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I 1. Polymers Used in Biomedical Devices

Polymers Applications
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F 2. Guidance for Biological Assessment

AL Bre 9% FEpEwE:
7rolz gkl 7tol =gl
BEFEDJE BEAT CEEERE
. . AZ A [F[F & [ 2] [T B [H A
Agaazeeizen | o F 0 S E 0 8T 3l
aave [Breemlaza~sw  Fla W858 ] alslels)s
A I I I IR I T
IRESE
A |0 00
52 B |0(0l0
... C ClO O Ly b
A TTOTSTE
EREEVR Mo B [0l0|0O
e clololol dolol L L
ATTOTETS
&£yEa B [0/0]|0
c !o0lolo] lolo
A o000 51 0
¥aze 2¥¥E B | O | O |0 |0 o |0
... C QIO | Q10100 0101 |
e eie ATTOT6To
i =4/2 B 0|0 ol |o
T ... C ] QIO | . 1O | O .1 1O .
Ao 8TsTo 5T716
a9 B |[o(ololol |olo| |6
c |ololololololol |ololo
A TOol0 |0
2%/ B |00 o lo
. c lolo ol ol lolo
\iy4 b4 R T S AN s T S IR - PR ot LM
Aol 4717] ATTolo oo 510716
¥oy B |[oololol |olo|dlso
c [olojocloolo|olo|ololo

U EAM Age] o] AdHolx, Fufd asE
HREe] AgE 29 A7 A E Al ¥
Aol AT Ut webd gz olgr)7]e g
WeHdelede] 24 2 a4 B3 d7E 8
Aststed, ALY A 9 87)7], aEAE, HE
g HEVhE 42 FRHY 4L 53 g A
Al ml$- F8.¢ dolg} st

T B3R W2 g gFo] oy FEou}
AEgEE T A 2 gL F w0z} Ay
Axe] Zau Ao 2@ 59 990 HE= Aoz

BRI it EF olE A4 o Fxgr) 7
231 AF AT A2 P & oz e
=it Zeig 2 23 g R AZwe Buy

& obd B gt dupsie B A9 Sde o
229 e e wE Ay, e me
A48l AR BAWNE Wk ol el xol7} 9
oH, A HFBNNE ppt5Ee|A ppmdl| o]z

DEXIE D JlE A 10825 19999 49

= 2 A7t veht A& olsl g =a gl

32 HBH|ZHSE =8 o7z

321 HEv|Z220) ot YRMY YESQT

SEZo|H Y| Ho 2 e WEE 3 YEo)
o8 EAAM E (target cell)d] g¥tRozy Fua
Aeshs 220l ASUL o2 Sojuw Y3
o] FEE BE7F A PARAM (slets of
Langerhans) o] B XA 49 ¢l&do] gae
&3l Al¥E gukEnh Q&dd o @‘:‘ilﬂ
EUE JHE WS ATE g8 wolo|gg=
e A Edh Addle Be By °'7<]

T 53] AGEHE-AeAAE Be 52 % Ay
BT olE 322 P2AAARE BEPoay

28 Jg 2P
golo o) FHMER gutE TERE T o
S TEAS B2R 5he A¢E ¥ T 2y
He2 s "ok F4Ade A T g ¢
237




ok g of A Z ol EAshs Sl
o HEl=A 322 egAd, 2HZ0E F
o] X gAARA 2R WYFEHd 7 Zis
I, 9 AFd Qlade ZHE=aA XA
FgAlel Aot W, PH 2R TS AE
ot 293 3 A2t Qe SR At

322 ol2ERAU(oME2E ) EHHER

JdrERA(GPzER)0l Bt EFde
dAEHLE, J2EE, d2E2E 57 2 2H
Zol= 32| FFH glon o] FAM JAE
grlgol 7bE e Bl&S AR EL Ut dEER
Ae g, By, RGN FAHH THF HA
7) W GAAAe g3 ARl 23 e F
QXL AZ F2RANAA L B2 T FFS v

= Aol v AN gl vid, E
x—h:ﬂ-uli, o]} O}\-Lﬁ_.u]-_,] wae 2271,

3.2.3 R [ZdEH

(1) 32258Ad Z2¢:35282
gozn s2EAg-s BHI.

(2) ATy ALER T HAp|F L2
e 4] T &) AEHAZEH #HHo) W3
g9 32Rdel ggo] #igsE o7t ot

(3) =89 Aoy Uil FF:s=ge
Aol thAtel GEe Fe EFT A oA
Hie|ZE dod ¢ A

3.3 W2 |ZtoSEolf &8t in vitro AlIH

1072 ooy} He B FEEA FoA Ui
v g Bd-E goldiths RE ofF oz Aol
t}. ot N&shaA 7HAE screening'd 7ol
A% AFoloh UFuFAEd e 43 A&
A8 2= iy vitro AEHS 19983 39 ©l=
EDSTACATAMA 23" WEH|FNEd Y
A} 12} screeningB oz UFE AEE FHE A
Arbgoltt.

Az g vigde F 77 de
o shue U sEAe ARsie] ZHTHEE A
olate Aolm, & shles AXT &9 s
% second messenger& MYAIA Al21dE ALE
E Aotk WEuAdNED2A EAVL HL U=
RAe Y FEAE R s T22FE0 2R
F2 Ay FEAe] 2FY, T od AT A
A sts & —’5.575 e in vitro A1EHol NEE
Atk o] AlFEELE AT AldE BE 4 laH

AE B 7}—0‘3}1:}- a8y dess

Lo rir e

o]

Aot 2

false nega-

238

tiveZ BN 7FgAol A, AAM AFE 28w
FNEE Ze WEHAAEE o9 Ae HEH
A et Rold

3.4 DEX 2271710 YoM A FHET

& or)7)d AHgHE LEAARS v
Aolm el s %%*301.‘1& o % F
AH E4L Uehdch & 4 E 394 &€ 5
Axel, dggTd 71 \%Ol %Oh A A2
% 3l PEE A7 Fo9E %ol 8g/kgoldd
gt S5 vehdt (RE(rat)el A$). 284,
Az Qzte] 8g/kgoldel PES HAs: og%
Ao glemz nE 1 Ao 2= EAdo] HH
=7 ded. 23y «1571714 As 2 *ﬂ"ﬂ’é‘l
& P77 a8 FoiEe WEde s4e d
B = dth E 494 € F ARel ATAAE
o FHH Ae 5**%@““ war gA, d7t
A, LE8, EAE, 2T FUE Tl U4’ o
BdE9 354U S °121]141 l of A g-AF
e A Edoln agAolr] HEd AlxRe
ANEEE B HA F5Eo @] spdT
Agede Helth old 48 7K °lf & °lg &

T 3. Oral Lethality of Common Polymers in Rats?

Polymers LDs, (g/kg body weight)
Polyethylene(PE) >8
Polypropylene(PP) >8
chloroprene latex >40
Chlorosulfonated PE >20
Poly(viny!l acetate) >25
Poly(acrylonitrile) >3
Poly(acrylamide) >82
Aromatic polyamides >75

F 4. Identified Toxic Materials in Polymers®

Identified toxic
materials ingredients
Monomers |acrylonitrile, bisphenol A, vinyl chlo-
ride, methylene dianiline
bezene, carbon tetrachloride, methyl-
ene chloride
Formulation |dibutyl tin, tricesyl phosphate
additives
Others

Type

Solvents

aluminum, arsenic, benzoic peroxide,
cadmium, ethylene dichloride, ethyl-
ene oxide, formaldehyde, lead,
mercaptobenzothiazole, nickel, pyrene
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H 6. Leachable Monomers in Dental Materials

E 5. Toxic Monomers in Polymers

Monomers Toxicity Reference
Acrylonitrile; Suspected human carcino- 2
gen
Methylene |Suspected human carcino- 5
dianiline |gen
Vinyl |Human carcinogen 2
chloride
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Monomers Extracted Amount/Dental material Extracting solvent(time temp.) Reference
BIS-GMA 1.3~9.3 1g/50 1L sealant 95% ethanol(4min) 6
4.6~11.1%/composite Methanol, chloroform, toluene 7

(4days, room temperature)

UDMA 7.3 1g/50 pL sealant 95% ethanol(4min) 6
1%/ composite . 75% ethanol(2days, RT) 8
TEGDMA 5.6~13.6 #g/50 ¢l sealan 95% ethanol(4min) 6
BIS-DMA 0.4~1.2 pg/50 pL sealant 95% ethanol(4min) 6
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H 7. Leachable Additives Having Toxic Potential

Substance Types Polymeric material Toxic potential Reference
DEHP Plasticizer PVC tubing, bag Rodent carcinogen 10
BTMPS UV stabilizer |PP syringe Inhibition of nicotine recepter 11
DBTL Heat stabilizer |PVC bottle Inhibition of rat liver microsomal enzyme 12
Cyclohexanone |Solvent sealer |PVC hemodialysis tubing | Tumorigen, mutagen 13
DEHP : di(2-ethylhexyl) phthalate, MEHP : mono(2-ethyhexyl) phthalate, BTMPS: bis(2,2,6,6-tetramethyl-4-

piperidinyl) sebacate( Tinuvin), DBTDL : di-z-butyltin dilaurate.
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UTHLE ;4 °C~37C, 717 ¢ AR~3L o]
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W= izl 1de) 56 g o449 DEHPY =%
JIEE0 £ Ee kg o AaFEFE LS
Sol= ¥4 2 ¥AozHE 3.4mg/L~34mg/L
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Storage period | Storage temp. (C) | DEHP(mg/L) | MEHP(mg/L) Ref
Storage bags
Platelet concentrate 5 days 22 480 15
Platelet concentrate 3 days 22 491 76 16
Platelet-rich plasma 3 days 22 181 31 16
Platelet-poor plasma 3 days 22 285 54 16
Plasma 21 days 4 48 17
Whole blood 21 days 4 37 17
Whole blood 0.2 days 18 2 17
Erythrocyte 21 days 4 21 17
Total nutrient solution 21 days 25 >100 18
Red cell concentrate 35 days 25 175 19
Red cell concentrate 21 days 25 117 19
Saline 1 year 0.027 17
Saline 2 year 0.025 17
Distilled water <1 20
Tubing mg
Newborn calf serum 6 hour 37 52-74 21
Plasma 3 hour 37 45-6.1 22
Plasma 5 hour 37 37 23
Cow’s milk(3% fat) 6 hour 40 3.7 24
Saline 5 hour 37 0.8~15 23
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X 9. Exposure of DEHP in Patients

Treatments Conc. of DEHP after/during session Exposure of DEHP Ref
Hemodialysis 1.7 mg/L in serum 1g/year 22
0.4~7.6 mg/L(DEHP), 46 mg/session 25
1.0~2.8 mg/L(MEHP) in whole bloods | 7.2 g/year 26
24~360 mg/session
3.7~56 g/year
Peritoneal dialysis 0.1~0.9 mg/L in serum 10~40 mg/year 22
Bloods transfusion in infants | 6~21 mg/L in serum 1.2~22.6 mg/kg 27
3.4~11.1 mg/L(DEHP), 1.7~4.2 mg/kg(DEHP), 28
2.4~15.1 mg/L(MEHP) in plasma 0.2~0.7 mg/L(MEHP)
ECMO in infants 34 mg/L in serum after 24 days ECMO | 42~140 mg/kg for 3-10 days 29

ECMO(Extracorporeal membrane oxygenation).
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