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SUMMARY 

Polymer science and the technology are making it possible to 
create new man-made materials for numerous human applications. The 
importance of plastics becomes evident when we examine various objects 
around us. In the field of pharmacy, plastic containers have now surpassed 
glass containers for drug products in volume and most of the tubings used 
in the administration of parenteral medications are prepared from a plas­
tic. There are many factors which should be considered when a polymeric 
material is to be used for pharmaceutical or medical application. Three 
important problems which require special consideration include permeation, 
leaching and sorption. More detail information was presented in this 
article. 

H<>,ai>iRilunu<na'1~~~a~~ .. tl~~~'1,u~a\lu~ttu lwu1Du~•utl~~nau~a"~"~a"~au 

~ •• ~u 1iaN, Lfl~il\lUilll"l~B\ll~ LWB~UL~il~ il,fl,~U,Ul'lau qtln~ru~'"1 ~-U~\l"l'l,\lfi,~ 
U.'i'l'VltJ 

H<>cai>iR 1 Du-lw<J~!.I~ ~iii"'~""~ 1::iuu'Ju,1.i'.f \lLL,;il 1 ass lwu John Wesley 

Hyatt "~"' Celluloid (cellulose nitrate) 'll"1;u'1u<1.i'u~~lunu 1~u ~nil<>1ffuw 

waufl<HUU~ 1Duwu 1uil 1909 Dr Leo Henrik Baekelanda\l1R~c~i Phenol-formal­

dehyde polymer 111'1a "Bakelite" a'Jn~u Polyethylene 'll" 1Duw•~i>iR~iiuu1.i'u,n 
nu omd" 1::i•rnm.,1u !.I~~ 1 nflff" mw.'i" LL~<liiua ""~,u hM'l'"~ 2 n$1"~, ml'uR.-iu; a\ln,~w•,<tiiil'l 
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i\lfl~.,1 ltf!J L ilU:: 

'~"~" ey~ii~iii.,tl-a:iiiu~w"'iliiiR1~a1nu .. :1unulinu•nu•u 1nu Silicones, Polypropylene, 

Polystyrene 1ilu.Ju(1) 

W"oiliiiRLflUilo .. a~LR.,o:~ tl.,:nau,}<UBBTI~!•U 1~LR'lL•U 1u1 .. .,L.U 

'iif'l'l°8tJ i'I~ V' ua:;°Gt'l'l ilfitJ i'l~,j ffA~'lsidtJ1' £1\J'iif l'l ~\J nm1-:iiJu il~fi'unfi~LL m:;tl'l:; LflfltJil\'.IW ~Iii~ fl 

Modern Plastics Encyclopedia (1962) lnf'l;,;n.,"''"1;~, w;,<iliiiR~"~"~fiu.,:nau 

,},ua,.,w.,•uan•~ 'il'1iiu;wun1u1"Q"~~ iilinmu:~au~<uru:n;n,.,N;;., '11'11.,uuonlnn.,~uCii'i 

tl'l~ N~"1 f'iJU fld'lil-i' il'UM:; ilU'l\JiJ~VJ~ il~\'.l'iif eJ\l ati1 \J ( 2) 

ll-a: L'1»1l•Nl'l<l<iliiif'I 

l'!<l<ilRf'ILLLI'1 dlu 2 ll1: !'1» ilia 

1. 1n1111uw.,,iliiif'I (Thermoplastics) 

2. 1 na.;1,, in"i{~ (Thermosettings) 

w&r1etfif1~\) 211"1:; Lflfl uuinRL\Jf!tJ°Piil L i'lfl.;1:uwmLi1Gif1 &f'UJL'lflM&:lil3J tifilfi}.flR"lLifi°iltJ 

""" 1uLLtl"Hl'1<Wil<u•·rnu'inliu 1111,J1 .Jlin .i,u 1m1.;1,,1n .. if~.fu 

.. ;;, 1u1nu.-rnu;1nw;,11u '".,'""" ,l'11111il'1<W (Degradation) 

"" ' ... .,,. "" .,,. v-
Lif ilN'l" fl'l'l:UdfiN &:l~~dUU~ilU 

1u1au a,.,fi,ilu Thermo-

plastics 11••1tll'luuiln<tt1Du Thermosets 1.,u Cross-links 

mnilfif'lii1n.,~a-i'o~ 1 Du Polymer chain 'll~iimj,g;j L ~n;l'l., L 'fon~< "Mer" 

;j,'111111~11nu1.,u Covalent bond n;ln1n" Dimer, Trimer •un~ Polymer 'il~a••tl-;:­

nau.J,u Mers ,;,nu 1ilu.l'ou 1ilu.i'u Poly-mer wlu-;:nau,}<u Mers ~•~nil., •'fom'-i 
Copolymer ~<BM•~ Unit structure ua~Polymer 1Auil.,~Lu Table l 

1 u n.,.,,,c;i'irn-a Nii.,w a«11'if'I ao.1.ia<-ai1u;,~ 1u 1 'iu n~• Additives ii ~rn•uuil" ''liu 

1. Antioxidants tla~nun<-;1fi., Oxidation 

2. Antisag agents1flug<uNil111uuu<unc;N~"i'l"<ilwR L~a11'iun•~"~an<w 

1J nl~UULW<l~ 
a. Antistatic agents •:,,.,tl.,z~~N<ua~l'lw<ilOiR 

4. Colorants '1<-.1nLLR~ll 

s. Cross-linking agents 'Vl'i1n1.,-:;~il-i'<~'1a~'l'l"'UIOi11 '~""'""'Lii~'""·liu 

L'liu'Vl'11n Thermoplastics •tl~uu u'lu Thermosets 

s. Flame retardants 1i1~111'l;1nwmc'11'iRl'lu1w 

7. Plasticizers 1iiuac"'i~""''L"l~"'i:l'l..;,~1,, L"fJ~" (Intermolecular 
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Table 1 Unit Structures of Selected Polymers Used in Medical 

Applications (1) 

a Class of Polymers 

1. Acrylates 

2 . Amides 

3. Carbonates 

4. Cellulosics 

5 . Esters 

6. Halocarbons 

7. Olefinics 

Examples 

Polymethylmethacrylate 

(Lucite, Plexiglas)b 

Nylon-6,6 

b Polycarbonate (Lexan) 

Cellulose Acetate 

Polyethylene Tereph~ha­
b late (Mylar, Dacron) 

Polymonochlorotrifluoro­

ethylene (Kel- F)b 

Polytetrafluoroethylene 
b (Teflon) 

Methylpentene Polymer 

Polyethylene 

Unit Structure 

~H3 
-CH -C-2 I 

r-O- CH 
Ii 3 

g O 9 H H 
- C- (CH ) -C-N-(CH ) -N-2 4 2 6 

OCHO"'\ 0 -o ¢ ~ o-c-
cH -

3 
0 
II 

CH - 0- C-CH 
CH~O 3 

I ' -0-CH CH- 0-
\ QH I 
CH-yH 

0-C- CH 
II 3 
0 

Ro~ ~ - C -CH2- CH z-CH2-
~ 

Cl F 
I I 

- C - C-
' I 

F F 

F F 
I 

- C - C-
1 I 

F F 
H H 

-C - C-
H3c\ 1 I 

CH- CH H 
H cf 2 

3 
H H 
' I 

-C - C-
1 I 

H H 
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Table I (cont.) 

a 
Class of Polymers Examples 

Polypropylene 

8. Silicones Polymethylphenylsiloxane 

9, Styrene Polystyrene 

10, Urethanes Perlon U 

11, Vinyls Polyvinyl Acetate 

Polyvinyl Chloride 

Drugs and Plastics 

1J£l111"J, 111t1~ilu:: 

Unit Structure 

l;l l;l 
-C - C-

o~ 
~ l;l 

-0-C-N-(CH ) -N-C-0-
1 2 6 ii 
H 0 

f{ H 
-c - c-

H C-C-0 H 
3 II 

0 

H l;l -c - c-
' I 
Cl H 

a. Arbitrary Classification of Polymers 

b, Trade Names 

forces) i~»~<~ Polymer chains »\1;»~<aARUR<'1lUR»qu (Flexibility) a<~~1; 

Ltiu Di - (2-ethylhexyl) phthalate »~v DEHP 

a. Stabilizers ti,vJv~nun<~•~vuan<»~B~»~<awR •~u Organotin 

compounds 

s. Others 
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tHr"l"illfliiuritnt'I tum·rn'lo1vu'lJl 1 ~uti LtJuijtJfl"'HUfl1 "fl"l"1 LLttt'IVM il"lll11Uf1l (Tab 1 e 2) 

1uPJa"'l111fl"1"1llU1 uuul~"i11..ilPlftLtlun'l.tlu::u"1"1tU'l11il"lll~tJuuu l~U U'"l.LU~ U'lU; u;ULW'lL"1U­

Lflili°il 1iu~tlil'1fl'l11u::t1i1'Ufillfl fitJ LU"l 11uv1u~'lu LLil::liiu~n tJV-i."1"1nf1l'lll Ufl"l"1ftmnifu 

' " J " !11 - U d - K - dt " !1 iJU'1" fl'l'l"tl•'l" L 'l'liJ"1'l lJ";i 'llJtliJ L Cl U111"1 iJ 'lJ111'lfliJ'l~ L fl~tlU~Lft'tlil"l"~flfl n L lJUfl"ln'U ::u-a"1~ U"l LLiil:: 

~~fl"1W~1~lun'l"11J~111L"1U"llAUfl"l"1Ul1l 

Table 2 Some Examples of Polymeric Materials Used in Various Medical 

Applications (1) 

Name of Plastic 

Polyethylene 

Nylon 

Polyvinyl Pyrro­

- lidone 

Cellulose Acetate 

Silicones 

Polyvinyl Chloride 

Polypropylene 

Polystyrene 

Polyca.rbonates 

Uses 

Tubing, syringes, Oxygen tents, repair of incisional 

hernias, stomach wall support, repair tissue damage, 

heart valves, contraceptive implants 

Vascular implants, syringes, clamps, blood 

transfusion sets 

Artificial membranes for filtration of body fluids 

Nerve regeneratio~ packaging material 

Heart valves, tubing, catheters, defoamers in 

blood oxygenators, urethral valve, plastic surgery 

Surgical tubing, blood collection and administration 

sets, adhesive bandages, surgical drapes 

Syringes, sutures, containers 

Syringes 

Syringes, parts of heart - lung machine, baby bottles, 

containers 
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ifD""J, lnu L su:: 

ffl">ll'>Wil'UIARln 1-iiwimn., ••w'l'IU "'" 'iiflif'Jll'l'll'li!Wil"; ~ "'' U'Jll'l«l'>ill1JJ'1il<'<l 'ii" 
•~l'l~'l\l'l'lil<<lilif'I""~"' 1;.,rl Permeation, Leaching """ Sorption 

1 • Permeation 

,n"u-;-;~u-,11ln<'!lll"~'illlwil<ilWFI "'"'fi"N"~1u1;.,,"l'lu-iu1; •'!Ill n<-;rin<'!I 

il ilfl'il ''11l • •n.;'u illl 10! ililfl 1 '!IA """ 1 il1J'1 N'lll '1< flU"j"j "' nUlfl'lUll ilfl '"'' 1 il1 lln'l'!lll" !lljn'; "' ililll­

ll '"ilu • h1tf)";1 m'll;t """ fl'l., n!llmJ pH ~ 'iiVJil"ll'<!""'" 111 'ii"1n-; 'l'/ """'" U'!l "\lU'll'liHU'!IU" 

fl\l..i'llu"> d'l.,.fim n 1 ll n-i-;·fo1n h R'!I "" u• "" n "''"" """ """" '!ill .,-,.;'mill 1., """ 111.l a-.""'" 1,;' 

•n""'"'""""""" ... """'~'illl Weak organic acid 

tl'f'~L:::'V1~1M pH avirhl NafiBflJLiJU"';i\1'tlB\1VLi,1:&11'1!iil\') 

u BfFil'lnil nt "';] t fiuULVi a1.u'71U l'l"';idllil'U '1 u; B\1 L ~Vdti'U B'l~ L fl1PliTtyML tflatr1wliia'-.iu 

u-;"n"u~"'"'Mul~ ""'-ii-.1uilll!lil"u"~11lu<~ll 1"u"'"'l'lu.i-.un<'!lll~Wil<iliiiR "'"'n"51lR<<u1; 

if'<l'i u~>J"i 1 ttn• -;'llu N'l!J (Permeation) 'i'iuiflll'l-'i """"" 1 ; .. ii 
1 ~ ~rutt~fl~t~u(u V1~1Mnt,~11Ntut~11~u 

2. Degree of crystallinity '!lil\ll'lil<<lilif'I u:;,,ruri•illl Amorphous 

"din<"l'il3J w<ll>nrrn~<u'; '•ru~ dlll Crystallite regions 

- ~ "'" . 3. ~ruA!l'l.J~'Vl,\'ltR!JU~:'VIL\'JHLUHLW'tlE\1RL"';i'Vl~UN1U 

~~.,_ ''Like are attracted to like" M"'1ifurr1i"il11NllJt1eJ\'I Hydrocarbons 

Pol ye thy l ene """'""~•u'>vt'la """nmrn.l 

4. n•<•n" Cross-linking 

""'"'"'"ilaun-i.,'iluN'llJ'!lil\lR'J<3J~ll (Moisture permeation) Rilfl'l'!lll"m'"1 

1.,u Drug Research and Testing Laboratory, The United States Pharmacopeial 

Convention ( 3) """'° "'"u"n<'!lll "a iln"'"' li'1">'lflc"l'il>J N'llJ'1l'1\l R ,.,,,;1u 1; ;r~;f iii" 

Class A 

Class B 

Class C 

Class D 

1u•nu 1 1u 10 '!l""'"ll•lln<nu" 

fin<.,'iluN<u'!lu\lR'J<U~ll 

> O .5 mg/-lu 

> 

> 

5 mg/-l'll 

20 mg/-l'll 

1:Ufiin'!lu dlfin.->'ilu Noll 

'11u~'l'J1>J~u 

> 1 mg/-lu 

> 10 mg/-lu 

> 40 mg/-lu 
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mtru::~t,Ju.,.,,u,.Lui;i J1nilu11t'liwi11ilP°ifl1fUfl Polyethylene LLil:: Polyvinyl 

chloride ~"un~::lufiufl'l"Ulfu ~"~•ii::i\1n,.,Ldn11ilft,_tt~n"u,_LifnLnul~u,_u 1 

Brennen LLa::f1n1:. ( 4) ftnit"lfl'l"111i112.nifl tun,_iJn\'lnui'n"Ulfu~n"~' fl;lfl;-;J,fl 

un•, Polystyrene LLil:: High-density polyethylene Nafin ft,_tru::t!Jn\'lii'Ufl'l"'\11fu 

fii1'!flfimLn• i1;'1i'ut1i1~P'ifl 2 trui;nfuttu~1 High-density polyethylene Jn\'lilu1n111fu 

lflflfl~, Polystyrene 

a. Leaching 

L iiul.li ,_fll)fl,..,W~\'11'i'luth::n nu~ il\1ttil"liliiflilt ,1 Liiuft,_,,u:: "Leach" -;J"l.fltl il"l.i!P'i fl 

il\'111,.ny'lui11.,i1::i11u (Solution) 1Aua::i11unyM~nP1nP1::nnu -;J;u•u~n\1il,_1lunuiluu-;J~u 

Mil"lunv"l\1L~u fl'l"11lilL111ifl~D\'lil"l.iJuil~:aza1ti'luil,_,il::i1,_u. Dielectric constant 

H i1 ~""' • - ..... l:() ~n\'lil"l.,i1::a1u. p ~n\'lil'lia::a"l.ULLil:: ~~unu1 L11'U ~M'IJlll ua::il"linu ~uil,_4ia::•nuuu 1 

Di - 2 - ethylhexylphthalate (DEHP) Liiu Plasticizer il;M{u 

Plasticized polyvinyl chloride (PVC) ~"tuu1u Blood bag ft,_tru::il;Miuil"l.,a::a•u 

iltM'rn" LRulailPI ua::u1~n\'lih1 Hemodialysis ii'llU\'l'l.U~, DEHP 'OJ'1fl Plastic IV sets 

LLil:: Fluid bags 01~ Leach nnmnt.lun~tu Infusates (s.s) -;J,_flfl'l.,ffflWlfl"l., Lt.l~uu 

LLllil\'lm1\'I DEHP (7) ""~,_ DEHP 'l::a::i11u'lui11.,a::i1iU Lipophilic LtfULiiilfl LLil:: 

Plasma 11"'\flfl-l"l Aqueous solution L,;U u;. il~'1il::i1"1.U Electrolytes M~il 

Carbohydraten.,1u\'11u~1tuLiini;i~"L~uilQn1M~il 4'C ~::ii DEHP i1::i111nyn" o.2s. mg/ 

1 oo ml Piniu M=inn~1• lfi-l,Lifmfuili 21 iu LiinALLPiil:: Unit ~::D DEHP fi\1 2s-2s 

mg(s) ~\'lrnii::i\'lfl"1'11.i'iu DEHP Lti1lt1lu.j1"n1uflulti;I..,; Hemodialysis (s) M~n~ 

Alfliun1i'lnLiiilfl'1~n Plasma ';!"'\fl Blood bag ;l't'l;~,n Plasticized PVC 

DEHP LifnLn111.1tu;,"n1uunLtl~uuulla\'lnv1\'li•AL~.fi~u lflu Monoesterase 

~\1'l::Hydrolyzed DEHP 11.ILtlu Mono-2-ethylhexylphthalate (MEHP) ~1nJu 

Nicotinamide-adenine-dinucleotide- dependent-oxidizing system ~::L.;\'ILl~n~u'1 

n1i Liifl Oxidation ii Side-chain ii LMiin Mil\'1~1nJu~::ifunnnfl"l\'luilil'1'l::LLa::Q'l'l1'j:: 

thHwii'1"1U\'llU-l1n1~iiNi1't'l'"t t.t L flflfl'l"Jtffl"l,~i:l\1~4 anu luiPl-l°flflilil\'I uPiti'1 l11°tm-l1 DEHP il?iit 

lftU L iSuutt ~UPl ilflU L d i:l\'1~"1.fl l"il"Uli.,flVU iiu-11 Llililflif U t Utn"J flLLil ::Mfil\'I ij fl"J "Ul ~\'lfl'l-,i:: i\1 d.1n 

'l;LiiU;il\'llMLAi:lflM~ilP lasma(7) 
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i{iiR'1"1 111v~•u:: 

1rnmnn DEHP L<a• Ethylene oxide 'JI" dlun-i'!ll.fl11n-i·rn'il,;w,n11'iflt.hol'1'\nn 

L 4f .i • w·n: 1..i '1'1'1.i'l • 4f.i 11'Ju Autoclave uiu PVC '1'1'1 diuifl!l•n du ifu L'tl.,'1:'1'1'.illl •w iloiliiifl 

'll"ii m.,1J"iliN>i011..iiii1rn '1'1'1 tJ1'1'lhJ1'1:; .i~01ifu (Sorption) n-i'.ilfi\ln.i,. u;;i:ll>iilVilBfl!Joijilo., 

a:aou~u.,.,~.iy Ethylene oxide ,~.,,;,ij~'l\lfl'lU il'1'11'1'il,;1fifl Hemolysis 1~LW.,'1• 

iiql'ltLDu Alkylating agent(10) il'il'l{u Ethylene chlorohydrin 'll\11D11 Metabolite 

'"'" Ethylene oxide 1'1'il,; 1fi" Hemolysis 1~ uiuifu LLRii Activity UilUfl.;,.;.iua: 

1s """Ethylene oxide(11) 

3. Sorption 

ii.,: miu ~' un-i., !l"ifu (Adsorption) """"'-"'!!"ii" (Absorption) '.!l'1\lil'l'l 

1'1:;.iu-i ,;-i1illu1~il'.ilil\1Wa'Uliiifl (Plastic Matrix) if•~ufl1ffu•;.,\lifu Sorption 1iu 

<iiiu•ifuno.,il!JN'lll (Permeation) n-i.,1fil'I Sorption '.ilil\luo1flU'1L'.il11:w;;i'Uliiifl il'l'11'1'il,; 

1l'l:~1'1li'1'1WLUfl'l.,{ntt'lill'lil\11; 

iiii•i'in'l.,l'll'l<lil\'I 1~11i'ln~ Sorption '.ilil\'IU'lifllilU'-\l!JLn!JLU Kowaluk LLa:P1m: 

(12) flflttLllDfl:;v-i.,:w-i'-\1 PVC 'll\lltt1nu Infusion bags ifuuo_ 4s '.!lu01 (!llu Table 3) 

Ni'IR'1U'l~IJ.n Sorbed '1Ln Aqueous solution '1U1'1'il,;t.J:;!J'lll!VLill'lil\lilU'l\l!JLn tt~\1'1'1flL~U 

1-liu Plastic infusi'on bag u-iu 1 ilil•rni l~uri Clomethiazole edisylate, 

Diazepam, Hydralazine hydrochloride, Thiopental sodium ''"" Warfarin 

sodium Nan'l.,IJ.fltJl'ln!J'.ilil\lu'llu 24 ~'lL!J\I il'il'l{u Clomethiazole edisylate, Diazepam 

""" Thiopental sodium fla.;aua: 33, 20 """ 23 RL!Ja'ifiu il\lB'-'111'il,;N<in-i.,·fo~ 

<il~uu uila\I 1il1; '1'1flfl'l1 flntt'll'lU-i-i•'iu··JUv "" U'l~IJ.n Sorbedtfu ai.iifu pH '.!lB\lil'l., m:a-iv 

fl'l":;Ul'lflm diutl .. :~ Lipid solubility '.ilil\IU'lL"'""'""" !'li'l'lflU'lll1 .. 'j_'tU'1'1'.ilU~'l'lil'lililiR 1Du 

il•'1fm1'ifil!I 

Moorhatclma: Chiou (13) flntt'l Sorption '.il>NU'- 17 '.ilU11ilu PVC 

intravenous fluid bag (Table 4) 

v-i~qn Sorbed 111uii~uil'ifi~11-i~~a~ Rg Vitamin A acetate, Sodium 

warfarin LLm: Sodium methohexital S t . "' ,, ... -orp ion ·~·~uvµ t!JBU Dextrose 

1ui!-i·rn:m-iu fl'l.,~ Methohexital L!i!:'l•niiu A qn Sorbed >JLn "'-' diu LW"l'l~\JOl"llR"l~ 

il;-i~vg"u,11'ilnu Van der Waals forces nu~a-iiliiiRu-in11-i-iu-i~u 



.. 

Thai J. Pharmacol. 

Oct. -Dec. 1982 
Vol.4 No.4 221 

Drugs and Plastics 

Sumitra Chaiyasena 

Table 3 Drugs Used in the Preliminary Survey (12) 

Acetazolamide sodium 

Aminophylline 

Amoxicillin trihydrate 

Ampicillin trihydrate 

Cefoxitin sodium 

Cephalothin sodium 

Chloramphenicol sodium 

succinate 

Clomethiazole edisylate* 

Chlorpromazine hydrochloride 

Cimetidine 

Cloxacillin sodium 

Dexamethasone sodium 

phosphate 

Diazepam * 

Diethylstilbestrol diphosphate 

di sodium 

Dopamine hydrochloride 

Doxycycline 

Flucloxacillin sodium 

5-Fluorouracil 

Gentamicin sulfate 

Hydralazine hydrochloride* 

Hydrocortisone sodium succinate 

Kanamycin sulfate 

Lidocaine hydrochloride 

Meperidine hydrochloride 

Metaraminol bitartrate 

Methicillin sodium 

Metronidazole 

Morphine hydrochloride 

Phentolamine mesylate 

Phenytoin sodium 

Practolol 

Prednisolone 

Procainamide hydrochloride 

Promazine hydrochloride 

Promethazine hydrochloride 

Propranolol hydrochloride 

Quinidine sulfate 

Quinine sulfate 

Riboflavin 

Sodium nitroprusside 

Thiopental sodium* 

Thioridazine hydrochloride 

Tobramycin sulfate 

Trifluoperazine dihydrochloride 

Trimethoprim 

Warfarin sodium* 
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Table 4 Results of Screening Sorption Study(l3) 

Initial 
Drug Concentration 

(µg/ml) 

Hydrocortisone sodium succinate 25 

Sodium warfarin 25 

Tubocurarine chloride pentahydrate 80 

Cyanocobalamin 30 

Thiamine HCl 30 

Riboflavin 9 

Niacin 20 

Niacinamide 20 

Ascorbic acid 15 

Pyridoxine HCl 40 

Vitamin A acetate 7. 5 

Vitamin D 4 

Vitamin E acetate 31 

Menadiol sodium diphosphate 100 

Lidocaine HCl 200 

Sodium pentobarbi tal 25 

Sodium methohexi tal 32 

ND = Non detected 

Drugs and Plastics 

fllJA-,, l'lf!ILlilU:::: 

Percent Sorbed 

at 24 hours 

ND 

11. 7 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

1.8 

66.7 

ND 

ND 

ND 

ND 

ND 

7.9 

iin•i~n~• Stability~"" Heparin sodium(14) (25,000 units/ml) 

iixi>1'1lVI 1\iia'i!o\lf;-:11J Normal saline solutionlwfn<>1 ttl1ltllJ diusoo units/ml l.ilu 

w1'!1u"mi'-i (Type I glass) ua• Polypropylene syringe 11ifo 2 il-i111ll Activity 

~""Heparin lu Plastic syringe 1..it!.l~uutt!.li!\l u~l1un'!1u"ttn• Activity -;i"""' 
"" iJU""h'iiiiua'l ii'l!>'l'l\l '1!iGi I iJ """'nii ffl• l(JlilnU Uo 1 !iiUN""l !!tl< 

Insulin "'"lVillilv Continuous IV infusion 1uuu<lil1i~'"1 nu a'lWJ~U 

~n~• Ketoacidosis ii;<ull<u~• Insulin Uoll.i•ua••qnl(Jlil~ULAV PVC Infusion 

bagstrn~ Delivery system(1s) n••l(J~nuuo'J'Hl Normal saline U'lfln~'"'" 

5% Dextrose in water solution. 
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uamnn Bioavailabili ty 11a\3v'l.;;i::i:iii'rlfi"ilPiaNilfl'l."tfowiiil_-;iv L~uu~-;iti"ii 

i1;;i ~Veflt'I il'llJU"):: fl'l. ,;f\'l'rl; t .;'11,::ih1fifl'l.'l'j'!Ja\3 ll'l. L U~lJULLlhN 1tJ t!;;i ~ Vt'ld ";lfl'liW"il'l.iWl fia 

!JD fl;ll'l":i ::\'1.-j 'l.\311'1.tfu:: LLil:: ll'l 1 uif ;;i\uu11 '1.tfu::uii'l v'l..U llll'rl\;-;i v un-;i LLil ::tiil'l.iliiifl;f \3ii fJ.CUif1.liiii 

LLlllflpj'l.\3flU l'iil'l.ifAfl~fl-l'l.LLfl'l lULL~;I LU'lfl-l'l luLLlllfl~'lll if::i;nn lun'l.i'!JUU'l.ll uPi"il'l.flfl'liflmn 

i-;iui-;i11 NiltllJ..;'ltlil'lifiiifllJ'l.\311'Ulila'l."il L fifltJfjfl~V'lflUV'l.;IU,":il 1flLLtl fl'l.., L fl fl Permeation' 

Leaching ~ii:: Sorption i1;;i~v;l;;i::'rl;l;tJfin~v<Lfiflifu11'l.flt'l~auav lflun illli1fli\3if~'l" 

'!Ja\3V'l. 11Ufl'!Ja\3t1il'lifiiif1 11Ufl'!Ja\1if'1.iil::il'llJ'!Ja\3lJ'1. PJ.CUt'llJii LLil::i::v:: L'lil'l.;I LnUV'l.luw111u :: 

Ltlu;u ii":i<V\3'1.u-l-ui-;iu.1li::nau11a\111'l.11'U::'l'!a<ifiiiflu<\11fu111 1~u DEHP ;f\3Ltlu Plasticizer 

lu Pl as ti ci zed PVC ;;i ::if i1<viibaan1na~luit<ia:: 'nv;luii'la~ LLil::"il'l.flfl<i ~mn.t1u-l1 

DEHP a<;;iii Nil~ afl'l.":i L ;;i~cy L iiiul lll'!J a\3fR 'l ~au 'lu~111-i''t'llil ila\1 ~i'-1wfo lu flU ii" LUJ u\:i ls.iii-a'lV\'l'lU-j'l 

;;i::ii'Nilpja'r1'l.-an'lufli-afi.,~alun111'l.11 n•-au; Plasticized PVC 11'1.liLtlu11-utu::nfl-;iifl;u"ii" 

ou111~1vfin1;;i;;i::1n~"''"", 

U afl"il'l.fld' fl":ii 11!Jfi fl'l. ":i N~lll H il'lifiii fl'!J a \1UAii::1i \3 \3'1U tl'l."il 'l'J;_ l i fJ.CUflll'l'!J tl\1tl il'lif ii fl 

LLlllfl~'l\1flU L?iu tJ~1.1<cun<'l1 Ethylene oxide ;f"'lt7'rl;1.;'tiil'lifiiiflll'"n.fl;;i'l.fl L~tl fl'l.fl":i":i1.1~5 

fll"a N~111 lu~t1afl'l'l1a'l."il L t'liaPl flR'l.\1 ail Utiil'l.ifiiifl LLil:: aan11l1Ju a~lUif'l..":i ii:: il'U.l;f \'I LtlU ~Ul!l.":i'l.!J 
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