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 p
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 p
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b
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 m
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e m
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l o
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 p
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 d
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t d
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T
o
 test E

S
P

™
, 1

0
 co

n
tro

l citrated
 h

u
m

an
 p

lasm
a sam

p
les (5

 m
ale, 5
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ale) w

ere sp
ik

ed
  w

ith
 a k

n
o
w

n
 

am
o
u
n

t o
f en

d
o
to

x
in

, treated
 w

ith
 th

e fu
ll E

S
P

™
 p

ro
to

co
l an

d
 tested

 in
 trip

licate u
sin

g
 th

e L
o
n

za P
y
ro

-

G
en

e®
 assay

 acco
rd

in
g
 to

 m
an

u
factu

rer’s sp
ecificatio

n
s.  E

ach
 treated

 

sam
p

le w
as also

 tested
 w

ith
 a P

o
sitiv

e P
ro

d
u

ct C
o
n

tro
l (P

P
C

) acco
rd

in
g
 

to
 m

an
u

factu
rer’s sp

ecificatio
n

s.  T
h
e sp

ik
e reco

v
ery

 in
d
icates th

e effec-

tiv
en

ess o
f E

S
P

™
 in

 d
etectin

g
 en

d
o
to

x
in

 in
 h

u
m

an
 p

lasm
a sam

p
les.  T

h
e 

P
P

C
 reco

v
ery

 in
d
icates th

e am
en

ab
ility

 o
f th

e fin
al p

ro
d

u
ct fo

r d
etectio

n
.  

T
o
 m

easu
re reco

v
ery

, th
e resu

lts w
ere co

m
p

ared
 to

 co
n
tro

l sam
p

les th
at 

in
clu

d
ed

 w
ater in

stead
 o

f p
lasm

a.  T
h
e en

tire sam
p

le set w
as also

 treated
 

w
ith

 tw
o
 ad

d
itio

n
al p

ro
to

co
ls fo

r co
m

p
ariso

n
:  (1

) h
eat-in

activ
ated

 w
ith

 

d
ilu

tio
n

 
in

 
w

ater 
an

d
 

(2
) 

d
ig

estio
n

 
w

ith
 

E
S

P
™

 
b
u

t 
w

ith
o
u

t 
h

eat-

in
activ

atio
n
.  T

h
e resu

lts are g
iv

en
 in

 T
ab

le 1
. 

 A
 p

ro
to

co
l o

f h
eat-in

activ
atio

n
 an

d
 d

ilu
tio

n
, w

h
ich

 is p
rev

alen
t in

 th
e 

literatu
re, allo

w
s d

etectio
n

 o
f less th

an
 5

%
 o

f th
e sp

ik
ed

 en
d

o
to

x
in

 an
d

 a 

P
P

C
 reco

v
ery

 in
d

icatin
g
 o

v
er 8

0
%

 in
accu

racy
.  A

ltern
ativ

ely
, w

h
en

 th
e 

sam
p

les are d
ig

ested
 w

ith
o
u

t h
eat-in

activ
atio

n
 th

e sp
ik

e reco
v
ery

 is far 

to
o
 h

ig
h
, a resu

lt o
f activ

e serin
e p

ro
teases th

at in
terfere w

ith
 assay

 en
-

zy
m

es.  T
h

is false-activ
atio

n
 resu

lts in
 n

ear-satu
ratio

n
 o

f th
e assay

 an
d

 

artificially
 

lo
w

 
P

P
C

 
reco

v
ery

 
resu

lts 
th

at 
in

d
icate 

in
accu

racy
 

o
f 

o
v
er 

6
0
%

.  W
h

en
 th

ese tw
o
 tech

n
o
lo

g
ies are co

m
b

in
ed

 an
d

 th
e sp

ecially
 d

e-

sig
n

ed
 E

S
P

™
 b

u
ffers are u

sed
, sp

ik
e reco

v
ery

 is o
v
er 7

5
%

 w
ith

 an
 accu

-

racy
 ap

p
ro

ach
in

g
 9

0
%

. 

T
o
 fu

rth
er v

alid
ate th

ese resu
lts, sam

p
les o

f citrated
 p

lasm
a w

ere treated
 

w
ith

 v
ario

u
s p

o
rtio

n
s o

f th
e E

S
P

™
 p

ro
to

co
l an

d
 tested

 w
ith

 P
A

G
E

 an
al-

y
sis (F

ig
u

re 1
).  L

an
e #

1
 co

n
tain

s u
n

treated
 p

lasm
a.  L

an
e #

2
 co

n
tain

s 

p
lasm

a treated
 w

ith
 th

e fu
ll E

S
P

™
 p

ro
to

co
l w

ith
 a 6

0
 m

in
u

te d
ig

estio
n
 

step
.  L

an
es #

3
 an

d
 4

 co
n

tain
 p

lasm
a th

at w
as treated

 w
ith

 th
e E

S
P

™
 

p
ro

to
co

l b
u
t u

sin
g
 co

m
m

o
n

 lab
o
rato

ry
 b

u
ffers in

stead
 o

f E
S

P
™

 B
u

ffers 

#
1
 an

d
 #

2
.  L

an
e #

5
 co

n
tain

s p
lasm

a th
at w

as h
eat-in

activ
ated

 b
u
t u

n
d
i-

g
ested

.  F
ro

m
 th

ese resu
lts it is clear th

at th
e fu

ll E
S

P
™

 p
ro

to
co

l effec-

tiv
ely

 rem
o
v

es th
e v

ast m
ajo

rity
 o

f p
ro

tein
s fro

m
 p

lasm
a th

at in
terfere 

w
ith

 en
d

o
to

x
in

 d
etectio

n
 assay

s o
r b

in
d
 an

d
 m

ask
 en

d
o
to

x
in

.  T
reatm

en
ts th

at o
m

it th
e E

S
P

™
 b

u
ffers o

r 

d
ig

estio
n

 step
 sh

o
w

 o
n

ly
 n

eg
lig

ib
le d

ifferen
ces co

m
p

ared
 to

 u
n
treated

 p
lasm

a. F
ig

u
re 1

.  P
la

sm
a
 D

ig
estio

n
 w

ith
 

V
a
rio

u
s 

P
ro

to
co

ls. 
 

N
o

rm
a
l 

c
itrated

 h
u

m
a
n
 p

lasm
a w

a
s treated

 
w

ith
 th

e in
d

icated
 p

ro
to

co
l (in

 th
e 

tex
t), 

d
ilu

ted
 

1
:1

0
 

in
 

w
ater 

an
d

 
ex

a
m

in
ed

 
b
y
 

P
A

G
E

 
in

 
n
o

n
-

red
u
c
in

g
 co

n
d

itio
n
s.  T

h
e g

e
l w

a
s 

silv
er sta

in
ed

 fo
r v

isu
a
lizatio

n
. 

 

A
 lag

 tim
e b

etw
een

 sam
p

le co
llectio

n
 an

d
 treatm

en
t can

 allo
w

 en
zy

m
atic d

estru
ctio

n
 o

f en
d

o
to

x
in

 o
r th

e 

b
in

d
in

g
 o

f en
d

o
to

x
in

 to
 p

ro
tein

s w
h

ich
 w

ill d
ecrease th

e ab
ility

 to
 d

etect to
tal en

d
o
to

x
in

.  T
o
 m

in
im

ize 

th
is, sam

p
les sh

o
u

ld
 b

e h
eat-in

activ
ated

 o
r acid

ified
 as so

o
n

 as p
o
ssib

le. 

 T
h

e o
p

tim
al treatm

en
t is to

 h
eat-in

activ
ate b

lo
o
d

 im
m

e-

d
iately

 
after 

co
llectio

n
 

an
d
 

th
en

 
p
ro

ceed
 

to
 

p
lasm

a 

sep
aratio

n
 an

d
 th

en
 to

 step
 2

 o
f th

e p
ro

to
co

l.  H
o

w
ev

er, 

treatm
en

t 
o
f 

w
h

o
le 

b
lo

o
d

 at 
th

e tim
e 

o
f 

co
llectio

n
 is 

o
ften

 n
o
t p

o
ssib

le.  In
 th

ese situ
atio

n
s, th

e p
lasm

a sam
-

p
les 

sh
o
u

ld
 
b

e 
h

eat-in
activ

ated
 
im

m
ed

iately
 
u

p
o
n

 
re-

ceip
t/th

aw
in

g
.  T

o
 d

em
o
n

strate th
e ex

ten
t o

f in
activ

a-

tio
n
 an

 aliq
u

o
t o

f en
d

o
to

x
in

 w
as ad

d
ed

 to
 citrated

 p
las-

m
a an

d
 allo

w
ed

 to
 in

cu
b

ate at ro
o
m

 tem
p

eratu
re fo

r th
e 

in
d

icated
 
am

o
u
n

t 
o
f 

tim
e. 

 
A

s 
co

m
p

ariso
n

, 
a p

lasm
a 

sam
p

le th
at w

as h
eat-in

activ
ated

 acco
rd

in
g
 to

 th
e p

ro
to

-

co
l w

as treated
 id

en
tically

.    A
fter in

cu
b
atio

n
 all sam

-

p
les w

ere treated
 w

ith
 th

e n
o
rm

al E
S

P
™

 p
ro

to
co

l.  T
h

e 

co
n

tro
l w

as co
n

sid
ered

 as 1
0

0
%

 o
f reco

v
erab

le en
d

o
-

to
x
in

 an
d

 th
e sam

p
les g

iv
en

 as p
ercen

tag
e o

f co
n

tro
l.  

A
fter 

o
n

e 
m

in
u

te 
activ

e 
en

d
o
to

x
in

 
w

as 
d

ecreased
 

to
 

4
5
%

 o
f th

e co
n

tro
l (F

ig
u

re 2
).  C

o
n

tin
u

ed
 in

cu
b

atio
n
 in

 

th
e p

lasm
a fu

rth
er d

ecreased
 th

e am
o
u

n
t o

f reco
v
erab

le 

en
d

o
to

x
in

 to
 3

1
%

 after 1
2
0

 m
in

u
tes.  T

h
o
u

g
h

 th
is ex

-

ten
t 

o
f 

in
activ

atio
n

 
m

ay
 
n

o
t 

b
e 

ty
p
ical 

o
f 

all 
p

atien
t 

sam
p

les o
r en

d
o
to

x
in

 sp
ecies, it d

em
o
n

strates th
e im

-

p
o
rtan

ce o
f rap

id
 sam

p
le treatm

en
t. 

T
h

e o
th

er o
p

tio
n

 is acid
ificatio

n
.  H

o
w

ev
er, ad

d
in

g
 acid

 to
 w

h
o
le b

lo
o
d

 w
ill resu

lt in
 h

em
o
ly

sis, th
erefo

re 

th
is m

eth
o
d
 sh

o
u

ld
 o

n
ly

 b
e u

sed
 o

n
 p

lasm
a.  T

o
 d

em
o
n

strate th
e ab

ility
 o

f acid
ificatio

n
 to

 p
rev

en
t en

d
o
-

to
x
in

 lo
ss, aliq

u
o
ts o

f h
y
d

ro
ch

lo
ric acid

 (H
C

l) rep
resen

tin
g
 1

0
%

 o
f th

e fin
al v

o
lu

m
e w

ere ad
d

ed
 to

 sam
-

p
les o

f citrated
 p

lasm
a an

d
 allo

w
ed

 to
 eq

u
ilib

rate.  N
ex

t, 

th
e p

H
 o

f th
e p

lasm
a w

as m
easu

red
 an

d
 a k

n
o
w

n
 am

o
u
n

t 

o
f en

d
o
to

x
in

 w
as ad

d
ed

.  T
h

e sam
p

les w
ere in

cu
b
ated

 at 

ro
o
m

 tem
p

eratu
re fo

r 1
0
 m

in
u

tes an
d
 th

en
 treated

 w
ith

 th
e 

E
S

P
™

 p
ro

to
co

l.  A
ll sam

p
les w

ere co
m

p
ared

 to
 a co

n
tro

l 

co
n

sistin
g
 o

f th
e sam

e am
o
u
n
t o

f en
d

o
to

x
in

 p
rep

ared
 in

 

w
ater.  S

am
p

les receiv
in

g
 w

ater in
stead

 o
f H

C
l m

easu
red

 

as p
H

 8
 an

d
 resu

lted
 in

 th
e reco

v
ery

 o
f 1

1
.0

%
 o

f th
e en

d
o
-

to
x
in

 (F
ig

u
re 3

).  A
d

d
itio

n
 o

f 0
.1

 an
d

 0
.3

 M
 H

C
l d

ecreased
 

th
e p

H
 to

 th
e 6

-7
 ran

g
e an

d
 actu

ally
 resu

lted
 in

 slig
h
tly

 

lo
w

er en
d

o
to

x
in

 reco
v
ery

.  T
h

ese sam
p

les also
 h

ad
 a ten

-

d
en

cy
 to

 d
eso

lu
b

ilize an
d

 p
ro

b
ab

ly
 in

d
icate th

e iso
electric 

p
o
in

t o
f a m

ajo
r p

lasm
a p

ro
tein

.  F
u

rth
er acid

ificatio
n

 w
ith

 

0
.6

 to
 2

.0
 M

 H
C

l resu
lted

 in
 d

ecreasin
g
 p

H
 acco

m
p
an

ied
 

b
y
 in

creasin
g
 en

d
o
to

x
in

 reco
v
ery

.  T
h

e sam
p

le receiv
in

g
 2

 

M
 H

C
l m

easu
red

 9
3
.6

%
 o

f th
e to

tal en
d

o
to

x
in

. 

F
ig

u
re 3.  O

v
erco

m
in

g
 In

activ
atio

n
 o

f E
n

d
o

to
x-

in
 

in
 

P
lasm

a 
w

ith
 

A
cid

ifi
catio

n
. 

 
S

am
p

les o
f 

citrated
 

p
lasm

a 
w

ere 
acid

ifi
ed

 
w

ith
 

10%
 

fi
n

a
l 

v
o

lu
m

e o
f th

e in
d

icated
 m

o
larity

 o
f h

y
d

ro
ch

lo
-

ric acid
 a

n
d

 a k
n

o
w

n
 am

o
u

n
t o

f en
d

o
to

xin
 w

as 

ad
d

ed
 to

 each
.  A

ll sam
p

les w
ere treated

 w
ith

 

E
S

P
™

 
an

d
 

to
tal 

en
d

o
to

xin
 

reco
v

ery
 

a
n

d
 

fi
n

a
l 

p
lasm

a p
H

 w
ere p

lo
tt

ed
 as a fu

n
ctio

n
 o

f acid
 

m
o

larity
. 

F
ig

u
re 2.  In

activ
atio

n
 o

f E
n

d
o

to
xin

 in
 P

lasm
a.  A

 

k
n

o
w

n
 am

o
u

n
t o

f en
d

o
to

xin
 w

as ad
d

ed
 to

 aliq
u

o
ts 

o
f citrated

 p
lasm

a a
n

d
 a

llo
w

ed
 to

 in
cu

b
ate at ro

o
m

 

tem
p

eratu
re fo

r th
e in

d
icated

 tim
e.  A

fter in
cu

b
a

-

tio
n

 
th

e 
sam

p
les 

w
ere 

treated
 

w
ith

 
E

S
P

™
 

an
d

 

d
etectab

le en
d

o
to

xin
 w

as d
eterm

in
ed

.  R
esu

lts are 

g
iv

en
 as p

ercen
t o

f a co
n

tro
l sam

p
le w

h
ich

 w
as h

eat

-in
a

ctiv
ated

 p
rio

r to
 en

d
o

to
xin

 ad
d

itio
n

. 


