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ABSTRACT 

A q u a n t i t a t i v e  method was developed t o  eva lua te  t h e  mechanical  
p r o p e r t i e s  o f  e las tomer i c  c losu res  commonly used i n  1 i q u i d  p a r e n t e r a l  
dosage forms. The new methodology was based on t h e  compression o f  
i n d i v i d u a l  s toppers  f a c i n g  upwards, w i t h  a s t a i n l e s s  s t e e l  probe a t tached  
t o  an I n s t r o n  t e s t i n g  machine. The I n s t r o n  recorded t h e  maximum f o r c e  

exe r ted  by t h e  c l o s u r e  a t  a p r e s e t  r a t e  and d isp lacement  va lue .  The 
mechanical p r o p e r t i e s  were a l s o  eva lua ted  w i t h  t h e  s tandard  need le  
p e n e t r a t i o n  f o r c e  t e s t .  The compression t e s t  was found t o  be more 
s e n s i t i v e  i n  a s c e r t a i n i n g  d i f f e r e n c e s  i n  t h e  mechanical p r o p e r t i e s  o f  
s toppers  compared t o  t h e  needle p e n e t r a t i o n  t e s t .  Changes i n  t h e  
mechanical p r o p e r t i e s  o f  c losu res  exposed t o  v a r i o u s  c o n c e n t r a t i o n s  O F  
ace ta te  b u f f e r ,  pH and b u f f e r  species were a l s o  eva lua ted  i n  t h i s  s tudy .  

The mechanical p r o p e r t i e s  o f  a l l  s toppers  t e s t e d  were a f f e c t e d  by t h e  

ace ta te  b u f f e r  concen t ra t i on ,  even though t h e i r  p h y s i c a l  appearance d i d  

n o t  change. The compression f o r c e  was s i g n i f i c a n t l y  decreased w i t h  an 
i nc rease  i n  b u f f e r  concen t ra t i on ,  whereas t h e  need le  p e n e t r a t i o n  f o r c e  
va lues  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  Since t h e r e  was no s i g n i f i c a n t  
e f f e c t  o f  pH o r  c i t r a t e  b u f f e r  species on t h e  mechanical  p r o p e r t i e s  o f  

c losu res ,  t h e  changes i n  compression f o r c e  observed were a t t r i b u t e d  t o  t h e  
ace ta te  b u f f e r  species.  I n  a d d i t i o n ,  an i nc rease  i n  t h e  d u r a t i o n  o f  t h e  
a u t o c l a v i n g  c y c l e  s i g n i f i c a n t l y  a f f e c t e d  t h e  mechanical p r o p e r t i e s  of 
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2 86 ZOUR ET AL. 

po ly i sop rene  s toppers ,  whereas t h e  p r o p e r t i e s  o f  bromo and c h l o r o b u t y l  
s toppers  remained unchanged. 

INTRODUCTION 

The s e l e c t i o n  o f  a s u i t a b l e  e las tomer i c  c l o s u r e  i s  an impor tan t  
d e c i s i o n  i n  t h e  development o f  a p a r e n t e r a l  v i a l  p roduc t .  The p r imary  
f u n c t i o n  o f  t h e  c l o s u r e  i s  t o  e s t a b l i s h  an i n t e g r a l  sea l  t h a t  w i l l  assure 
s t e r i l i t y  o f  t h e  p roduc t  a t  t h e  t i m e  o f  use. I n  a d d i t i o n ,  i t  must p e r m i t  

removal o f  t h e  produc t ,  u s u a l l y  by  p e n e t r a t i o n  e i t h e r  s i n g l e  o r  m u l t i p l e  

w i t h  a hypodermic needle.  

f l e x i b l e  polymers w i t h  c h a r a c t e r i s t i c  v i s c o e l a s t i c  p r o p e r t i e s  ( 1 , 2 ) .  The 
v iscous  component o f  these c losu res  ensures an e f f e c t i v e  sea l  on t h e  
p a r e n t e r a l  v i a l  and t h e  e l a s t i c i t y  ma in ta ins  a r e s i d u a l  seal  f o r c e  a g a i n s t  
t h e  t o p  o f  t h e  v i a l .  

Usua l l y ,  impor tan t  r h e o l o g i c a l  p r o p e r t i e s  d e f i n i n g  t h e  rubber  
f o r m u l a t i o n s  such as durometer hardness, t e n s i l e  s t reng th ,  modulus, and 

compression s e t  a re  examined. However, t h e  re levance  o f  t hese  p r o p e r t i e s  

t o  t h e  performance requ i rements  o f  f i n i s h e d  e l a s t o m e r i c  c l o s u r e s  has been 
ques t ioned ( 2 ) .  Furthermore, t h e  s t r e s s - s t r a i n  t e s t s  ment ioned above a re  
u s u a l l y  conducted by t h e  c l o s u r e  manufac turer  on s tock  rubber ,  r a t h e r  than  
on t h e  molded c losu res .  Other i n i t i a l  sc reen ing  t e s t s  f o r  f u n c t i o n a l  
c h a r a c t e r i s t i c s  on rubber  c losu res  i nc lude ,  t e s t i n g  f o r  leakage r a t e  ( 3 ) ,  
r e l a t i v e  c o r i n g  tendency, mo is tu re  vapor t ransmiss ion  and need le  
p e n e t r a t i o n  and r e s e a l a b i l i t y  ( 4 ) .  A 10% c o r i n g  r a t e  i s  an acceptab le  
1 i m i t  f o r  t h e  s toppers  i n  pharmaceut ical  i n d u s t r y .  However, t h e  r a t i o n a l e  

f o r  t h i s  l i m i t  i s  unknown ( 5 ) .  The mo is tu re  vapor t ransmiss ion  t e s t  i s  
u s u a l l y  conducted t o  q u a l i f y  a new f o r m u l a t i o n  and i s  n o t  r o u t i n e l y  
conducted on t h e  c losu res .  The need le  p e n e t r a t i o n  and resea l  a b i l i t y  t e s t  

i s  used as a comparat ive t e s t  aga ins t  f o r m u l a t i o n s  o f  e s t a b l i s h e d  
performance c h a r a c t e r i s t i c s ,  r a t h e r  than a t e s t  f o r  f u n c t i o n a l  i n t e g r i t y  
o f  t h e  s topper .  E x c e l l e n t  rev iews on t h e  p h y s i c a l ,  chemical ,  f u n c t i o n a l  
and s t a b i l i t y  t e s t i n g  requ i rements  f o r  e las tomer i c  rubber  c l o s u r e s  a re  

a v a i l a b l e  i n  t h e  l i t e r a t u r e  (6,7). 
The o v e r a l l  purpose o f  these s t u d i e s  was t o  deve lop  a q u a n t i t a t i v e  

method f o r  e v a l u a t i n g  t h e  mechanical p r o p e r t i e s  o f  e l a s t o m e r i c  c l o s u r e s  

Typ ica l  e lastomers used f o r  c l o s u r e s  a re  h i g h  mo lecu la r  we igh t  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



287 MECHANICAL PROPERTIES OF ELASTOMERIC CLOSURES 

used i n  l i q u i d  parentera l  dosage forms. The ob jec t i ves  o f  these s tud ies 
inc luded t h e  eva lua t i on  o f  changes i n  t h e  mechanical p r o p e r t i e s  o f  rubber 
stoppers exposed t o  var ious concentrat ions o f  acetate b u f f e r ,  pH and 

b u f f e r  species. The r e s u l t s  from the  new methodology are compared w i t h  
those from t h e  standard needle pene t ra t i on  fo rce  t e s t .  

MATERIALS AND METHODS 

Mater i  a1 s 
Gray 13 mm c losures o f  var ious polymeric compositions were suppl ied 

by The West Co., Phoenixv i l le ,  PA. The stoppers used i n  t h e  study 
included, bromobutyl stoppers (4416 and 1816), a n a t u r a l  rubber 
(poly isoprene) stopper (1134), a c h l o r o b u t y l / i  soprene blend stopper (1888) 

and a 4416 stopper coated w i t h  a specia l  polymeric coa t ing  i d e n t i f i e d  by 
the  p r o p r i e t a r y  name o f  Purcoata. Reagent grade a c e t i c  acid,  sodium 

acetate,  c i t r i c  a c i d  and sodium c i t r a t e  were obtained from Fisher  
S c i e n t i f i c  (Fair lawn, NJ). 

Methods 

E f f e c t  o f  B u f f e r  Concentrat ion and Autoc lav inq cyc les  

Three d i f f e r e n t  concentrat ions o f  acetate b u f f e r  (0.025M, 0.1M and 
1.OM) a t  pH 4.0 were prepared. C i t r a t e  b u f f e r  a t  pH 4.0 and acetate 

bu f fe r  a t  pH 5.0, each a t  a concentrat ion o f  O . l M ,  were a l so  prepared. The 
b u f f e r  so lu t i ons  were f i l l e d  i n t o  10 mL v i a l s ,  which were sealed and 
s tored i nve r ted  a t  45'C f o r  e i g h t  weeks p r i o r  t o  t e s t i n g .  

A p o r t i o n  o f  t he  f i l l e d  v i a l s  were a l so  autoclaved a t  121°C f o r  

e i t h e r  30 minutes o r  60 minutes. The v i a l s  were al lowed t o  cool t o  room 

temperature and then were s tored i nve r ted  a t  45°C f o r  e i g h t  weeks p r i o r  t o  

t e s t i n g .  The r e s u l t s  obtained f r o m  these s tud ies were compared w i t h  those 
from non-autoclaved v i a l s  by t h e  methods descr ibed below. 

Closures o f  each polymeric composition were a1 so t e s t e d  immediately 
a f t e r  washing t o  ob ta in  basel ine values f o r  t h e  mechanical p r o p e r t i e s  
p r i o r  t o  autoc lav ing and storage. 
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panel 

load cell 

adaptor 
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< syr i nge 

4 need1 e 

SCHEMATIC 1 

Instron Testing Machine set-up for performing the needle penetration test. 

Testing Procedures 
An INSTRON Testing Machine (model 4200) equipped with a 50 lb 

compression load cell and interfaced with an IBM computer was used to 
perform the needle penetration and the compression test. 

Needle Penetration Force Test 
This test measured the load needed to penetrate the closure with a 

disposable 18-gauge needle at a preset crosshead speed o f  10 mm/minute 
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load c e l l  R 

I- 
C I 

I I 

stainless 
probe 

stopper 

stainless 
panel 

s t e e l  

steel 

SCHEMATIC 2 

I n s t r o n  Test ing Machine set-up f o r  performing the  compression t e s t .  

(Schematic 1). The needle ( w i t h  the  needle p o i n t  extending downward) was 
attached on a 1 mL syr inge a f f i x e d  t o  t h e  load c e l l  w i t h  an adaptor. The 
t e s t  was conducted by p lac ing  t h e  v i a l  sealed w i t h  t h e  stopper on the  
s t a i n l e s s  s tee l  panel below the mobi le crosshead. The load  c e l l  w i t h  the  
syr inge was al lowed t o  t r a v e l  down u n t i l  t h e  needle penetrated the  
stopper. A minimum o f  s i x  stoppers were tested.  The requ i red  pene t ra t i on  
force was measured i n  t e r m s  o f  load values i n  u n i t s  o f  grams. 

ComDression Force Test 
The stopper was removed from the  v i a l  and placed on t h e  s t a i n l e s s  

s t e e l  panel, w i t h  t h e  s ide (p lug)  exposed t o  the  l i q u i d  f a c i n g  upwards. 
The t e s t  i s  based on the  compression o f  c losures w i t h  a s t a i n l e s s  s tee l  
probe at tached t o  the  l oad  c e l l  w i t h  an adaptor (Schematic 2) .  The 
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2 90 ZOUR ET AL. 

TABLE 1 

Physical Propertie; o f  the P o l p r i c  Fornulation o f  the f l a s t m r i c  Stoppers 

Stopper Tensile (psi) 3o(p/ol.bdulus (psi) Elongation (%) 

4416 1200 400 780 

1816 885 285 755 

1888 62 1 257 510 

1134 2260 lo00 530 

~~ 

* Data provided by the West Cupany 

INSTRON recorded t h e  r e s i s t a n c e  t o  compression as a f u n c t i o n  o f  t h e  
maximum l o a d  exe r ted  on t h e  s topper  a t  a p r e s e t  r a t e  and d isp lacement  
va lue .  A crosshead speed o f  5 mm/minute was used and a predetermined 
displacement va lue  was chosen based upon t h e  mold ing  o f  t h e  c l o s u r e  
s tud ied .  A minimum o f  s i x  s toppers  were t e s t e d .  The compression f o r c e  
was measured i n  terms o f  l o a d  va lues  i n  u n i t s  o f  k i l og rams .  

S t  a t  i s t i ca l  Anal ~s i s 
The d a t a  f o r  t h e  e f f e c t  o f  ace ta te  b u f f e r  c o n c e n t r a t i o n  and d u r a t i o n  

o f  t h e  a u t o c l a v i n g  c y c l e s  on t h e  mechanical p r o p e r t i e s  o f  c losu res ,  were 
analyzed u s i n g  a n a l y s i s  o f  va r iance  (ANOVA), f o l l o w e d  by Duncan's t e s t  t o  
d e t e c t  d i f f e r e n c e s  between t h e  mean va lues  u s i n g  SAS. The e f f e c t s  o f  pH 
and d i f f e r e n t  b u f f e r  species were analyzed by a t w o - t a i l e d  Student 's  t -  
t e s t .  

RESULTS AND DISCUSSION 

The p h y s i c a l  p r o p e r t i e s  o f  t h e  po lymer i c  f o r m u l a t i o n s  o f  t h e  v a r i o u s  

s toppers  used i n  t h i s  s tudy  a re  l i s t e d  i n  Tab le  1. T e n s i l e  s t r e n g t h  i s  
t h e  f o r c e  p e r  u n i t  area wh ich  i s  a p p l i e d  a t  t h e  t i m e  o f  r u p t u r e  o f  an 
e las tomer i c  rubber  sample. Modulus i s  t h e  amount o f  s t r e s s  o r  p u l l  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



291 MECHANICAL PROPERTIES OF ELASTOMERIC CLOSURES 

requ i red  t o  s t r e t c h  an elastomer t o  a g iven e longat ion.  This  p roper t y  
expresses t h e  s t i f f n e s s  o f  an elastomer and i s  r e l a t e d  t o  durometer 
hardness. Elongat ion i s  a proper ty  def ined as t h e  percent o f  an 
elastomer’s o r i g i n a l  l eng th  versus t h e  l eng th  when st re tched t o  i t s  
breaking p o i n t .  The data shown i n  Table 1 suggest t h a t  t he  n a t u r a l  rubber 
stoppers (1134) possess e x c e l l e n t  phys ica l  p roper t i es  as compared t o  
ha lobuty l  (4416 and 1816) and ha1 obutyl /poly isoprene (1888) stoppers. 

Pre l iminary studies,  using the  4416 stopper, showed t h a t  t he  needle 
pene t ra t i on  fo rce  increased w i t h  a decrease i n  t h e  gauge o f  t h e  disposable 

needle used. These r e s u l t s  were expected, s ince the  stopper w i l l  e x e r t  a 
h igher  res i s tance  t o  the  l a r g e r  gauge needle which i s  t h i c k e r  and has a 
l a r g e r  needle t i p  surface area. The 18-gauge needle was se lected t o  
perform the  needle pene t ra t i on  t e s t  s ince i t  r e s u l t e d  i n  the  h ighest  l oad  
values w i t h  t h e  lowest v a r i a b i l i t y .  The e f f e c t  o f  crosshead speed on the  
pene t ra t i on  l oad  was a lso i nves t i ga ted  as p a r t  o f  v a l i d a t i n g  the  t e s t .  I t  
was shown t h a t  increas ing the  crosshead speed from 5 mm/min t o  20 mm/min 
r e s u l t e d  i n  an increase i n  needle pene t ra t i on  force.  However, t he  
increase i n  pene t ra t i on  fo rce  above a speed o f  10 mm/min was no t  
s i g n i f i c a n t  and therefore,  t h i s  speed was chosen fo r  t h e  needle 
pene t ra t i on  fo rce  t e s t .  I n i t i a l  s tud ies had a l so  i nd i ca ted  t h a t  t h e  use 
o f  t h e  same needle f o r  m u l t i p l e  pene t ra t i on  t e s t s  r e s u l t e d  i n  an increased 
fo rce  f o r  each subsequent penetrat ion.  This was postu la ted t o  be due t o  

the  b l u n t i n g  o f  t h e  needle. Therefore, i t  was decided t h a t  a new needle 

should be used f o r  each t e s t  t o  s imulate cond i t i ons  o f  actua l  use. 

Evaluat ion o f  t h e  mechanical p roper t i es  o f  c losures 
The data f o r  t he  mechanical p roper t i es  o f  t he  d i f f e r e n t  c losures 

unexposed t o  b u f f e r s  o r  autoc lav ing cycles,  are l i s t e d  i n  Table 2. The 
r e s u l t s  showed t h a t  t he  p roper t i es  o f  ha lobu ty l  stoppers (4416 and 1816) 

were comparable, bu t  they were s i g n i f i c a n t l y  d i f f e r e n t  from those o f  
p o l y i  soprene (1134) stoppers and halobutyl / isoprene blend stoppers (1888). 
The needle pene t ra t i on  fo rce  f o r  poly isoprene stoppers (1134) was 
s i g n i f i c a n t l y  h igher  than t h a t  f o r  ha lobuty l  (4416 and 1816) and 
h a l o b u t y l / i  soprene blend stoppers (1888). These r e s u l t s  c o r r e l a t e  w i t h  
the t e n s i l e  s t rength values o f  t h e  polymeric formulat ions l i s t e d  i n  Table 
1. On the  o the r  hand, t h e  compression load f o r  t he  poly isoprene (1134) 
stoppers was s i g n i f i c a n t l y  lower than t h a t  f o r  ha lobuty l  stoppers. This 
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292 ZOUR ET A L .  

TABLE 2 

Mechanical properties o f  processed elastaneric closures 

Stopper Needle Penetration Force Carpression Load 
(9) (Ks) 

4416 

4416Pur~oaP 

1816 

1888 

1134 

3% f 20" 

373 f 20" 

349 f lob 
234 f 16c 

4% f 54 

15.25 f 0.378 

15.02 f 0.78a 

13.82 f 0.61b 

8.46 f 0.26c 

5.76 f 0.7& * 

acb*C1d same let ters indicate no significant difference a t  w.05 
* test performed a t  dif ferent d i s p l a c m t  value (1 mn) due t o  stopper mld ing  

l ower  compression l o a d  was a r t i f a c t u a l  because o f  t h e  mo ld ing  o f  t h e  1134 
s toppers  (V-38) as compared t o  t h e  mold ing  (V-35) o f  t h e  o t h e r  s toppers .  
To accommodate t h e  d i f f e r e n t  moldings, t h e  compression t e s t  was conducted 
a t  a displacement va lue  o f  1 mm f o r  1134 s toppers  and 5 mm f o r  t h e  o t h e r  
s toppers .  W i t h i n  t h e  s toppers  w i t h  t h e  same mold, t h e  h a l o b u t y l / i s o p r e n e  
b lend  (1888) s toppers ,  e x h i b i t e d  t h e  l owes t  compression l oad .  Purcoatm, 
which i s  a p p l i e d  u n i f o r m l y  on a l l  sur faces  o f  t h e  s topper ,  d i d  n o t  
s i g n i f i c a n t l y  a f f e c t  t h e  mechanical p r o p e r t i e s  o f  h a l o b u t y l  s toppers  

Needle P e n e t r a t i o n  Force  T e s t  
Table 3 shows t h e  e f f e c t  o f  v a r i o u s  a c e t a t e  b u f f e r  concen t ra t  ons 

and a u t o c l a v i n g  c y c l e s  on t h e  need le  p e n e t r a t i o n  f o r c e  va lues  f o r  
h a l o b u t y l  s toppers  (4416, 4416Purcoat and 1816), h a l o b u t y l / i s o p r e n e  b lend  
(1888) stoppers,  and po ly i sop rene  (1134) s toppers .  A1 though t h e  
p e n e t r a t i o n  f o r c e  va lues  were d i f f e r e n t  f o r  t h e  v a r i o u s  s toppers  based 
upon po lymer i c  composi t ion,  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were 
observed w i t h i n  each s topper  under d i f f e r e n t  c o n d i t i o n s .  P o l y i  soprene 
(1134) s toppers  were s i g n i f i c a n t l y  a f f e c t e d ,  bo th ,  by t h e  c o n c e n t r a t i o n  o f  
ace ta te  b u f f e r  and by t h e  d u r a t i o n  o f  t h e  a u t o c l a v i n g  c y c l e .  I n  t h a t ,  t h e  
need le  p e n e t r a t i o n  f o r c e  was i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  

o f  t h e  b u f f e r ,  as w e l l  as t h e  d u r a t i o n  o f  t h e  a u t o c l a v i n g  c y c l e .  A l though 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



MECHANICAL P R O P E R T I E S  OF ELASTOMERIC CLOSURES 293 

TABLE 3 

Effect o f  Acetate Euffer Concentration a t  pH 4.0 and Autoclaving Cycle on the 
Needle Penetration Force Values o f  Closures 

Needle Penetration Force (gn) 
_________________________-- - - - -___-_-- - - - -  

Autocl a v i q  Cycle Acetate Buffer Concentration 
0.0294 0.1M 1 .OM 

stopper 

4416 Non-autoclavd 
30 minutes 
60 minutes 

4416PurcoaP Non-autocl a v d  
30 minutes 
60 minutes 

18168 Non-autocl aved 
30 minutes 
60 minutes 

1W Non-autoclavd 
30 minutes 
60 minutes 

1134a,b,C Non-autocl a v d  
30 minutes 
60 minutes 

414 f 19 
407 f 22 
382 f 32 

448 f 29 
442 f 42 
417 f 34 

393 f 35 
375 f 40 
361 f 30 

251 f 17 
237 f 8 
241 f 16 

598 f 69 
501 f 28 
477 f 39 

Wf38 
419 f 31 
416 i 33 

395 f 38 
411 f 16 
424 f 34 

345 f 18 
348 f 32 
319 f 25 

285f36 
280 f 26 
265 f 14 

494 f 51 
453 f 65 
428 f 40 

437 f 37 
S f 2 0  
384 f 15 

423 f 22 
419 f 41 
421 f 39 

350 f 25 
323 f 18 
317 f 21 

240 f 16 
228 f 15 
229 f 14 

354 f 36 
345 f 32 
346f48 

'significantly dif ferent a t  pd.05 fm 4416 and 4416Rmoat9 stoppers 

bsignificantly dif ferent a t  pd.05 fo r  duration o f  autoclaving cycle 

'significantly dif ferent a t  pd.05 for acetate buffer comentration 

t h e  exac t  reason f o r  t h i s  f i n d i n g  i s  unc lea r ,  i t  may be p a r t i a l l y  
exp la ined  on t h e  bas i s  o f  t h e  p r o p e r t i e s  impar ted  by t h e  d i f f e r e n t  
po l ymer i c  compos i t ion  o f  t he  c losu res .  Po ly i sop rene  s toppers  have 
e x c e l l e n t  p h y s i c a l  p r o p e r t i e s  due t o  t h e  degree o f  u n s a t u r a t i o n  o f  t h e  

e las tomer  p resen t  i n  t h e  stopper,  as compared t o  b u t y l  and h a l o b u t y l  
s toppers .  The l a t t e r  possess e x c e l l e n t  chemical p r o p e r t i e s ,  due t o  
s a t u r a t i o n  o f  t h e  r e a c t i v e  doub le  bonds i n  t h e  main c h a i n  o f  t h e  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



294 

TPBLE 4 
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Effect f pH, Wlffer Species and Autoclaving Cycle on the Needle Penetration Force 
Values o f  Closures 

Needle Penetration Force (gn) 
____________________-- - - - - - - -__-- - - -___-- -  

Stopper Autocl aving Cycle pH 4.0 pH 4.0 pH 5.0 
0.1M Acetate 0.1M Citrate 0.1M Acetate 

4416 Non-autoclaved 
30 minutes 
60 minutes 

4416Purcoat9 Non-autocl aved 
30 minutes 
60 minutes 

1816B1' Non-autoclavaf 
30 minutes 
60 minutes 

lWC Non-autocl a v d  
30 minutes. 
60 minutes 

1134" Non-autoclaved 
30 minutes' 
60 minutes 

403f38 
419 f 31 
416 f 33 

395 f 38 
411 f 16 
424 f 34 

345 f 18 
348 f 32 
319 f 25 

285f36 
280 f 26 
265 f 14 

494 f 51 
453 f 65 
428 f 40 

414 f 44 
399 f 25 
415 f 43 

431 f 10 
431 f 32 
419 f 30 

394 f 38 
402 f 16 
369 f 25 

290 f 25 
267 f 18 
268 f 24 

502 f 62 
465 f 47 
456 f 45 

418 f 29 
426 f 25 
426 f 34 

414 f 37 
427 f 43 
416 f 28 

410 f 52 
412 f 36 
4 m f 4 0  

232 f 18 
241 f 16 
247 f 26 

513 f 59 
530 f 37 
451 f 46 

'significantly dif ferent a t  pd.05 fm 4416 and 4416PurcoaP stoppers 

'significantly dif ferent a t  ~ 0 . 0 5  fo r  dif ferent pH values 

'significantly dif ferent a t  pd.05 fo r  dif ferent buffer species 

*not signif icantly dif ferent a ~ 0 . 0 5  f o r  dif ferent pH values 

e las tomer .  Furthermore, t h e  c u r i n g  system used f o r  1134 s toppers  was 

s u l f u r ,  and t h a t  f o r  1888 s toppers  was p h e n o l i c  r e s i n .  The h a l o b u t y l  
s toppers  (4416 and 1816) employed unconvent iona l  c u r i n g  systems. These 
d i f f e r e n c e s  may c o n t i b u t e  t o  t h e  e f f e c t  o f  b u f f e r  and a u t o c a l v i n g  on 1134 
c losu res  . 

The e f f e c t  o f  pH and d u r a t i o n  o f  t h e  a u t o c l a v i n g  c y c l e  f o r  two 
d i f f e r e n t  b u f f e r s  a t  a f i x e d  c o n c e n t r a t i o n  o f  O . l M ,  on t h e  need le  
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295 MECHANICAL PROPERTIES OF ELASTOMERIC CLOSURES 

p e n e t r a t i o n  fo rce ,  i s  shown i n  Table 4. The da ta  showed a s i g n i f i c a n t  

e f f e c t  o f  pH f o r  1816 stoppers.  Also,  t h e r e  was v a r i a b i l i t y  w i t h i n  t h e  
1888 s toppers  i n  t h e  needle p e n e t r a t i o n  f o r c e  va lues ,  f o r  s toppers  

au toc laved f o r  d i f f e r e n t  l e n g t h s  o f  t ime.  S ince  t h e r e  was no d i f f e r e n c e  

between pH 4.0 and 5.0 (0.1M ace ta te  b u f f e r )  f o r  t h e  4416, 4416Purcoata 
and 1134 stoppers,  and due t o  t h e  v a r i a b i l i t y  i n  t h e  da ta ,  t h e  e f f e c t  o f  
pH on t h e  need le  p e n e t r a t i o n  f o r c e  f o r  c l o s u r e s  was a t  b e s t  ambiguous. 
Furthermore, t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  needle 
p e n e t r a t i o n  f o r c e  values, a t  pH 4.0 f o r  c i t r a t e  and a c e t a t e  b u f f e r s  f o r  
a l l  t h e  s toppers  s tud ied .  

Cornwession Force Test 
The e f f e c t  o f  ace ta te  b u f f e r  c o n c e n t r a t i o n  and d u r a t i o n  o f  t h e  

a u t o c l a v i n g  c y c l e  on t h e  compression f o r c e  o f  s toppers  i s  shown i n  Table 
5.  The r e s u l t s  demonstrated a r e d u c t i o n  i n  t h e  compression l o a d  w i th  
i n c r e a s i n g  a c e t a t e  b u f f e r  concen t ra t i ons  f o r  a l l  bromobutyl  (4416, 

4416Purcoat@ and 1816) s toppers .  The da ta  f o r  chlorobutyllpolyisoprene 
s toppers  (1888) showed no s i g n i f i c a n t  d i f f e r e n c e  between t h e  compression 
f o r c e  va lues  f o r  v a r i o u s  b u f f e r  concen t ra t i ons .  These r e s u l t s  f o r  1888 
s toppers  may be due t o  t h e  complete p e n e t r a t i o n  o f  t h e  s t a i n l e s s  s t e e l  

probe i n t o  t h e  p l u g  o f  t h e  c losu re .  The I n s t r o n  e s s e n t i a l l y  y i e l d e d  t h e  

same compression l o a d  f o r  a l l  c o n d i t i o n s  t e s t e d .  T h i s  phenomenon was n o t  
observed w i t h  any o f  t h e  o t h e r  s toppers .  The po lymer i c  c o a t i n g  o f  

Purcoatm r e s u l t e d  i n  a marg ina l  p r o t e c t i o n  o f  t h e  bromobutyl  s toppers  
a g a i n s t  t h e  i n c r e a s i n g  b u f f e r  concen t ra t i ons  as compared t o  t h e  uncoated 

4416 s toppers .  Fo r  example, i n  case o f  t h e  non-autoc laved 4416 s toppers  
exposed t o  1.OM ace ta te  b u f f e r  f o r  e i g h t  weeks a t  45"C, t h e  compression 
l o a d  f o r  t h e  4416Purcoat s toppers  was 12.67 kg; whereas t h a t  f o r  t h e  

uncoated 4416 s toppers  was 10.82 kg. 
The e f f e c t s  o f  pH and a u t o c l a v i n g  c y c l e  f o r  two d i f f e r e n t  b u f f e r  

spec ies  a t  a f i x e d  c o n c e n t r a t i o n  o f  0.1M on t h e  compression f o r c e  o f  t h e  

v a r i o u s  s toppers  a re  shown i n  Table 6. These r e s u l t s  showed no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  compression f o r c e  va lues  a t  t h e  two pH 
va lues  (0.1M a c e t a t e  b u f f e r )  f o r  any s topper  tes ted .  T h i s  a l l u d e d  t o  t h e  

l a c k  of c o n t r i b u t i o n  of t h e  pH t o  t h e  changes i n  t h e  compression f o r c e  o f  

t h e  s toppers .  Since, Table 5 d i d  show s i g n i f i c a n t  d i f f e r e n c e s  a t  pH 4.0 
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2 96 ZOUR ET A L .  

TABLE 5 

Effect o f  Acetate Ehffer Concentration a t  pH 4.0 and Autoclaving Cycle on the 
Carpression Force Values o f  Closures 

Carpression Force (Kg) 
____________________--------- - - - - - - - - - - - - -  

Stopper Autocl aving Cycle Acetate Ehffer Concentration 
0.0294 0.1M 1.m 

4416c Non-autoclaved 
30 minutes 
60 minutes 

4416Fu~oat!@~ Non-autoclaved 
30 minutes 
60 minutes 

18168'' Non-autocl aved 
30 minutes 
60 minutes 

lsss" Non-autoclaved 
30 minutes 
60 minutes 

1 134% b, c Non-autoclaved 
30 minutes 
60 minutes 

15.71 f 0.99 
14.23 f 1.23 
15.05 f 1.16 

15.18 f 0.76 
16.60 f 0.98 
16.30 f 0.77 

14.92 f 1.54 
14.04 f 1.05 
14.54 f 0.88 

7.72 f 0.36 

7.97 f 0.71 
7.52 f 0.30 

5.56 f 0.59 
4.10 f 0.40 
2.78 f 0.47 

12.40 f 0.29 
12.70 f 0.56 
12.69 f 0.80 

10.82 f 0.75 
10.36 i 0.50 
10.73 f 0.75 

13.99 f 0.44 
13.61 f 0.37 
13.58 f 0.24 

12.67 f 0.80 
12.75 f 0.70 
12.84 f 0.71 

12.03 f 0.60 

12.21 f 0.53 

9.54 f 0.47 

9.40 f 0.27 
12.25 f 0.49 9.24 f 0.43 

7.54 f 0.62 
7.01 f 0.56 
6.72 f 0.43 

7.16 f 0.38 
7.22 f 0.39 
7.35 f 0.33 

3.72 f 0.43 
2.61 f 0.12 

2.19 f 0.31 
1.82 f 0.21 

2.53 f 0.21 1.36 f 0.16 

'significantly dif ferent at ~ 4 . 0 5  fm 4416 and 4416hrcoaP stoppers 

bsignificantly dif ferent a t  ~ 0 . 0 5  for duration o f  autoclaving cycle 

'Significantly dif ferent a t  ~ 0 . 0 5  fo r  acetate buffer concentration 

f o r  i n c r e a s i n g  concen t ra t i ons  o f  ace ta te  b u f f e r ,  t h e  changes i n  t h e  
mechanical p r o p e r t i e s  were a t t r i b u t e d  t o  t h e  a c e t a t e  spec ies  r a t h e r  than 
t h e  pH i t s e l f .  Furthermore, a t  pH 4.0, t h e  compression l o a d  va lues  f o r  
c i t r a t e  b u f f e r  samples were s i g n i f i c a n t l y  h i g h e r  than  those f o r  a c e t a t e  
b u f f e r  samples i n  t h e  cases o f  1888 and 1134 s toppers .  T h i s  was a l s o  
i n d i c a t i v e  o f  t h e  c o n t r i b u t i o n  o f  ace ta te  b u f f e r  spec ies  t o  t h e  changes 
measured by t h e  compression t e s t .  The compression f o r c e  va lues  f o r  t h e  
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MECHANICAL PROPERTIES OF ELASTOMERIC CLOSURES 297 

TABLE 6 

Effect of pH, Ehffer Species and Autoclaving Cycle on the Carpression Force Values 
of c1 osulps 

Carpression Force (Kg) 

Stopper Autoclaving Cycle pH 4.0 pH 4.0 pH 5.0 
0.1M Acetate 0.1M Citrate 0.1M Acetate 

4416 Non-autoclaved 
30 minutes 
60 minutes 

4416FurcoaPa Non-autoclaved 
30 mi nutes 
60 minutes 

1816 Non-autoclaved 
30 minutes 
60 minutes 

lWC Non-autoclaved 
30 minutes 
60 minutes 

1 1 3 a . b  Non-autoclpxl 
30 minutes 
60 minutes 

12.40 f 0.29 
12.70 f 0.56 
12.69 f 0.80 

13.99 f 0.44 
13.61 f 0.37 
13.58 f 0.24 

12.03 f 0.60 
12.25 f 0.49 
12.21 f 0.53 

7.54 f 0.62 
7.01 f 0.56 
6.72 f 0.43 

3.72 f 0.43 
2.61 f 0.12 
2.53 f 0.21 

13.75 f 0.77 
13.09 f 0.10 
13.30 f 0.37 

13.53 f 0.67 
13.70 f 0.47 
14.67 f 0.69 

12.27 f 0.90 
11.94 f 1.30 
12.77 f 0.84 

8.75 f 0.74 
9.24 f 0.23 
9.41 f 0.32 

6.01 f 0.59 
5.92 f 0.57 
5.45 f 0.15 

12.42 f 0.79 
12.63 f 0.74 
12.55 f 0.52 

13.55 f 0.84 
14.29 f 0.33 
13.93 f 0.77 

12.60 f 0.53 
12.80 f 0.38 
12.60 f 0.59 

6.76 f 0.17 
7.07 f 0.37 
6.87 f 0.48 

3.41 f 0.46 
1.96 f 0.33 
2.29 f 0.30 

"significantly different at ~ 0 . 0 5  f m  1816 and 4416 stoppers 
bsignificantly different at ~ 0 . 0 5  for duration of autoclaving cycle 

Cf*significantly different at pd.05 for different buffer species 
** significantly different at pd.05 for different pH valws 
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FIGURE 1 

E f f e c t  o f  ace ta te  b u f f e r  c o n c e n t r a t i o n  and a u t o c l a v i n g  c y c l e  on t h e  need le  
p e n e t r a t i o n  f o r c e  o f  4416 s toppers .  

4416 s toppers  were h i g h e r  f o r  t h e  c i t r a t e  b u f f e r  samples, when compared t o  
t h e  ace ta te  b u f f e r  samples. However, t h e  compression f o r c e  va lues  o f  1816 
s toppers  showed no s i g n i f i c a n t  e f f e c t  o f  b u f f e r  spec ies  o r  pH. The exac t  
reason f o r  t h e  d i f f e r e n t  behav io r  o f  t h e  1816 s toppers ,  wh ich  a re  
i d e n t i c a l  t o  4416 ( b o t h  be ing  bromobuty l ) ,  i s  unknown. However, 1816 i s  
t h e  predecessor f o r  t h e  4416 stopper.  I n  t h e  improved 4416 s toppers ,  
magnesium i s  added as a scavenger f o r  excess bromine t o  reduce t h e  
e x t r a c t a b l e s  f rom t h i s  s topper .  T h i s  s l i g h t  d i f f e r e n c e  i n  t h e  po lymer i c  
compos i t ion  may be t h e  f a c t o r  t h a t  i n f l u e n c e s  t h e  behav io r  o f  t hese  two 
s toppers  under t h e  c o n d i t i o n s  t e s t e d .  No s i g n i f i c a n t  d i f f e r e n c e s  were 
observed i n  t h e  compression f o r c e  va lues  o f  4416Purcoata s toppers  exposed 
t o  d i f f e r e n t  pH and b u f f e r  species.  The po lymer i c  c o a t i n g  o f  Purcoata  i s  
p robab ly  t h e  cause f o r  t h e  l a c k  o f  n o t i c e a b l e  d i f f e r e n c e s  i n  t h e  
compression f o r c e  va lues  o f  these s toppers .  

A l though t h e  exac t  reason f o r  t h e  d i s c r i m i n a t o r y  c a p a b i l i t y  o f  t h e  
compression t e s t  i s  n o t  known, i t  i s  p o s s i b l e  t h a t  t h e  e v a l u a t i o n  o f  a 
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E f f e c t  o f  acetate b u f f e r  concentrat ion and autoc lav ing c y c l e  on t h e  
compression load o f  4416 stoppers. 

l a r g e r  surface area o f  t h e  stopper may be a c o n t r i b u t i n g  f a c t o r .  The 
compression t e s t  e n t a i l s  t he  t e s t i n g  o f  t h e  e n t i r e  sur face area o f  t he  
stopper exposed t o  t he  l i q u i d ,  whereas, t he  needle pene t ra t i on  f o r c e  t e s t  
on ly  examines a small p o r t i o n  o f  t he  stopper surface. Figures 1 and 2 
show the  d i s t i n c t i o n  i n  t h e  c a p a b i l i t i e s  o f  asce r ta in ing  t h e  d i f f e rences  
i n  t h e  mechanical p roper t i es  o f  4416 stoppers, between t h e  needle 
pene t ra t i on  fo rce  and compression t e s t ,  respec t i ve l y .  It should be noted 
t h a t  t he  compression t e s t  i s  on l y  app l i cab le  t o  de tec t  changes i n  the  
c losures o f  the same molding. 

However, both t e s t s  were func t i ona l  i n  case o f  1134 stoppers 
(Figures 3 and 4 ) .  This may be due t o  the  d i f f e r e n c e  i n  the  chemical 
composition o f  t he  rubber c losures.  As mentioned e a r l i e r ,  poly isoprene 
stoppers possess exce l l en t  phys ica l  p roper t i es ,  but  poor chemical 
p roper t i es  due t o  t h e i r  degree o f  unsaturat ion.  The double bonds o f  
poly isoprene stoppers may r e a c t  w i t h  t h e  acetate and/or a c e t i c  a c i d  i n  the  
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FIGURE 3 

E f f e c t  o f  ace ta te  b u f f e r  c o n c e n t r a t i o n  and a u t o c l a v i n g  c y c l e  on t h e  need le  
p e n e t r a t i o n  f o r c e  o f  1134 s toppers .  
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FIGURE 4 
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E f f e c t  o f  ace ta te  b u f f e r  c o n c e n t r a t i o n  and au toc l  av ing  c y c l e  on t h e  
compression l o a d  o f  1134 s toppers .  
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b u f f e r  and change t h e  po lymer ic  compos i t ion  cons ide rab ly .  There fore ,  due 
t o  t h e  magnitude o f  t h i s  chemical change, i t  i s  l i k e l y  t h a t  t h e  needle 
p e n e t r a t i o n  t e s t  i s  capable o f  d e t e c t i n g  t h e  e f f e c t s  o f  a u t o c l a v i n g  and 
b u f f e r  concen t ra t i ons  on t h i s  p a r t i c u l a r  s topper .  

CONCLUSIONS 

A method was developed t h a t  a l lowed f o r  t h e  q u a n t i t a t i v e  e v a l u a t i o n  
o f  e l a s t o m e r i c  s toppers  commonly used i n  p a r e n t e r a l  p roduc ts .  It was 
shown t h a t  t h e  new methodology, which was based on t h e  compression o f  t h e  
s toppers  a t  a p r e s e t  displacement va lue ,  was ab le  t o  d i s c e r n  changes i n  
t h e  mechanical p r o p e r t i e s  o f  s toppers  exposed t o  v a r i o u s  c o n d i t i o n s .  

These changes were n o t  de tec ted  by t h e  needle p e n e t r a t i o n  f o r c e  t e s t .  

REFERENCES 

1. D.K. Morton and N.G. L o r d i ,  J. Parent.  Sci.  Technol., 41, 145 (1987) 

2. D.K. Morton and N.G. L o r d i ,  J. Parent.  Sc i .  Technol., 42, 127 (1988) 

3 .  D.K. Morton, N.G. L o r d i  and T.J. Ambrosio, J .  Parent .  Sc i .  Technol., 
43, 88 (1989) 

4. E las tomer i c  c losu res :  E v a l u a t i o n  o f  s i g n i f i c a n t  Performance and 
I d e n t i t y  C h a r a c t e r i s t i c s ,  Techn ica l  Methods B u l l e t i n  No. 2, 
Pa ren te ra l  Drug Assoc ia t i on  Inc. ,  P h i l a d e l p h i a ,  PA (1981) 

5. W.A. Pres ton ,  3. Parent.  Sc i .  Technol., 40, 207 (1986) 

6. R.T. Wood, J .  Parent.  Drug ASSOC., 34, 286 (1980) 

7.  E.J. Smith and J .  Nash, E las tomer ic  Closures f o r  Pa ren te ra l s ,  i n  
Pharmaceut ical  Dosage Forms: Pa ren te ra l  Med ica t ions ,  Vol. 2, Ed. 
K.E. Av i s ,  L. Lachman and H.A. Lieberman, Marcel Dekker Inc . ,  
NY 1988 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


