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An Experimental Study on Ototoxicity and Its Reduction of
Cis-diamminedichloroplatinum

Makoto Kawata

Cis-diamminedichloroplatinum (cisplatin, CDDP) is a drug centering on the
platinum atom with chlorine and ammine arranged in the cisposition. It is
widely used not only in urology and gynecology but in almost all fields as an
indispensable anti-cancer drug to treat malignant tumors,

CDDP’s toxicity is variegated and it causes side-effects including first of all
as aclosa limiting factor, renal damage, but also against the gastrointestinal tract,
the marrow and ear.
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We studied the manner and degree of CDDP’s ototoxicity using golden ham-
sters and Japanese monkeys.

In regard to hearing level, the auditory brainstem response (ABR) indicated a
rise in the threshold level and a prolongation of the latency.

In some animals only a transitory decrease in hearing level was observed.

Morphological damage was observed mainly in the outer hair cells but not
inner hair cells, Damage to the outer hair cells was sporadic, and most severe
damage in the basal turn, This damage became more severe increases in dosage
and frequency of administration.

As; substances that reduce CDDP’s toxicity STS and FOM are well known.
Metallothionein (MT) induced by the administration of bismuth subnitrate (BSN)
is said to reduce renal damage, this studied the effects of MT against ototoxicity
using golden hamsters.

Judgement of results was based on the use of ABR and scanning electron
microscopy. ,

Also, MT in the iiver and kidneys was indirectly determined as the Cd value
with Cd-hem method (simple quantification method).

CDDP’s ototoxicity was reduced by administration of BSN. BSN administration
brought about an increase in MT in the liver and kidneys. Although that CDDP’s
toxicity was reduced by MT, more studies are needed to determine whether
this reduction in ototoxicity was due to the direct action of MT, or due to the
reduction in rénal toxicify. (Accepted on February 26, 1990) Kawasaki Igakkaishi 16 (1) :
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HEREGC <, MR TIEE, ZEEMD
WRBECES FTHELOML TS, 710 JFERR
T B, B, B BT &L ad, Re
CLBBRNBHEETS. BELBC XD EHC
FEHINDD, BB, AT7eq4F, B4, A
FURAETLFEIRDON S, IO

MT D@EIEE, ~&sA%~—iZ BSN 2#51L
7o, R, BAafH L, Cadmium-Hemolysate
Y (HEEEE, Cd-hempk) wkb, Ak
1g¥47-» o Cadmium (Cd) & L T fElEH
WZHIE LT,

X B H &%

EERL 3 BRI T e,

EEAT, ~NAARAZ— L A VELE B,
CDDP mjtisesi:4 ABR & SEM 1o T &L
7.

KEE2, ~AAx—THITH CDDP o [z
BEHOBRICcoT, BSM ##ELCBED
BEgREME T T 2% R % ABR & SEM 2 THL
2=Z1L .

¥ BSN 5, &5 I 5B 0EEY L
HPEMBEA S FR L THEL .

FEEE3, ~AAZ—T BSN %5 L BE
h, BHTMT oFENZTDoN b0 E5
Ay, Cd-hem ez f{d THETL 1.

[E8&1]

EEEIIL, EH2 2 A0S 5 HAD 120~
160g D ~asAx—&, {KEA~12kg O =+
vFELE BT,

BEEKL, 7 v &® (cis-diamminedich-
loroplatinum : CDDP, B A&{L#) #FHL 7.

#5555 (Tablel) 11, ~~a A&~ 40E%
VEFo4BCHF, 2vie—AHIXE
fr2ml & RS () L, BH 03B
% % 8 mg/kg, 10 mg/kg, 12mg/kg » CDDP
REW OEFip Lic. =Hh vk, 43I
CDDP # % 4 5mg/kg, 5 mg/kgx 2, 8 mg/kg,
8mg/kgx2 AL L bIC 1 FEHET SREERE
L#. %7, CDDP #% #& L 7= Bz 40~50
ml/kg D AR & BK L. 8mg/kg L <

13 8mg/kgx2 @ BETIX, BEH7 AMER,
30~40 ml/kg DK & fTo72. 2EFEE L
BT, 1@EEBE 2 EE&ESORICRERMRZ
3EMY 51T, HEHoBHEIL, ABR & SEM
T -7, -

ABR ¥, -~a A& ~—T, CDDP o#5ffL.
BEHT HERT, =AvY¥FLiR, 1E§S
B, BEETE 7T HB, 2BE&EERS, BHEHE
EERERED I BHE E TEERTL .

ABR Dl Hki: Table 2 2R3 &b V-
A 7 = v, ®(pentobarbital sodium) % -~ A
A& —iz 30mg/kg ip L, =+HvV¥Frixl0
mg/kg #HHEL o, BEE ~a A2 —TI,
BB MEEHE, TNEEmHER, i
BESRLE, =+xvYFLTix, BBEEYNE
BIFLZRER, BB A ATEATS, BB A o
BT RE, KEUIHEEINLFRRERY LT
~FIAL o, FhguE, FhigcERE (DA-5024,
Dana Japan) X » 4KHz o2V, 7 F %,
100 msec DOfEfFT, tube stimulator (DA-
5D, Dana Japan) b s - — 7% AL T

Table 1. The table of the investigation
of CDDP’s ototoxicity 'using golden
hamsters and Japanese monkeys

EgHE (F#1)

BEEH 7 E®
(cis-diamminedichloroplatinum, CDDP)

T LTV ANBARR— ;
avie—ARELI0E - AR 2ml

A #1018 CDDP  8mg/kg
B B :10= CDDP 10mg/kg
C #£:10/8 CDDP 12mg/kg

FTRTOBT ELBERREA 1 B4
=k VL B
No. 1 CDDP 5 mg/kg
No. 2 CDDP 5 mg/kg x 2
(3 BRI KRELRE BT 7o)
No. 3 CDDP 8 mg/kg
No. 4 CDDP 8 mg/kgx2
(3B KRERE % ST o)
FTRTOBTLEEEY | B AMESE L.
P55 40~50 ml/kg D& R L.
No.3 .4 3 5% 7 BREGER, 4#& 30~
40 ml/kg DEEE T -7,
WESRIE - FEME R RUE (ABR)
e | A E TN (SEM)
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fTofe. FHEWE, 105dBSL (£ 14 YA BEED)
X 10dBSL step T Tl X & BREME X
5dBSL o bR THIBL 7=, B, 4
A FIE2: (DA-55, Dana Japan) Ci¥ig,
filter 13, 30~3,000Hz & HEL, F— &4
HEEE (ATAC-350, HAYE) T 500 =N
BL, X-Y va~4—TH#KE, ReBERL
VB RDIC.

WreRyEIZZ 12, SEM & T 4% - 7= (Table
3. ~aARE—-IL, =—FARREBCHIEEL A

HEAXRHE, FRABXIY 1.5%7/ra~1Tr
S Fe N, 0.5% 5k AT AT e N TER,
=k vHFALIL 30mg/kg DY A s RVFA® PR
BTehil L, KEMREEME Y $FERYE
M, BHLEHLDEMNL TMKROEL Kolcb
AT, 1.5% 7 nzx—17r5Fe K, 0.5%2
FHAATAT e NERER, BEELE, 5
FEHEY, BOLSY 7/ vz2—-L2T7AFe ¥,

Table 2. The process of auditory brain-
stem response in golden hamsters
and Japanese monkeys

FEERRERSUS (ABR) DI
BREME: @ V A 2 v F A ®(pentobarbital sodium)
ZHERIZTIOREERL, ~axsx— Tl
30mg/kg HIEHERH L., =4 v Tk

10mg/kg # B THIE L
B ERER X
INAAR— =hR VI

B E B BEHMOUEE) JERIFES
TEEEm B OH O BOBA O
BHER B KR B SHAIELZEER
# #:4,000Hz 2 , 7% 105dBSL L » 10
dBSL = 7 y» 7 CF/&, BEFTIZ 5dBSL
ATy 7 TR, FIEEE DA-502A X b
tube stimulator %4 U458 tube 4}
HEIZEA .
Lg% AEAAMIEIRDA-SS THEH, ATAC-350
ZT500EmE L, X-Y va—&x— 2T
F=3
T AF VAR A —  ERTE SR 1EE
D 2 [ERITE
=k v i No 1. 313 E5aT &% 5% 15808
O 2 [ERIE
No.2 « 4\ 3 E5RiH» 5 2 O 5-1% 3:8H
<
1B & 7 BHIE

(5816% £851% 1990)

0.5% 54NV A7ATFe FCIEHB X Ef
L., BEEUEIEX, ~aAZ—, =K V¥
ELZFALT2%A4 A I v aABMBRKC CTHREE
% 90 17\, ERH= 2/ —ARFITHIK, EE
A Y7 INVCBERLUBERSERY T, £
DEEELXREL a1~ +8B%BEH, Au-Pd ©
KEDDYL, SEM (HITACHI, S-570) = T#
%, 2REYEERPL .
BEOPLIZ 2L FHRORERET, BREE
DHELY b o> TREREMBEOBEELL, ~aA
A—TIX &SR, BR, 714 AFxLVED B
L.
BELLEEY X, B4EERID 1mm
LA EEMaA $ % cytocochleogram %
EBRLL 7.

(KE2]

ARz -z CDDP %5 1 f-BolERE
Has, MT #%:&E3 % BSN o 55 752 &
CIDBEEIRENE > REf L.

EBF¥E - CDDP % 1 6l KEHEGLIC b D
T3, 100~120g D~ s A & — 250L% 5 JL3D
5B TT T -7, S5EEDARIL, BSN &
»#EL 7% D, CDDP &% 10mg/kg 3 L
Qi 12mg/kg 51 7% », BSN 2 pij# 5L
#-#%ic CDDP # 10mg/kg % L < it 12mg/kg

Table 3. Making process of the specimen
for SEM

TRER Bl
L= VT VNAARAR —
1. =— 7 URREr MW L AIBE B2 il
2. FHBXIY 1.5 %I/ VB —-LTALFe KF—0.5
%5 RN AT AT e FRERERC THER(E—
EE)
3. 2% A I Y ABBRCTCE_EE
4. EF =% - A RINCTRKE, BEREAZE
5. Au-Pd ZKEMHER BF BEME (HITACH],
S-570) &= THEiz

VAN vFA® 30mg/keg BETICBIKIL,
KEWRRAT L 0 AR % Rk, 1.5% 70
B=NATAFe F—0.5% 5 KA ATLTF
t FRAREEAL, £FEREEXT-7-
T QB E T R
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HELILDTHS (Table 4).

$r53%%)12, CDDP » BSN (bismuth sub-
nitrate, {REFET) HFEAL 1.

BSN (3 50 mg/kg %4 & 1 mlicBE, BE
wELTHY vFREALT1IHLME, 5HMH
#r5U+. CDDP 3% 1 H B2, BSN 5%
DH¥6 HBCHEREY ip L.

CDDP #4514 o Ty, CDDP o
ZA 5L 7Bt L BSN ofii#y s, 3 X0 BSN
L CDDP o WfTHELIHDO2H T A A
Z—% &£ 10T >FEAL .

CDDP (3 1# & i< 1@ 3mg/kg/day %
5 AR, F+15mg/kg# & L 7c. BSN 2 50
mg/kg/day % CDDP o# 5475 A & #5
th5 AoE 10E Y vFE FAL TRAES
L.

EEO¥EL, £ LFEBRC ABR, SEM
ZTiT -t

Table 4. The No.2 study’s process. The
investigation of the reducing method
with BSN.

ERHE RR2)
KEEEM) : T LTV NAAR X —
Brh#A: 5 v #® (cis-diamminedichloropla-
tinum (CDDP))
KhSEE © A =2 (bismuth subnitrate

(BSN))
1 EH5R
BSN (50 mg/kg) CDDP
A B:5IC +) (=)
B iz S =) 10 mg/kg
C Mol D) 12 mg/kg
D o5 + 10 mg/kg
E BEHIL +) 12 mg/kg
FEBER -
BSN(—)#f : 107 - 3mg/kg x5
BSN(+)#f : 100 +) 3mg/kg x5

BSN 50 mg/kg 4/ 1 mlicRE, BEKELT,
VYFRERAL 1B 1ES5 BEHS L. HERs
DLDOTEE LIS Afd] CDDP & WATH 5 L7c.
CDDPi1 6 H B B RERMT, KA~ 1M
BELY. HEBELci, 3mg/kg/day o CDDP
% 6~10H B ¥ THRE LI,

BEARIE « B UE (ABR)

WReE s  EABFHEME (SEM)

BEEOBEIL, WITHALE A L 7B B
ﬁL%%%HﬂL, 10% 1=V /%%T@%,
R57 4 VABLI Db PIEAERL, H-E
Qi L .

(5 3)

FEHBEOEMEBER TS vbh T3 MT
2%, BSN o5z kb ~aRrAx— OENTH
BxhbrmnE 5 nseLic.

~ A A& —Jz BSN 50 mg/kg/day % 5 HFH
VVFEFERLTHESEL, BEEED 24K
= — 7 OURRE TICHREE, BF, BasiH L e
L. a2z —ERER, HE5HE 10D,
20 A HEAL .

RE S Cd-hem T - 7 (Table 5).

FFREEUTAT, B 5fEED 0.25M v 4
PR M2 T AEFXFFA XL, ZOFREY

Table 5. The process of Cd-hem method.
Metallothionein is determined indi-
rectly as the Cd value.

Metallothlonem HE
4 ¥ Cd-hemy: (HiBHERE

1. BIEREC 5 EED0.25M » a xRN 2

2. REFFAR

3. 15,000 rpm, 20 7, 4°C i TRERODHE

4. EEERHE

5. FiEic 30mM Tris-HCl Buffer (pH 8.0)
Nz %

6. CdCl, (10pg/ml) #inz %

7. 5 HMERTHER

8. Hemolysate #fnx, 100°C, 1 4fEihnEk

9. 1,000rpm, 5 &R sk

10, 8, 9% 3G ET

11. LE®1E%

12. EFREHz T Cd BEAIE
Hemolysate &l

1. =AEy P TmI+1.14% KCl ~o2y v

¥% 3 ml

2. 3,000 rpm, 104/ fEE O BE

3. k% 10ml 0 1.14% KCl ~ %) v FEK
T T
3,000 rpm, 5 4y fliE ook
3, 4% 3[EEDET
sz Tris-HCl Buffer % 7 ml jnz ¥
3,000 rpm, 5 4R s B
L& E, 5f8o Tris-HC! Buffer (pH
8.0) #inz 5
9. {fM@niz Tris-HCl Buffer iz THFMR
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% — + % 15,000 rpm 4°C ¢ 20 4R &0
Fiz 0.03M Tris-HCl
Buffer(pH 8.0) #inx 7:%, MT i2#E&L T

BEL T Ly B,

g & % & 3 (516% %1% 1990)

DRE—=VEBEL T, BYDOIFETITZE
BBEHFOERIIAD LRI » .
W SEM T X 5 RERVBRE 2 1T » e

Wb &Ex Cd BT 272012 10 ug/ml o

Cd B % I,

Cd DlrEH T HBT~E Y £ — LB N

i hic Bz B8 %7\ 1,000 rpm
TE5NMEODHET L ETHD. ~EY £ —

MT & L T Tau gD Table 6. The ABR threshold before injec-
tion and after injection of CDDP

2 7z - § 3 B 587 dBSL | #¥5.7% dBSL

AT ])t\ N PR L, %./b% v b (mean+SD) (m%aniSD)

I h B shi s RmER 2 Tris-HCl Buffer o e am | 80159 654113

THEMSETERLA~EY £~ b, CdO AR ( 8mg/kg) | 46.048.1 | 48.0% 6.0
B (10 mg/kg) 47.54+6.7 | *56.4+ 6.9
CH# (12mg/ke) 47.5+5.4 |¥*56.4+ 6.9
* p<0.05  ** p<0,01

FEZ T bR BEH o Cd &% PERKIN

ERMER 503 o & T35
BERH (7 v —a) AW
THEL 7.
LLEC b 8 5hte Cd
B2, MT e LT
Lo RFEE 2R, =
DfE O Wiz X 5T MT
DOFE N fThhi & R
L. -

= R

(E81)

FF, M AR — B Af
AL-BERETE o BHE T
i, BAOBEEL T
ABR o Hifiti (Table 6) i3,
CDDP #5512 & \»
Tavie—1BLr8mg/
kg BRCBAED L7 2% 38
bhiesstes, 10mg/
kg, 12 mg/kg Wikf O £ 5
BROBEEATEZ L T
BRECZERL T,

ABR 8% I-L g (¢

CHR YRR, BEER I F )
(Fig.1) itk &, 12 mg‘/
kg BHIZ R\ T BRfEfHE T
R DER § 5 B M EERE

arbo—nB (Ef) A B (8mg/kg)

msec msec

o----0 % 5-8j 0-=-=-0 5B
—e 5% —e i 51%

4.5 4.5

| L

35 45 55 65 75 85 95 105

35 45 55,65 75 85 95 105

dB(SL) , dB(SL)
B B (10mg/kg) C B (12mg/kg)
msec 0--=-0 B 5 msec o----0 5.8
I ——e k5 1% r —e L 51%

4.5} 4.5}

3.5¢F . 3.5}

35 45 55 65 75 85 95 105 35 45 55 65 75 85 95 105
dB(SL) dB(SL)

Fig. 1. The latency of ABR in golden hamsters given CDDP.
In the C-group given 12 mg/kg, the latency was prolonged.
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FFaLF8 0 XEESOHBE TX, =2V
Fr— AR BE Y BbE5 L5 ATRIEA
SLhieh »tehs, 8mg/kg B, 10 mg/ke &,
12 mg/kg #f & 5 BEAWMT 5 SMEE
WlaoEE 2w i, 12mg/kg BTk
T, EEREGR FHOEEL 100 2\ Ex R
LT,

FoBEEORKAIL, HERTDHH REREC
W, BEBENSWLDIBEFBMLIEEIRT
Wwic.

NEEBMGCOWTIE, 48 L LK%

Middle
X1000

—

Control
group

THETHIENTE, BELRT IR
RS B eh » 7o (Fig. 2).
cytocochleogram ¥ B EMAD BEENT
dbhieh otz & L AEEMROLDRAE
% SEM 0B HZ I FML 7= (Fig. 3).
v bber— B, 1ZIT100% O BERT
Hotc. 8mg/kg B b HERC AFEMAES
BREL TV, BEEOEELZ b5 77
7 LT, 10 mg/kg BHT BTG4
BRI D 2mm aBE 5 L, BRCERFENE
TL, XA TREFRN20%%E > T i,

Middie
X350

Basal

X 2000

L Agroup

Fig. 2. The observation of the corti organs with SEM in golden hamsters given CDDP.
The damage of the outer hair cells was sporadic, and most severe damage in basal
turn. Morphological damage was not observed in the inner hair cells.
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12mg/kg Bwie s & FICEE XM 7Lh,
7Tmm Hth TiX 100 BB B 4B EME DN
EHED BRI,

ABEMROBEER, 361& bRABCHL R,
SRR DI 5 1.

M&S, 714 AXLVE, EEo SEM izt 3
#lEciz (Fig 4), TXTOHIC R T EE
XRbED IS RATRIZAD bR 522,
CDDP 5B oFic —&, mES&LEME D

(5816% 281% 1990)

RRDHERD % RBDHLNBRIETH - 1.

cytocochleogram (Fig. 7) 1 FE[ElER 1CfE
EVRCZEHRLTED, BEEDE LD
DIF 5 DEREFRDETHNEHTH 5 72,

(EB&2)

KE1E #5 L 7. CDDP o Bt A,
BSNwXh BRI D0 E 5 01T -1 EBc
BT, ABR fE (Table 7) i3, CDDP %
BE5 L7 40T BSN o §r b5 o HEIZ Hhvb

BrSbes8iH o7, LarLERLEL CIEEREME O EAARSHT. BSN oin
CREVELCBEELRFIRTII e 5 1. BELCHECIIHENOER TR oo te. B
=R VHFEATOREREN
% pu B '\ —_ 0, A 8 k,
DEEEBIIAD T L T l(gg( Ylro—nE (kR) l(gg # (8mg/kg)
Hotc. dSmg/kg & 1@ % 90[
FoX2@BE LB T % %
X, ABR BRfECZLIZR 0 7
&5h&#ot.&mmg§
1@&5ﬁm7a&u205“ 60
dB o RfELANSY, 2 B %0 Sor
E#E5L b oTix, #E g 40 40
BEDIBEHIZI5AB D 30 oHe 30
~ — 1 —e
EREZZD LB S 20 &--a OHC2 20 sea 838;
FIEBEMEECEE 1 oo OHCS 10 oo OHCS
L, 2EIBEDHBETHEUH 0 0
S 1 2 3 4 5 6 7 8(mm) 1 2 3 4 5 6 7 8(mm)
fﬁ@igﬂj{ft;{; 7‘1 ; EfL ) OXEROES "
»L, ¢ (6BKR) AB %)
6 B B (10mg/k %) c k
COMEDEMT, M 10 # (10mg/kg) 100+ # (12mg/kg)
ko bzl BET 9 90
» - 1- (Fig. 5). 80 80
ABR o B, &K1 70 70
SR o & I D et 60 60
—F O BodHee g sol
N 2} "
SEM iz & % #iZ T % %
(Fig. 6), 5mg/kg, 8 mg/ 0 +—e 0HC1
kg o 1 EH 53 < HEE o aomoncr
MBROEEIZ LA LR 10
. e 0
bhd, 2EES LRI 1 2 3 4 5 6 7 8am) 1 5 5 1 s 6 7 8(mm)

BEENHBL T, =
13, ~aRx—rRBCE
M CEE ORI HEH

Fig. 3.

Representative cytocochleograms of the golden ham-
sters given CDDP. The outer hair cells remaining was
lower in the basal turn in B and C-group.
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Fig. 4. The observation of S.V., R.M. and T.M. with SEM. Damage was not observed

in these parts. S.V.: stria vascuraris R.M.: Reisnner’s membrane T.M.: tec-
torial membrane

BSL dBSL
d o No.1, 2 o| No. 3, 4
W o---0No.1:5mg/kg 1 0--0No.3:8mg/kg
®—@ No.2: 5mg/kg X2 ©&—@ No.4 : 8mg/kg X2
35 35t
40 -40 Q )
5 ._/_\/\ 5o Fig. 5. Representative au-
\ diograms in Japanese
S0 o--0 Sor monkeys with ABR.
55 55 In No. 4 group, a rise
60 60 in threshold was ob-
6 65 served transitorily.
70 70

4 5 638

3 1 2 3 4 5 638
‘ ‘ CDDP#4

CDDP#4%5

= o
>




Basal
X1500

#1458 1990)

Fig. 6. The observation of the corti organs in Japanese monkeys with SEM after injec-
tion of CDDP. The groups given CDDP for twice had the severe damage in basal

turn.

(Fig. 8) wo>\Tit, CDDP o&4% 12mg/
kg 5 L - BEC R OIER 23 3D b i)
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Fig. 7. Representative cytocochleograms in Japanese monkeys.

The groups given

CDDP one time did not have the damage, but the groups given two times had
the severe damage in basal turn.

Table 7. The ABR threshold before injection and
after injection of CDDP with BSN or without

BSN

- BSN 1 CDDP | §j dBSL #% dBSL | AB=

(50mg/kg)|(mg/kg)|(mean+SD)| (mean + SD) |p<0. 05
A (+ - 37+2.74 |40 * 3.54| (=)
B - 10 41+2.5 55 + 9.13| (+)
C (CD)] 12 44+4.18 |52.5+ 5.0 | (+)
D +) 10 39+4.18 |49 £10.25| (+)
E| 12 43£5.7 |55 £12.75| (+)

cytocochleogram 2 £3 & FICHHEEL 72 »

(528 3]

Cd-hem Biz X - CTHIEL -k 18
Wiz 4¥h s Cd &, BSN ##
Etrzlicih BEC ERLT VI
(Table. 8).

fFco BSN &8 5B, 2.88+
1.23 pg (mean+SD), #HE5E#HM7.20+
2.20ug TH 7o BT, EEHEE 4131
0.34pg, 51 8.49+£3.40ug THh - 1.

7. WRAETEES A 2mm ABE S MEL D%
DEN XD LIbDEh, B LI
T2 30~40% LOE R H 5t (Fig.
12).

BFoEE L BSN #5HF C SV TLEET
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(Fig. 13).
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Fig. 9. The observation of corti organs with SEM. The clear difference between the
groups given CDDP with BSN and the groups given CDDP without BSN was not observed.
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Fig. 10. Representative cytocochleograms.
outer hair cells remaining was higher in the groups BSN
than in the groups ungiven BSN at the place of 3~4mm

from apex.
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Fig. 11. The observation of the corti organs with SEM (2.5mm from apex). In the
group given BSN, the outer hair cells high remaining was observed.
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Fig. 12. Representative cytocochleogram.
The clear difference between the group
given BSN and the ungiven group was
observed at the place 2~7mm from
apex.
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Table 8. The Cd value in the liver and the
kidneys with BSN or without BSN
after determination by Cd-hem me-

thod
k1 g4 Cd B
5 B =
gy (mean+SD) (ﬁzfﬁﬁ$)
BSN(—) pg/g|BSN(+) ng/g 1%

F

0.8841.23 | 7.2042.20 | & 1n=10

= 4.131£0.34 8.49+3.40 ‘26") |n=10

Fig. 13. The observation of the kidneys in golden hamsters given and ungiven BSN.
In the group ungiven BSN, the damage (tubular necrosis) ‘was observed, but in
the given BSN, not observed (hematoxylin-eosin stain, x 250).
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