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Abstract: The “gold standard” assay for monitoring low molecular weight heparins ( LMWHs)

activity is the chromogenic-based anti-factor Xa assay. The methodology of an anti-factor Xa as—
say is that LMWH is added to a known amount of excess factor Xa and excess antithrombin. It
will bind to antithrombin and form a triplet complex with factor Xa inhibiting the activity of fac—
tor Xa. However the residual factor Xa can still hydrolyze chromogenic peptide substrate relea—
sing the chromophore for photometric detection. The absorbance is inversely proportional to the
amount of heparin/LMWH. The results are given in anticoagulant concentration in units/mL of
anti-factor Xa such that high values indicate high levels of anticoagulation and low values indi—
cate low levels of anticoagulation. Herein a novel assay method for anti-¥Xa activity of LMWHs
using high performance liquid size exclusion chromatography ( SEC) is reported in which an-
tithrombin [l ( ATI[) was diluted by the buffer solution contained LMWHs. Subsequently exog-—
enous FXa and p-nitroaniline coupled peptide substrate were added and incubated for a period
separately. The resulting mixture was separated based on size by SEC and the free chromophore
p-nitroaniline can be detected at an absorption maximum of 385 nm without interference from the
absorbance of p-nitroanilide substrates. Moreover the measurements are not influenced by sam—
ple opacity or turbidity so it is possible to test various complex samples such as plasma. The as—
say is robust sensitive and cost effective.

Key words: size exclusion chromatography ( SEC) ; anti-factor Xa activity; low molecular weight
heparins
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WHs Xa( FXa) AT . FXa
. R pNA
(385 nm)
( activated partial thromboplastin o
time APTT) ( activated clotting o -
time ACT) 77, . N FXa
P LMWHs
FXa LMWHs  FXa 1
LMWHs 1.1 N
o, FXa Agilent 1260 .
[ : LMWH N ; TSKgel
ATII . FXa LWMH + AT MP( PW) -M (35 mm x4. 6 mm) .
Il » FXa; FXa ATII(25 1U/ ) FXa( 71 nkat/ )
FXa Chromogenix . FXa ( chro-
( pNA) mogenic peptide substrate CPS : CH,0CO0-D-
A CHA-Gly-ArgpNA « AcOH) . N
405 nm Sigma o LMWH
LWMH LM- ( USP ) o LMWH( )
WHs o FXa ( ) 200806 200912
. ( Sanofi Aventis) ;
: ( ) 20110401 20110402
ATII  FXa o
LMWHs 1.2
X 0.50 mol/L Tris 1 mol/L NaCl 1
ATII FXa mol/LL HCI 0.5 mol/L. EDTA 500 mL,
’. Harris  ° 7" pH 8.4 : Tris\NaCl
FXa EDTA 1 mol/L HCI pH 8.4
50 mmol/L Tris 175 mmol/L NaCl
o 7.5 mmol/L EDTA. pH 7.4 :
( SEC) TrisxNaCl 1 mol/L HCI pH7.4
50 mmol/L Tris 150 mmol /L
o SEC NaCl. FXa 3 mmol /L

pH 8.4 0.5
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mmol /L S,+55.5, 16
(S)y: 0.78 pNA o pNA
pH 7.4 0. 087 LMWHs ( )
IU/mL(S,) .0.111 TU/mL( S,) .0.143 TU/mL
(S;) .0.183 IU/mL( S,) o ( 2005 XIV)
(T,): 10 000 B
IU/mL 0.78 pH 7.4 1.5 FXa
0.087 TU/mL( T,) .0. 111 TU/mL( T,) .
0. 143 IU/mL( T;) .0. 183 IU/mL( T,) o pH 8.4 0.0.1.0.2.
; (Ty): 1 TU/mL o 20 pL
110 TU/mg 0.78 20 pL 30 C
pH 7.4 20 mg/mL 2 min 40 pL FXa 2 min; 40
0.087 IU/mL( T,) .0.111 IU/mL( T,) . L CPS 30 C ;
0.143 TU/mL( T,) .0. 183 TU/mL( T,) 5.10.15.20.30.45.60 min 9 uL
. ATII 125 mL 1 IU/mL 6 L 20% ( )
o FXa : 10 mL 7.1 ;10 pL SEC
nkat/mlL o ( Millipore o
uv Millipore )
0.45 pm o B
1.3 SEC
: TSKgel MP( PW) -M (35 mm x4.6 2
mm) DNA 500 ~5 000 bp; A 2.1 SEC
H,0; B 50 mmol/L NaH,PO,- ATII. FXa. N
H,PO, (20:80 v/v) pH3.0 LMWHs+ CPS  pNA. ATII.FXa
0.45 pm o 10 ~1 62 ~67 kDa 43
min 100% A; 1 ~1.5 min 100% A kDa 67 kDa;
100%B; 1.5 ~8.5 min 100% B; 8.5 ~9 min 4.5 kDa CPS 622.7 Da pNA
100% A; 9 ~13.5 min 100% A . 138 Da.
385 nm,; 0. 6 mL/min,; 25 C;
5 plo o
1.4 TSKgel MP ( PW) M 150
mmol /L, NaH,PO,-NaOH( pH 7. 4)
o LMWH.ATII .FXa CPS 0.35 mL/min  pNA  20.2 min
CPS
o pNA LMWH o
o (pH 3.0) CPS
1t ) 2" LMWH (3" AT pNA. TSKgel MP
Il; 4" FXa; 5" CPS. o283 (PW) M pNA
1 uL 3 1 min; 4" o
2 pL 4 nL 3
1 min; 5% 5 pL 9 nL 3 50 mmol/Ls 1
4 min; o 10% 20%  pNA
LMWH 20% ACN 50 mmol/L

8,28 S50 S a Ty s Tys Ta Tya Ty s Ty s Ty Ty 0 S,

NaH,P0,-H,PO,( pH 3.0) .
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Fig. 1 Effect of organic composition in mobile phase

on the elution time of pNA
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Fig. 2 Chromatograms obtained at different
detection wavelengths

Peaks: 1. plasma + heparin; 2. CPS; 3. pNA.

pNA
1 RSD
1 % o
1
Table 1 Intraday and interday repeatabilities in terms
of the retention time and peak area of pNA
Intraday (n =8) Interday (n =3)
Item
Mean RSD/% Mean RSD/%
Retention time/min 8.636 0.21 8.65 0.71
Peak area 1620 0.41 1622 0.57
pNA
0.05 ~1 mmol/L
r* 0.999 8 0
2.3 LMHWs FXa
2.3.1
FXa o
FXa 4% 20 min
. FXa 2 pL
CPS 5 L 3 4 min o
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Fig. 4 Regression curves of the peak areas against the log concentrations of the test samples and a standard sample

Lot No.: a. 200806; b. 200912; c. 20110401; d. 20110402.
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FL 1200
15% . 1000 a
N N o SEC 2 [ —=— 0 TU/mL
T 800 —*—0.1 1U/mL
4 3 [ —4— 0.2 TU/mL
g 600 —v—1 [U/mL
° =
5 [
Z 400
2 < B
Table 2 Determined potency of enoxaparin 200
Lot No. Labeled Predicted Determined FL/% o
potency potency potency
200806 10000 IU/mL 10000 IU/mL 10783 IU/mL  4.0882
200912 10000 IU/mL 10000 [U/mL 10346 TU/mL  2.5263 200
20110401  123.1 IU/mg 110 IU/mg  115.98 TU/mg 3.9407 b
20110402  122.6 IU/mg 110 IU/mg  121.96 IU/mg 4.9248
FL: fiducial limit. g
=
2.4 FXa ]
3
3
° T Tt
. . . . 0.4 0.6 0.8 1.0
( Tnt Enoxaparin / (TU/mL)
nterna—
. . . . 5 SEC FX
tional Society of Thrombosis and Haemostasis) i e
617 Fig. 5 Pharmacokinetic profiles of SEC-based
° anti¥Xa assay in the presence of
0~11U/ml FXa enoxaparin (0 —1 IU/mL)
a. absorbance profiles of the anti+'Xa assay, b. doseresponse
° Sa PNA curve.
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