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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,
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Table 1 Unit Structures of Selected Polymers Used in Medical

Applications{1)
Class of Polymers® Examples Unit Structure
1, Acrylates Polymethylmethacrylate CH7
. . b -CH,-C -
(Lucite, Plexiglas) 2 Q‘O'CHZ)
H
2, Amides Nylon—6,6 -C- (CHz) 4_C-N'(CH2]6—N-
b CH. 9
3. Carbonates Polycarbonate (Lexan) —0@(; 0-C-
CH
3
CH,,-0-C-CH
i2 3
/CH—O\
4. Cellulosics Cellulose Acetate -O-CQ /CH-O-
H—~CH
0-C-CH
T
0
9
5. Esters Polyethylene Terephtha- —C@C-CHZ-CHZ-CHZ—
late (Mylar, Dacron)b
cL ¥
6. Halocarbons Polymonochleorotrifluoro- -C - ('3—
ethylene (Kel- F)b F F
F F
| [
Polytetrafluoroethylene -C - C-
t '
(Teflon)b F F
HoH
7. Olefinics Methylpentene Polymer H.C —(I‘. B C|:-
3N
C/CH-CHz H
Hy
i H
Polyethylene -C - C-
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Table 1 (cont.)

Class of Polymersa Examples Unit Structure

Folypropylene _E _ E_
f
CH; H
o

8. Silicones Polymethylphenylsiloxane ~0-8i-0-
B H

9. Styrene Polystyrene -C - C-
|
gk

i
10. Urethanes Perlon U —O-C—v—(CszﬁnN-g—On
H 0

H o

11. Vinyls Polyvinyl Acetate -C — ¢—
H,C-C-0 H

37

o

Polyvinyl Chloride —g - 9»
Cl H

Arbitrary Classification of Polymers

Trade Names
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\ou Di - (2-ethylhexyl) phthalate w3a DEHP
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compounds .

9. Qthers
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Table 2 Some Examples of Polymeric Materials Used in Various Medical

Applications (1)

Name of Plastic Uses

Polyethylene Tubing, syringes, Oxygen tents, repair of incisional
hernias, stomach wall support, repair tissue damage,

heart valves, contraceptive implants

Nyleon Vascular implants, syringes, clamps, blood

transfusion sets

Polyvinyl Pyrro- Artificial membranes for filtration of body fluids
-lidone

Cellulose Acetate Nerve regeneration, packaging material

Silicones Heart valves, tubing, catheters, defoamers in

blood oxygenators, urethral valve, plastic surgery

Polyvinyl Chloride Surgical tubing, blood collection and administration

sets, adhesive bandages, surgical drapes

Polypropylene Syringes, sutures, containers
Polystyrene Syringes
Polycarbonates Syringes, parts of heart-lung machine, baby bottles,

containers
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1. Permeation
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4. nsfin Cross-linking  wilwnsBusuanas
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Class A > 0.5 mg/u > 1 mg/u

Class B > 5 mg/in > 10 mg/3u

Class C > 20 mg/¥w > 40 mg/Fu

Class B tlan1sdusunravaanfugendn Class C
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2. Leaching

vugsngasadvdusznauy penanafiafi 1oidunnmus "Leach' aanwandAa
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Di - 2 - ethylhexylphthalate (DEHP) dJu Plasticizer #hwsu
Plasticized polyvinyl chloride (PVC) #wiwiflu Blood bag anmuzaiwiuansszans
fluvvauTafin uazimdavio Hemodialysis fl4nwe s DEHP san Plastic IV sets
uar Fluid bags a1s Leach aanuﬁﬂuaﬁiu Infusates (s,8) aamsdnsnnswisu
wavuaw DEHP (7) wuan DEHP azazanwiudnsazans Lipophilic iduifian was
Plasma y1nnan Aqueous solution LU ﬁﬁ, dsaraw Electrolytes wia
Carbohydratefsnuviurnluifonde ciufiqungd 4°C 928 DEHP arawayfiv o.25 mg/
100 ml Aapiu nianadlaiuderfla 21 Yu (BesuAaz Unit 9= DEHP §v 2e-28
mg(s) Fvarsszienmalasy DEHP tv11lylusenwaulaiinh Hemodialysis(s) wios

flasunisinidorna Plasma v1n Blood bag #inhen Plasticized PVC

DEHP fai01lylus1vn1uga iuGsuwlavadivinat3aidy 1y Monoesterase
geerHydrolyzed DEHP luifiu Mono-2-ethylhexylphthalate (MEHP) armiu
Nicotinamide-adenine-dinucleotide-dependent-oxidizing system sz is90inSun
a1s1fim Oxidation # Side-chain finda wivainfuardivaannivildganzuazqaase
fouufisngewatanaduanr n L AnnsiinisvavioouTudainaass uadelunusn DEHP §fw
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uana1n DEHP uaa Ethylene oxide #vidunalalunrsnhlananadavsndan
vio sz lueanndalay Autoclave vou PVC a1 idudgwnn idufiu tnsnzanquzwanddia
Fofinssuviduanlufine onagnfundogadu (Sorption) ngfvnata wuartsavpanu gdns
azainfussyay Ethylene oxide iflarzngsienin ananilnidn Hemolysis 1ainsny
fiqnd 1Dy Alkylating agent(10) & w3y Ethylene chlorohydrin fuidu Metabolite
now Ethylene oxide whlnifin Hemolysis leiduiiu usil Activity uaunin<puasz

15 a9y Ethylene oxide(11)

3. Sozgtion

Usznouarunsgedy (Adsorption) uazniagefu (Absorption) usvens
wievn wrlylulfovaenawiin (Plastic Matrix) deduflifluadeviiu Sorption ixu
\ivafua1sBusnu (Permeation) mgifia Sorption wavenTawavuzwansda anardln

daz@ndnnlumasorianasls

figninianmaay iiefne Sorption wavunfupsauinuny Kowaluk uazmmz
(12) Anwwinizrazning PVC #wlwidu Infusion bags #Avwn 4e wilm (glu Table 3)
naRaufian Sorbed ann Aqueous solution sunhlnuSvmwiarsvasivuln wdven LAy
13lu Plastic infusion bag ww 1 Hdewm laun Clomethiazole edisylate,
Diazepam, Hydralazine hydrochloride, Thiopental sodium wa:z Warfarin
sodium wansgngnBuvavenlu 24 F2Tuy a'wiu Clomethiazole edisylate, Diazepam
uaz Thiopental sodium @a<owaz 33, 20 wax 23 Awahdy dvananiinnansdnen
wasuudavlilla aanaAneuyanauausevenfign Sorbedfiusyiiy pH navdrsazans
arguandyidudszq Lipid solubility wavewmazazssiaanfivwsaqluaisuzwanadaiu
fladuahfng

Moorhatchuaz Chiou (13) @&am Sorption maven 17 wiadu PVC
intravenous fluid bag (Table 4)

u1fign Sorbed Tasfiinadyn1eafid A2 Vitamin A acetate, Sodium
warfarin waz Sodium methohexital Sorption azifudu 1flefi Dextrose
Tus1sazany msfl Methohexital uaz3anfiu A gn Sorbed uan 213 1w iwszges et

L a vﬂ B = 3
s#519uave1nIng Van der Waals forces fuwans@isuinninunsu
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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
disodium

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 hydréchloride
Promazine hydrochloride
Promethazine hydrochloride
Propranoclol hydrochloride
Quinidine sulfate

Quinine sulfate

Riboflavin

Sodium nitroprusside
Thiopental sodium*
Thioridazine hydrochloride
Tobramycin sulfate
Trifluoperazine dihydrochloride
Trimethoprim

Warfarin sodium™

* gafiwuagn Sorbed lauan wivaantfivlilu PVC infusion bag wiw 1 duawm

Sumitra Chaiyasena
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Table 4 Results of Screening Sorption Study (13)

Initial Percent Sorbed

Drug %ngzrl‘;raﬁ"“ at 24 hours
Hydrocortisone sodium succinate 25 ND
Sodium warfarin 25 11.7
Tubocurarine chloride pentahydrate 80 ND
Cyanocobalamin 30 ND
Thiamine HC1 30 ND
Riboflavin 9 ND
Niacin 20 ND
Niacinamide 20 ND
Ascorbic acid 15 ND
Pyridoxine HC1 40 1.8
Vitamin A acetate 7.5 66,7
Vitamin D 4 ND
Vitamin E acetate 31 ND
Menadiol sodium diphosphate 100 ND
Lidocaine HC1 200 ND
Sodium pentobarbital 25 ND
Sodium methohexital 32 7.9

ND = Non detected

finnsfne Stability wavw Heparin sodium(14) (25,000 units/ml)
dan1n130919a28 Normal saline solutionlmmanuiwunuifusoo units/ml  Tdlu
ATUZUAT (Type I glass) usz Polypropylene syringe wav 2 #aTue Activity
vaw Heparin Tu Plastic syringe luigfsuwlay walunnauzuny Activity azam
svpsnedfisaSyneadid 1lavaninnsgatius Taefauns

Insulin avalwlae Continuous IV infusion luwualeaeq fiu @ mdy
$nn Ketoacidosis #isnwewan Insulin vvdrmategngadulay PYC Infusion
bagsuaz Delivery system(1s) a1sgafuenann Normal saline wana31ann

5% Dextrose in water solution.
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