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Evaluation for the plastic material compatible with electron beam sterilization

Yuichi YAMAMOTO

In these days, the most utilized sterilization method for pharmaceutical packagings is
ethylene-oxide gas sterilization, though E. O. G. is considered as a carcinogen. To reserch another
sterilization method, we evaluated electron beam sterilization for phamaceutical plastic containers
mainly used for ophthalmic solution,

From the test results, we carried out by comparing the deteriorating rate among three dose
levels of 0, 20, and 60 kGy after 6 months in storage, the existing plastic grades of polypropylene
(PP) and polyethylene (PE) mainly used for pharmaceutical packaging, are relatively compatible
with electron beam sterilization.

Almost all test results of physical properties, chemical properties and safety tests of Japanese
pharmacopeia. are satisfactory to us. In addition, we found that anti-stress cracking properties of
low density polyethylene (PE-LD) and linear low density polyethylene (PE-LLD) were remark-
ably improved by the irradiation.

It is expected that electron beam sterilization will be accepted more active in the field of phar-
maceutical packaging industry.

Keywords : electron beam sterilization, Deterioration rate, Pharmaccutical packaging
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Fig. 1 Change rate of tensile properties (after 6 months)

(E-beam sterilization)

a) Container for eye—~drops b) Container for medical solution of ‘external use
¢) Container for ointment ASTM D638typelV  5Omm/min  23°C
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Table 1 Change of tensile properties of caps (E-beam sterilization)

Irradiation | Tensile strength at yield | Tensile strength at break | Tensile elongation at break
Sample tevel MPa MPa %

ARor OM” | Aftor 2M | After 6M ’
OkGy | 282 358 29.6
20kGy | 26.8 35.7 30.1 §
60kGy | 280 | 356 30.1

Aftor 6M
663 732
607

e 2l
vy !?.,:t

Cap for eye—drops
(PP-1, white)

Cap for eye—drops OkGy | 364 | 308 | 313 | 245 601 615
(PP-1, yellow) 20kGy | 364 | 308 | 31.1 | 230 585 | 601
60kGy | 367 | 316 | 320 | 218 555 | 615
Cap for medical solution | 0kGy | 33.0 | 33.1 | 324 | 208 630 | 714
of extemnal use 20kGy | 319 | 324 | 330 | 173 3
(PP-2, white) _ 60kGy | 389 | 319 | 331 | 246 : L

ASTM D638 TypelV tempurature:23°C  speed: 50mm/min
* : lmmediately after the irradiation

; Change rate against OkGy data over 20%
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Fig. 2 Change of lzod impact strength
(E-beam sterilization)

a) Container for eye~drops
ASTM D256 Test Mathod A  thickness 3.16mm

Fig. 3 Test device for JIS K7211

30

Table 2 Change of impact strength of E-beam sterilized
container for ointment by the falling weight

Irradiation Hgo
Sample lovel cm
After OM® | After2M | After8M
Cap for ointment OkGy 96 98 98
(ABS, orange) 20kGy 101 106 105
80kGy 95 93 86
Bottls for ointment OkGy >140 >140 >140
(PE-HD-2, white) 20kGy >140 >140 >140
80k >140 | >140 >140
JISK7211, Balltype I (woight : 1.044kg) *: Immedistely after iradiation
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a) Container for eye-drops b) Container for medical solution of external use

¢) Container for cintment
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Fig. 5 Smell analysis of eye drops nozzle by gas

chromatography

(E-beam sterilization)

Blank ; PE~LLD double packed bag (a 25—cm square)
Nozzle ; 100 pieces of eye drops nozzles were put into double packed bag
1L of air was filled and heatsealed in every bag.

6D : after 6 days

Table 3 Environmental-stress—crack test of
eye drops container

Immediately after the irradiation

0kGy 20kGy 60kGy
Cap (white, PP—1) 0/12 0/12 0/12
Cap (vellow, PP—1) 0/12 0/12 0/12
Cap {green, PP—1) 0/12 0/12 0/12
Cap_(purple, PP—1) 0/12 0/12 0/12
Nozzle(natural, PE-LLD) 7/16 0/16 0/16
Nozzle(yellow , PE-LLD) 2/16 0/16 0/16
Nozzle (natural, PE-LD—1){ 2/16 0/16 0/16
Bottle(natural, PE-L.D—2) 0/24 0/24 0/24
Bottle(yellow , P -LD— 2) 2/ 24 0/24 0/24

Salidi

;0.019% p h
Torgue(clasing) ; 88. ZN cm. Storasu conditon ; at 23°C for Bwoeks

AL TV 7eA5, —HRAYIZ 100 kGy 2 HE
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14D ; after 14days
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Table 4 Stress crack rate / Gelation rate/ Melt flow rate
of eye dropper nozzles (E- beam sterilization)

Stress crack |Gelation rate  |Melt flow rate
rate ( wt %) (g /10min)

Nozzles 0 kGy 78 0 10.7
PE-LLD, Natural |20 kGy 0/16 0.1 1.2
(With antioxident) |===--=cq-s-csecscnccpecscccactatucdenecccnncncennn

80 kGy 0/18 25 S0.01
Nozzles 0 kGy 2/18 L] 1.2
PE-LD, Natural {20 kGy 0/16 37.3 S0.01
(Pure grade)

80 kGy 0/18 58.2 S0.01

Gelation rate (JIS K87689) ; Residual wt.% of 0.3g sliced specimen
after 24 hours in boiling Xylene.
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Table § Breaking force of upper part of caps (E-beam sterilization)

PP-3 (Existing grade) | PP-4(Compatible grade)
oM 2 M oM 2 M

0 kGy 2,991 3,030 2,867 2,893
Breaking force
(N) 20 kGy 2,805 2,922 2,867 2,805
N
80 kGy 2,540 2,569 2,569 2,736
Deterioration rate (%) =151 —15.2 =37 —54

Dimensions of cap :  31.Smm(Diameter) % 15.5mm(Height)
Storsge condition ; Room (emperature
Deteriomation rate ;  { F(60kGy)— F(0 kGy)).” F(0 kGy)

No.2 (1999)
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Fig. 6 Totel light transmission of
PE-LD yellow bottle (E-beam sterilization)
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Table 6 Change of pH value of bottles
(E-beam sterilization)
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Table 8 Safety test of containers for ophthalmic solution,
electron beam sterilized. (Cytotoxic test ;V79 cells)

Sample trradiati pH — o
ample IC 50 (%]
levol | After OM" | ARor2M | ARsr 8M %G 20 kG 60 EG
Bottle of oyo—drops 0kGy 0.1 =01 +0.1 Bottles > 100 >100 >100
(PE-LD-2, naturs) 0kay | 0.1 -02 0 ____PE-LD-2, Natural .
ookay | 01 -03 0 ;‘gﬁ; Natuzal >100 >100 >100
................. atural | e e e
Bottls of syo-drops OkGy -0.1 =01 0 Bottles >100 3700 5100
(PE-LD-2, yellow) WkGy | -0 -02 0 CPELD2 Yellow|
80kOy -0.3 -03 -0.1 Nozzles >100 >100 >100
Bottle of medical solution |  OKG: -01 -01 0 o BELLD YRlloW | e
otte s d - g Caps >100 >i00 >100
for axternal uso 20kGy -0.2 -0.2 0 PP-1, White
(PE-LD-3, whito] 80kG -03 -03 -0.1
. _). . a) Test of plastic for ophtt jon by notification 338,
Bottlo of madical solution OhGy -02 0 0 by chief of pharmaceutical affairs burcau issued in 1996,
for extorna! uso 20kGy 0.2 -0.1 0 b; Extracting condition ; 37°C, 24 hours, in § % concentration of CO
§ ¢) Tested specimen ; Sliced in 2X15 mm, 1 g /10 ml
PE-HD./PE-LD, white) 80kGy =03 ~-0.2 0.1 irradiati . s
e e e o T ek oo & Bach test was cvahuatod &1 3 radision fevels ;0 kQy. 20 kGy. 60 KOy

Table 7 Safety test of containers for ophthalmic solution (E-beam sterilization)
(Physicochemical test)
Test name Bottles Nozzles Caps Bottles Nozzles
- PE-LD-%Q%B&LLD.MEELM%- i M&M%
Transparency O (0]
Appearance (o] o o (o] (o)
Residue on ignition (@) (o] (o] (o) (o)
.. Heavy metals LTINS S (O TN O L . LO TN O N
Extracting test
Appearance (o] o o] O (o]
Bubbling o] (0] (o) o] (o]
pH (o} (o] (o] o] O
KMnO. reduction () o] A o] o]
UV absorption o] o] o O (o]
Nonvolatile Residue o] o] Qo @) ()

a) Test of plastic containers for ophthalmic solution by notification 338 by chief of pharmaceutical affairs

bureau issued in 1996.
b) Extracting condition ; 70°C, 24 hours
¢) Tested surface area ; 300 cm'/sample

d) Each test was evaluated at 3 irradiation levels ; 0 kGy, 20 kGy, 60 kGy
¢} A ; Test result for the sample irradiated 80 kGy over the limit.
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