Offprint

Title

1.33
2015. JANUARY No.

Name

Depariment

Institution

Address

Pastal Code City Country

Fhone Fax

[JSB

BAaNrF U7 IVES

Journal of Japanese Sociefy
for Biomaterials

SEDHUE A, B, R

m%%? SEAZ TV

Lo St

(7344 =7 07 0] FORENE CEHN
ROEHRrD Livewvys, BEigEHLe &Méﬁ
i, VAT AR T
W IGTAET A 220D Y o Ch Y, fHISVR
ESICIEES b8 L BERTAILEvo
T, B, Bt OB *}l"i%fkb“(%
TR L b —A(F 777 MM
Windows % Blu-ray %) A58 0o 7025, SRR, EIRE
BRI LA (150) S EIR AU AT (EC) 0 & 3

TG
H

A‘wv)’/ &

56 /NAFFFY PNttty 331, 2015

Z MR AR A C ORI R AT, FEORHHIC
T B EREEHLA TS S L) mé: o wZ:.
S F S E DI BE S EEET
7, FE LCTHIY J‘U%ﬂ'(*& TV B A5, rfl=
DY T—=13YH = a rOEsE DI EETT
BIFHH—E xwzm.wc@::a‘sw-a mmwa.:
i’:""}:?‘ HJiThH D, EHHEE
, LD BEGTEE i.ki‘\ Bl EORENTEEILI S
m Elfﬁt*” SRR THH T L s, R
1L®ffl§"£§ﬁi'cﬂ)rmL’(’r’n':?NDa"M:‘:Y{ F LA,
EAE iR HRs L, RO A

S

LY, B - FEGALERMBRCMED AT RTY
AT—=0 /WY~ LR ERITHOTHAZ LR
S A A DR RVATALS PR AN o W

Fu—ySYH—a g, TOEPBHROYTE
Lo TOICEBIO & A o LTl & iyt



H—-{bLTETVS, B—iil T, HiEoudTic
b6, &I TEHML & ALl Tab
BRI T X, Fb S R Lot
BEEFTANRLGNARL RSB, ZOFE»S, BE
DUFAT T, k0 [TXVRSIHEED I
WA BB S DA (BRI 20 LA b ornl
BERMT A FRICELLTETYW S, BRICHGE
EBRBTTy b7 — A FEAT (B W I R
it 5 & L, Y ENEOT A S A s EARFN R
DR b FL A, F0k, MBHEENEMZ AL
Tl & DEPMEE R D Z LR B. Thb
b, frEofddi Bl T icdh,
e AL B ATHT R W I LB ot ) I
WD FITEIC 2 DD TH A, EROHEAD DD T
DHEE TRV Z IR Y U OIS
Wi 2T 5] GEAFL Db/ EnD, Z0
FE D BAEOWRIICEL AL o TETWVLD
BUIRECH S, 0L RRRBMEYRLTHSE
FIZV L ODPER HNEY, 20Dk LTaHHE
EHE SO FEROHIERIEL S RG0S
CEBEHMLOBEEESER L Tuvidtdey
HA. FOERIEE, FERR—5— L ALTigiefl
LTl bbby, & s ERERR L T
LTWwioas, AR, @E, 79 Yo
WA T, MEBRSE & o TwrskE D Bl

R L 22Tk O 228, 1SO % IECHHI BT D

ERE B I~ RIS B LI L) TV 3.

LRI BV B MR T 2L Bk
L, WiBc/cAR D IR b EESE D &8 STk
EHRATHL SO0, BRI EF RIS L) R T
ZORDILELAEREE AR L, REREHUIHR
T BB I M & D B L UFIRRORHE
HiREE b, Thbb, BRMOIEEICSLY,
SRR L HIATRE o X 5 1B & UL
2B ZEMTEIOP TR TAREL L
THHMEPFECE 5. W& M, Fhldls
HfiommEl, WEbx5ISRI L, IFkoiis
BB BREEE AWM SH LI LTHS, T
D& B, ERLTOIBREH SRR
SRS SR ENDS S ISR B0, it
PHU BV TRRHE L DL E-TLES. 20

LA, BE, BRI BV THNES H
Lk 2O ORISR L EHIC b o TR H 72D,
WL D RAOMEEIRD, B & B L 2
JEROYIRB LU s — oA <, SIS
LRI Y 2 Z OO YO FH LR & B a4 7
YR E o TV D, TD L) RiIIE
PRI BV T O RAMTH B, HE v i@
o HIE, WO RL Y, DA EOER
BEESAERH S THBIRo T {2 DICIEE-
EEEHEY — R B o S LML e B S

I ERusRcEREEL

EfFICB T, [BRRREERR L 2 5 KBRS
[ERghRCd s, DEHRSRA SRR TR S
A XA R DO, HYE LAV OMRE, Be
%, RIS NILERHDHEL BT, TOR
BTSSRI B 2R E 20 b, D
EicBVwTCH, EREERO U A7 B L CERRY 2
HlM o 7oA R BN, TOMFUIBL R
WASHH ST B, BIE, U A7 DIRWIES R
LT, R R YR STV B A8,
Y R 7 DR LWIEFFREHIE & LT (D IESE
SERE IR AR (PMDA) I & 2FRBHER LB
T, YA &NE2T7 4y FEMOESIIEDWT,
ZFOPEWFHOTEIPWENS, INSHRITIC
BOTH, EFEERGEGEY v 7 V) ofie 2
OFHICEFOERIFIEN TV 5.

SRES A & FROBIZ T o TV B4, M
VT, BUE, BT &, WOl
HEN) 2 FH LCHE, HoVviESHREEn
& D EHER O ME A STy B,

S, HEELR SHOATAREFRMN TR s T
W T L SN e o ez, 4TI (B
(regulation) TIEHFE IO BEWTE R B ¥ B LA
WASNDTELH, EN ZFH LB REOH
EMFEHET R ORI ER Y 2 B LB R vwb o L
HBbNs, 1991 FEICHHBHEER A £ (CEN) £ 1SO
LN A — AAREREE L LIk, B, B
FEEBIT OERIZ BV T D EN=ISO & A B IKIR
AHEENTWD, TOHRE, BIMHHTHICHST 5 180

INTFTFT Y PI~fehit 331,205 57

OREAFMLELTWAI Eds, RATHZHEFIC
AU BB & RO, ko BRI
(American Society for Testing and Materials, ASTM
EYRROLEYH S ISOMEPOHFFNEELWo TE
Twh, Y, PEREREHCIES 2 IS0 0RR&IC
BWT, FDABEISRELFDTO0E 7 —AHEL
R TwDH, B, BREPIEEROSADLH,
BEEICIEAPHERR L0062 (LB HEIICE -
TAMBRRE D L Y HE LW &) LB
DAFECH B 7w, KREHMHFHIIS0 OFHiER
FERBATHRHLTOLIZ L EWL P THA.

(7 EIEEEEE IS (International Standards) & B %
NBHTELH LD, THOFIIEER s BN
(1ISO X IEC) AR & 1 d Z & H S HEHE k% 150,
[EC LT I &g, Zoficit-T, KT
EEEE DL D E 180, ECEWT I LIZTHOT
B RIRELE N RV E SRRV,

DAEEIIBVTY, H X WTOMBT HET 8 %
ZICHEE - EREME O BRI 5T
L, 1SO & EXNEN-CH % J1S (Japan Industrial
Standards) & DEELARD ENDL L) ko,
Fio, BAFGEREBELUGEET S L) DT
Ll lah, EREHULOERHENE 5%
Tholz.

FEAETHE, 26 AR BER P S e [HE -
stk ) B p e - IERHCBN T B EIRER
OUBEA N E LChiFSh, BG5S, $FICEE
i, ERHSIS O BV TR E & EE
Lo, MEFOMBEIWIESRL, ShETH,
ER RO R A MY A FI 4 45
e LTHEISORIECRHWSNTELLIAT
HHH, SHRELALRDICHE ST, DIED
Fii & EAS RO BRI & U, HARRERR
P EEREICRIT 5 D O & T O 0 OFHE
AR SN LI R D,

ok, HHEFEASORENRL (R
AT RS LS, WRCATS, R
Wedh s FLRHINTS L E L ONOERRNS
I B BRI EASEE T E PR E LS.
—J7, PR, LM AT RS R O
FRICRY R LD THA LR, B E UCER

88 /N1 F VT Y FH—giti 3312015

PHCEFE iR O TRITIE R S 4w, B
ZRHT A B EE R E S R - SR
EHEEA0icE, HRoBtiltas s
EAFERITMBEL 2H0T, MTFIZISOSBITAHE
LRSI R AT 5.

BlE, 150 BV TR R o BB e
FeaAT o Tvr B HHTZ A4 (Technical Committee, TC)
14 THY, TEDHILTCI94, 198BLT210T
BRI i e R ) v & M il
FIEELTWS (1), IhbBAHcY “Hiift
ZGHET R TC201 O & 5 BRSO &
BT DA EMEA D D TC A B GET 5700, +
NEDTCEEDHETDIEITESIRIA S,
IECTIITC62 B &L UTOTFHIRMTD 5 5# &1
£ (Sub Committee, SC) {2 BW CEEHIHAURIICL
TG & 4D EHE GRED e WO B AR E
T 8RR PR L Tw D, AREITILIES S %%
BCBIR L, odik [543 <70 7] o
FHIZLWHMT AT o0 TC2INY L, TS0
BRRERANT S,

3, PEHEPERLIE Web ¥ A F 4 B4 L AEaT
Bl TEY, FHRERIEINE (technical
specification 33 & U technical report % % &) S 5 1
LEh, TofFaraEis, S$MEysoa2 s
FfE, WEFED LD A > MEEED EUY%
FTRAKICES - HOTREFH)ELTHROSNE,
CAUS RO & Lo L i,
AR THBHEMAE R (ISC) Ok — 2x— ¥ 2z R
b OBE L &S CHHI LMW S 20 THEC
EX (AN

Eifs L, FHROERTE 250 OB
BW TS HE O ERHFIc—E U Lo
FERBLENDH DT LG, AL THEERSES
I EREERECRIGE L v, BOLY, BERET
EhLT, HIBEOFERBCE CRIEREE L
DB B LHTELRETONRITELTHE
Mo TEL, B, B, 41 EREREISNT
WA, FEEIRWeb BEUC X AL E (ibIT



1 1S0CH T 3EFRBBBIORKRAERAR(TC)

™ Title SCH | ME(EE) | IR | BERoBmRR
45 Rubber and rubber products (7 4B XU RLG) 4 Malaysia Malaysia P-member
Transfusion, infusion and injection, and blood processing
76 equipment for medical and pharmaceutical use [} Germany Germany P-member
(BN
Devices for administration of medicinal products and catheters
oo s P-membe;
w (BN B BEUTENS) 0 usA | Denmark member
106 Deantistry (1) 8 Canzda Canada P-member
A ic and respi Y i ’
2 (HERHE RO A TOP B R) s usa usa Prmember
150 Implants for surgery (SHEHAA 7 F) 7 USA Germany P-member
157 Non-systemic comracepl(i‘gs& m}(:‘ )STI ‘barricr prophylactics 0 Malaysia Malaysia P-member
170 Surgical instruments (YFEHA 8F5L) [ Vacant Germany O-member
172 Optics and photonics (4 BLU74b =5 R) 7 Germany Germany P-member
Biological and clinical evaluation of medical devices
194 R D25 SRR HE) ! Germany | Germany P-member
Sterilization of health care products
198 (VAT 7 RGO o UK USA P-member
Quality management and corresponding general aspects
210 for medical devices [} USA UK P-member
(EEAR ORI U 2 — 05D
Clinical 1aboratory testing and in vitro diagnostic test systems g
212 (BERAE B USRI S A 72) [ UsAa UsA P-member
215 Health informatics (i E# T $iL) 0 USA USA P-member

TC: SC: Sub Ce

B, BHELOEZRRBOBKITHML TS,

1. TC150 “Imptants for surgery” (81 75/0)

19N EIZBRIENIZTCTH Y, TOHOMY I
BRA 777 MM 5 ERREE 2 ER L TW
%, BERE M/ viBEIELLTEY, BRE
FDA IZFF /B¢ % Mr. John Goode A HHT5. H
Ak, BHHIHTICEINTE S P-member(participating
member) £ LTZDTCIZBMLTWA. BEAK
BT 554, BRNCBT 2RO%E4L, BNT
DERLEHT I -O0%H 1T BE(BRER
H&) LBELR>TED, TCISOTEEE7 74
Y73y s AGR L ARERRSET 7 /0 V-]
£(MTJAPAN) B2 OHH 2o T b, BNER
K, BELLFOPBBEDONA X T UTNVE
SEANPFRLLTENLTVS.

ZDOTCHE, BEHAbEEERAET 572012, TC
ETICEE SV — TR 5 50, Sddbads
FRAHICHBLTHRI DD SCELOHRILLT
W5 (E2). &8, BTCADOFEHREXHEH2

P-member: Pasticipating member. O-member: Observing member ($R5HER L)
Technical Commi "

¢, SCHRMBHICED O /- HHMBEIC T 58
HEREBTC LM LTIFI S LATES, £
DIz, BABOEGHEASZOHRO Iy 7 R
E-HLBWI LENRERT, ALTCIKBLTY
TH SCHTHEBDERSICEIELS. EIE, SC
AR R & L D RENVFAE L 2 WO BERIR
FTHBA, TOMD SC B LUEEES V—T(WG)
BIERLEELITo TV 5.

IO TCIZBIT HitEmd gL, HEHA V7
MER SR (&8, BFF vIFIvIA)
BT 2 e, RAmama (AT, A
TH%) CLELEHCET A5, RmH
MERRIC L RANSRERE GAERR, By
) T AENER I hETIC MI{ERLTET
w5, THhETICTC 150 THERSNFHED S 1
MV EFFECHT TV OPUTIRFRT.

(% - SLSEEHLG)

« 1SO 5832-4:2014 Implants for surgery—Metallic
materials—Part 4: Cobalt-chromium-molybdenum
casting alloy

INLFTF YT I-saH8 35-1,2015 59

#2 1SOTC150 [HRAS > 75> b] O

wG

Tille

EREE (B

R

BROBIkE

TC150

Implants for surgery (SR> 75h)
Fundamental standards (34 §it)
Breast implants (A TFLEF)
Use and retrieval of surgical implants (S1EHRA > 77 oL ihE)
Implant coating (4> 7TV b\DI—F42 %)

Usa

Germany

P-member

SC1

Materials (#1#)
Ceramics (537 A)
Metals (&:/5%)
Plastics (77 AF %)

UK

Germany

P-member

sC2

N AW -

Cardiovascular implants and extracorporeal systems
(DRMBEAL TS BLUEHERS 27 L)
Cardiac valves (LBSF)
Vascular prostheses ( A L1 &)
Blood gas exchangers (il #-# 232 {188 (A TBi) )
Renal ification and apheresis (A Li&#782)
Vascular device/drug combination products
(MRS —ER R a ]S
Cardi implants (LB ML AIRDUEA 75 1)

USA

UsSA

P-member

SC3

Neurosurgical implants (& H#HB 1 TS5 hitkik o)

Germany

Germany

AEm

SC4

-

Bone and joint replacements (AT F$ & U A TRAES)
Mechanical testing (2E3R5%)

Wear (ES$E)
General requirements (— A9 FERYEI)

UK

UK

P-member

Osteosynthesis and spinal devices (B ES18I8E & LUSFHERISE2)
Osteosynthesis (TR & 1R 2F)
Spinal devices (¥HHEMBR2F)

SCé

- 2 I N

WG I
(with IEC SC 62D)
IWG 2
(with [EC SC 628}

Active implants (HEBYEI1>7T>1)
Fundamental standards (&:47i)
Cochlear implants (A LPH)

Implantable infusion pumps (HIGA &R 7)
Implantable neurostimulators (HIAASUHRERIR 3T )
Circulatory support devices (Kilh A T08%)
Cardiac pacemakers and implantable defibrillators
(=R 2~ A~ BLUHGAAR AT 23)
Effects of magnetic resonance imaging on
active implantable medical devices

(MRUZLBIERBIA > 752 bADIZE)

Canada

UsA

P-member

8C7

1
2

3

i ineered medical p (FEERDS)
Management of risk (JAZTHIAVE)
General guideline of safety test (K& HERERD—RBIF151)
Tissue-engineered medical products for skeletal tissues

CEHEALERA TS S R HER)

usa

Japan

P-member

(I513)

WG:

working group

ISO 5834-1:2005 Implants for surgery—Ulira-
high-molecular-weight polyethylene—Part 1:
Powder form

1SO 13179-1:2014 Implants for surgery—In vitro
evaluation for apatite-forming ability of implant
materials

ISO/TS 17137:2014  Cardiovascular implants and
extracorporeal systems——Cardiovascular

absorbable implants

[RERiz ]
» 1SO 7206-6:2013 Implants for surgery—Partial

60 /NAF VT UTI—sa48 3312015

and total hip joint prosth Part 6: End c
properties testing and performance requirements
of neck region of d fe I cc

L

+ IS0 12891-2:2014 Retrieval and analysis of

surgical implants—Part 2: Analysis of retrieved
surgical implants

ISO 17853:2013 Wear of implant materials—
Polymer and metal wear particles—Isolation and
characterization

180 23317:2014 Implants for surgery—In vitro
evaluation for apatite-forming ability of implant



#®3 ISO/TC 194 [EFURROEMFRUMERIRGE | DR

WG Title

R (B THR BROBIIRE

TC 194 Biological and clinical evaluation of medical devices Germany Germany P-member

(ﬁﬁl&iﬁwim#wﬁ&mﬁiﬁﬁ) .

(mqummuanam mmmemm)
Degradation aspects related (o biological testing
(&W%B’JWldalﬂ:ﬂﬁﬁ}%ﬁﬁl B4 BRI
Animal protection aspects (S R M+ 281 T 4)
Clinical investigations of medical devices in humans
( PROELIRRER)

Cylo!oxxcny (Wﬂﬂﬂﬁﬁ)

SeXN o e W N

16 Pyrogenicily (Z841%)

17 Nanomaterials (/% 7Y 7L)

i ive toxicity

(ﬂiﬂm 1, %ﬂ‘/w‘lﬂ»}dl{ﬂtmdﬂi)

Systemic toxicity (£ 51 i)
Irritation, sensitization (B I8 1)

Effect on blood (HLENDREE)
Implantation (H {i3(%R)

] Allowable limits for leachable substances (S5O ZEHR)
12 Sample preparation and reference materials (SREHEE 3 M 1)
13 Toxicokinetics (IEAHTHIEEE)
14 Material characterization (# FRHE5F )
15 Strategic approach to biological assessment

(LW TR AR N B HRES M IHLA)

SC1 Tissue product safety (B#IHENZOR L) USA Germany P-member

1 Risk assessment, terminology and global aspects
(UAI TR A2 b MBS LU E DML
2 Sourcing controls, collection and handling
(FROBE,AFBIRE)
Elimination and /or inactivation of viruses and TSE agents
3 (9 ANABIOTSER R RO EEREIL)
4 TSE Elimination (TSEI{ R FOk:)

materials

INHEDF A P HS, TOTCICBITSERL
DEERY RS, E6ICIATHOOFRERELHE
WELEFZTC LBV T T 2 FRYFET S
L&, FMOBEHICIEBHLTCWALT LM
FTH, L, AP0 OEMEERLT 5 ERR
BEWE, BibafkTidsd, #rEBOLERE
HIBECHRBRENEFHILENEZETHEI LI
FBEanizv, B2, SOTCHO L IENORE -
BRIEHE U AR RS 281, 6458
HREOEEITR 52w & 5 Y 2 EH{LIREs A5
BELhb,

2,TC 194 Blological and clinical evaluation of
medical devices (SR8 O£ B E S CERFE)
1988 ISR S R/A=TCTH Y, ERMTHBLY
ERBROREMICMT 5 EEMEEM (4
&, EREN, &) L ERRGEN (Gep)
ST ABB LR HRLCE TS, ZOTC T

BENTWHENENFMC W T 5880E, 20%F
7515010993 Y — X & LCESFBRERICH
LRTHED, FICIWG I THERS R EERNEL S
T A EREEREA VLB ERA TS,

HRPEAGICHEELF ISR TERE, HReE
filt L 7= i MR T AL R O # M ICH
kYL ENZV. BE, BREROTLMFEY
THICHIoTE, BROREE LY I ENY—F
DIEE, BEESNANF—FIZL ) A7 DiEES
A%, NIST14971 [EFBE—I A7 <2 T 20 D)
EFEHR~OMA] ISRENIY 27 FHFERA
WTEBSH2TRER 2w, 208, ERICH
BB RKRITIG LAY AV BMEFI 2 ik,
ESRR0EDENTSENFMESND.

HEIZ L > TEEIFITIEER, RE, 7L
F—, Rk, MBS, HESOWTHRTLLD,
FHEURICERE L S 2 WENRBEHTER
LORWEFET 5. B4 DEFRBROEDED
REMFMICRD SN B REBFEE L, ERICERS

INTF T T Y TP -2 31,2005 61

AR, B4, EBRos sy —, #
FROAE, HEIICIE U ORI A 0N B 5. 7
DIOOHARB R ZFFIET O TC CHE s
1SO 10993-1 ISFEfR SN TH D, LA LI KE
Pl b B STV S, TC 150 TS < FER
ENTOLHEHNERERL Y, OTCTHERER
IS0 I & A LOBERBBIEHER ) 2R Y
Y NREEETH Y, EHHREERIC BT S B
HkE,

BT H WG 17, SCIR1THY, F0SCit
HODWG % 50(].3). 2B, SCI k20084
Scope ZEW L, BTCTHHMH L N T
&M, TR Db ARSI T 5 YHE Y
#H T EITARDY, 20134812, SOSCTHIEN
7o T v M EUIEBENRO Y AY T EY
A M AEHE(SO 13022:2012) AT E L
7o TAUL, ISO IV TRAT S AL R OB
HUROBEETH 5. ZOTC TR LR
NETCIIIHEEL, 0% CHERNIOMGEICE
MENTWD, BN REHOMNE, B
FUZIW L THED S B J71E, 1SO Ok~ hR—T 4
PUEBIZHRE LTV A TC 194 BN E R &k — A x—
DR et ARy L P

SRAEOFICHRET N YL, EARHaER

THIfEE N TC 194 SRR & (2014454 , ZE5T)
BT, (RO FHI B 5% A e Bk
A, SRR E Y IR B SRR 72
DO RN R EHUTEMT 5 = LRI 0N
LIS L Y ETEN, BYTCAINE IR
L7213 A B RT OB OB % BT 512
BofllbThab. Fi, —HWGTHE, FEHT
B3 & NAH O L SR 2 BT D A D

ROOERLMIET A Eithols, SOZERS

GHH LI, LEESRAHEL, FORUIE
CABIBIESN T DTHY, TOLHOy
U TGy KT8 2 A O REREIIN
5% o B R SEREIISE AL B B DL 2
®~bf FHEOMB LBV T, CAHof
TR S R REREIC & ) SR e 2 B
?%haﬁkmaﬂ&kw,Mﬁﬁ®Mﬁ%ﬁof
WATFRHTH - TH I O TC DI RFEN

62 VA FTFY T I—gmiin a5 2005

ISO #EEHTH T LI TERY,

BRI, BRI TC 194 B ish s o p-
member T §, WOEFO IR ERRES
Tholel EAENE R SR — A— PRI
WERTWD, FOWMPEITE, 19951 ENO
AR A4 PO A4 Al LT SR,
TC 194 § REOHHA L EHREEO—D Y o
MR R R A b s, CCRTR I A s,
BB HE L SR D EROBE AR X U,
BITBAT SR HRETHD & OFMABIEOFER A
Y=l E Y R ER, 19974E%F b o TREFLIETC
194 O SHHEE B I E ko L L ORES
Hols, COWETRERE TC 194 L OFHEN S
BRI { Do 7ed®, BHEREE Tl oR
WA T B A ¥ = CORBIUICTHH 720
I A R S SRR P R, o
Yy ¥ b SITMARES, BN F YT TN
WREFA - L LTI ENA S &R D,

HAIBWTY, fiFESEE0, PEOTC 194
ENERSA v i~ OE L HFRERPTHH b

5, WEZIITC 194 E4EEE E ORI S B RIE
DWHRREL VSO TV TwA Vv ->TIw, I
MLAL I, RTCOFEPEINAS STy T LD
SMLIckE CBHT 200, 8, FaBrUw
LZHOBHOHBEN RS B8 Licw,

RS

HER O X, 23, 24 FEIEIAT o 2B R
PRI B T TR - At
IR L R IR A BRI E ] 2 fEML, B
SEOMEIEHR S BERGHOEL 8¢ 5 700 O JHE
{:}30”75 EE e Ok LT L, 4

iGN ERESEICDAY, To—-HHE
LT/}Q[EW) American National Standards Institute (ANSI),
#f# 0 British Standards Institution (BST), FA v
Deutsches Institut fiir Normung {DIN) ® £ 5 {2, EE
U35 & UPLEATT &BdE LT~ & ol
EHFERL T o DRI EHLLIRE & HEMEIC L )
F LW, UMM IS - YR T AR
B A EIMCE T A R EEMIER STV, S0




REZD LI, FEEDNS, EESEHHEHERT
BB LY, EFRBROBHILICIEYT 5 HEE
—THHEL TL D LD TRET 2 00ORER
WROZERF—AR—F ORI LA FB1itdh
Wiz ki, EREBEBICIELZISOBLUIECD
TCHRIFHICE L, ELBTSNLBEEORKDL T
2RBE, BONIARTIRTOERBR MR L
LAR#E1T) S ERTTRELZ S b, Tk
BEORVERBSICHEEHY, MELLTCR
SCOEMRKREMELRY I DB I LICLL.
FERRE LTHBIRLAMNRE, [BEERSN
Bl L (EFRy 727 Thh, wihd,
i, [HCBRL, 4RO ZTORMSHE ST
VWESHTHS. HEN ALY [HEERSNG]
i, ERS L SOREATRIlISN TS, #%
FIBERBETREV., LEL, SLOBEER
SEWRI N ATV TAERBINTEY, £
DR - BHHEICBVTIRARS L UERAMEL
OHEMERBIPEEE 25, 1, HEO—AD
LHENROEBERLIC@bo TWa LD LHE
MBIFELCRELR., #%E1L, stand alone DE
FRV T L9 2T ThHoTHEDRRICL > THE
WREGo/Z L h, MR EICHET 2 ERE
WPREMLHEERET S IR TEEL LD
WERFE LA, d—bR=VBEREKTDHY,
20144 11 ARERBEERBEORTO A % LK
LTWaBA, RHA [N4 4270 7] BBk
ERBIAHICHE, TOEHE YT b2 T ORFHL
T ANEAAMTEL L IBH LIV,
CDIER % L CHREIC & o 2T R S BRI,
ERE LI RBEN Lk REI D eI L, HELT
WAREICB VT S ZDHELE~DFR 2 H— b
EXFITL AL, BEFEESLF@HE ST
BVEBLTWBI LR Y, & DREENERETE
{LOBEERLEFE L CuhwI L Tha., B
13, BEICBY) HHEL & MR ERE & OWRERY %
BOFF2ToTnRni & LIS, MM ERORE
ROHKTHGHZHHIRL, (HEOT RIS & L)
LTWARWEESHECEETH S LB LE

DL RBRETRT 5720101, EFBaRNGE
OWEED L L LT, LEEEHEINRE LAER
EHEORRFED IV BETH LI LIPS Lo
7o BB U7 THUEE - R ] CEES, B
BREOFEE BV CHATEE 2 ERERLoKE,
RESOWEIVERE L THEREINRIREEARD
&, 0L RBIEFRBEARB DL TRT
DHRFEICE > TIFF L B

EEOE, 4% ERREARCHbIE - B-%
MEREEME L LIEREH 2T T FETD
2%, FRICL DV FEOBERLERL Tl
WERBEBOHT 412, €L ATHIOOFEICH
HBTBTCOF/MITHHWERE b, TH
FOHMTE &1 D EROERBEEER A~
FEN RS EBEV LW, 2B, METC~ND
i L 2B S TVAREL ZLLTWiETH B0,
EHLERIC SRk E b N AREOF 4355S
K=&, SR EbERBICLY, &
FHIC o TERBINE O B Rticr 5 BE
(3EDHEo0FICh B EABIL, DIEROER
B OER, S 51CikehE U ERESR
BT HOFHRMREOENEEEEL L L UKE
FRBEEOTF SO D MART 2 BET 5
RO DO—BHI e TENTH .

FRICEA LB & UTIEREO—8id, B
S HRET R A SNIRRR R B IEEE B
PRI O EIMEHIL % 38T 5 RIS BT
AHFgE] 12k 5.

X ®

1) hup:/fwww kantei.go.jp/ip/si
dai2/siryoul.pdf

2) huip:/ jisc.goji ional/index.html

3) P24 4 3 A 1 BARARSE 0301 55 20 SIEA: SHAER AL
SRFE TR EE TR T [ERRFOMNE
TR A W e R MO L RN E L
22T (htp://www.pmda.go.jp/kij i/file/guideline/
medical_device/T12030210070.pdf)

4) htp://www.iso.orgfiso/h . devel flist_of_iso_
technical, ttees/iso_technical_c ig

http://dmd.nihs.go.jpfiso-tc194findex.html

isiryou/

6) /ldmd.nihs.go.jp/chikyukil html

INT FTF Y FIo—tktin 33.1,2015 63



M. BHERRDOFAITICET 2EEO

J. Vinyl Add. Technol., in press (2015)



AQ8

AQI

J_ID: VNL Customer A_ID: VNL21472 Cadmus Art: VNL21472 Ed. Ref. No.: 14-075.R1 Date: 14-March-15 Stage:  Page: 1

Characterization of Alternative Plasticizers in Poly(vinyl
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This study aimed to optimize the ratio of dioctyl 4-
ycloh 1,2-dicart (DOTH) and di-isononyl-
cyclohexane-1,2-dicarboxylate (DINCH") for use as
plasticizers in poly(vinyl chloride) (PVC) sheets. We
also evaluated the biological safety of DOTH for its
potential to be part of a safe PVC-based blood con-
tainer. The suppression of hemolysis in (mannitol-ade-
i h )/(red cell ates) with DOTH/
(DINCH"-PVC) sheets and the elution of plasticizers
from the sheets increased with higher DOTH composi-
tions. The properties of the PVC sheet containing
DOTH and DINCH” in the ratio of 25:33 parts against
PVC 100 parts as a weight were almost identical to the
PVC sheet made of di(2-ethylhexyl) phthalate. From a
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subchronic toxicity test, DOTH did not show any adverse
effects on all organs, il ing the testes, epidi is, liver,
and kidneys. The no-observed-adverse-effect level was
300 mg/(kg body weight)/day in a rat. These results suggest
that DOTH/DINCH" (25:33) is a promising candidate for the
of di(2 in blood i
J. VINYL ADDIT. TECHNOL., 00:000-000, 2015. © 2015 Society
of Plastics Engineers

INTRODUCTION

Di(2-ethylhexyl) phthalate (DEHP), a typical plasti-
cizer for increasing the flexibility of poly(vinyl chloride)
(PVC), is easily eluted from PVC products into food,
pharmaceuticals, and any body fluids that come into con-

tact with the plastic, thereby resulting in the transfer of

DEHP directly and/or indirectly into the human body [1,
2]. Some phthalates, including DEHP, are considered
toxic because they exhibit effects in young rodents that
are similar to the antiandrogenic effects of endocrine
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disruptors in male rats, wherein alterations in the develop-
ment of the male reproductive system, especially in sper-
matogenesis, are observed [3-5]. Although the in vivo
reproductive and developmental toxicity of DEHP in the
human body are not yet well understood, recent in vitro
toxicological studies using human cells have reported that
mono(2-ethylhexyl) phthalate, an active metabolite of
DEHP [6-9], causes adverse effects, such as the reduction
of germ cells by increasing apoptosis without altering
their proliferation [10-12]. Therefore, precautions should
be taken to limit human exposure to DEHP and mono(2-
ethylhexyl) phthalate, particularly for high-risk patients,
such as male neonates, male fetuses, and peripubertal
male individuals.

Several agencies and official organizations worldwide
have individually evaluated the safety of DEHP released
from PVC products. Recently, regulation of the use of
DEHP has been tightened worldwide, particularly in
Europe, not only for toys, childcare products, food appa-
ratus, containers, and packages but also for medical devi-
ces. In many countries, including the USA, Canada, and
Japan, the use of alternative plasticizers to develop safer
PVC products and a switch to other plastic products has
been recommended for the medical treatment of high-risk
patients. However, the use of PVC blood bags containing
DEHP has been permitted in Japan without any regulation
other than storage at low temperatures because DEHP has
been found to be effective in pres g stored red blood
cells (RBCs) [13].

We recently reported {14} that the presence of two
carboxy-ester groups at the ortho position on a six-
membered ring of carbon atoms may be needed for the
plasticizer to exhibit a hemolysis suppression effect on
(mannitol-adenine-phosphate)/(red  cell  concentrates)
(MAP/RCC), and the degree of prevention closely relates
to the amount of plasticizer eluted from heat-pressed
PVC sheet. Based on these results, we concluded that
dioctyl 4-cyclohexene-1,2-dicarboxylate (DOTH) and di-
isononyl-cyclohexane-1,2-dicarboxylate (DINCH®, BASF
SE, Germany) are possible candidates to replace DEHP in
RBC storage bags because of their ability to inhibit
hemolysis. The amount of DOTH eluted from the PVC
sheet is relatively higher than that of DEHP [14], but the
total exposure of plasticizer to the patient during medical
treatments should be reduced as much as possible. There
is a possibility that the amount of plasticizers eluted from
heat-pressed PVC sheets may be different from that of T-
die molded PVC sheets used to manufacture commercial
PVC products, because PVC molecules take on a different
orientation and density in the sheet types. In the present
study, to develop a novel and safer blood container, we
optimized the minimum mixing ratio of DOTH to T-die
molded PVC sheet and the precise dose of DINCH that
maintains low leachability [14-16] compared with DEHP.

The plasticizer for the blood container must be safe for
humans. Recently, Hirata-Koizumi et al. reviewed the
toxicity of alternative plasticizers and showed that
DINCH® had minimal toxicity [17]. On the other hand,
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DOTH’s overall toxicity is not well known. Hence, we
also evaluated the biological safety of DOTH using a sub-
chronic toxicity test in a rat to confirm the Japanese
reports [18-20] on several toxicity tests conducted by
BOZO Research Center Co., Ltd. (Shizuoka, Japan) com-
missioned by the Japanese Ministry of Health, Labor, and
Welfare.

MATERIALS AND METHODS

Materials

DOTH, trioctyl trimellitate (TOTM), and epoxidized
soybean oil were purchased from Tokyo Chemical Indus-
ry Co., Ltd. (Tokyo, Japan). DINCH" was provided by
BASF  (Ludwigshafen, Germany). DEHP, DEHP-d,,
diethyl ether of pesticide residue, PCB analysis grade,
and phthalate-analytical-grade hexane were purchased
from Kanto Chemical Co. (Tokyo, Japan). Sodium chlo-
ride from pesticide residue, PCB analysis grade,
phthalate-analytical-grade  anhydrous  sodium  sulfate
(Wako Pure Chemical Industries, Ltd., Tokyo, Japan),
and ultrapure water obtained by using Milli-Q Synthesis
A10 (Millipore, Tokyo, Japan) were used to prepare the
sample for (gas chromatography)/(tandem mass spectros-
copy) (IGC-MS]/MS) analysis. Other chemicals were pur-
chased from Wako Pure Chemical Industries. All the
tools, which were made of glass, metal, or Teflon®”, were
heated at 250°C for more than 16 h prior to use.

Preparation of RCCs

Human blood (200 mL) was obtained from a volunteer
at our own laboratory. The procedure was performed in
accordance with the ethical guidelines of the National
Institute of Health Sciences (approval number 188). The
blood was immediately mixed at 4°C with citrate-
phosphate-dextrose solution (28 mL) consisting of sodium
citrate hydrate (26.3 g/L), citric acid hydrate (3.27 g/L),
glucose (23.2 g/L), and sodium dihydrogen phosphate
(2.51 g/L). The blood was divided into two equal vol-
umes followed by centrifugation at 3,000g for 10 min at
4°C and the removal of the upper layer. MAP solution
(23 mL), consisting of p-mannitol (14.57 g/L), adenine
(0.14 g/L), sodium dihydrogen phosphate (0.94 g/L),
sodium citrate hydrate (1.5 g/L), citric acid hydrate
(0.2 g/L), glucose (7.21 g/L), and sodium chloride
(497 g/L), or saline-adenine-glucose-mannitol (SAGM)
solution (23 mL), consisting of sodium chloride (8.77 g/
L), adenine (0.17 g/L), glucose (9.0 g/L), and p-mannitol
(5.25 g/L), was added to the remaining RCC layer to pre-
pare MAP or SAGM/RCC (Htc. 59%). The solution was
stored at 4°C until use.

Preparation of PVC Sheets

T-die molded PVC sheets (thickness = 0.4 mm) con-
taining DEHP 55 parts and epoxidized soybean oil 8 parts

DOI 10.1002/vnl
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against PVC 100 parts as a weight ratio and other additives
were mixed according to the standard recipe of Kawasumi
Laboratories, Inc. (Tokyo, Japan). T-die molded PVC
sheets were also prepared with TOTM 85 parts, DOTH 55
parts, DINCH® 60.5 parts, or DOTH/DINCH® mixtures
(10:49.5, 25:33, and 40:16.5 parts) instead of DEHP. Each
sheet was cut into small pieces (3.2 cm X I cm).

Hemolysis Test

The hemolysis test was performed according to the
method previously reported [14]. Each PVC sheet (3.2 cm
X 1 em, thickness = 0.4 mm) containing different kinds of
plasticizers was placed into a screw-capped glass bottle, and
5 mL of freshly prepared MAP or SAGM/RCC was added
to the boitle. During incubation at 4°C for 49 days, an ali-
quot (50 uL) of the blood sample was collected into Eppen-
dorf tubes every week. Phosphate-buffered saline (PBS;
1 mL) was added to each sample and gently mixed, fol-
lowed by centrifugation at 500g for 2 min at 4°C; then the
absorbance of the supernatant (100 pL) was measured at
415 nm with a SH-9000 Lab microplate rcader (Corona
Electric Co. Lid., Ibaraki, Japan). MAP or SAGM/RCC was
also tested under the same conditions as the negative con-
trol, whereas the positive controf was prepared by addmg
dlsnlled water mstead of PBS This

was calculated in accordance with the following formula:
% Hemolysis=(At—An)/(Ap—A

where Ay is the test sampl
negative control mean absorbance;
positive contro} mean absorbance.

Elution Test for the Plasticizer

‘The quantity of plasticizer in each PVC sheet soaked with
the blood samples was measured according to the methods
previously reported [14, 21-25]. Briefly, an aliquot (50 uL)
of the MAP/RCC sample for the hemolysis test was col-
lected into a screw-capped glass fube every week, and
sodium chloride (I mL, 1 w/v%), DEHP-d; (0.1 pg), and
hexane (1 mL) were added. After shaking vigorously for 15
min and centrifuging at 3,000 rpm for 10 min at room tem-
perature, the organic phase was collected and dehydrated
with anhydrous sodium sulfate. Subsequently, the sample
was analyzed by (GC-MS)YMS, which included an analysis
of precision based on the same conditions described in a pre-
vious report [14]. This test was repeated in triplicate, each
with a hemolysis test performed simultaneously. The signifi-
cant difference was calculated by two-way ANOVA.

Animal Treatinent

A repeated-dose 90-day oral toxicity study similar to
the principles of OECD 408 [3] was performed on male

DOI 10.1002/vnl

rats. The procedure was performed in accordance with the
animal experiment guidelines of the National Institute of
Health Sciences (approval number 434).

Sprague-Dawley rats were purchased at age of 4 weeks
(body weight; 90-110 g) from CLEA Japan, Inc. (Tokyo,
Japan). The animals were maintained under controlied
light and temperature conditions. The rats also were given
free access to food and water. Their food was a custom-
ized vehicle for DOTH intake; DOTH was mixed with
corn oil to obtain final concentrations of 0 (control), 5,
50, 500, and 5,000 pg/g corresponding to the target dose
levels of 0 and approximately 0.3, 3, 30, and 300 mg/(kg
body weight)/day, and the mixture was kneaded at a con-
centration of 4% and shaped into CE-2 chow (CLEA
Japan Inc.). The highest dietary concentration was
decided according to the protocol of the repeated-dose
toxicity and reproduction/development toxicity tests of
DOTH conducted by BOZO Rescarch Center [18]. After
a weeklong habituation period, 40 rats were divided into
five groups of eight animals with two animals housed in
each cage. For the next 13 weeks, the rats were fed the
basal diet containing various concentrations of DOTH.
Food consumption and body weight were determined
weekly.

At the termination of the study, the animals were anes-
thetized with an_inhalation of isoflurane, exsanguinated,
and euthanized by decnpltauon A portion of the blood
10 mL each) was immedlately collected into a BD Vacu-

_tainer™ Blood Collection Tube (Japan Becton and Dick-

Tokyo, Japan), and a serum sample was
cording the manufacturer’s protocol.

didymis was weighed, cut into
d fixed by adding 37%
mL). The nuclei of the
sperm were stained with Hoechsl 33258 under standard
conditions, and counting was performed by using a BIO-
REVO BZ-9000 fluorescence microscope (KEYENCE
Co., Osaka, Japan) and software. The significant differ-
ence was calculated by two-way ANOVA.

After complete necropsy, the testes and eyes were
fixed in Bouin or Davidson solution. The brain, thymus,
heart, spleen, liver, adrenal glands, kidneys, epididymis,
thyroid glands, trachea, gullet, thoracic aorta, mediastinal
lymph node, lungs, pancreas, stomach, small intestine,
mesenteric lymph node, femoral muscle, sciatic nerve,
sternum, thoracic vertebrae, seminal vesicle, colon, rec-
tum, skull with pituitary, trigeminal nerve, and tongue,
salivary gland with cervical lymph node, skin with mam-
mary gland, prostate and congealing gland with urinary
bladder; and bulbourethral gland were fixed in 10%
neutral-buffered formalin, The testes, brain, thymus, heart,
spleen, liver, adrenal glands, kidneys, epididymis, and
prostate were weighed before the fixation. The significant
difference was calculated by using a Dunnett’s test or
Dunnett-type rank-sum test. The fixed tissues were proc-
essed routinely and embedded in paraffin. The paraffin
blocks were sectioned and stained with hematoxylin and
eosin for microscopic examination.
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Serum levels of 17f-estradiol (E2), testosterone (TS),
follicle-stimulating  hormone ~ (FSH), and  thyroid-
stimulating hormone (TSH) were measured with ELISA
kits provided by Enzo Life Sciences Inc. (Farmingdale,
NY) for E2 and Endocrine Technologies (Newark, CA)
for others. The significant difference was calculated by
two-way ANOVA.

RESULTS AND DISCUSSION

Plasticizer Elution Test

The eclution test of the plasticizers from the T-die
molded PVC sheets was performed to determine the mix-
ing ratio of DOTH and DINCH® from the point of the
exposure amount fo patient. All plasticizers, except for
TOTM, with low leachability and no effect on hemolysis
suppression [14], were quantified by (GC-MS)/MS anaiy-
sis by using DEHP-d; as the internal standard. -

As shown in Table 1, the amounts of DEHP, DINCH®,
.md DOTH released from the T-die molded PVC sheets

d in a fime-depend manner and reached
50.5%3.54, 25.6+ 1.32, and 114 £ 0.98 pg/mL, respec-
tivety, after a 49-day incubation in MAP/RCC. These elu-
tion patterns were similar to those of the heat-pressed
PVC sheets_previously reported [14]. Similarly, the total
amount of DOTH dnd DINCH® ecluted from DOTH/
(D]NCH® PVC) sheem also increased with higher DOTH
content, The. tofal elution amounts of the plasticizers from
DOTH/DINCH® (10:49.5) and DOTH/DINCH® (40:16.5)
PVC were lower and higher, respectively, than the
DEHP-PVC sheet at all
S and, the total amount of
plasticizers ‘released” from DOTH/DINCH® (25:33)
PVC sheet was similar to that of DEHP-PVC sheet.

As shown in Table 2, the DOTH/DINCH® elution ratio
decreased in a time-dependent manner during the test
period, and the trend was similar to the elution test per-
formed with the heat-pressed PVC sheet [14]. Hence, the
data indicate that the plasticizers were leaching out at dif-
ferent rates. Specifically, the elution of DOTH into MAP/
RCC slowed over time, whereas DINCH® steadily
released during the incubation period.

Taken together, the data suggest that the DOTH/
DINCH® (40:16.5) PVC sheet is not a useful material for
a blood container because patients will be exposed to a
farger amount of plasticizer compared with the traditional
RBC storage bag consisting of a DEHP-PVC sheet.

Hemolysis Suppression Effect of Each PVC Sheet

The hemolysis suppression effect of the PVC sheeis
containing alternative plasticizers was estimated and com-
pared with those of DEHP-PVC and TOTM-PVC sheeis
used as the positive and negative control, respectively.

As shown in Fig. 1, the hemolytic ratio of MAP/RCC
in the absence of the PVC sheets increased in a time-
dependent manner, reaching 4.9% after 49 days of

“nd, not detected. Ui, trace amount less than LOQ
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TABLE 2. Mean tatio of DOTH and DINCHY eluted (rom the PVC sheet into MAP/RCC (DOTH/DINCH™).

Incubation time

PVC sheet (parts) 7 days 13 days 21 days 29 days 34 days 42 days 49 days
DOTH/DINCH" (10:49.5) 1.38 127 L4 0.89 0.77 0.71 0.62
DOTH/DINCH? (25:33) 573 523 422 352 339 2.87 265
DOTH/DINCH? (40:16.5) 204 19.2 163 128 124 1.1 104

e Hemolysis
E I

FIG. 1. Hemolytic behavior of MAP/RCC in the presence of T-die

molded PVC sheets containing different plasticizers. Based on the hemo-

Iytic ratio, three distinet groups were observed: Group 1: the control and

TOTM-PVC; Group 2: DINCH®- and DOTH/DINCH® (1049.5) PVC

sheets; and (Jroup 3: DEHP- DOTH-. andeOTl'l/Dl\l(,H® (40/|6 5 .md
0,

lx:twccn Group 1 and Gmup 2. Signiﬁca.m
detecied between Group 2 and Group 3, but

nelibrary.com.]

incubation. The hemolyti
presence of the TOTM
at 4.6% after the incubatios )
and DOTH/DINCH® (40:16.5) PVC sheels exh1bned the
hemolysis suppression effect, in which the hemolytic
ratios were 1.4% and 1.3%, respectively. These ratios
were almost identical to those of DOTH-PVC and
DEHP-PVC sheets. The suppression effect was also

Yo Hemolysis
o
3
2

1XC
DOTIGBINCIE» 25738
a3

FIG. 2. Hemolytic behavior of SAGM/RCC in the presence of T-die
molded PVC sheets containing different plasticizers. Based on the hemo-
Iytic ratio, three distinct groups were observed: Group 1: the control and
TOTM-PVC: Group 2: DINCH®-PVC sheet; and Group 3: DEHP- and
DOTH/DINCH® (25/33) PVC sheets. Significant difference (*p <0.01)
was ducclcd “betwegn Group: | and Group 2. Significant difference
between Group 2 and Group 3, but within
an be viewed in the online issue, which is

and DOTH/DINCH®
rison with those of con-
tre TOT PVC sheet (p <0.01), but the
degree of suppression from both sheets was slightly
weaker than that of the DOTH/DINCH® (25:33), DOTH/
DINCH® (40:16.5), DOTH-PVC, and DEHP-PVC sheets
(p <0.05).

TABLE 3. Final body and absolute organ weights of SD rats treated with DOTH for 13 wecks.

Group treated with DOTH (mg/tkg body weight}/day)

Control 0.3 3 30 300

No. of animals examined 8 8 8 8
BW () 6226 £63.0° 629.6 = 57.1 617.3 2429 630.4 £48.9
Brain (g) 2.15 007 218 +0.08 217005
Thymus (g) 0.38£0.07 039008 0.34 0,09
Heart (g) L7320.11 1.80£0.14
Spleen (g) 0.94 = 0.09 0.88+0.13
Liver (g) 17.58 22.29 17.10£2.28 17.53 £2.08 17.72+2.08 .05
Adrenals (g) 0.065 %= 0.009 0.058 : 0,008 0.059 £ 0.004 0.056 = 0.008 0.070 = 0.008
Kidneys (g) 393 43 3922037 413040 4.09 £0.25 4.00£0.23
Testes (g) 3712040 3742026 3.88x0.24 3.92x034 3.90%0.26
Epididymides (g) 1.37£0.20 1.29:£0.13 126 z0.10 1.30£0.08 130£0.12
Prostate, ventral (g} 0.69£0.12 0622017 0.60 £ 0.14 0.62£0.16 0.60=0.10

“Mean * SD.

*Onc animal was excluded due to lack of the head of unilateral epididymis at the sampling.

Group treated with DOTH (mg/[kg body weightl/day)

DO 10.1002/vnt
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TABLE 4. Relative organ weights of SD rats treated with DOTH for 13 weeks.

Group treated with DOTH (mg/fkg body weight}/day)

Control 0.3 3 30 300

No. of animals examined 8 8 8 8 8
Brain (g/100 g BW) 0.36 £0.03° 0.340.03 0.36 % 0.03 0.35£0.03 0.37 2003
Thymus (2/100 g BW) 0.06 £ 0.01 0.06 = 0.01 0.06£0.02 0.06 0.0 0.06:£0.01
Heart (/100 g BW) 0.29£0.03 0.28 £0.03 0.28 % 0.02 0.29 £0.02 0.30:£003
Spleen (g/100 g BW) 0.15:0.02 0.15£0.01 0.14 002 0.14:£0.02 +0.12
Liver (/100 g BW) 2.83+0.24 2712015 284027 2.81£0.19 3.04+0.30
Adrenals (mg/100 g BW) 105 LS 93%12 9606 9.0x L7 17213
Kidneys (/100 g BW) 0.63 £0.04 0.63 %005 0.05
Testes (g/100 g BW) 0.60 = 0.06 0.60£0.07 0.63 £ 0.04
Epididymides (/100 g BW) 0.22 £0.04 021 £0.03 0.20 +0.02°
Prostate, ventral (g/100 ¢ BW) 0.1 £0.02 0.10£0.03 0.10£0.02 0 l() = 0. 03 0.10x0.02

"Mean x SD.

*One animal was excluded due 1o Jack of the head of unilateral cpididymis at the sampling.

These results suggest that the DOTH/DINCH® (25:33)  tion of plasticizer comparable to the DEHP-PVC sheet.
PVC sheet is the most suitable material for a novel blood Although the DOTH-PVC and DOT! H/DINCH® (40:16.5)
container based on the reduction of hemolysis and an elu-  PVC sheets exhibited adequate prevention of hemolysis,

FiG. 3. Histopathological observation of the testes in' the subchronic toxicity fest in rats administered with DOTH. (a) Control (base dict) and (b)
DOTH (300 my/[kg body weight)/day). I-XV1, the stages of sperm cell ion cycle; G, ia; ES. carly LS. late sperma-
tocytes (pachytenc siage); RT, round ids; ET, clongate ids; S, sertoli cells; L, Leydig cells: red cirele, late spermatocyte apoptosis;
green circle, degenerated and atrophied testicular vessel in ordinary state. [Color figure can be viewed in the online issuc. which is available at
wileyonlinelibrary.com.]
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FIG. 4. Histopathological abservation of the liver in the subchronic toxicity test in rats administered DOTH. (a) Control (base diet) and (b) DOTH
(300 mgftkg body weightl/day). C, central vein; P, Glisson's capsule; *, slight infiliration of inflammatory cells located around Glisson's capsule.
{Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.}

the total amount of the plasticizers released from the
sheets was higher than that of the DEHP-PVC sheet. Con-
versely, although DINCH®-PVC and DOTH/DINCH”
(10:49.5) sheets had less plasticizer leached, the hemo-
Iytic ratios were higher than the DEHP-PVC sheet. The
data for the DINCH®-PVC sheet are in agreement with a
study by Damont et al. [26] in which DINCH®-PVC bags
exhibited protective effects against RBC hemolysis that
were similar to normal DEHP-PVC containers under peri-
odic mixing conditions, but notgadequate under static
conditions. :

The type of anticoagulant and 1
may be closely correlated with hen
the plasticizer [27]. The RCC producr ‘used in Japan con-
tains the MAP solution as an 'mncoaoulanl

fogical examination, no abnormalities were observed in
the testes of rats in the control and treated groups, and all
rats were normal (Fig. 3). Diffuse fatty change of hepato-
cytes and inflammatory cell infiltration were noted in sev-
eral rats of both the control and the treated groups in the
liver (Fig. 4). Although these changes are not common in
rats of this age, they were not due to treatment-related
toxicity. The changes may be related to the rats” diet. The
prepared food included oil in the basal diet, which
resulted in hlgh calorie cousumpnon of all groups includ-

vations are known to be common changes in rats, and

SAGM solution is widely u:
hemolysis suppression w
formed, and the results are’s]
{ytic behavior using SAGM/RCC was almosl identical to
the result yielded from MAP/RCC described above. The
DINCHP-PVC sheet exhibited significantly greater hemo-
lysis suppression than that shown by the control (no
sheet) and TOTM-PVC sheet (»<0.01). The hemolysis
suppression effect of DOTH/DINCH? (25:33) PVC sheet
was higher than that of the DINCH®-PVC  sheet
(p <0.05) and equal to that of DEHP-PVC sheet. Thus,
the potential of the DOTH/DINCH® (25:33) PVC sheet as
part of a suitable blood container was reaffirmed with
SAGM/RCC.

Subchronic Toxicity of DOTH in Rats

The growth rate and feed consumption in the DOTH
groups were comparable to those in the control group
throughout the study. The mean dietary intake of DOTH
administered to rats at the highest dose level was calcu-
lated to be 297 mg/(kg body weight)/day based on food
consumption. The treatment-related macroscopic change
was not detected in any of the organs except for a fatty
liver observed in the control and DOTH groups. There
was no significant difference in the absolute and/or rela-
tive weights shown in Tables 3 and 4. In the histopatho-

DOl 10.1002/vnt

id or intensities were compm‘able among the

DOTH even at the highest dose. From thc hormone
assays, no significant differences in the number of sperm
cells in the epididymis and the levels of TS, E2, FSH,
and TSH in serum were observed between each group
including control, as shown in Figs. 5 and 6. Based on
the results of the study, the no-observed-adverse-effect
level (NOAEL) of DOTH was found to be 300 mg/(kg
body weight)/day.

000

o .
Cantert pamt PO eont pom
IS g

FIG. 5. Number of sperm cells in the epididymis of rats administcred
different amounts of DOTH for 13 weeks,

EE588EE
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FIG. 6. The levels of hormones in the blood of rats administered different amounts of DOTH for 13 weeks. (a) TSH. (b) FSH. (c) testosterone, and

{d) 17B-cstradiol.

Poon et al. [28] reported that DEHP caused hepalome-
galy to Sprague-Dawley rats by
diet containing the plasticizer a
5,000 pgfg for 13 weeks. They reps
moderate seminiferous tubule atrophy and’ Serto
vacuolation in male rats at 375.2*98.5 mg/(body
\\eichl)/day. rats of both

DEHP caused mild histol
consisting of reduced follicle s
the liver, consisting of endothelial nuclear pmmm'.m.e,
nuclear hyperchromicity. and anisokaryosis at 5,000 pg/g.
In addition to the resuits of other experiments, Poon et al.
judged the NOAEL of DEHP in the rats to be 3.7 mg/(kg
body weight)/day for testicular toxicity. In contrast, these
histological changes were not observed in our study of
rats treated with DOTH even at the highest dose
described above. Our findings indicate that DOTH has no
toxicity in the subchronic study in male rats, thereby sug-
gesting that DOTH is a less toxic plasticizer than DEHP
with the NOAEL at 300 mg/(kg body weight)/day.

The weak toxicity of DOTH was also found in another
Japanese report [18], in which the NOAEL in the male
rats was determined to be 100 mg/(kg body weight)/day.
In this case, centrilobular hepatomegaly and a significant
increase of liver and kidney weights were observed after
treatment with DOTH at 300 mg/(kg body weight)/day in
the repeated oral administration for 56 days. It was also
confirmed that these changes were reversible in that the
recovery was observed by 2 weeks after stopping the
administration [18], no effect of DOTH was detected in
testing for reproductive/developmental toxicity [18], bac-
terial reverse mutation [19], and chromosomal aberration
[20].
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sexes showed hepatic peroxi-
at «

CONCLUSIONS

at the DOTH/DINCH® (25:33)
most suitable- material to replace
ts used in traditional RBC storage

ig ility to suppress hemolysis and clute
fess pla.sucucr A pmmlypc of a blood container made of
a clinical trial wnh the

perfor

cal, physuochemxcal biological, and d)n:mnc properties
required for a medical device product.
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