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« > lu b ü íty  c h a ra c t-e r iu k s  as  d e te rm  m id  b y  th e  chem ical 
o r  p h y s ic a l fo rm  o f th e  co m pound , arid  freed o m  from  
gross d ir t .

A d d e d  S u b s t a n c e s — T h e  U S P  in c lu d es in  th is  
ca te g o ry  a h  su b s tan ce .; a d d ed  to  a  p re p a ra tio n  to  im ­
p ro v e  o r  sa fe g u a rd  t t e  q u a li ty  o f th e  p ro d u c t. A n 
a d d e d  su h s ta r .e e  m a y  effect so lu b ility , as d o es sod ium  
b e n z o a te  i t  C affe ine  an d  S od ium  rh-ri7/>ate In jec tio n , 
o r  p ro v id e  p a c .e n t co m fo rt. a s  d o  s - t n a n c e s  ad d ed  to  
m a k e  a  so lu tio n  iso ton ic . T h e y  m ay  en fra m e  th e  ch em ­
ical s ta b il i ty  o f a  so lu tio n , a s  c o  a n tio x id a n ts , in e r t 
g ases, c h e la tin g  a g e n u , an d  bu ffers, o r th e y  m a y  p re ­
se rv e  a  p re p a ra tio n  a r a m s t  th e  g ro w m  o f m icro o rg an ­
ism s. T h e  te rm  ‘'p re se rv a tiv e ”  is so m e tim es ap p lied  
o n ly  to  th o se  su b s ta n c e ?  w hich  p re v e n t th e  g row th  of 
m icroo rgarT sm s ir. a '.r* -p a ra i .cn . T n .c te rm  sh o u ld  n o t , 
b e  so lim ite d  o u t sh ou lo  inc lude  a ll su b s ta n c e s  tr ia t a c t  
t o  r e ta rd  o r  p re v e n t th e  chem ical, pn> sicai, o r  biological 
d e g ra d a tio n  o f a  p re p a ra tio n .

W h ile  ad d e d  su b s ta n c e s  m ay  p re v e n t a  c e r ta in  reac ­
t io n  fro m  ta k in g  p lace , t noy m ay  in duce  o th e rs . N o t 
o n ly  m a y  v islo le  in c o m p a tib ilitie s  occu r, b u t  hydro ly sis , 
c o m p u ta t io n ,  o x id a tio n , a n d  o th e r  inv isib le  reac tio n s  
m a y  d eco m p o se  o r  o th e rw ise  in a c tiv a te  th e  th e ra p e u tic  
a g e n t.  T h e re fo re , ad d e d  su b s ta n c e s  m u s t oe se lected  
w ith  d u e  c o n s id e ra tio n  a n d  in v e s tig a tio n  o f  th e  e tiec t 
o f  th e  su b s ta n c e  on  th e  to ta l  fo rm u la tio n .

A n t i m i c r o b i a l  A g e n t s —T h e  U S P  s ta te s  t h a t  a n ti-
m ic ro b ia l a g e n ts  in  b a c te r io s ta tic  o r fu n g is ta tic  co n ­
c e n tr a t io n s  m u s t  b e  a a  d ec  to  p re p a ra tio n s  c o n ta in e d  in 
m u ltip le -d o se  c o n ta in e rs . T h e y  m u s t b e  p re se n t in 
a d e q u a te  c o n c e n tra t io n  a t  th e  tim e  o f  use*1 to  p rev en t 
th e  • m u ltip lic a tio n  of m icro o rg an ism s in a d v e r te n tly  
in tro d u c e d  in to  th e  p re p a ra tio n  w hile  w ith d ra w in g  a  
p o r t io n  o f  th e  c o n te n ts  w ith  a  h y p o d erm ic  n eed le  an d  
sy r in g e . A m o n g  th e  co m p o u n d s m o st f re q u e n tly
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th e  U S P , a re :  p h en y l m ercu ric  n i t r a te  a n d  th im ero sa l 
0.015c» b e n z e th o n iu m  ch lo rid e  a n d  b e n za lk o n iu m  ch lo ­
r id e  0.01 p h en o l o r  cresol 0.5'- ’_. a n d  c n lo ro b u ta n o l 
0 .55c- T h e  a b o v e  lim it is ra re iv  used  fo r ph en y l- 

‘ m e rc u ric  n i t r a te ,  bein-: m o s t f re q u e n tly  em p lo y ed  in a  
c o n c e n tra t io n  o f  0.002 M e th y l p -h y d ro ry  ben zo a te
0 .1 8 5 c  a n d  p ro p y l p -h .y d ro x y b en zo a te  0 .02  in  co m ­
b in a tio n , a n d  b en zy l a lcohol 2 LT  2re  f re q u e n tly
u se d . I n  o leag in o u s  p re p a ra tio n s , n o  a n tib a c te r ia l  
a g e n t co m m o n ly  em p lo y ed  a p p e a rs  to  be  effective . 
H o w ev er, it  h a s  b een  re p o rte d  th a t  hexy ireso rc ino l 
0 .5  5 V S p h e n y lm e rc u ric  b en z o a te  0 .1 5 c 1* a re  m o d ­
e r a te ly  bacrexicidaU

A n tim ic ro b ia l a g e n ts  m u s t  b e  s tu d ie d  w ith  re sp ec t to  
c o m p a tib il i ty  w ith  a ll o th e r  c o m p o n en ts  o f  th e  fo rm ula . 
I n  a d d it io n , th e ir  a c t iv i ty  m u st be  e v a lu a te d  in  th e  
to ta l  fo rm u la . I t  is n o t u n co m m o n  to  find  th a t  a  
p a r t ic u la r  a g e n t  w ill b e  effec tive  in  o n e  fo rm u la tio n  
b u t  in effec tiv e  in  a n o th e r . T h is  m a y  be  d u e  to  th e  
effec t o f  v a r io u s  c o m p o n e n ts  o f  th e  fo rm u la  o n  th e  
b io lo g ica l a c t iv i ty  o r  a v a ila b ility  o f  th e  co m p o u n d ; 
fo r ex a m p le , th e  b in d in g  a n d  in a c tiv a tio n  o f  e s te rs  o f  
p -h y d ro x v b e n z o ic  ac id  by  m acro m o lecu les su ch  a s  
P o ly so rb a te  80 * o r  th e  re d u c tio n  o f  p h en y lm ercu ric  
n i t r a te  b y  su lfide  res id u es  in  ru b b e r  closures. A 
p h y s ic a l re a c tio n  e n c o u n te re d  is t h a t  b a c te r io s ta t ic  
a g e n ts  a re  so m e tim e s rem oved  from  so lu tio n  b y  ru b b e r  
c lo su res .'*  T h o se  fa c ts  e s ta b lish  th e  p rin c ip le  t h a t  
a n tim ic ro b ia l  a g e n ts  m u s t  be  e v a lu a te d  lo r  th e ir  a c ­
t iv i ty  in  t h e  to ta l  fo rm u la  to  a s su re  th e ir  a c t iv i ty  w hen  
Deeded, n o rm a lly  a t  th e  time* o f  use.

B u f f e r s — B u ffers  a re  used  p rim a rily  to  s ta b ilize  a  
so lu tio n  a g a in s t th e  chem ica l d e g ra d a tio n  t h a t  w ould

occur if  th e  p H  ch an g ed  ay^preciahly. B uffer sy s te m s  
em ployed  scv>uid r.o rm a2 y  r a v e  a s  low a  bu ffe r c a p a c ity  
a s  f*-aribie in  o rd e r  n o t to  d ^ -tu rb  sig n ifican tly  th e  is  A  y 
buffer sy s te m s  v .nen  in je c te d . I n  a d c . t:o n , th e  b jf f - r  
ra r .re  a n d  tzir e-fff-ci oi th e  r/uffer on  m e  a c tiv ity  o f th e  
p ro d u c t m u s t  be e v a lu a te d  carefully .* '' T h e  ac id  sa lts  
m o st f re q u e n tly  em ru o y ed  as  bu ffe rs  a r e  c i tra te s , ace­
ta te s ,  an d  n .nospr.ates.

A n t i o x i d a n t s  — A r .t io x id a n ts a re  f re q u e n tly  req u ired  
to  p reserv e  p ro d u c ts  b ecau se  o f  th e  ease  w ith  w nich 
m an y  d ru g s  a re  ox id ized . S o d iu m  b isu lfite  0 .1 '', 
U m o st f re q u e n tly  u sed . T h e  use o f  su lfites  a s  a n t i ­
o x id an ts  r_as been  rev iew ed  b y  S c b ro e te r ." A cetone  
so d iu m  b isu lfite , so d iu m  fo rm a ld e h y d e  su lfoxy la te , 
an d  th io u re a  a re  a lso  so m e tim es used . T h e  sod ium  
sa lt  o f  e thy  le n c d ia m in e te m a a c e tic  ac id  h a s  been  found 
to  e n h an ce  th e  a c t iv i ty  o f  a n tio x id a n ts  in  som e cases, 
a p p a re n tly  b y  c h e la tin g  m e ta llic  ions t h a t  w ould  o th e r ­
w ise c a ta ly z e  th e  o x id a tio n  re a c tio n .

Pyrogens
P y ro g e n s  a re  n o t  p re d e te rm in e d  c o m p o n e n ts  o f 

p a re n te ra l p re p a ra tio n s , b u t  th e y  m a y  be  p re se n t as 
u n w a n te d  c o n ta m in a n ts . I f  th e y  a re  p re se n t, th e  
p ro d u c t rrt£3' h a v e  to  be d isc a rd e d  since i t  is  v e ry  diffi­
cu lt to  rem o v e  th e m  w ith o u t a d v e rse ly  a ffe c tin g  th e  
p ro d u c t. T h e  o n ly  sa fe  a n d  p ro p e r  w ay  to  m anage 
p v ro g en  c o n ta m in a tio n  is to  keep  i t  o u t  o f  th e  p ro d ­
u c t .  P re sen ce  o f  p y ro g e n s , th e re fo re , is in d ica tiv e  
o f  a n  im p ro p e rly  p re p a re d  p ro d u c t.

P y ro g e n s  cau se  a  feb rd e  re a c tio n  in  h u m a n  beings. 
O xher sy m p to m s  in c lu d e  ch ills , p a in s  in  b a c k  a n d  legs, 
a n d  m a la ise . W hile  p y ro g en s  a re  r a re ly  fa ta l, th ey  
p ro d u c e  sign ifican t d isc o m fo rt fo r  th e  p a t ie n t .  O n  th e  
o th e r  h a n d , p y ro g en s  h a v e  been  sh o w n  to  in d u ce  a  gen­
era l iiuib,»eoific i« si» tan ce  to  m icroo rgan ism s*’ an d , 
on  th is  bosds, h a v e  b een  u se d  th e ra p e u tic a lly .

P y ro g e n s  a re  p ro d u c ts  o f  th e  g ro w th  o f  m icro o rg an ­
ism s. T h e  m o st p o te n t  p y ro g en ic  su b s ta n c e s  are  
p ro d u ced  b y  G ra m -n e g a tiv e  b a c te r ia , b u t  G ram -p o si­
t iv e  b a c te r ia  an d  fung i a lso  p ro d u ce  p y ro g en ic  su b ­
s ta n ces . T h e  p o te n c y  v a r ie s  w ith  th e  species p ro d u c ­
ing  it. C h e m ica lly , p y ro g en ic  m a te r ia l  h a s  b een  show n 
to  be  lip id  in  n a tu re , so m e tim e s c o n ta in in g  phosphorus, 
a n d  is a t ta c h e d  to  a  p o ly sa cch a rid e  o r  a  p ro te in  o r  bo th . 
W h en  so c o m p le te d , it is a  w eak  an tig en .-- A to lerance  
to  p y ro g en s  w ill d ev e lo p  in  m a n  a n d  suscep tib le  
an im als .

P y ro g e n s  can  b e  d e s tro y e d  b y  h e a tin g  a t  h ig h  te m ­
p e ra tu re s . T h e  reco m m en d ed  p ro c e d u re  fo r depyro- 
ze n a tio n  o f  g lassw are a n d  e q u ip m e n t is  h e a tin g  a t  a 
te m p e ra tu re  o f 250- C fo r 45 m in . I t  h a s  been  rep o rted  
th a t  6 5 0 *C for I m in  o r  1 5 0 “C  fo r 4 h r  w ill likew ise 
d e s tro y  p y ro g en s . T h e  u su a l a u to c la v in g  cycle  wuj 
n o t  d o  so . A lth o u g h  h e a tin g  w ith  s tro n g  alkaii 
so lu tio n s  w ill d e s tro y  p y ro g en s , th e  u su a l w ashing 
cycles, in c lu d in g  d e te rg e n t t r e a tm e n t ,  c a n n o t be relied 
o n  to  c o m p le te ly  e lim in a te  p y ro g e n s  f ro m  g lassw are . 
H e a tin g  -"ith o x id iz ing  a g e n ts , su ch  a s  h y d ro g en  ;>■’** 
oxide, w il d e s tro y  p y ro g en s . I t  h a s  b een  re p o rte d  t*-*l 
an io n  ex ch an g e  ro sm s will a d so rb  p y ro g en s  iro ra  w ater. 
H o w ev er, d ie  m o s t re liab le  m e th o d  fo r th e  e lin iinat.on  
o f  th e se  s u b s ta r  .-vs fro m  w a te r  is  d is til la tio n . 
genic  su b s ta n c e s  « re  n o t  v o la tile  a n d  th u s  w ill renvua 
in  th e  d is til la n d . T h e  o n ly  m e th o d  a v a ila b le  lo r 
s id e ra tso n  fo r th e  re m o v a l o f  p y ro g en ic  s u h s t a - '^ ' 
fro m  so lu tio n s  is  n i t ra t io n  th ro u g h  a sb esto s  
T h is  m e th o d  is q u ite  lim ite d , h o w ev er, since 
fibers re m o v e  th e  p y ro g e n  b y  a d so rp tio n  a n d  th e  >nna

p h y s ic a l p h e n o m e ro -  ?~- 
s t i t u e n t i  as  well. jr. r 
a c t io n  r i ad -o rj/tio -- - • 
s a tu ra te d ,  th e  r^rr.i -

* th ro u g h  tn o  i.rs .r . j-_
1 in  p lia rm sc e  j t i c a i  * r<
■ B om etirr.es b y  c . r - f  *
i d i lu te  a d d ,  o r  :r„
: S o u r c e s  o f  P y ro g e n  >
' r a t io n  by  a n y  m e a - - •. -
' m ic ro o rg an ism s c r
! P e rh a p s  th e  g re a te s t j*_: 
| n a t io n  is th e  w a te r  :
| d is ti l la t io n  w ill rrovio-^
; p o te n tia l  so u rce  o f
) g e n ic  m a te r ia ls  a — -re
• p a r tic u la r , b u t  a^-o to  t r
' R e u s in g  con ta in er^  e ­
; is  a  d a n g e ro u s  an d  a s,;-*;

I* ta m in a tio n . R es. d_ e s c :
b eco m e  b ac te ria l c u .tu re s  

f v iro n m e n i. S uch  ee:;..--
j ^ t h  p y rogens. E-. en

p o se d  to  th e  a tm o sp h e re  n 
fo r  m icro o rg an ism s to  c 
d e s tro y  py rogens, tr.-r .■ ; 
lo n g  periods o f  tim e . Ac 
b y  d ry  h e a t d e p y ro g e m : 
e q u ip m e n t su ita b le  for ui.

T h e  so lu te  also  m a v  be . 
m a y  b e  crystali^-i-d  or 
liq u id s  co n ta in in g  p v rog  
p ro c e ss  p;.TOgens rr.sv  he 
la y e rs . In  su ch  cases tn  
re c ry s ta lliz a tio n , c reed :.:, 
to  e lim in a te  th e  pyrotrer.s.

T h e  m a n u fa c tu r in g  pro. 
w i th  g re a t care  a n d  „  t ,  
th e  r isk  o f  microb_aJ co r 
m o re  p ro d u c t sh o u ld  he nr* 
p ro cessed  w ith in  o n e  » c r  
t io n . B y  far th e  bes t pn.v 
d u c t io n  o f  p y ro g en s ra th e : 
th e m , a  ta sk  w h ich  weii m

Containers

C o n ta in e rs  a re  a n  in teg r 
a n  in je c tio n  a n d  m a y  be 

‘ th e r e  is  no  c o n ta in e r  th a t  t  
in  so m e  w ay  affec t th e  1: 
if  t h e  liqu id  is aqu eo u s , 
c o n ta in e r  for a  o a r t ic u ia r  : 
c o n s id e ra tio n  o f  th e  co m r 
w ell a s  o f  th e  so lu tio n , ar.d 
be  su b je c te d .

PL

T h e rm o p la s t ic  p o ly m e r  
a  fe w  a re  being  u se d  as 
se le c te d  s te r ile  p ro d u c ts  
so lu tio n s . H o w ev er, i t  : 
th e rm o p la s tic  co m p o u n d s r 
c te n tly  to  p ro v e  then- non : 
d e n n ite  re a c tiv ity  p a t te rn  : 
p a c k a g in g  o f  in jec tio n s.

A u t ia n  h a s  thoroagh.K  
m a te r ia ls  in  p h a rm a  ecu : :ce. 
b a v e  sh o w n  t h a t  e x tra c tiv e :
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1 p h y sic a l p h e n o m e n o n  m a y  a c t  to  rem o v e  chem ical c o n ­
s t i tu e n ts  a s  w ell. In  a d d itio n , since th e  m ech an ism  o f  
a c tio n  is a d so rp tio n , on ce  tn e  fibers o f a sb esto s  a re  
s a tu ra te d , th e  re m a in in g  py rog en ic  m a te r ia l will p ass  
ir .ro  Jg h  th e  n ite r . In -p ro c e ss  d e s tru c tio n  o f  p y ro c e n s  
in p n a rm a c e u tic a i  p re p a ra t io n s  m a y  be  accom p:Isr.ed  
so m e tim e s  b y  care fu l h e a tin g  w ith  d ilu te  a ls a i i ,  
d i lu te  a c id , o r  rr.iJd o x id iz in g  ag e n ts .

S o u r c e s  o f  P y ro g e n s — P y ro g e n s  m ay  e n te r  a  p r e p a ­
ra tio n  b y  a n y  m ean s  th a t  will in tro d u c e  U sing  o r  d ead  
m icro o rg an ism s o r  th e  p ro d u c ts  o f  th e ir  g row th- 
P e rh a p s  th e  g re a te s t y o te n tia l source o f  su ch  co n tam i-  
c a tfo n  is th e  w a te r  used  in p ro d u c ts . H ow ever, pror>er 
d is til la tio n  w ill p ro v id e  py rogen-free  w a te r . A n o th e r  
p o te n tia l so u rce  o f  c o n ta m in a tio n  is e q u ip m e n t. P y ro ­
genic m a te r ia ls  a d h e re  s tro n g ly  to  glass su rfaces  in  
p a r tic u la r , b u t  also  to  th e  su rface  o f  o th e r  e q u ip m e n t. 
R eusing  c o n ta in e rs , a s  is o f te n  p rac ticed  in  H ospitals, 
is a  d a n g e ro u s  a n d  a s ig n if ic a n t source  o f  p y ro re n ic  c o n ­
ta m in a tio n . R e sid u es o f  so lu tio n s in used b o ttle s  o ften  
becom e b a c te r ia l  c u ltu re s  from  se p tic  p a tie n ts  o r  th e  e n ­
v iro n m e n t. S uch  b o ttle s  w ill be  h eav ily  c o n ta m in a te d  
w ith  p y ro g en s . E v e n  w ashed  b o ttle s  le ft w et an d  ex ­
posed to  th e  a tm o sp h e re  m a y  co n ta in  sufficient n u tr ie n ts  
for m ic ro o rg an ism s to  grow . S ince  d ry in g  does n o t  
d es tro y  p y ro g en s , th e y  m ay  re m a in  in e q u ip m e n t fo r 
long p e rio d s  o f  tim e . A d e q u a te  w ash ing  acco m p an ied  
by d ry  h e a t  d e p y ro g e n a tio n  w ill re n d e r  c o n ta m in a te d  
eq u ip m en t su ita b le  for use .

T h e  so lu te  a lso  m a y  be  a  so u rce  o f  py ro g en s. S o lu te s  
m ay b e  c ry s ta lliz e d  o r  p re c ip ita te d  fro m  a q u e o u s  
liquids c o n ta in in g  p y ro g en ic  c o n ta m in a tio n . I n  th e  
process p y ro g e n s  m a y  b e  tra p p e d  w ith in  th e  p a r tic le  
layers. I n  su c h  cases th e  so lu te  m u s t be  p u rified  by  
rec ry s ta lliza tio n , p re c ip ita te  w ash ing , o r  o th e r  m ean s  
to  e lim in a te  th e  p y rogens.

T h e  m a n u fa c tu r in g  p rocess also  m u s t  be  c a rr ie d  o u t  
w ith g re a t c a re  a n d  a s  r a p id ly  a s  possib le to  m in im ize  
the risk  o f  m icro b ia l c o n ta m in a tio n . P re fe ra b ly , no  
more p ro d u c t sh o u ld  be p rep a red  th a n  c a n  be  co m p le te ly  
processed w ith in  o n e  w ork in g  d a y . inc lu d in g  s te r iliz a ­
tion. B y  fa r th e  b es t p ro ced u re  is to  p rev en t th e  in tro ­
duction  o f  p y ro g en s  r a th e r  th a n  to  a t te m p t  to  rem o v e  
them , a ta s k  w h ich  w ell m a y  be  v ir tu a lly  im possib le .

. Containers
Containers a re  an in te g ra l p a r t  o f  th e  fo rm u la tio n  o f  

Bn in jec tio n  a n d  m a y  be  considered  a  c o m p o n e n t, fo r 
there is no c o n ta in e r  t h a t  is to ta l ly  in so lub le  o r  does n o t  
Y} som e way a ffe c t th e  liq u id  it  co n ta in s , p a r tic u la r ly  

liq u id  is  aq u eo u s . T h erefo re , th e  se lec tio n  o f  a 
container fo r a p a r t ic u la r  in jec tio n  m u s t  be  b ased  o n  a 
consideration  o f  th e  co m p o sitio n  o f  th e  c o n ta in e r , as 
well as o f th e  solution, a n d  th e  tr e a tm e n t  to w h ich  it will 

su b jec ted .

Plastic
"T herm oplastic  p o ly m e rs  a re  b e in g  c o n s id e re d  a n d

* few- a re  b e in g  u se d  a s  th e  c o n ta in e r  m a te r ia l  fo r 
"“ ■^cted s te r i le  p ro d u c ts , p a r t ic u la r ly  o p h th a lm ic  
^uX Jons. H o w ev er, it  is gen era lly  conceded  t h a t
%*naoplastic co m p o u n d s h av e  n o t been  s tu d ie d  sufffi- 
>'ntly  to  p ro v e  th e ir  n o n re a c tiv ity , o r  to  e s ta b lish  a  
""•nue re a c t iv i ty  p a t te rn  to  define  th e ir  s a fe ty  fo r th e

* '  **ging o f  in jec tio n s.
A uttan  h a s  tlio ro u g h iv  rev iew ed  th e  u se  o f  p la s tic  
'"e ria ls in  pharm acvuticsU  p ra c tic e .3* H e  a n d  o th e rs  

uv* show n t h a t  e x tra c tiv e s  a re  o b ta in e d  f ro m  th e rm o ­

p la s tic  m a te r ia ls  a n d , w ith  c e r ta in  p o ly m e rs , so rp ­
tio n  'a b so rp tio n  a n d  o r  ad so rp tio n *  o f  d ru g  m olecu les 
o r  ions m a y  o c c u r .— T h e  la t t e r  is  o b se rv e d  in  p a r t ic u ­
la r  w ith  p o ly am id es  such  a s  n y lon .

T h e  lack  o f  su ffic ien tly  hig.n s ta n d a rd s  in  th e  m a n ­
u fa c tu re  o f  p la s tic s  an d  th e  fa c t  t h a t  th e  low er-co st 
p o ly m e rs  c a n n o t  b e  s te rilized  b y  th e rm a l m e th o d s  a re  
a lso  d e te r re n ts  to  th e ir  u se . T h e se  a n d  o th e r  p ro b ­
lem s a re  rece iv in g  c o n c e n tra te d  a t te n t io n .  I t  seem s 
re a so n a b le  to  e x p e c t t h a t  e v e n tu a lly  th e rm o p la s tic  
m a te r ia ls  will be  u sed  fo r c o n ta in e rs  o f  se le c te d  in je c t­
ab le  p re p a ra tio n s . A t p re se n t, h o w ev er, t h e  u se  o f  
th e se  m a te r ia ls  is lim ited  largely  to  c o m p o n e n ts  o f  d is ­
p o sab le  in je c tio n  u n its  w h ere  c o n ta c t  w ith  th e  so lu tio n  
is b rie f.

F o r  o p h th a lm ic  p r e p a ra t io n s  th e  f le x ib ility  o f  th e  
lo w -d e n s ity  p o ly e tn y le n e  p o ly m e r  p ro v id e s  a  sign ifi­
c a n t  u se  c r .a ra c te r is t ic , m a k in g  i t  p o ss ib le  t o  sq u e eze  
o u t  a n d  a d m in is te r  o n e  o r  m o re  d ro t/s  o f  th e  p r e p a ra ­
tio n . T h e re fo re , se v e ra l o p h th a lm ic  fo rm u la tio n s  
h a v e  been  a d a p te d  to  p la s tic  c o n ta in e r s .55

W h e n  th e rm o p la s tic  c o n ta in e rs  a re  u se d  fo r s te r ile  
so lu tio n s , th e  e m p ty  c o n ta in e r  m u s t  be  s te riliz e d  b y  
m e a n s  o f  e th y le n e  oxide o r  ion ized  r a d ia t io n s  a n d  
fiiled a se p tic a iiy  w ith  a  s te r i le  s o lu tio n . C o n s id e ra b le  
a t t e n t io n  is b e in g  g iv en  t o  th e  sm a ll a m o u n t  o f  
e th y le n e  o x id e  re s id u e  in  p la s tic s  a f t e r  s te r i l iz a t io n  
a n d  i t s  p o te n t ia l  to x ic  e ffe c ts .5* S ee  C h a p te r  91 o n  
P la stics .

Glass

G la ss  is  e m p lo y e d  a s  th e  c o n ta in e r  m a te r ia l  o f  
ch o ice  fo r  m o s t  in je c tio n s . I t  is c o m p o se d  p r in c ip a lly  
o f  silicon  d io x id e  w ith  v a ry in g  a m o u n ts  o f  o th e r  o x ides 
su c h  a s  th o se  o f  so d iu m , p o ta ss iu m , ca lc iu m , m ag ­
n es iu m . a lu m in u m , b o ro n , a n d  iro n . T h e  b a s ic  s t r u c ­
tu r a l  n e tw o rk  o f  glass is fo rm ed  b y  th e  s ilicon  ox ide  
te t r a h e d ro n .54 B o ric  ox ide  w ill e n te r  in to  th i s  s tru c ­
tu re . b u t  m o s t o f  th e  o th e r  o x id es d o  n o t .  T h e  la t te r  
a re  o n ly  loosely  b o u n d , a re  p re se n t in  tn e  n e tw o rk  in te r­
s tice s, a n d  a re  re la tiv e ly  free  to  m ig ra te . T h e se  
m ig ra to ry  o x ides m a y  be  leach ed  in to  a  so lu tio n  in  
c o n ta c t  w ith  th e  glass, p a r t ic u la r ly  d u r in g  th e  in c rease d  
re a c t iv i ty  o f  th e rm a l s te r iliz a tio n . T h e  o x id es th u s  
d isso lv ed  m a y  h y d ro ly z e  to  ra ise  th e  p H  o f  th e  so lu tio n , 
c a ta ly z e  re a c tio n s , o r  e n te r  in to  re a c tio n s . I n  a  m a n ­
n e r a s  y e t  u n c e r ta in , so m e  g lass c o m p o u n d s  w ill be  
a t ta c k e d  b y  so lu tio n s  a n d . in  tim e , d is lo d g e  g iass  flakes 
in to  th e  o lu tio n . D is tu rb in g  re a c tio n s  su e n  a s  th e se  
can . h o w ev er, be  m in im ized  b y  th e  p ro p e r  se lec tio n  
o f  th e  g lass co m p o s itio n .

T y p e s — T h e  IfiSP h a s  a id e d  in  th is  se le c tio n  b y  p ro ­
v id in g  a  c lassifica tio n  o f  g lass; n a m e ly . T y p e  I, a 
b o ro siiica te  glass: T y p e  I I .  a  so d a -lim e  t r e a te d  glass: 
T y p e  I I I ,  a  so d a -lim e  glass; a n d  N P . a  so d a -lim e  glass 
n o t  su ita b le  fo r c o n ta in e rs  fo r  p a re n t  e ra ls . T y p e  I  
g la ss  is  com posed  p rin c ip a lly  o f  silicon  d iox ide  a n d  bo ric  
o x ide , w i th  iow  levels o f  th e  n o rm e tw o tk - forrm r.g  oxides. 
I t  is  a  ch em ica lly  r e s is ta n t g lass  low  le a e h a b iiity  > ais> 
h a v in g  a  low  th e rm a l coeffic ien t o f  ex p an s io n . T y p e  I I  
a n d  T y p e  I I I  g lass  c o m p o u n d s a re  co m p o sed  o f  re la ­
tiv e ly  h ig h  p ro p o rtio n s  o f  so d iu m  ox id e  a n d  ca lc iu m  
ox ide . T h is  m a k e s  th e  g lass c h em ica lly  less re s is ta n t .  
B o th  o f  th e se  ty p e s  m e lt a t  a  low er te m p e ra tu re ,  a re  
eas ie r  to  m o ld  in to  v a rio u s  sh a p e s , a n d  h a v e  a  h ig h er 
th e rm a l coeffic ient o f  e x p an s io n  th a n  T y p e  I . W hile  
th e r e  is n o  o n e  s ta n d a rd  fo rm u la tio n  fo r g lass a m o n g  
m a n u fa c tu re rs  o f  th e se  L*SP ty p e  ca te g o rie s . T y p e  I I  
g lass u su a lly  h a s  a  low er c o n c e n tra t io n  o f  th e  m ig ra to ry


