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VETERINARY MULTI DOSE I NJ ECTABLES 
MAINTENANCE OF STERILITY AND CONTAINER INTEGRITY 

David G. Pope 

Veter inary  Pharmacy U n i t  
The Upjohn Company 

Kalamazoo, Mi c h i  gan 

ABSTRACT 

An t im ic rob ia l  Preserva t ive  Effect iveness, Resealabi l  i t y  and 
needle mediated Rubber P a r t i c l e  Generation t e s t s  were used t o  

determine the  a b i l i t y  o f  a paren tera l  mu1 t idose-formulat ion-con- 

t a i n e r  system t o  main ta in  product s t e r i l i t y  and conta iner  i n t e g r i -  
t y  throughout i t s  expected l i f e  cycle.  
t i o n s  w i t h  regard t o  p reserva t ive  concentrat ions,  v i a l  s izes,  
closures, needle gauges and the number o f  e n t r i e s  a l lowab le  i n t o  
the  conta iner  a re  de ta i led .  

Methods and recomnenda- 

t u r e s  
1 arge 

t i o n s  

INTRODUCTION 
Veter inary  parentera l  mu1 t ip le -dose products impose a more 

severe c losure  maintenance o f  i n t e g r i t y  and product maintenance o f  
s t e r i l i t y  problem than do human hea l th  pharmaceutical m u l t i p l e -  

considerable numbers o f  punc- 

s and the  frequent use o f  

dose s t e r i l e  products because o f  the 
poss ib le  i n t o  l a r g e  volume v i a  
gauge needles. For example: 
i) Most ve te r ina ry  mult idose 
f o r  admin is te r ing  a v a r i e t y  o f  

stance, pou l t r y ,  swine, c a t t l e ,  e tc .  
markedly between the  weight extremes 

n jec tab les  have labe l  d i rec -  
dose volumes to, f o r  i n -  
The volume o f  dose va r ies  

Hence the t h e o r e t i c a l  num- 
ber o f  doses from each conta iner  w i l l  a l s o  vary between these 
weight extremes. For instance, w i t h  a 500 m l  v i a l ,  the  t h e o r e t i -  
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448 POPE 

cal number of dose withdrawals could vary from 500-1000 for the 
poultry line to 10-20 for cattle. 
through the closure for poultry treatment will in all probability 
not eventuate in practice because of the use of multidose and auto- 
matic injectors. But, information with regard to how many punc- 
tures can be withstood by the closure before sterility and integri- 
ty are in question, is still not available. 

health products are as follows: 
16-18 gauge for medium animals; and 20-22 gauge for small 
animals. The 16 and 20 gauge needles appear to be the most popu- 
lar in practice. 

Thus, because of species dose volume and needle gauge dif- 
ferences, the closure could be subjected to stress which could 
affect its ability to maintain container integrity. 
integrity is in question, the Pharmaceutical firm manufacturing 
the multidose vial has not as a supplier of a quality prgduct, ex- 
tended its obligation to include use of the product. 

maintenance of sterility and container integrity under expected 
conditions of use, three studies should be performed, namely, (a) 
Antimicrobial Preservative Effectiveness, (b) Closure Resealabil- 
ity and (c) Rubber Particle Generation tests. Tests (a) and (b) 
elucidate the ability of the formulation and container to maintain 
sterility under conditions of use while tests (.b) and (c) evaluate 
the ability o f  the container system to maintain integrity. 

The theoretical 500-1000 entries 

(ii) Needle gauges used for administering parenteral animal 
12-14 gauge for large animals; 

If this 

Therefore, in order to extend this obligation to ensuring 

MATERIALS AND METHODS 
a) An timicrobi a1 Preservative Effectiveness 

The effectiveness of benzyl alcohol as a preservative in both 
an aqueous and an oily formulation was determined using the stand- 
ard U.S.P. test for Antimicrobial Preservative Effectiveness (1). 
The preservative effectiveness in aqueous solution was also chal- 
lenged using environmental isolates of Corynebacterium sp.,  
Micrococcus sp . ,  Pseudomonas sp., and Penicillium sp. 
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VETERINARY MULTIDOSE INJECTABLES 449 

I n  each of the formulations tested,  preservative strength 
was s e t  a t  ( i )  formulation strength (9.45 mg per ml, i . e .  9.0 mg 
per m l  label plus 5% excess') and (ii) 4.5 mg per m l  (50% of label 
strength).  
b )  Resealability 

being a hermetic container, and as such, should be impervious to  
a i r  o r  other gas under ordinary conditions of use. 
ab i l i t y  and rubber par t ic le  generation studies were performed on 
washed, si l iconized and s te r i l i zed  rubber closures; 13mm and 2Omn 
sizes;  LoCor, V-35 and S-127 configurations from The West Company, 
Phoenixville, Pa.; and 13-50 and PT-20 configurations from Tompkins 
Rubber Co., Plymouth Meeting, Pa. S te r i le  disposable monoject 200 
needles, 16 gauge 1-1/2B Lo t  159148, and 20 gauge 1-1/28 Lot 
158026, Sherwood Medical Industries, Inc., Deland, Florida, were 
u t i  1 i zed. 

t i c l e  generation studies.  
of the rubber par t ic le  generation studies,  the vial along with the 
syringe, was inverted and a volume of a i r  exactly equal t o  the 
volume of a i r  inside the v ia l ,  was injected to  ra ise  the pressure 
inside the vial. by one atmosphere. 

( i i )  The needle was then withdrawn, the closure surface was 
wiped with an  alcohol wetted l i n t  f ree  cloth and the closure 
checked for  leakage in the inverted position. 
stood inverted on a white f i l t e r  paper and signs of leakage were 
noted for  u p  t o  24 hours. 
c )  Rubber Par t ic le  Generation 

washed sil iconized and s te r i l i zed  closures. Closures and needles 
used are  as  indicated previously. 

into 20 ml f l i n t  vials .  
vials  and capped with West Company Fermpress H cappers. 

A multiple dose container i s  specified by the U.S.P. as 

All reseal-  

( i )  Resealability was run concurrently with the rubber par- 
A t  the conclusion of the l a s t  puncture 

The v ia l s  were 

All rubber par t ic le  generation studies were performed on 

( i )  Ten ml of s t e r i l e  f i l t e r ed  water for  injection was f i l l e d  
Closures to  be tested were placed on the 

Following 
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450 POPE 

capping, the  v i a l s  were aged a t  l e a s t  24 hours a t  room temperature 
t o  achieve equ i l i b r i um.  Each c losu re  rubber p a r t i c l e  generat ion 
and r e s e a l a b i l i t y  t e s t  was performed on 5 stoppered v i a l s ,  i . e . ,  

had 5 r e p l i c a t e s  per gauge needle - per c losure  - per puncture 

number. 

( i i )  The center  o f  the  aluminum cap o r  f l i p  top  was removed 

and the  t a r g e t  area wiped before each puncture w i t h  a l i n t  f r e e  
c l o t h  moistened w i t h  a lcoho l .  

( i i i )  Sixteen and 20 gauge needles were se lec ted  f o r  the 

study as these appear t o  be the most popular i n  ve te r ina ry  prac- 
t i c e .  

( i v )  
The needle was inse r ted  pe rpend icu la r l y  i n t o  the  c losure  t a r g e t  

area w i t h  normal speed. A new disposable needle was used a t  each 

puncture t o  (a )  s imu la te  f i e l d  use, ( b )  overcome any d i f f e rences  

i n  needles and ( c )  counteract  any b l u n t i n g  o f  the needle t h a t  may 

occur w i t h  prolonged use. 
A p o r t i o n  o f  the  contents o f  the  v i a l  was asp i ra ted  i n t o  

the  syr inge and then re tu rned t o  the  v i a l  i n  o rder  t o  wash ou t  any 

cores and/or fragments i n t o  the  v i a l .  

o f  punctures d i c t a t e d  i n  the  study. 

needle and a 2Omn c losu re  received up t o  50 punctures i n  steps o f  

10; a 20 gauge needle and a 13mn c losure  rece ived up t o  25 punc- 

tu res  i n  steps of 5; and a 16 gauge needle and a 2Omm c losure  r e -  
ceived 25 punctures i n  steps o f  5. On the  l a s t  puncture, resea l -  
a b i  1 i ty  was tes ted .  

rubber p a r t i c l e s  t h a t  may have adhered t o  the underside o f  the  
c 1 osure. 

A new disposable needle was used f o r  each puncture. 

( v )  

( v i )  Steps ( i v )  and ( v )  were repeated f o r  the  requ i red  number 
I n  t h i s  study, a 20 gauge 

( v i i )  Each v i a l  was shaken r i g o r o u s l y  t o  d is lodge any 

( v i i i )  

( i x )  

Each v i a l  was examined under the  magnify ing inspec- 
t i o n  l i g h t  f o r  rubber p a r t i c l e s  and the  number present recorded. 

c lean b lack  g r i d  0.8 micron 4 2 m  M i l l i p o r e  f i l t e r  under a laminar 
The contents of each v i a l  were f i l t e r e d  through a 
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VETERINARY MULTIDOSE INJECTABLES 451 

f l ow  hood, the v i a l s  being r i nsed  w i t h  0.45 micron f i l t e r e d  water 
f o r  i n j e c t i o n .  Each f i l t e r  was placed i n  a c lean p e t r i s l i d e  and 
examined w i t h  an A.O.Spencer Stereomicroscope, 25 power. The num- 
ber of rubber p a r t i c l e s  i n  the  s i ze  ranges 0-50 microns, 50-100 

microns, and 100 microns and l a r g e r  were recorded. 

RESULTS AND DISCUSSION 

a) Preservat ive Challenge Test 

the best o f f i c i a l l y  recognized method t o  determine whether the 
preserva t ive  i n  the product i s  e f f e c t i v e  i n  des t roy ing  introduced 
microorganisms i n  a c e r t a i n  per iod  of time. It would be i dea l  i f  
t h i s  t ime pe r iod  were shor te r  than the  t ime per iod  between succes- 
s i v e  withdrawal o f  doses. This t ime per iod  o f  k i l l  depends upon, 

This t e s t ,  a l though f raught  w i t h  inadequacies i s ,  however, 

(a )  the preserva t ive  
(b )  i t s  concentrat ion 

( c )  
(d )  
(e )  the organism introduced 

and may vary from seconds t o  days. 

The basic concept invo lved i n  the use of a p reserva t ive  i n  a 
mult idose v i a l  i s  t o  destroy introduced microorganisms, thus pre- 

vent ing  t h e i r  m u l t i p l i c a t i o n .  Proper asept ic  technique w i l l  de- 

crease the r i s k  o f  i n t roduc ing  microorganisms t o  pa t i en ts  when 

sho r t  i n t e r v a l s  are used between doses. 
however, i n e f f e c t i v e  o r  depleted t o  below e f f e c t i v e  concentra- 
t i ons ,  b a c t e r i a l  mu1 t i p l i c a t i o n  and t o x i n  product ion would occur, 
w i t h  the r e s u l t  t h a t  a harmful supply o f  t ox ins  and microorganisms 
cou ld  be introduced t o  the  p a t i e n t  a t  some p o i n t  i n  time. 

must be shown. Studies were performed a t  100% and 50% o f  l abe l  
p reserva t ive  concentrat ion.  If the a r b i t r a r i l y  selected 50% o f  

l a b e l  concentrat ion proves ef fect ive,  the  s o l u t i o n  i s  preserved 
w i t h  a sa t i s fac to ry  sa fe ty  f a c t o r  a l l ow ing  f o r  l oss  o f  preserva- 
t i v e  due t o  vapor t ransfer,  c losure  absorption, degradation, etc.  

dur ing  use. 

the s o l u t i o n  i t  i s  preserving 
the number o f  organisms introduced 

If the preserva t ive  were, 

Thus, when fo rmula t ing  a product, p reserva t ive  e f fec t i veness  

A greater  o r  lesser  safety f a c t o r  may be selected, 
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452 POPE 

b u t  a 50% o f  l a b e l  p reserva t ive  e f fec t i veness  w i l l ,  i n  a l l  prob- 

a b i l i t y ,  p rov ide  s a t i s f a c t o r y  assurance o f  the  maintenance o f  

product s t e r i  1 i ty dur ing  use. 

m ic rob ia l  Preserva t ive  Test f o r  a Corn O i l  Base i n j e c t a b l e  con- 

ta in ing ,  100% and 50% o f  l abe l  c la im benzyl a lcohol  as the pre- 

serva t ive .  Although the lower concent ra t ion  o f  benzyl a lcohol  

i s  less  e f f e c t i v e  aga ins t  Candida a lb icans  and Asperg i l l us  n iger ,  

the p rese rva t i ve  s t i l l  meets the requirements imposed by the  

U.S.P. X I X .  That i s ,  the  preserva t ive  i s  e f f e c t i v e  i n  the pro-  

duc t  examined if, 

n o t  more than 0.1% o f  the i n i t i a l  concentrat ions by the four -  

t een th  day; 

a t  o r  below the  i n i t i a l  concentrat ions dur ing  the  f i r s t  14 days; 

below these designated l e v e l s  dur ing  the remainder o f  the 28-day 

t e s t  per iod.  

Tables 1 and 2 document the r e s u l t s  o f  the U.S.P. X I X  A n t i -  

(a )  the  concentrat ions o f  v i a b l e  bac te r ia  a re  reduced t o  

( b )  

( c )  

the  concentrat ions o f  v i a b l e  yeasts and molds remain 

the  concent ra t ion  o f  each t e s t  organism remains a t  o r  

S im i la r  t e s t s  were performed on aqueous fo rmula t ions  con- 

t a i n i n g  100% and 50% of l abe l  benzyl a lcoho l  as the preserva t ive .  

The r e s u l t s  o f  the U.S.P. X I X  t e s t  a re  shown i n  Tables 3 and 4. 

I n  a d d i t i o n  t o  the  U.S.P. X I X  organisms tes ted  the preserva t ive  

was chal lenged w i t h  f i v e  environmental i s o l a t e s  as ind ica ted .  

The r e s u l t s  i n d i c a t e  t h a t  the formulat ions a t  the  two preserva- 

standards t i v e  concet ra t ion  l e v e l s  do meet the imposed U.S.P. X I  

f o r  Preserva t ive  Effect iveness. 

b )  R e s e a l a b i l i t y  Tests 

The a b i l i t y  o f  a c losure  t o  reseal  f o l l o w i n g  need 

w i l l  d i c t a t e  whether the  conta iner  system w i l l ,  
e puncture 

( i )  

( i i )  prevent e n t r y  o f  microorganisms. 

The r a i s e d  pressure method o f  t e s t i n g  r e s e a l a b i l i t y  o f  a 

prevent s i g n i f i c a n t  l o s s  o f  p reserva t ive  (o the r  than 

by degradation, c losure  absorpt ion,  e t c .  ), and 

c losure  i s  on l y  one means by which a measure o f  the  i n t e g r i t y  o f  
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a c losu re  can be obtained. Whether t h i s  method ind i ca tes  poten- 

t i a l  problems t h a t  may be experienced, i s  uncertain,  bu t  i t  does 
form a bas is  f o r  comparison o f  c losures.  This r a i s e d  pressure 

s t ress  t e s t  may be more severe than i n  p rac t ice ,  bu t  t h i s  more 

s t r i n g e n t  t e s t  i s  necessary t o  ensure a low l i k e l i h o o d  of t r o u b l e  

i n  the f i e l d .  

Table 5 documents the r e s u l t s  obtained f o r  the  r e s e a l a b i l i t y  
and the  Rubber P a r t i c l e  Generation tes ts .  Resul ts f o r  resea l -  

a b i l i t y  a r e  recorded as percFnt. 
pressure tes t ,  t h i s  manuscript w i l l  p lace l i m i t s  o f  a c c e p t a b i l i t y  
f o r  r e s e a l a b i l i t y  a t  the 80% l e v e l .  

mum number o f  punctures permi t ted  f o r  each gauge needle f o r  each 
c losure  t w e .  

Because o f  the s e v e r i t y  o f  the  

Thus, Table 6 l i s t s  the  maxi- 

For instance, c losu re  C may be entered 40 times w i t h  a 20 

gauge needle before s i g n i f i c a n t  f a i l u r e  t o  resea l  i s  experienced. 
To b e t t e r  guarantee r e s e a l a b i l i t y ,  and hence, conta iner  i n t e g r i t y  

however, t h i s  l i m i t  should be reduced t o  20 e n t r i e s .  
f a c t o r  has thus been incorporated t o  ensure maintenance o f  con- 

t a i n e r  i n t e g r i t y  even w i t h  s i g n i f i c a n t  abuse. 

needle f o r  c losure  C as the pr imary example, two approaches t o  ex- 
tending a pharmaceutical f i r m ' s  o b l i g a t i o n  t o  inc lude maintenance 

o f  s t e r i l i t y  and c losure  i n t e g r i t y  i n  use, can be taken. 

considered maximum should be placed on the product l a b e l  o r  i n  the  
package i n s e r t .  This app l ies  t o  v i a l s  where the  t h e o r e t i c a l  num- 

A sa fe ty  

Thus, using the  above 20 maximum e n t r i e s  w i t h  a 20 gauge 

( i )  A caut ionary  statement as t o  the  number o f  punctures 

ber  of punctures, i .e., V ia l  Volume , exceeds the  number 
Minimum Dose Volume 

of  punctures considered acceptable f o r  the c losure  ye t ,  the  c losure  

w i l l  n o t  be subjected t o  t h i s  t h e o r e t i c a l  number o f  punctures be- 
cause the  product w i l l  be used w i t h  automatic i n j e c t i o n  syringes, 

o r  mult idose syr inges. 
The caut ionary  statement may have the  f o l l o w i n g  wording. 

"The i n t e g r i t y  o f  the  conta iner  system may be l o s t  i f  the  c losure  
i s  subjected t o  more than 20 punctures w i t h  the equ iva len t  o f  a 

20 gauge needle". 
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TABLE 6 
Rank  Order, Percent Resealability and Maximum Number of Punctures 
Permitted with the Closures Tested 

Closure Needle Rank 7; Resealability' Maximum No. 
Size Gauge Order of Punctures 

Permitted 
2 h  16 1 )  A 100 25 

2 )  B 72 15 
3) c 60 10 
4 )  LoCor C 32 5 
5 )  D 1 2  (5 

2 h m  20 1 )  B 100 
2 )  c 92 
3 )  A 88 
4) LoCor C 28 
5 )  D 1 2  

96 
52 

50 
40 
30 
10 
< 5  

25 
<5  

'Based upon resealabi l i ty  for  a 20mm closure of u p  to  a maximum of 
25 punctures for  the 16 gauge and 50 punctures for  the 20 gauge 
needle; for  a 13mm closure u p  to  a maximum of 25 punctures with 
a 20 gauge needle. 

( i i )  I f  the product i s  of such a nature that  each dose will 
be taken individually from the container, then no cautionary label 
should be attached b u t  instead, the vial s ize  should be defined by 

the formula: 
Number of punctures deemed Volume 
maximum for  closure and X per = Vial Size 
needle gauge in question dose 

c )  Rubber Par t ic le  Generation- 

l imit  use of the closures as  much as does resealabi l i ty .  
B performed bet ter  t h a n  Closure C ,  both of which however, showed 
less  rubber par t ic les  than Closure A .  
from both the rubber par t ic le  generation and resealabi l i ty  stand 
point. As would be expected, the 16 gauge needle resulted i n  more 
rubber par t ic les  than did a 20 gauge needle. 

Needle mediated Rubber Par t ic le  Generation resu l t s  do not 
Closure 

Closure D was unacceptable 

The LoCor closure 
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design by West generated the least number of rubber particles, but 
because of its thin diaphragm, its suitability for Veterinary 
multipuncture vials is questionable (see Table 5). 

significant, if any, increase in the generation of rubber parti- 
cules with increasing number of punctures. 
to an established path of penetration being formed through the 
closure. 

however, vary with (i) the operator, (ii) the needle brand, (ii i )  
the needle gauge, (iv) the closure design, (v) the particular lot 
of the closure, and (vi) the past history of the closure. 
is, however, indication in Table 5 that even with such variations, 
closures A, B and C will be satisfactory in use. Closure D was 
definitely unsuitable. 

From the studies conducted, there does not appear to be a 

This may be attributed 

The results for needle mediated rubber particle studies will, 

There 

CONCLUSION 
The ability of a container system to maintain the sterile 

integrity of its contents must be operative through out its ex- 
pected life cycle. 
label and closure resealability within imposed restrictions of vial 
size or allowable needle entries will ensure maintenance o f  steri- 
lity of the formulation under conditions of use. Effective closure 
resealability at maximum allowable needle entries, and needle medi- 
ated closure rubber particle generation tests will give assurance 
to container integrity under conditions of use. 

Thus three tests should be performed for each closure-formu- 
lation combination. 
statement can be defined, thus ensuring that the system in question 
does indeed maintain sterility and container integrity throughout 
its expected life and use cycle. 

Preservative effectiveness at 100% and 50% of 

In this way, container size and/or cautionary 
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ducted the  r e s e a l a b i l i t y  t e s t ,  together  w i t h  rubber fragment 

counting and s i z i n g ;  and t o  R. Smith f o r  assistance i n  prepara t ion  

of the  manuscript. 
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