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Tacrolimus Capsules

DEFINITION

Tacrolimus Capsules contain NLT 93.0% and NMT 105.0% of the labeled amount of tacrolimus (C,,H.,NO_.).

IDENTIFICATION

* A. The retention time of the major peak of the Sample solution corresponds to that of the Standard solution, as obtained in the Assay.

* B. The UV absorption spectrum of the major peak of the Sample solution and that of the Standard solution exhibit maxima and minima at the
same wavelengths, as obtained in the Assay.

ASSAY
* PROCEDURE
Allow the Standard solution and Sample solution to stand for 3 h at ambient temperature before use. Protect solutions containing tacrolimus
from light.
Solution A: 6 mM phosphoric acid
Solution B: 50 g/L of polyoxyethylene (23) lauryl ether. [Note—Polyoxyethylene (23) lauryl ether is also called Brij-35.]
Solution C: Acetonitrile and Solution B (7:3)
Mobile phase: Acetonitrile, tert-butyl methyl ether, and Solution A (335:55:600)
Standard solution: 50 pg/mL of USP Tacrolimus RS in Solution C
Sample solution: Equivalent to 50 pg/mL of tacrolimus from NLT 10 Capsules in Solution C. [Note—Sonicate, and stir with a magnetic stirrer.]
Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm. When this procedure is used for Identification test B, use a diode array detector set at 200-400 nm.

Column: 4.0-mm x 5.5-cm; 3-um packing L1
Column temperature: 60°
Flow rate: 1 mL/min
Injection volume: 5 pL
System suitability
Sample: Standard solution
[Note—The relative retention times for tacrolimus 19-epimer and tacrolimus are 0.67 and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0% for the sum of the tacrolimus and tacrolimus 19-epimer peaks
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of tacrolimus (C NO,,) in the portion of Capsules taken:

44H69
Result = (r /r) x (C/C ) x 100
r, =sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Sample solution

ry = sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Standard solution

C, = concentration of USP Tacrolimus RS in the Standard solution (mg/mL)

C, =nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 93.0%—105.0%
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PERFORMANCE TESTS
* DissoLuTion (711),
Test 1

Medium: Hydroxypropylcellulose in water (1:2 x 104), adjusted with 6% phosphoric acid to a pH of 4.5; 900 mL

Apparatus 2: 50 rpm with sinker (see Dissolution (711), Figure 2a)
Time: 90 min
Mobile phase: Acetonitrile, methanol, water, and 6% phosphoric acid (46: 18:36:0.1)

Standard stock solution: (L/360) mg/mL in acetonitrile, where L is the Capsule label claim in mg
Standard solution: To 20.0 mL of the Standard stock solution add 50.0 mL of Medium, and mix to obtain solutions with known

concentrations as indicated in Table 1. Allow the solution to stand for NLT 6 h at 25° before use.

Sample solution: Pass 10 mL of the solution under test through a G4 glass filter. To 5.0 mL of the filtrate add 2.0 mL of

mix. Allow the solution to stand for NLT 1 h at 25° before use.

Table 1
Capsule Strength Final Concentration
(mg) (ng/mL)
0.5 0.4
1 0.8
5 4

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 15-cm; 5-ym packing L7

Column temperature: 50°

Flow rate: Adjust the flow rate so that the retention time of tacrolimus is approximately 14 min.

Injection volume: See Table 2.

Table 2
Capsule Strength Injection Volume
(mg) (WL)
0.5 800
1 400
5 80

[Note—For products with strengths other than those listed in Table 2, adjust the Injection volume to deliver an equivalent amount of

tacrolimus into the column.]
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between tacrolimus 19-epimer and tacrolimus
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of tacrolimus (C N012) dissolved:

44H69

Result = (r/r)) x Cyx D x V x (100/L)
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r, =peakresponse of tacrolimus from the Sample solution

r, = peak response of tacrolimus from the Standard solution

C, = concentration of USP Tacrolimus RS in the Standard solution (mg/mL)

D  =dilution factor of the Sample solution
V  =volume of Medium, 900 mL
L = label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of tacrolimus (C,,H,,NO_.) is dissolved.

Test 2: If the product complies with this test, the labeling indicates that it meets USP Dissolution Test 2.
[Note—Allow the Standard solution to stand for 3 h at ambient temperature before use. Protect solutions containing tacrolimus from light.]
Buffer: Dissolve 6 g of sodium dodecyl sulfate and 8.28 g of monobasic sodium phosphate in 6000 mL of water. Adjust with 2 N sodium

hydroxide to a pH of 7.0.

Medium: Buffer; 900 mL

Apparatus 2: 50 rpm, with sinkers

Time: 60 min

Standard stock solution: 0.2 mg/mL of USP Tacrolimus RS in alcohol and Medium (3:7). [Note—Dissolve USP Tacrolimus RS in alcohol
using 30% of the final volume. Sonicate until dissolved, and dilute with Medium to volume.]

Standard solution: Dilute the Standard stock solution with Medium to obtain a final concentration of 5 pg/mL.

Sample solution: Pass a portion of the solution under test through a suitable filter.

Solution A: 6 MM phosphoric acid

Mobile phase: Acetonitrile, tert-butyl methyl ether, and Solution A (335:50:600)

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.0-mm x 5.5-cm; 3-um packing L1

Column temperature: 60°
Flow rate: 1.2 mL/min
Injection volume: 100 pL
System suitability
Sample: Standard solution
[Note—The relative retention times for tacrolimus 19-epimer and tacrolimus are 0.67 and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5.0% for the sum of the areas of tacrolimus and tacrolimus 19-epimer
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tacrolimus (C44H69NO12) dissolved:

Result = (r,/rg) x (C/L) x V x 100

r, =sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Sample solution

r = sum of the peak responses of tacrolimus and tacrolimus 19-epimer from the Standard solution

C, = concentration of the Standard solution (mg/mL)

L = label claim (mg/Capsule)
V  =volume of Medium, 900 mL

Tolerances: NLT 80% (Q) of the labeled amount of tacrolimus (C,,H,,NO,,) is dissolved.

Test 3: If the product complies with this test, the labeling indicates that it meets USP Dissolution Test 3.
Medium: 50 mg/L of hydroxypropylcellulose in water. Adjust with phosphoric acid to a pH of 4.5; 900 mL.
Apparatus 2 (without sinker) and Time: Proceed as directed in Test 7.
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Buffer: 3.6 g/L of monobasic potassium phosphate in water. Adjust with diluted phosphoric acid to a pH of 2.5.
Mobile phase: Buffer and acetonitrile (1:1)
Standard stock solution: 0.1 mg/mL of USP Tacrolimus RS in acetonitrile

Standard solution: Dilute the Standard stock solution with Medium to obtain a final concentration of (L/900) mg/mL, where L is the Capsule
label claim in mg.

Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system

(See Chromatography (621), System Suitability.)

Mode: LC

Detector: UV 210 nm

Column: 4.6-mm x 10-cm; 5-pym packing L1

Column temperature: 60°
Flow rate: 1.3 mL/min
Injection volume: 100 pL
System suitability
Sample: Standard solution
[Note—The relative retention times for tacrolimus 19-epimer, tacrolimus open ring, and tacrolimus are 0.67, 0.79, and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of tacrolimus (C NO12) dissolved:

44H69
Result = (r /rg) x (C/L) x Vx 100

r, =sum of the peak responses of tacrolimus, tacrolimus 19-epimer, and tacrolimus open ring from the Sample solution

r, = sum of the peak responses of tacrolimus, tacrolimus 19-epimer, and tacrolimus open ring from the Standard solution

C, = concentration of the Standard solution (mg/mL)

L  =label claim (mg/Capsule)

V  =volume of Medium, 900 mL

Tolerances: NLT 75% (Q) of the labeled amount of tacrolimus (C NO,,) is dissolved.

44H69
Test 4: If the product complies with this test, the labeling indicates that it meets USP Dissolution Test 4.

Medium: Hydroxypropylcellulose in water (1 in 20,000), adjusted with phosphoric acid to a pH of 4.5. See Table 3 for the volume.

Table 3
Capsule Strength Volume of Medium
(mg) (mL)
0.5 500
1 900
5 900

Apparatus 2: 50 rpm, with sinkers

Time: 120 min

Diluent: 1 mg/mL of hydroxypropylcellulose in water. Sonicate as needed to dissolve.

Buffer: To a solution of 1 g/L of sodium 1-hexanesulfonate in water add 0.1 mL/L of trifluoroacetic acid.

Mobile phase: Acetonitrile, methanol, and Buffer (550:50:400)

Standard stock solution: Dissolve USP Tacrolimus RS in acetonitrile. See Table 4 for the concentrations (L is the Capsule label claim in mg).

Table 4

www.webofpharma.com



https://online.uspnf.com/uspnf/current-document/1_GUID-D774BE2A-B09A-4921-A753-C16D7C9D2438_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-DE15A571-4522-44A6-BF66-843E342ABB5D_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-F205C3A5-CF79-44ED-9AB3-E8CC86BB1510_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-4BE35CFC-C8C0-4ABC-90B4-AC569A7E7826_1_en-US
https://store.usp.org/product/1642802
https://online.uspnf.com/uspnf/current-document/1_GUID-4BE35CFC-C8C0-4ABC-90B4-AC569A7E7826_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-6C3DF8B8-D12E-4253-A0E7-6855670CDB7B_9_en-US#C621S12
https://online.uspnf.com/uspnf/current-document/1_GUID-6C3DF8B8-D12E-4253-A0E7-6855670CDB7B_9_en-US#C621S12
https://online.uspnf.com/uspnf/current-document/1_GUID-6C3DF8B8-D12E-4253-A0E7-6855670CDB7B_9_en-US#C621S12
https://online.uspnf.com/uspnf/current-document/1_GUID-6C3DF8B8-D12E-4253-A0E7-6855670CDB7B_9_en-US#C621S12
https://online.uspnf.com/uspnf/current-document/1_GUID-6C3DF8B8-D12E-4253-A0E7-6855670CDB7B_9_en-US#C621S12
https://online.uspnf.com/uspnf/current-document/1_GUID-6EF9AE5D-609E-4754-95B4-F634B9753BB9_2_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-1B8397E7-DDAE-4FE1-8855-08AB0E601012_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-DE15A571-4522-44A6-BF66-843E342ABB5D_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-F205C3A5-CF79-44ED-9AB3-E8CC86BB1510_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-1B8397E7-DDAE-4FE1-8855-08AB0E601012_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-DE15A571-4522-44A6-BF66-843E342ABB5D_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-23351600-E27A-435A-82CE-854CE2BA9061_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-DE15A571-4522-44A6-BF66-843E342ABB5D_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-C74F002F-0E36-448C-A553-CF9AC8799AEA_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-4BE35CFC-C8C0-4ABC-90B4-AC569A7E7826_1_en-US
https://online.uspnf.com/uspnf/current-document/1_GUID-3FCDE41E-1552-4515-B564-E9777B5A39DA_2_en-US
https://store.usp.org/product/1642802
https://online.uspnf.com/uspnf/current-document/1_GUID-4BE35CFC-C8C0-4ABC-90B4-AC569A7E7826_1_en-US

2/16/25,9:22 PM USP-NF Tacrolimus Capsules

Capsule Strength Concentration
(mg) (mg/mL)
0.5 L/25
1 L/45
5 L/45

Standard solution: Dilute the Standard stock solution with Diluent. See Table 5 for the concentrations (L is the Capsule label claim in mg).

Table 5
Capsule Strength Concentration
(mg) (mg/mL)
0.5 L/500
1 L/900
5 L/900

Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system

(See Chromatography (621), System Suitability.)

Mode: LC

Detector: UV 210 nm

Column: 4.6-mm x 15-cm; 5-pym packing L1

Column temperature: 60°
Flow rate: 1 mL/min
Injection volume: 100 pL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of tacrolimus (C Non) dissolved:

44H69
Result = (r,/rg) x (C/L) x V x 100

r, = peak response from the Sample solution

rg = peak response from the Standard solution

C, = concentration of USP Tacrolimus RS in the Standard solution (mg/mL)

L  =label claim (mg/Capsule)
vV =volume of Medium (mL) (see Table 3)

Tolerances: NLT 75% (Q) of the labeled amount of tacrolimus (C,,H.,NO_.) is dissolved.

Test 5: If the product complies with this test, the labeling indicates that it meets USP Dissolution Test 5.
Medium: 0.05 g/L hydroxypropylcellulose in water. Adjust with phosphoric acid to a pH of 4.5; 900 mL.

Apparatus 2: 50 rpm, with sinkers

Time: 90 min

Solution A: 0.1 mL/L of trifluoroacetic acid in water
Mobile phase: Acetonitrile and Solution A (50:50)
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Standard stock solution: 0.22 mg/mL of USP Tacrolimus RS in acetonitrile

Standard solution: (L/900) mg/mL of USP Tacrolimus RS from the Standard stock solution in Medium, where L is the label claim in
mg/Capsule
Sample solution: Centrifuge a portion of the solution under test. Use the supernatant.
Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 2.1-mm x 15-cm; 3.5-um packing L7
Column temperature: 60°

Flow rate: 0.8 mL/min
Injection volume: 750 pL
System suitability
Sample: Standard solution
[Note—The relative retention times for tacrolimus 19-epimer (tautomer 1), tacrolimus open-ring (tautomer 2), and tacrolimus are 0.55, 0.79,
and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 4.0% for the peaks due to tautomer 1, tautomer 2, and tacrolimus.
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of tacrolimus (C44H69N012) dissolved:

Result = (r /rg) x (C/L) x Vx 100

r, =sum of the peak responses of tacrolimus, tacrolimus open-ring, and tacrolimus 19-epimer from the Sample solution

rg =sum of the peak responses of tacrolimus, tacrolimus open-ring, and tacrolimus 19-epimer from the Standard solution

C, = concentration of USP Tacrolimus RS in the Standard solution (mg/mL)

L  =label claim (mg/Capsule)

V  =volume of Medium, 900 mL

Tolerances: NLT 75% (Q) of the labeled amount of tacrolimus (C,,H,,NO_.) is dissolved.

Test 6: If the product complies with this test, the labeling indicates that it meets USP Dissolution Test 6.
Dilute phosphoric acid: Transfer 7.1 mL of phosphoric acid to a 100 mL volumetric flask, and dilute with water to volume.
Medium: 50 mg/L of hydroxypropyl cellulose in water. Adjust with Dilute phosphoric acid to a pH of 4.5; 900 mL.
Apparatus 2: 50 rpm

Time: 60 min

Buffer: 3.6 g/L of monobasic potassium phosphate in water. Adjust with Dilute phosphoric acid to a pH of 2.5.

Mobile phase: Acetonitrile and Buffer (1:1)

Standard stock solution: 0.11 mg/mL of USP Tacrolimus RS in acetonitrile

Standard solution: Dilute the Standard stock solution with Medium to obtain a final concentration of (L/900) mg/mL, where L is the label

claim in mg/Capsule.
Sample solution: Centrifuge a portion of the solution under test. Use the supernatant.
Chromatographic system

(See Chromatography (621), System Suitability.)

Mode: LC

Detector: UV 210 nm

Column: 4.6-mm x 10-cm; 5-um packing L1

Column temperature: 60°

Flow rate: 1.3 mL/min

Injection volume: 100 pL
System suitability

Sample: Standard solution
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[Note—The relative retention times for tacrolimus 19-epimer, tacrolimus open ring, and tacrolimus are 0.77, 0.89, and 1.0, respectively.]
Suitability requirements
Tailing factor: NMT 2.0 for tacrolimus
Relative standard deviation: NMT 2.0% for the sum of tacrolimus 19-epimer, tacrolimus open ring, and tacrolimus
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of tacrolimus (C NO12) dissolved:

44H69
Result = (r,/rg) x (C/L) x Vx 100

r, =sum of the peak responses of tacrolimus, tacrolimus 19-epimer, and tacrolimus open ring from the Sample solution

r, = sum of the peak responses of tacrolimus, tacrolimus 19-epimer, and tacrolimus open ring from the Standard solution

C, = concentration of USP Tacrolimus RS in the Standard solution (mg/mL)

L  =label claim (mg/Capsule)
vV =volume of Medium, 900 mL

Tolerances: NLT 80% (Q) of the labeled amount of tacrolimus (C NO,,) is dissolved.

44H69
Test 8: If the product complies with this test, the labeling indicates that it meets USP Dissolution Test 8.
Medium: 50 mg/L of hydroxypropylcellulose in water. Adjust with 6% phosphoric acid to a pH of 4.5; 500 mL.
Apparatus 2: 75 rpm with sinker
Times: 15, 30, and 90 min

Diluent: 1 mg/mL of hydroxypropylcellulose in water

Buffer: Dissolve 1 g of sodium 1-hexanesulfonate in 1 L of water and add 0.1 mL of trifluoroacetic acid.
Mobile phase: Acetonitrile, methanol, and Buffer (55:5:40)
Standard stock solution: Dissolve USP Tacrolimus RS in acetonitrile. See Table 6 for the concentrations.

Table 6
Capsule Strength Final Concentration
(mg) (ng/mL)
0.5 19
1.0 22
5.0 110

Standard solution: Dilute the Standard stock solution with Diluent to obtain a final concentration of (L/500) mg/mL, where L is the label
claim in mg/Capsule. Using the Standard stock solution to prepare the final Standard solution, acetonitrile will not exceed 10%.

Sample solution: Pass 10 mL of the solution under test through a 1-um glass filter. Replace the portion of solution withdrawn with an equal
volume of Medium.

Chromatographic system
(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm x 15-cm; 5-pm packing L1

Column temperature: 60°
Flow rate: 1.0 mL/min
Injection volume: 100 uL
Run time: NLT 1.6 times the retention time of tacrolimus
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
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Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution

Calculate the concentration (CI.) of tacrolimus (C NO12) in the sample withdrawn from the vessel at each time point (i):

44H69
Result; = (r,/ry) x Cg

r, = peakresponse of tacrolimus from the Sample solution

r = peak response of tacrolimus from the Standard solution

C, = concentration of USP Tacrolimus RS in the Standard solution (mg/mL)

Calculate the percentage of the labeled amount of tacrolimus (C N012) dissolved at each time point (i):

44H69
Result, = C, x Vx (1/L) x 100
Result, = [(C, x V) + (C, x V)] x (1/L) x 100
Result, ={(C, x V) +[(C, + C,) x V ]} x (1/L) x 100
C, = concentration of tacrolimus in the portion of sample withdrawn at each time point (mg/mL)

V  =volume of Medium, 500 mL
L  =label claim (mg/Capsule)

Vs = volume of the Sample solution withdrawn at each time point (mL)

Tolerances: See Table 7.

Table 7
Time Point Time Tolerances
0] (min) (%)
1 15 NLT 20
2 30 NMT 75
3 90 NLT 80 (Q)

* UniFormiTy ofF Dosace Units (905): Meet the requirements

IMPURITIES

* OreANIc IMPURITIES, PROCEDURE 1

Use Organic Impurities, Procedure T when the impurity profile includes tacrolimus diene and tacrolimus regioisomer. It is suggested that new
columns be conditioned with about 500 mL of ethanol before use to meet the resolution criterion.

Mobile phase: Hexane, n-butyl chloride, and acetonitrile (7:2:1). Add n-butyl chloride to hexane, and mix well before adding acetonitrile. After
adding acetonitrile, mix the Mobile phase for 2 h to get a clear solution. Any deviations from the ratio of components in the Mobile phase
and the order of mixing will result in a two-phase solution.

System suitability solution: 0.1 mg/mL each of USP Tacrolimus RS and USP Tacrolimus Related Compound A RS in Mobile phase

Sample solution: Transfer the contents of a suitable number of Capsules (equivalent to about 5 mg of tacrolimus for 0.5-mg Capsules or 10
mg of tacrolimus for 1-mg and 5-mg Capsules) into a centrifuge tube. Add 1.5 mL of a mixture of n-butyl chloride and acetonitrile (2:1),
sonicate in an ultrasonic bath for 2 min, add 3.5 mL of n-hexane, and mix. Centrifuge this solution, and collect the supernatant or pass the
solution through a 0.5-um membrane filter. Use the solution within 30 min of preparation.

Chromatographic system

(See Chromatography (621), System Suitability.)

Mode: LC
Detector: UV 225 nm
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Columns: Two 4.6-mm x 25-cm columns; 5-ym packing L20
Column temperature: 28 + 2°
Flow rate: 1.5 mL/min. Adjust the Flow rate so that the retention time of tacrolimus is approximately 15 min.
Injection volume: 20 pL
Run time: 3 times the retention time of tacrolimus
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.1 between tacrolimus and tacrolimus related compound A
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:

Result = (r,/F) x {1/[r, + X(r,/F)} x 100
r, = peakresponse of each impurity from the Sample solution

F, =relative response factor for each corresponding impurity (see Table 8)

r, = peak response of tacrolimus from the Sample solution

Acceptance criteria: See Table 8. Disregard peaks due to the solvent.

Table 8
Relative Relative Acceptance
Retention Response Criteria,
Name Time Factor NMT (%)

Tacrolimus diene2 0.79 2.2 0.3
Tacrolimus regioisomerb 0.88 1.0 0.5
Tacrolimus impurity 1€ 0.96 1.0 0.3
Tacrolimus related
compound Ad 0.96
Tacrolimus 1.0 - -
Tacrolimus 19-
epimeref 1.1
Tacrolimus open
ring®9 1.3
Any individual
unspecified impurity 1.0 0.2
Total impurities - - 1.0

8 (14E,18E)-17-Allyl-1-hydroxy-12-[(E)-2-(4-hydroxy-3-methoxycyclohexyl)-1-methylvinyl]-23,25-dimethoxy-13,19,21,27-tetramethyl-11,28-
dioxa-4-azatricyclo[22.3.1 .04'9] octacosa-14,18-diene-2,3,10,16-tetrone.

b (4E,11E)-10-Allyl-7,8,10,13,14,15,16,17,18,19,20,21,26,22,28,28a-hexadecahydro-7,21-dihydroxy-3-(4-hydroxy-3-methoxycyclohexyl)-16,18-
dimethoxy-4,6,12,14,20-pentamethyl-17,21-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclopentacosine-1,9,22,23(6H,25H)-tetrone.
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¢ Tacrolimus impurity 1 is a specified, unidentified impurity.

d' Tacrolimus related compound A is listed here to indicate the relative retention time of this compound. It is used in the procedure to
evaluate system suitability and is not to be reported. It is not to be included in total impurities.

€ Tacrolimus open ring and tacrolimus 19-epimer are isomers of tacrolimus, which are present in equilibrium with the active ingredient.
They are not to be reported as degradation products and are not included in total impurities.

f (354R,55,8R9E,125,14S,15R,16S,18R,19S,26aS)-8-Allyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26 26a-hexadecahydro-5,19-dihydroxy-3-
{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.
9 (3S,4R,5S,8R,125,14S,15R,16S,18R,26aS,F)-8-Allyl-5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetrahydroxy-3-
{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone.
* OreaNic IMPURITIES, PROCEDURE 2
Use Organic Impurities, Procedure 2 when the impurity profile includes tacrolimus hydroxy acid and tacrolimus 8-epimer. It is suggested to
equilibrate the column overnight with a mixture of Solution C and Solution D (17:3) before performing this procedure. Allow the System
suitability solution, Standard solution, and Sample solution to stand for 3 h at ambient temperature before use. Protect solutions containing
tacrolimus from light.
Solution A: 6 mM phosphoric acid
Solution B: Acetonitrile and tert-butyl methyl ether (81:19). [Note—The ratio of acetonitrile to tert-butyl methyl ether is critical.]
Solution C: Solution A and Solution B (4:1)
Solution D: Solution A and Solution B (1:4)
Mobile phase: See Table 9.

Table 9

Time Solution C Solution D
(min) (%) (%)

0 74 26

45 74 26

60 15 85

75 15 85

76 74 26

85 74 26

Solution E: 50 g/L of polyoxyethylene (23) lauryl ether in Solution A. [Note—Polyoxyethylene (23) lauryl ether is also called Brij-35.]
Diluent: Acetonitrile and Solution E (7:3)

System suitability solution: 1.5 mg/mL of USP Tacrolimus System Suitability Mixture RS in Diluent

Standard solution: 7.5 pg/mL of USP Tacrolimus RS in Diluent

Sensitivity solution: 1.5 pg/mL of USP Tacrolimus RS in Diluent from Standard solution

Peak identification solution 1: 10 pg/mL of USP Tacrolimus 8-epimer RS in Diluent

Peak identification solution 2: 10 pg/mL of USP Tacrolimus 8-propyl Analog RS in Diluent

Sample solution: Equivalent to 1.5 mg/mL of tacrolimus in Diluent. [Note—Shake the mixture on a mechanical shaker for 30 min, and pass
through a suitable filter]

Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm x 15-cm; 3-ym packing L1

Column temperature: 60°
Flow rate: 1.5 mL/min
Injection volume: 40 pL
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System suitability

Samples: System suitability solution, Standard solution, and Sensitivity solution

Suitability requirements

USP-NF Tacrolimus Capsules

Resolution: NLT 3.0 between tacrolimus and ascomycin, System suitability solution

Relative standard deviation: NMT 10.0% for the sum of the responses of tacrolimus and tacrolimus 19-epimer, Standard solution
Signal-to-noise ratio: NLT 10.0, Sensitivity solution

Analysis

Samples: Standard solution, Peak identification solution 1, Peak identification solution 2, and Sample solution

Calculate the percentage of each impurity in the portion of Capsules taken:

Result = (r /ry) x (C/C ) x P x (1/F) x 100

r, =peakresponse of each impurity from the Sample solution

S

S

C,. =nominal concentration of tacrolimus in the Sample solution (mg/mL)

u

P = potency of tacrolimus in USP Tacrolimus RS (mg/mg)

F  =relative response factor (see Table 10)

Acceptance criteria: See Table 10. Identify tacrolimus 8-epimer and tacrolimus 8-propyl analog using Peak identification solution 1 and Peak

C. =concentration of USP Tacrolimus RS in the Standard solution (mg/mL)

r. =sum of the peak responses of tacrolimus 19-epimer and tacrolimus from the Standard solution

identification solution 2. Disregard peaks that are smaller than the tacrolimus peak in the Sensitivity solution.

Table 10
Relative Relative Acceptance
Retention Response Criteria,
Name Time Factor NMT (%)

Tacrolimus hydroxy acid@ 0.18 1.5 0.5
Tacrolimus open
ringe 0.49
Ascomycin
19-epimerde 0.52
Tacrolimus
19—epimer9'I 0.62
Ascomycin&9 0.84 - -
Desmethyl tacrolimus&X 0.91 - -
Tacrolimus 1.0 - -
Tacrolimus 8-epimer! 1.28 1.0 0.5
Tacrolimus 8-propy!
analog®/ 1.30
Any individual
unspecified impurity 1.0 0.2
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Relative Relative Acceptance
Retention Response Criteria,
Name Time Factor NMT (%)
Total impurities - - 1.5

@ (3S,4R,5S,8R,125,14S,15R,16S,18R,25aS,E)-8-Allyl-5,15,19-trinydroxy-3-{(E)-1-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]prop-1-en-2-
yl}-14,16-dimethoxy-4,10,12,18-tetramethyl-1,7,20-trioxo-1,3,4,5,6,7,8,11,12,13,14,15,16,17,18,19,20,22,23,24,25,2 5a-docosahydropyrido[2,1-c]
[1]oxa[4]azacyclodocosine-19-carboxylic acid.

b Tacrolimus open ring and tacrolimus 19-epimer are isomers of tacrolimus, which are present in equilibrium with the active ingredient.
They are not to be reported as degradation products and are not included in total impurities.

¢ (3S,4R,55,8R,12S,14S,15R,16S,18R,26aS,E)-8-Allyl-5,6,11,12,13,14,15,16,17,18,24,25,26,26a-tetradecahydro-5,15,20,20-tetrahydroxy-3-
{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,19,21(4H,8H,20H,23H)-tetrone.

d (3S,4R,5S,8R,9E,125,14S,15R,16S,18R,19S,26aS)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-
[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.

€ These are process impurities that are controlled in the drug substance. They are not to be reported in the drug product.

f (3S,4R,5S,8R,9E,125,14S,15R,16S,18R,19S,26aS)-8-Allyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-
{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.

9 (3S,4R,5S,8R,9E,125,14S,15R,16S,18R,19R,26aS)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-
[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.

h (35,4R,5S,8R,9E,125,14S,15R,16S,18R,19R,26aS)-8-Allyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-
[(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy-4,12,18-trimethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.

i (3S5,4R,5S,85,9E,125,14S,15R,16S,18R,19R,26aS)-8-Allyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-
{(E)-2-[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.

j (3S,4R,5S,8R,9E,125,14S,15R,16S,18R,19R,26aS)-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-Hexadecahydro-5,19-dihydroxy-3-{(E)-2-
[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-8-propyl-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.

ADDITIONAL REQUIREMENTS

* PackaciNG AND STorAGE: Preserve in tight containers. Store at controlled room temperature.

* Laeeuine: If a test for Organic Impurities other than Procedure 1 is used, then the labeling states with which test for Organic Impurities the article
complies. When more than one Dissolution test is given, the labeling states the Dissolution test used only if Test 7 is not used.

Change to read:

* USP RerFERENCE STANDARDS (11)
USP Tacrolimus RS
USP Tacrolimus Related Compound A RS
(E)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[(E)-2-(4-hydroxy-3-methoxycyclohexyl)-1-
methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.

C43H69N012 A792~02A (CN 1-Aug-2023)

USP Tacrolimus 8-epimer RS

(3S,4R,55,85,9E,125,14S,15R,16S,18R,19R,26aS)-8-Allyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-{(E)-2-
[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.

C, H NO 804.02

USP Tacrolimus 8-propyl Analog RS

(35,4R,5S,8R,9E,125,14S,15R,16S,18R,19R,26aS)-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-Hexadecahydro-5,19-dihydroxy-3-{(E)-2-
[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-8-propyl-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21(4H,23H)-tetrone.

C,,H,,NO,, 806.03

USP Tacrolimus System Suitability Mixture RS
It contains tacrolimus, ascomycin
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(3S,4R,5S,8R,9E,125,14S,15R,16S,18R,19R,26aS)-8-Ethyl-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-hexadecahydro-5,19-dihydroxy-3-[(E)-2-
[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl]-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-3H-pyrido[2,1-c]
[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone.

C43H69N012 A792'02A (CN 1-Aug-2023)

and tacrolimus 8-propyl analog
(3S,4R,5S,8R,9E,125,14S,15R,16S,18R,19R,26aS)-5,6,8,11,12,13,14,15,16,17,18,19,24,25,26,26a-Hexadecahydro-5,19-dihydroxy-3-{(E)-2-
[(1R,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methylvinyl}-14,16-dimethoxy-4,10,12,18-tetramethyl-15,19-epoxy-8-propyl-3H-pyrido[2,1-c]

[1,4]oxaazacyclotricosine-1,7,20,21-(4H,23H)-tetrone. C,H,NO, 806.03

Auxiliary Information - Please check for your question in the FAQs before contacting USP.
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