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ABSTRACT

A review is provided, related to the chromatographic methods used to

assess the accumulation of leachable substances from packaging materials

used for pharmaceutical products. The review considers methods used to

identify and=or quantify such leachables in actual products or product

simulating solvent systems.
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DISCUSSION

Plastic materials are widely used in medical items, such as solution

containers, transfusion sets, transfer tubing, devices, and packaging systems.

The physiochemical nature of these materials provides medical products with

their necessary, desirable performance characteristics. While an important

performance characteristic of plastics used in medical application is chemical

inertness, interactions between a plastic material and a contacted pharmaceu-

tical product are well documented. Such interactions may include sorption, the

uptake of product components by the plastic material, or leaching, i.e., the

release of plastic material components into the product. In the case of leaching,

both the identities of the leached substances and their accumulation levels may

impact the ultimate utility of the product.

Assessment of the impact of the accumulation of leached substances in

pharmaceutical products contacted by a plastic material during their manu-

facture, storage, and=or use is a multi-faceted undertaking involving disci-

plines within the applied physical, chemical, and biological sciences. While

numerous strategies can be envisioned, and have been utilized to perform such

an assessment, considerations include the identification of the leached sub-

stances and the measurement of the actual or probable accumulation levels of

the identified substances. The identification process is an extensive investiga-

tion that utilizes sensitive and information-rich scouting analytical methods for

the dual purposes of first revealing the leachables and then providing relevant

information (e.g., formula and structure), that leads to their identification. In

the worst case scenario, such an analytical investigation is conducted blind;

i.e., the analytical team is faced with the unenviable challenge of finding an

unknown number of unknown compounds, many of which accumulate in the

product at levels much lower than its other constituents. These constituents

may include both additives and non-material related contaminants, such as

ingredient impurities and degradation products. This search for material-

derived leachables in pharmaceutical products is greatly facilitated if it is

conducted with information-rich analytical methodologies that exhibit a

comprehensive ability to respond to a large population of analytes in both a

universal, but very specific, manner. The dual performance requirements of

universality and specificity are the primary reasons why chromatographic

methods are almost exclusively used in investigations associated specifically

with organic leachables.

Given the variety of packaging materials used in pharmaceutical applica-

tions, the population of potential primary and secondary organic leachables is

large and compositionally diverse. While an analytical chemist has a multitude

of chromatographic tools with which to perform a leachables assessment,

some guidance in terms of successfully applied strategies and methods can
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n

D
ir

ec
t

in
je

ct
io

n
D

B
-1

,
3
0

m
�

0
.2

5
m

m
,

0
.3

2
mm

fi
lm

5
0
�
C

fo
r

2
m

in
,

to

3
4
0
�
C

at

5
�
C

m
in
�

1
,

h
o
ld

fo
r

1
0

m
in

M
S

E
Iþ

,
4

0
–

7
0
0

d
al

to
n
s,

T
¼

2
7

0
�
C

S
p
li

tl
es

s

T
¼

2
5

0
�
C

1
,3

-
D

i-
te

rt
-b

u
ty

l
b

en
ze

n
e,

o
li

g
o
m

er
s,

2
,4

-d
i-

te
rt

-

b
u
ty

lp
h
en

o
l,

o
x

id
iz

ed

an
ti

o
x
id

an
ts

,
b
u
ta

n
o
ic

ac
id

v
in

y
le

st
er

[2
5
]e

,j

R
u
b
b
er

k
W

at
er

ex
tr

ac
ti

o
n

E
v
ap

o
ra

ti
v
e

co
n
-

ce
n
tr

at
io

n

3
%

O
V

1
7

o
n

C
as

-C
h
ro

m
Q

,

1
.5

m
�

2
m

m

1
4
0
–
2
0
0
�
C

at

1
0
�
C

m
in
�

1

M
S

E
Iþ

T
¼

2
5

0
�
C

2
mL T
¼

2
5

0
�
C

B
en

zo
th

ia
zo

le
d
er

iv
at

iv
es

l
[2

6
]

N
o

te
:

P
P,

p
o

ly
p

ro
p
y

le
n

e;
P

V
C

,
p

o
ly

(v
in

y
l

ch
lo

ri
d

e)
;

H
D

P
E

,
h

ig
h

d
en

si
ty

p
o

ly
et

h
y

le
n

e;
P

C
,

p
o

ly
ca

rb
o

n
at

e;
P

S
,

p
o

ly
st

y
re

n
e;

P
E

T
,

p
o

ly
et

h
y

le
n

e
te

re
p

h
th

al
at

e.
a
M

S
u

se
d

in
co

m
p

o
u

n
d

id
en

ti
fi

ca
ti

o
n

.
b
M

et
h

o
d

p
er

fo
rm

an
ce

d
at

a
p

ro
v

id
ed

in
th

is
re

fe
re

n
ce

.
c
T

h
is

re
fe

re
n

ce
d

o
cu

m
en

ts
n

u
m

er
o

u
s

ex
tr

ac
te

d
co

m
p

o
u

n
d

s
in

th
es

e
g

en
er

al
ca

te
g

o
ri

es
.

d
L

am
in

at
ed

fi
lm

co
n

si
st

in
g

o
f

g
ly

co
l-

m
o

d
ifi

ed
p

o
ly

et
h
y

le
n

e
te

re
p

h
th

al
at

e
(P

E
T

G
),

p
o

ly
v

in
y

li
d

en
e

ch
lo

ri
d

e
(P

V
D

G
),

an
d

p
o

ly
et

h
y

le
n

e
(P

E
)

w
it

h
a

p
o

ly
u

re
th

an
e

ad
h

es
iv

e.
e
T

h
es

e
ci

te
d

re
fe

re
n

ce
s

d
o

cu
m

en
t

n
u

m
er

o
u

s
co

m
p

o
u

n
d

s
in

th
es

e
an

d
o

th
er

g
en

er
al

co
m

p
o

u
n

d
cl

as
se

s.
f G

C
=I

R
w

as
al

so
u

se
d

u
n

d
er

d
if

fe
ri

n
g

o
p

er
at

in
g

p
ar

am
et

er
s

to
ai

d
in

co
m

p
o

u
n

d
id

en
ti

fi
ca

ti
o

n
.

g
S

tr
ai

g
h

t
ch

ai
n

ed
¼

C
1

2
��

C
2

5
;

b
ra

n
ch

ed
¼

C
1

9
��

C
3

0
;

cy
cl

ic
¼

C
2

4
��

C
3

5
.

h
S

im
il

ar
m

et
h

o
d

s
w

er
e

u
se

d
to

id
en

ti
fy

co
m

p
o

u
n

d
s

fr
o

m
p

o
ly

st
y

re
n

e
(s

ty
re

n
e,

st
y

re
n

e
d

er
iv

at
iv

es
,

g
ly

co
li

c
es

te
rs

o
f

C
1

6
��

C
2

5
fa

tt
y

ac
id

s,

tr
a

n
s-

1
,2

-d
ip

h
en

y
lc

y
cl

o
b

u
ta

n
e)

.
i M

at
er

ia
l

w
as

g
am

m
a

ir
ra

d
ia

te
d

p
ri

o
r

to
an

al
y

si
s.

j A
si

m
il

ar
m

et
h

o
d

w
as

u
se

d
to

id
en

ti
fy

co
m

p
o

u
n

d
s

fr
o

m
P

P,
P

V
C

,
P

S
,

P
E

T
,

an
d

p
o

ly
am

id
e.

k
C

o
m

p
o

n
en

ts
o

f
d

is
p

o
sa

b
le

sy
ri

n
g

es
.

l C
o

m
p

o
u

n
d

s
id

en
ti

fi
ed

in
cl

u
d

e
2

-h
y

d
ro

x
y

b
en

zo
th

ia
zo

le
,

2
-m

er
ca

p
to

b
en

zo
th

ia
zo

le
,

2
-(

m
et

h
y

lm
er

ca
p

to
)b

en
zo

th
ia

zo
le

,
2

-(
2

-h
y

d
ro

x
y
et

h
o
x

y
)

b
en

zo
th

ia
zo

le
,

an
d

2
-(

2
-h

y
d

ro
x

y
et

h
y

lm
er

ca
p

to
)b

en
zo

th
ia

zo
le

.
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T
a

b
le

3
.

E
x

am
p

le
s

o
f

G
C

m
et

h
o

d
s

u
se

d
to

id
en

ti
fy

an
d
=o

r
q

u
an

ti
fy

v
o

la
ti

le
p

ac
k

ag
in

g
sy

st
em

ex
tr

ac
ta

b
le

s.

M
at

er
ia

l

S
am

p
le

m
at

ri
x

S
am

p
le

p
re

p
ar

at
io

n
C

o
lu

m
n

O
v
en

p
ro

g
ra

m
D

et
ec

ti
o
n

O
th

er
s

E
x
tr

ac
ta

b
le

s
R

ef
s.

P
ap

er
an

d
b
o
ar

d
E

x
tr

ac
ts

in

w
at

er
,

et
h
an

o
l,

o
r

ch
lo

ro
fo

rm

2
.5

g
sa

m
p
le

p
er

v
ia

l;

7
0
�
C

fo
r

3
0
–
6
0

m
in

C
h
ro

m
p
ac

k

C
P

-S
il

8
C

B
,

5
0

m
�

0
.3

2
m

m
,

1
.2
mm

fi
lm

7
0
�
C

fo
r

2
m

in
,

ra
m

p
at

5
�
C

m
in
�

1
to

1
1
0
�
C

M
S

A
ls

o
u

se
d

d
if

fu
-

si
o
n

tr
ap

p
in

g

B
u
ta

n
al

,
p
en

ta
n
al

,

h
ex

an
al

,
h
ep

ta
n
al

,

2
-h

ep
ta

n
al

,
et

h
y

l

ac
et

at
e,

ch
lo

ro
-

fo
rm

,
m

et
h
y

l

ac
et

at
e,

n
o
n
an

al
,

o
-a

n
d

p
-x

y
le

n
e,

b
en

ze
n
e,

b
en

za
ld

e-

h
y

d
e,

o
th

er
s

[2
7
]

P
V

C
b
ag

s
P

o
rt

io
n
s

o
f

b
ag

s

fr
o
m

ac
tu

al

p
ro

d
u
ct

s

1
–
5

m
g

sa
m

p
le

p
er

v
ia

l,
1
2
0
�
C

fo
r

5
–
2
0

m
in

S
E

-5
4
,

2
0

m
�

0
.2

m
m

3
0
�
C

fo
r

2
m

in
,

ra
m

p
at

1
0
�
C

m
in
�

1
to

2
8
0
�
C

M
S

E
v

o
lv

ed
g
as

tr
ap

p
ed

in
tr

ap

co
o
le

d
w

it
h

li
q
u
id

n
it

ro
g
en

E
th

an
o
l,

p
en

ta
n
e,

ac
et

ic
an

d
fo

rm
ic

ac
id

s,
cy

cl
o
h
ex

a-

n
al

,
x
y
le

n
e,

cy
cl

o
h
ex

an
o
n
e,

p
en

ta
n
al

,
h
ep

ta
n
al

,

n
o
n
an

al
,

p
h
th

a-

la
te

s,
B

H
T

,
te

tr
ad

e-

ca
n
o
ic

ac
id

,

h
ex

ad
ec

an
o
ic

ac
id

[1
2
]

P
o
ly

o
le

fi
n

p
ac

k
ag

in
g

m
at

er
ia

l

7
cm

2
p
o
rt

io
n

o
f

m
at

er
ia

l

In
v
es

ti
g
at

ed

ef
fe

ct
o
f

te
m

-

p
er

at
u
re

fr
o
m

3
0
�

to
1
2
5
�
C

w
it

h
a

3
m

in

d
es

o
rp

ti
o
n

2
%

O
V

-7
o
n

A
u

e

2
m
�

2
m

m

S
ta

rt
at

0
�
C

,

ra
m

p
at

1
0
�
C

m
in
�

1
to

1
5
0
�
C

F
ID

an
d

M
S

A
ls

o
u
se

d
p
u
rg

e

an
d

tr
ap

M
et

h
an

o
l,

1
-p

ro
p
a-

n
o
l,

t-
b
u
ta

n
o
l,

to
lu

en
e,

2
-m

et
h
y
l-

2
-p

ro
p
an

o
l,

1
-e

th
o
x
y
-2

-p
ro

p
a-

n
o
l,

m
et

h
y
l

et
h
y
l

k
et

o
n
e,

2
-(

2
-h

y
d
ro

-

x
y

p
ro

p
o

x
y

-1
)

p
ro

p
an

o
l

[2
8
]
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D
ri

n
k
in

g
w

at
er

in
p
la

st
ic

b
o
t-

tl
es

W
at

er
so

lu
ti

o
n

1
L

o
f

w
at

er

st
ri

p
p
ed

w
it

h

N
2

at

6
0
0

m
L

m
in
�

1

fo
r

8
h
r,

tr
ap

p
ed

o
n

ac
ti

v
at

ed

ca
rb

o
n

H
P

U
lt

ra
2
,

3
0

m
�

0
.5

3
m

m
,

1
.5
mm

fi
lm

4
0
�
C

fo
r

2
m

in
,

ra
m

p
at

1
0
�
C

m
in
�

1
to

1
2
0
�
C

,
h
o
ld

fo
r

3
m

in
.

M
S

A
n

al
y

te

d
es

o
rb

ed
w

it
h

C
S

2
fr

o
m

ac
ti

v
at

ed

ca
rb

o
n

2
-e

th
y
l-

1
-h

ex
an

o
l,

d
i-

2
-e

th
y
lh

ex
y
l

p
h
th

al
at

e

[2
9
]

Ir
ra

d
ia

te
d

p
o
ly

-

et
h
y
le

n
e

fi
lm

P
ie

ce
s

o
f

fi
lm

G
as

ev
o
lv

ed
at

8
0
�
C

,
tr

an
s-

fe
rr

ed
th

ro
u
g
h

tr
ap

w
it

h
3

L

o
f

N
2

at

5
0

m
L

m
in

;

tr
ap

p
ed

v
o
la

-

ti
le

s
d
es

o
rb

ed

at
2
0
0
�
C

in
to

N
2

P
o
ra

p
ak

Q
,

3
.1

m
�

3
.2

m
m

a
o
r

U
co

n
O

il

H
B

2
0
0
0

L
B

5
5

0
X

,

8
0

m
�

0
.2

m
m

b

6
0
�
C

fo
r

8
m

in
,

ra
m

p
to

2
3
0
�
C

at

4
�
C

m
in
�

1
a

o
r

6
0
�
C

fo
r

1
6

m
in

,
ra

m
p

to
1
4
0
�
C

at

4
�
C

m
in
�

1
b

F
ID

an
d

M
S

T
en

ax
-G

C

1
8

cm
�

5
m

m

(6
0
=8

0
m

es
h
)

ra
p

u
se

d

A
ce

ti
c

ac
id

,
b
u
ty

ri
c

ac
id

,
et

h
an

o
l,

is
o
-

p
ro

p
an

o
l,

n
-p

ro
p

a-

n
o
l,

n
-b

u
ta

n
e,

2
-p

en
ta

n
ao

n
e,

2
-h

ex
an

o
n
e,

3
-h

ex
-

an
o
n
e,

3
-h

ep
ta

-

n
o
n
e,

to
lu

en
e,

b
u
ta

n
al

,
ac

et
al

-

d
eh

y
d
e,

p
ro

p
an

e,

p
ro

p
io

n
ic

ac
id

[3
0
]

a
U

se
d

fo
r

lo
w

b
o

il
in

g
co

m
p

o
u

n
d

s.
b
U

se
d

fo
r

h
ig

h
b

o
il

in
g

co
m

p
o

u
n

d
s.
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T
a

b
le

4
.

E
x
am

p
le

s
o
f

m
is

ce
ll

an
eo

u
s

ch
ro

m
at

o
g
ra

p
h

ic
m

et
h
o
d
s

u
se

d
to

id
en

ti
fy

o
r

q
u
an

ti
fy

m
at

er
ia

l
ex

tr
ac

ta
b
le

s.

M
at

er
ia

l
T

es
t

sa
m

p
le

M
et

h
o

d
d

es
cr

ip
ti

o
n

E
x

tr
ac

ta
b

le
s

R
ef

s.

P
o
ly

p
ro

p
y
le

n
e

A
q
u
eo

u
s

fo
o
d

si
m

u
la

ti
n
g

so
lv

en
ts

C
ap

il
la

ry
S

F
C

.
C

o
lu

m
n
:

1
0

m
�

5
0

m
m

i.
d
.

S
B

-B
ip

h
en

y
l-

3
0
,

0
.2

5
mm

fi
lm

.
M

o
b
il

e
p
h
as

e
¼

C
O

2
,

li
n
ea

r
fl

o
w

ra
te
�

3
cm

se
c�

1
.

P
re

ss
u
re

p
ro

g
ra

m
,

1
0
0

to
4
0
0

b
ar

;
te

m
p
er

at
u
re

p
ro

g
ra

m
,

5
5
–
1
0
0
�
C

.
O

n
e

m
ic

ro
li

te
r

in
je

ct
io

n
u
si

n
g

so
lv

en
t

v
en

ti
n
g

w
it

h
g
as

p
u
rg

in
g
.

R
et

en
ti

o
n

g
ap

w
as

1
.8

m
�

1
0
0
mm

d
ea

ct
iv

at
ed

fu
se

d
si

li
ca

.
D

et
ec

-

ti
o
n

b
y

F
ID

an
d

M
S

P
en

ta
er

y
th

ri
ty

l-
te

tr
ak

is
((

3
-(

3
,5

-d
i-

te
rt

-b
u
ty

l-
4
-h

y
d
ro

x
y
-p

h
en

y
l)

p
ro

p
io

n
at

e)
,

(N
,N
0 -

b
is

-(
2
-h

y
d
ro

-

x
y
et

h
y
l)

-C
1
2
.C

1
4
-a

m
in

e)
,

tr
is

-

2
,4

-d
i-

te
rt

-b
u
ty

lp
h
en

y
l)

-

p
h
o

sp
h
it

e

[3
1
]

P
o
ly

o
le

fi
n
s;

p
o
ly

p
ro

p
y
-

le
n
e,

p
o
ly

-

et
h
y
le

n
e

S
o
x
h
le

t
ex

tr
ac

ts
C

ap
il

la
ry

S
F

C
.

C
o
u
lm

n
:

1
0

m
�

5
0
mm

i.
d
.

fu
se

d
si

li
ca

ca
p
il

la
ry

co
at

ed

w
it

h
cr

o
ss

-l
in

k
ed

5
%

p
h
en

y
l-

m
et

h
y
lp

o
ly

si
lo

x
an

e
(0

.4
mm

fi
lm

).

M
o
b
il

e
p
h
as

e
¼

C
O

2
.

V
ar

io
u
s

te
m

p
er

at
u
re

an
d

p
re

ss
u
re

g
ra

d
ie

n
ts

u
se

d
.

D
et

ec
ti

o
n
¼

F
ID

at
3
0
0
�
C

S
te

ar
ic

ac
id

,
Ir

g
an

o
x

1
0
1
0
,
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greatly facilitate the assessment. Thus, this article contains a general compila-

tion of published chromatographic methods and strategies that have been

successfully applied to the identification and quantification of packaging

material leachables. Examples are provided for each major separation strategy

(e.g., HPLC, GC, TLC, SFC) and for most commonly employed detection

methods (e.g., UV, MS, FID). While the compilation in Tables 1–4 is by no

means exhaustive, it is sufficiently broad in scope to provide the investigator

with a general overview of the ways in which chromatography has been

applied to meet the objectives of a leachables investigation.

Tables 1–4 provide general method details, such as column type, elution

and detection conditions, and other operating conditions. The materials

investigated, as well as the specific leachables examined, are also indicated.

General comments are provided in terms of sample preparation. Given the

number of methods cited, it is not possible, here, to provide detailed

chromatographic profiles, which are readily available in the cited references.

While not a chromatographic issue per se, pre-injection sample prepara-

tion, nevertheless, is an important consideration in the successful application

of a complete analytical process. Nerin et al.[36] reviewed sample treatment

techniques applicable to polymer extract analysis, including headspace meth-

ods, supercritical fluid extraction, and solid phase micro-extraction.
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