAXRBORE, TV~ Y5l (DS) HEROTEM_FEADI-SBOFE
LW, bFrTildd b33y Fud F i (CS) HERDOADI-0SOKTRADI -4S OIS A LN, BZH
{, Ay FafFYWRBE7a74 705 OfMEFREIL, TV~ VRBOESENL-b0EBbNE, M) T
FNVAXBRBOWE, THAZHEADI -0SOFE LW E ADI-4S DK T AR N7,
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Fig. 3 Chromatograms of unsaturated disaccharides
A: standard unsaturated disaccharides (0.5 ppm, 8 mixtures)
B: unsaturated disaccharides derived from the fraction of rat tissue After digestion
with chondroitinase ABC and ACII
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Proportion of Chondroitin Sulfate
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Fig. 4 Alterlations in the proportion of unsaturated disaccharides of glycosaminoglycan derived
from proteoglycan in organotin-exposed hippocampus of rat. Each value represents the
mean of five independent experiments; those marked with asterisks differ significantly
(Student’s t-test) from the corresponding control value (% p<0.001).

Dibutyltin dichloride (DBTC), Tributyltin chloride (TBTC).

Proportion of Glycosaminoglycan Disaccharide

ZiDi- 08
/Di-48
# /Di-6S
B /Di-diSE
/IDi-disB
ZDi-disSD
@ /Di-tris

Controi DBTC ™8T1C

Fig. 5 Alterlations in the proportion of unsaturated disaccharides of glycosaminoglycan derived
from proteoglycan in organotin-exposed thymus of rat. Each value represents the mean of
five independent experiments; those marked with asterisks differ significantly (Student’s
t-test) from the corresponding control value (**p<0.001).

Dibutyltin dichloride (DBTC), Tributyltin chloride (TBTC).
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A OBIEENICHEE LT b, IS, ZOMBESTHA ) a¥3I ) 7)) H VBISHBREDMERE A,
HEOBVLZEICLIVBOTERGMELT LI LN TEL, T00, AMLaTEAEZ 27U T4+ 270 h v Th
DTEROKE SRHBIE L VEREEZRT. Lad, 7V a¥3I 700 OERERHEEECISMBROREE R R,
W OFEE PR RER, WELOIIHIE L THAMIGEZ > TWwaolEZORE, ZLT, IRS5OELRIZENRE
NOBRROERTH 2 LR, FABREFIERITHENE DRV B S, #-T, 7V IF3I /7)) 0 v OFERHE
BB 5 LI ZOMESHREOBHRCHREL BT 2 LTHROTEETH L0 ) T, Mt~y
7 ARHINLESE B B VISR BT 2SR EIE 2 R D DM ELE L CTIRZ2EN L FBE 2 5,

2T, EBIEEBALARBICL > THBENENLOA LN EBERCWRZ EWCB T A7y 4 7)) v % AN fafll
THHIOR L, ERBMTEORRILEEERA M AT AHPLCTHE Lz, ZTOME, ABAXREIZL - THER
B ECBiF2 707470 5y OMBIEE LB L

Thbb, Fig 48T L1, BETIE, VIFVAIREDOEES, AEOBEAON o205, PUTFIL
AXRBEOYG, REIHAMEBTay Fa 52 (CS-08) BLUFLV<y Y (DS-0S) OFLWHEME >y FoaA
F AT (CS-4S) BXUFN< Y v 4HEE (DS-4S) OET AR SN,

T/, WRTIE, Fig 5ISRT X, VT7FVAXRBEORE, FA<% il (DS) HEOREH _HEADI -
SBOELWHEM, b2 Tilddbiiay FafF 4R (CS) HEDADI-0SDET R ADI-4S OHEMATAR LNz,
BELL, ayFulFUiBEIaTH 7)) H Y OMMESBRAL, AR VEHBOENENLZb0LEbh,
MU TFIVAXBRBEORE, TRAIZHE (ADI-0S) OFLWHEMEADI-4SOKTA LNz, WRIZIZa Y Fo
AFUHBEL, TR YBEFEICLRVOT, TOREAMTHE (ADi-0S) OF LWy Fuf F v ol
McE2b0THh b,
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BWAXRBETIZHEICADI-ASOKT, ADI-0SOMMABEIN, CREIEWAAREICLYa Y FafFr4-
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