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Enoxaparin Sodium

Change to read:

CAS RN®: ▲679809-58-6.▲ (IRA 1-Dec-2023)

DEFINITION
Enoxaparin Sodium is the sodium salt of a depolymerized heparin. It is obtained by alkaline depolymerization of heparin benzyl ester. The

starting material, heparin, is obtained exclusively from porcine intestinal mucosa. Heparin source material used in the manufacture of

Enoxaparin Sodium complies with the compendial requirements stated in the Heparin Sodium monograph. Enoxaparin Sodium consists of a

complex set of oligosaccharides that have not yet been completely characterized. The majority of the components have a 4-enopyranose

uronate structure at the nonreducing end of their chain. About 20% of the materials contain a 1,6-anhydro derivative on the reducing end of

the chain, the range being between 15% and 25%. The weight-average molecular weight of Enoxaparin Sodium is 4500 Da, the range being

between 3800 and 5000 Da; about 16% have a molecular weight of less than 2000 Da, the range being between 12.0% and 20.0%; about 74%

have a molecular weight between 2000 and 8000 Da, the range being between 68.0% and 82.0%. NMT 18.0% have a molecular weight higher

than 8000 Da. When prepared as a solution, the solution is analyzed for clarity and degree of color using a validated method. The degree of

sulfation is NLT 1.8 per disaccharide unit. It has a potency of NLT 90 and NMT 125 Anti-Factor Xa International Units (IU)/mg, and NLT 20.0

and NMT 35.0 Anti-Factor IIa IU/mg, calculated on the dried basis. The ratio of Anti-Factor Xa activity to Anti-Factor IIa activity is between 3.3

and 5.3.

IDENTIFICATION

• A. Spectroscopic Identification Tests 〈197〉, Ultraviolet-Visible Spectroscopy: 197U

Medium: 0.01 N hydrochloric acid

Sample solution: 500 µg/mL

Acceptance criteria: The spectra exhibit maxima at 231 ± 2 nm.

• B. 13C NMR Spectrum

(See Nuclear Magnetic Resonance Spectroscopy 〈761〉.)
Standard solution: Dissolve 200 mg of USP Enoxaparin Sodium RS in a mixture of 0.2 mL of deuterium oxide and 0.8 mL of water. Add 0.05

mL of deuterated methanol to serve as an internal reference.

Sample solution: Dissolve 200 mg of Enoxaparin Sodium in a mixture of 0.2 mL of deuterium oxide and 0.8 mL of water. Add 0.05 mL of

deuterated methanol.

Analysis: Transfer the Standard solution and the Sample solution to NMR tubes of 5-mm diameter. Using a pulsed (Fourier transform) NMR

spectrometer operating at NLT 75 MHz for 13C, record the 13C NMR spectra of the Standard solution and the Sample solution at 40°.

Acceptance criteria: The spectra are similar.
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• C. The ratio of the numerical value of the Anti-Factor Xa activity, in Anti-Factor Xa IU/mg, to the numerical value of the Anti-Factor IIa activity,

in Anti-Factor IIa IU/mg, as determined by the Assay (Anti-Factor Xa Activity) and the test for Anti-Factor IIa Activity, respectively, is NLT 3.3 and

NMT 5.3.

Change to read:

• D. Molecular Weight Distribution and Weight-Average Molecular Weight

▲(See Low Molecular Weight Heparin Molecular Weight Determinations 〈209〉.)
System suitability solution: 5 mg/mL of USP Enoxaparin Sodium RS in Mobile phase. Filter using a nylon membrane of 0.45-μm pore size.

System suitability

Sample: System suitability solution

Suitability requirements

Weight-average molecular weight (M ): Take the mean of the calculated M  from the duplicate injections of the System suitability

solution, and round to the nearest 50 Da. The Chromatographic system is suitable if the M  is within 150 Da of the labeled M  value as

stated in the USP certificate for USP Enoxaparin Sodium RS.

Analysis: Take the mean of the calculated M  from the duplicate injections of the Sample solution, and round to the nearest 50 Da. Average

the calculated percentage of enoxaparin sodium chains with molecular weight lower than 2000, (M ), percentage of enoxaparin sodium

chains with molecular weight in the range of 2000–8000, (M ) and percentage of enoxaparin sodium chains with molecular weight

greater than 8000, (M ) from the duplicate injections of the Sample solution, express to the nearest 0.5%.▲ (IRA 1-Dec-2023)

Acceptance criteria

▲For M : 3800–5000 Da

For M : 12.0%–20.0%

For M : 68.0%–82.0%

For M : NMT 18.0%▲ (IRA 1-Dec-2023)

• E. Identification Tests—General 〈191〉, Chemical Identification Tests, Sodium: Meets the requirements

ASSAY

• Anti-Factor Xa Activity

Acetic acid solution: Glacial acetic acid and water (42:58)

pH 7.4 polyethylene glycol 6000 buffer: Dissolve 6.08 g of tris(hydroxymethyl)aminomethane and 8.77 g of sodium chloride in 500 mL of

water. Add 1.0 g of polyethylene glycol 6000, adjust with hydrochloric acid to a pH of 7.4, and dilute with water to 1000 mL.

pH 7.4 buffer: Dissolve 6.08 g of tris(hydroxymethyl)aminomethane and 8.77 g of sodium chloride in 500 mL of water. Adjust with

hydrochloric acid to a pH of 7.4, and dilute with water to 1000 mL.

pH 8.4 buffer: Dissolve 3.03 g of tris(hydroxymethyl)aminomethane, 5.12 g of sodium chloride, and 1.40 g of edetate sodium in 250 mL of

water. Adjust with hydrochloric acid to a pH of 8.4, and dilute with water to 500 mL.

Human antithrombin III solution: Reconstitute a vial of antithrombin III (see Reagents, Indicators, and Solutions—Reagent Specifications) in

water to obtain a solution containing 5 Antithrombin III Units/mL. Dilute this solution with pH 7.4 polyethylene glycol 6000 buffer to obtain a

solution having a concentration of 1.0 Antithrombin III Unit/mL.

Factor Xa solution: Reconstitute a weighed quantity of bovine factor Xa (see Reagents, Indicators, and Solutions—Reagent Specifications) in

pH 7.4 polyethylene glycol 6000 buffer to obtain a solution that gives an increase in absorbance value at 405 nm of NMT 0.20 absorbance

units/min when assayed as described below but using as an appropriate volume, V, the volume in µL of pH 7.4 buffer instead of V µL of the

enoxaparin solution.

Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate for amidolytic test (see Reagents, Indicators, and

Solutions—Reagent Specifications) for factor Xa in water to obtain a concentration of about 3 mM. Dilute with pH 8.4 buffer to obtain a

solution having a concentration of 0.5 mM.

Standard solutions: Reconstitute the entire contents of an ampul of USP Enoxaparin Sodium for Bioassays RS with water, and dilute with pH

7.4 buffer to obtain four dilutions in the concentration range between 0.025 and 0.2 Anti-Factor Xa IU/mL.

Sample solutions: Proceed as directed for the Standard solutions to obtain concentrations of Enoxaparin Sodium similar to those obtained for

the Standard solutions.

Analysis

Samples: Acetic acid solution, pH 7.4 buffer, Human antithrombin III solution, Factor Xa solution, Chromogenic substrate solution, Standard

solutions, and Sample solutions

Label 18 suitable tubes: B1 and B2 for blanks; T1, T2, T3, and T4 each in duplicate for the dilutions of the Sample solutions; and S1, S2, S3,

and S4 each in duplicate for the dilutions of the Standard solutions. [Note—Treat the tubes in the order B1, S1, S2, S3, S4, T1, T2, T3, T4,

T1, T2, T3, T4, S1, S2, S3, S4, B2.] To each tube add the same volume, V (20–50 µL), of Human antithrombin III solution and an equal

volume, V, of either the blank (pH 7.4 buffer) or an appropriate dilution of the Sample solutions or the Standard solutions. Mix, but do not

allow bubbles to form. Incubate at 37° for 1.0 min. Add to each tube 2V (40–100 µL) of Factor Xa solution, and incubate for 1.0 min.

Add a 5V (100–250 µL) volume of Chromogenic substrate solution. Stop the reaction after 4.0 min with a 5V (100–250 µL) volume of

Acetic acid solution. Measure the absorbance of each solution at 405 nm, using a suitable spectrophotometer (see Ultraviolet-Visible

Spectroscopy 〈857〉) against blank B1. The reading of blank B2 relative to blank B1 is NMT ± 0.05 absorbance unit.
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