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ABSTRACT 

The inf luence  of various f a c t o r s  on the formation ra te ,  

of  peroxide-like impur i t ies  i n  polyethylene g lycols  was 

studied.  Conditions of high temperature and a g i t a t i o n  increased  

this r a t e .  Varying forna t ion  rates were found with g lycols  from 

d i f f e r e n t  manufacturers and this seemed to  be r e l a t e d  to  the 

i n i t i a l  l e v e l  o f  peroxide impurity. Aged samples generated 

peroxides a t  a f a s t e r  rate than g lycols  r e c e n t l y  acquired f m n  a 

manufacturer. Peroxides were an intermediata  i n  t h e  degradat ion 

of glycols  t o  carboxyl ic  acids .  It i s  suggested that an atmos- 

phere of  ni t rogen be used when s o l u b i l i z i n g  drugs i n  g lycols  a t  

high temperatures. The mixing of polyethylene g lycol  1500 a t  

70' with white  petrolatum, r e s u l t e d  i n  a rap id  decrease i n  peroxide 

content  i n  the glycol  and improved t h e  s t a b i l i t y  of  ox id izable  

drugs i n  ointment formulations containing g lycol  and .petrolatum. 
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INTRODUCTION 

MC GLNITY ET AL. 

The s o l u b i l i z i n g  proper t ies  of polyethylene g l y c o l s  f o r  

hydrophobic drugs a r e  w e l l  known and these  p r o p e r t i e s  have been 

u t i lzzed  i n  s e v e r a l  pharmaceutical formulations. However, l i k e  

many polyoxyethylene non-ionic s u r f a c t a n t s ,  polyethylene g l y c o l s  

a r e  suscept ib le  t o  autoxidat ion.  I n  an e a r l i e r  r e p o r t  (11, t h e  

poor s t a b i l i t y  of an experimental t o p i c a l  s t e r o i d  i n  d i f f e r e n t  

samples of polyethylene g lycol  300, w a s  related t o  t h e  l e v e l s  of 

peroxide impurity i n  t h e  g lycol  sample. Glycols from d i f f e r e n t  

manufacturers were found t o  have varying peroxide impuri ty  l e v e l s .  

The s t a b i l i t y  of drugs i n  polyoxyethylenic vehic les  has been 

the s u b j e c t  of many inves t iga t ions .  Whitworth e t  a l .  (2,3) have 

demonstrated t h a t  the i n s t a b i l i t y  of a s p i r i n  i n  p l y e t h y l e n e  g lycol  

w a s  due i n  part to  a t r a n s e s t e r i f i c a t i o n  r e a c t i o n  between t h e  

a s p i r i n  and t h e  polyethylene g lycols .  Recently Hamburger and co- 

workers ( 4 )  reported t h a t  t h e  degradat ion of benzocaine hydrochlor ide 

i n  aqueous cetomacrogol s o l u t i o n  w a s  due t o  the development of 

peroxides. The s t a b i l i t y  of s e v e r a l  a n t i b a c t e r i a l  agents  i n  g lycol  

vehicles  has been s tudied  by Coates e t  a l .  ( 5 ) .  I n  this i n v e s t i -  

gat ion,  p e n i c i l l i n  and b a c i t r a c i n  were rap id ly  destroyed i n  polyethy- 

lene glycols .  The s t a b i l i t y  of chloramphenicol ( 6 )  and hydrocort isone 

(7 )  a l s o  decl ined i n  g lycol  vehic les ,  where- Boden and Taub ( 8 )  

suggested polyethylene g lycol  400 as a s t a b i l i z i n q  s o l v e n t  i n  

parentera l  pentobarb i ta l  sodium solu t ions .  The degradat ion of 

tripalennamine hydrochlor idem polyethylene g l y c o l  300 w a s  reported 

by Boon and Mace (9) to  be dependent on the concent ra t ion  of  

e thylene  oxide i n  t h e  vehicle .  

Although t r a n s e s t e r i f i c a t i o n  and e thylene  oxide ca ta lysed  

degradat ive mechanisms have sen suggested, a survey of the  l i t e r a t u r e  D
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POLYETHYLENE CLYCOLS 

ind ica ted  that autoxidat ion,  pr imari ly  due t o  peroxide formation 

i s  the nost comuon pathway of drug degradation i n  formulations 

containing polyethylene glycol8 . 
This  present  study w a s  undertaken to i n v e s t i g a t e  the various 

process f a c t o r s  which inf luence  peroxide formation i n  polyethylene 

glycols .  I n  addi t ion ,  a method is reported which overcomes the 

j n s t a b i l i t y  of oxidizable  drugs i n  polyethylene g lycol  when 

incorporated i n t o  w h i t e  petrolatum ointmant formulations, without  

adding an t iox idants  o r  che la t ing  agents. 

50 7 

Unless otherwise s t a t e d ,  the g lycol  samples were mechanically 

s t i r r e d  i n  a one l i ter  conical  f l a s k  immersed i n  a constant  tempera- 

ture o i l  bath. 

depth of 2 c m  below t h e  sur face  of the melted glycol .  The levels 

of  peroxide impurity i n  the g lycol  wero determined by r e a c t i n g  an 

a c i d i f i e d  potassium iodide  s o l u t i o n  with the glycol  f o r  45 minutes 

i n  the  dark and t i t r a t i n g  the l i b e r a t e d  iodine with s tandard sodium 

t h i o s u l f a t e  so lu t ion .  Since the nature  of  t h e  oxidant  (paroxide, N- 

oxide or peroxide-like mater ia l )  i s  unkncmn, millconception is 

avoided by expressing the l e v e l s  of  impurity as microequivalents 

of t h i o s u l f a t e  per gram of sample, as i n  the  following equat ion (10):  

The polyethylene stirrer w a s  maintained a t  a cons tan t  

where P is  t h e  peroxide content  expressed as microequivalents of 

t h i o s u l f a t e  per gram of polyethylene glycol; T is t h e  number of 

milliliters of t h i o s u l f a t e  f o r  t h e  sample t i t r a t i o n  minus, t h e  blank 

t i t r a t i o n i  N is  the normality of t h e  s tandardized t h i o s u l f a t e ,  and 

PG is the number of grams of polyethylene glycol .  Polyethylene 

g lycol  1500 used i n  t h e  ointment s t u d i e s  was separa ted  from white  D
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MC G I N I T I  ET Al..  508 

p e t r o l a t u m  by a l l o w i n g  t h e  wi thdrawn s a m p l e  to se t t le  w i t h  no  

a g i t a t i o n .  

p h a s e  was removed a n d  t h e  lower g l y c o l  p h a s e  w a s  a s s a y e d  f o r  

p o r o x i d e  c o n t e n t .  

d u p l i c a t e  a s s a y s .  

When the sample  w a s  c o o l e d  to R.T., the u p p e r  p e t r o l a t u m  

All v a l u e s  r e p o r t e d  are the a v e r a g e  o f  a t  least  

RESULTS ND DISCUSSION 

'The r a t e  o f  d i s s o l u t i o n  o f  steroids and o t h e r  s l o w l y  s o l u b l e  

h y d r o p h o b i c  d r u g s  i n  p o l y e t h y l e n e  g l y c o l s  c a n  be i n c r e a s e d  by 

i n c r e a s i n g  t h e  t e m p e r a t u r e  and  a g i t a t i o n  c o n d i t i o n s .  The d e g r a d a t i o n  

o f  g l y c o l s  v i a  a u t o x i d a t i o n  h a s  b e e n  known f o r  several  y e a r s  (11). 

Data i n  F i y .  1 d i s p l a y  the breakdown o f  p o l y e t h y l e n e  g l y c o l s  a t  

e l e v a t e d  t t>nlpera ture .  

Data 111 F i g .  2 show p e r o x i d e  f o r m a t i o n  f rom three d i f f e r e n t  

l o t s  of I m l y c t h y l e n e  g l y c o l  400, a l l  f rom the same m a n u f a c t u r e r .  I t  

was dpiJ3TfIlt t h a t  t h e  rate o f  f o r m a t i o n  o f  i m p u r i t y  was r e l a t e d  t o  

t h e  i n i t i a l  amount o f  p e r o x i d e  i n  t h e  sample .  However t h e  rate o f  

p e r o x i d e  i o r m a t i o n  i n  I1 and I11 d i d  no t  i n c r e a s e  to t h a t  o f  sample  I 

o n c e  t h e  i n i t l a 1  l e v e l s  o f  I were s u r p a s s e d .  This would s u g g e s t  t h a t  

the i n i t i a l  l e v e l  o f  p e r o x i d e  w a s  related to  the c o n c e n t r a t i o n  o f  some 

c a t a l y s t  e . . ~ .  iiietal i o n s ,  i n  t h e  g l y c o l ,  that is r e s p o n s i b l e  f o r  p e r o -  

x i d e  f o r m d t i u n .  'Phis  r e l a t i o n s h i p  i n  F i g .  2 ,  however ,  d i d  n o t  h o l d  

when g l y c o l  smplcs f rom d i f f e r e n t  m a n u f a c t u r e r s  were compared.  

The inC1w: icu  o f  s t i r r i n g  rate on p e r o x i d e  f o r m a t i o n  i s  r e p o r t e d  

i n  F i g .  3. As a y i t a t i o n  c o n d i t i o n s  increased, t h e n  t h e  l e v e l s  o f  

i m p u r i t y  a l s o  i n c r e a s e d .  I t  s h o u l d  b e  n o t e d  t h a t  w i t h  n o  a g i t a t i o n ,  

t h e  rate o f  pc i -oxide  f o r m a t i o n  was decreased. The i n f l u e n c e  of 

b o t h  h e a t  dad oxygen o n  t h e  d e g r a d a t i o n  o f  p o l y e t h y l e n e  g l y c o l s  is  s e e n  

i n  F i y .  4 .  The rate o f  f o r m a t i o n  of p e r o x i d e  i m p u r i t i e s  w a s  d e c r e a s e d  

when a i ~  W A S  n o t  s t i r r e d  i n t o  t h e  g l y c o l .  P e r o x i d e  levels w e r e  r e d u c e d  

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
/1

7/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



POLYEmrLeNE GLYMLS 509 

5S0 

soo 

1 

0 1 2 3 4 
HOURS HOURS 

Figure 1 

Influence of  temperature on peroxide formation i n  polyethylene g lycol  1500 
agitated a t  250 rpm.  
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510 f4C GINITY ET AL. 

I 

1G 

1 2 3 4 5 6 
HOURS 

Figure 2 

Peroxide formation i n  three d i f f e r e n t  samples of polyethylene glycol 4 0 0 ,  
a l l  from the same manufacturer, heated a t  60° and agitated a t  250 rpm. 
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POLYETHYLENE GLYCOLS 511 

I 1 L 

HOURS 

Figure 3 

Peroxide formation i n  polyethylene g lycol  1500, heated a t  60° 
under varying agitat ion conditions. 
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512 MC CINITY ET AL. 

2 cm from surface 
of glycol ( A i r )  

I0 am from Surface 
of glycol (Are) 

2 an from surface 
of glycol 

(Nitrogen) 

0 1 2 3 4 5 6 
HOURS 

Figure I 
Influence of depth of the stirrer blade on peroxide formation i n  polye- 
thylene g lycol  1500 heated a t  60° and a g i t a t e d  a t  250 rpm, under an 
a m s p h e r e  of a i r  or nit rogen.  

f u r t h e r  by purging the medium with ni t rogen and maintaining an 

atmos@are of  ni t rogen above the glycol .  The inf luence of  oxygen was 

dl50 apparent when severa l  semi-solid polyethylene g lycols  w e r e  
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POLYETHYLENE GLYCOLS 

randomly assayed. Glycol samples from the sur face  contained up to  

ten  times the peroxide l e v e l s  compared t o  samples assayed from the 

bottom of  the container .  This phenomendm w a s  only evident  i n  aged 

samples ( 3  to, 8 years)  and w a s  not  observed i n  polyethylene g lycols  

recent ly  purchased from the manufacturer. The formation rate of 

peroxides and i n i t i a l  l e v e l s  of impurity were lower i n  f r e s h  samples 

513 

of glycols ,  than i n  aged samples, as seen i n  Fig. 5. Although it would 

appear from Fig. 5 t h a t  degradat ion is related to t h e  molecular weight 

of t h e  glycol  t h i s  was not  the case f o r  g lycols  f rom'other  manufacturers. 

However t h i s  in f luence  of age on the formation rate of  peroxide w a s  

ev ident  with glycols  from a l l  manufacturers. As noted previously by 

t h e  authors  (11, a small quaut i ty  of hydrogen peroxide had been added 

by a manufacturer t o  its polyethylene g lycols  to maintain a water clear 

product. NO glycols  from t h a t  manufacturer were u t i l i z e d  i n  t h i s  present  

s tudy . 
Data i n  Fig. 6 demonstrate the inLluence of heat and 

a g i t a t i o n  f o r  an extended per iod of t i m e .  A l l  t h r e e  samples shoved 

a dec l ine  i n  peroxide l e v e l s  a f t e r  a peak w a s  a t ta ined .  O t h e r  samples 

however, not  shown i n  Fig. 6 ,  plateaued a f t e r  3 or 4 days and showed 

a gradual  dec l ine  i n  peroxide a f t e r  10 to  15 days. 

The following pathway of  degradat ion w a s  reported by Mclenzie (12). 

ROCH2cH20H + 02+ ROCH2$HOH + *OOH (1) 

( 2 )  c"" ROCH2$HOH + O2 4 RocHz  

0 
0 

ROCH2CH20Qi OH + ROCH2$HOCH2CBOH (3) 
0 
0 
H 

2sI 

? 

ROCH CH OH + ROCH2 ROCH2$HOH + ROCH2CHOH (4) 
I 2 2  

? 0 
0 
H D
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Figure 5 

ET AL. 

Peroxide formation i n  new (lover three curves) and aged samples of 
polyethylene glycols  heated a t  60' and aqitated a t  250 rpm. 
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WLY FlWLENE CLY COLS 515 

c 
0 
.40 
c 

DAYS 

FILure 6 

Influence of temperature on three samples of polyethylene glycol 
1500 maintained at 60° and aeltated at 250 rpa for five days. 

This h e a t  i n s t a b i l i t y  of peroxides ind ica ted  t h a t  t h e  peroxide 

impur i t ies  a r e  intermediates  i n  t h e  degradation of glycols  to  

carboxyl ic  acid. Formation of carboxyl ic  acids was followed i n  t h e  

samples i n  Fig. 6 by t i t r a t i n g  the  d i l u t e d  g lycol  s o l u t i o n  with 

s tandard sodium hydroxide. 

i n  a c i d i t y  of t h e  glycol. This suggested that f o r  glycol  samples 

where peroxide formation plateaued f o r  s e v e r a l  days, t h e  r a t e  of 

formation of  peroxide approached t h e  rate of degradation of t h e  

carboxyl ic  acid. I t  is  obvious then t h a t  t h i s  gradual dec l ine  i n  

pH of the  vehic le  would have ser ious  implicat ions on the  s t a b i l i t y  

of drugs suscept ib le  t o  acid catalysed hydrolysis .  

In a l l  cases, there  was a gradual increase  
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516 HC GINITY ET AL. 

The problem of au toxida t ive  degradat ion of s t e r o i d s  i n  l o t i o n  

formulations containing polyethylene g lycols ,  w a s  a l s o  experienced 

with ointment formulations. The s t a b i l i t y  of an experimental t o p i c a l  

c o r t i c o s t e r o i d  i n  polyethylene g lycol  1500 - white  petrolatum ointment 

formulations (1:9) has been shown i n  these  l a b o r a t o r i e s  t o  be in-  

fluenced by the method O E  manufacture of the  ointment. 

s t e r o i d  was dissolved i n  hot  polyethylene g lycol  1500, cooled to room 

temperature and mixed with the petrolatum, 30% of t h e  drug degraded 

a f t e r  3 weeks a t  40°. 

( 7 0 ° )  w a s  added t o  t h e  melted g lycol  vehic le  containing t h e  d isso lved  

s t e r o i d  and the mixture a g i t a t e d  a t  400 rpm t o  room temperature, then 

chemical s t a b i l i t y  w a s  maintained. Less than 2% drug had degraded 

under the same s torage  condi t ions.  However a f t e r  approximately 6 

months. the rate of degradat ion s t e a d i l y  increased.  With t h i s  l a t t e r  

method, peroxides were bel ieved to  be removed by petrolatum v i a  

e i t h e r  p a r t i t i o n i n g  or r e a c t i n g  with components of t h e  petrolatum. 

Using a 1:l r a t i o  of  polyethylene g lycol  1500 and white petrolatum, 

approximately 70-90% of t h e  peroxide impur i t ies  w e r e  removed from t h e  

glycol  during the i n i t i a l  LO min of mixing, as seen  i n  Fig. 7. The 

increase i n  peroxide levels following t h e  minima suggests  t h a t  as  

more peroxide w a s  formed, the  r e m v a l  process of t h e  petrolatum 

became s a t u r a t e d  as l e v e l s  i n  the g lycol  increased. Preliminary d a t a  

with o ther  ointments indicate . .  t h a t  as t h e  content  of petrolatum 

w a s  increased,  the i n i t i a l  p a r t i t i o n i n g  rate of t h e  peroxide 

increased and subsequent appearance of peroxide i n  the glycol  phase 

was correspondingly decreased. It should a l s o  be mentioned t h a t  i n  

the f i n a l  ointment product the glycol  would be dispersed  i n  t h e  

petrolatum, and autoxidat ion under these condi t ions would be 

expected t o  be minimal. These i n v e s t i g a t i o n s  a r e  being continued 

When t h e  

On t h e  o t h e r  hand, when t h e  h o t  petrolatum 
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0 

I t 1 I 

MINUTES 
Figure 7 

Influence of white petrolatum on peroxide l e v e l s  i n  polyethylene g lycol  
1500 when mixed i n  a 1 : l  r a t i o  a t  70° and agitated a t  250 rpm. 
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518 MC CINITY ET AL. 

with white  petrolatum from d i f f e r e n t  manufacturers and r e s u l t s  w i l l  

be reported a t  a later da te .  

CONCLUSIONS 

The breakdown of  g l y c o l s  t o  peroxides was s t u d i e d  under a 

v a r i e t y  of  exper-ntal  condi t ions.  Age, temperatures, oxygen and 

source of supply of the polyethylene g lycols  were shown t o  be 

i n f l u e n t i a l  f a c t o r s  i n  g lycol  s t a b i l i t y .  

The formation of peroxide i m p u r i t i e s  i n  l i q u i d  and semi-solid 

formulations conta in ing  polyeClaylane g lycol  may markedly inf luence  

s t a b i l i t y  of  an active i n g r e t  s n t .  In o r d e r  to  avoid these  problems 

the authors  sugges t  t h e  formulator  to use t h e  h i g h e s t  q u a l i t y  g lycols  

and employ an atmosphere o f  n i t rogen  dur ing  production. 

drug s t a b i l i t y ,  monitoring the  peroxide and a c i d  l e v e l s  i n  the fonau- 

l a t i o n  during long term s t a b i l i t y  s t u d i e s  is recommended. 

Along with 

It  has been shown t h a t  polyethylene g l y c o l s  from d i f f e r e n t  

suppl ie rs ,  may produce varying s t a b i l i t y  d a t a  f o r  formulat ions 

containing t h i s  vehic le .  Varying impuri ty  l e v e l s  o f  g lycols  may 

possibly account f o r  l a r g e  d iscrepancies  i n  p e n i c i l l i n  s t a b i l i t y  i n  

g lycol  mixtures ,  as reviewed by Coates and coworkers ( 5 ) .  
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