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Oil-Soluble Vitamins with Minerals Capsules

DEFINITION
Oil-Soluble Vitamins with Minerals Capsules contain two or more of the following oil-soluble vitamins: Vitamin A, as retinol or esters of retinol

in the form of retinyl acetate or retinyl palmitate; Vitamin D as ergocalciferol (Vitamin Dz) or cholecalciferol (Vitamin D3); Vitamin E, as alpha
tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate; Phytonadione (Vitamin K. ); beta carotene; and one or more

minerals derived from substances generally recognized as safe, furnishing one or more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel, phosphorus, potassium, selenium, tin,

vanadium, and zinc. Capsules contain NLT 90.0% and NMT 165.0% of the labeled amounts of vitamin A, as retinol equivalent (C 0);

20H30

vitamin D, as cholecalciferol (C 0) or ergocalciferol (C,_H, O); vitamin E, as alpha tocopherol (C,4H,,0,), alpha tocopheryl acetate

27 H44 28" 44

0,); and beta carotene (C, H_); NLT 90.0% and NMT 125.0%

(C,,H,,0,), or alpha tocopheryl acid succinate (C,,H,,0,); phytonadione (C, H,

5475
of the labeled amount of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), and zinc
(Zn); and NLT 90.0% and NMT 160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (1), molybdenum (Mo), nickel
(Ni), selenium (Se), tin (Sn), and vanadium (V).

They may contain other labeled added substances that are generally recognized as safe, in amounts that are unobjectionable.

STRENGTH
* Vitamin A

[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution 1: 13 pg/mL of retinol from USP Retinyl Acetate RS in n-hexane

Standard solution 2: 13 pg/mL of retinol from USP Retinyl Palmitate RS in n-hexane

System suitability solution: Mix equal volumes of Standard solution 1 and Standard solution 2.

Sample stock solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix, and weigh. Transfer a portion of the mixture,
equivalent to 5 Capsules, to a container having a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely as
possible, the contents of NLT 20 Capsules by cutting open the Capsule shells, transferring the shells and their contents to a suitable
container, and triturating to a homogeneous mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a container having a polytef-
lined screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min in a water bath maintained at 60°.
Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane
to the dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet to the 100-mL volumetric
flask. Repeat this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the volumetric flask with n-hexane to
volume.

Sample solution: Dilute the Sample stock solution with n-hexane to obtain a solution with a concentration of 13 pg/mL of vitamin A as retinol

(CyeH300)-

Chromatographic system

(See Chromatography (621), System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm x 15-cm; packing L8

Flow rate: 1 mL/min
Injection volume: 40 uL
System suitability
Sample: System suitability solution

Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate DOC um ents
Relative standard deviation: NMT 3.0% Document Sharing Hub
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Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (CZOH3OO), in the portion of Capsules taken:

Result = (r /rg) x (C/C) x 100
r, = peakarea of the all-trans-retinyl ester from the Sample solution

rg = peak area of the all-trans-retinyl ester from the appropriate Standard solution

C, = concentration of retinol in the appropriate Standard solution (ug/mL)

C, =nominal concentration of vitamin A, as retinol, in the Sample solution (ug/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount of vitamin A as retinol equivalent (C 0)

20H30
* Vitamin D
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 pg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60° for 1 h to partially isomerize vitamin D (cholecalciferol or

ergocalciferol) to its corresponding precursor.

Sample solution: Transfer NLT 20 mL of a solution prepared as directed for the Sample stock solution in Vitamin A to a suitable container, and
concentrate, if necessary, in vacuum at room temperature to obtain a solution with an expected concentration of 2 pg/mL of cholecalciferol
or ergocalciferol.

Chromatographic system

(See Chromatography (621), System Suitability.)

Mode: LC

Detector: UV 265 nm

Column: 4.6-mm x 15-cm; 3-ym packing L8
Flow rate: 1 mL/min

Injection volume: 100 pL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding precursor
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of cholecalciferol (C,_H, 0) or ergocalciferol (C 0) in the portion of Capsules taken:

27 44 28 H 44

Result = (r /rg) x (C/C ) x F x 100

r, = peakarea of cholecalciferol or ergocalciferol from the Sample solution

ry = peakarea of cholecalciferol or ergocalciferol from the Standard solution

C, = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard solution (ug/mL)

C, =nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (ug/mL)

F = correction factor to account for the average amount of pre-vitamin D present in the Sample solution, 1.09

Acceptance criteria: 90.0%-165.0% of the labeled amount of vitamin D as cholecalciferol (C 0) or ergocalciferol (C 0)

27H44 28H44
* Vitamin E
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard. Use low-actinic glassw i
] Dgttftiients
Solution A: Phosphoric acid solution (1 in 100) in water Document Sharing Hub
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Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate RS, or USP Alpha Tocopheryl Acid Succinate RS in
methanol

Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample stock solution in Vitamin A to a suitable container,
and evaporate in vacuum at room temperature to dryness. Transfer the residue with the aid of methanol to a suitable volumetric flask, and
dilute with methanol to volume to obtain a concentration of 2 mg/mL of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl
acid succinate.

Chromatographic system

(See Chromatography (621),_ System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm x 15-cm; 5-ym packing L1
Flow rate: 1 mL/min
Injection volume: 50 pL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol (C

0,), alpha tocopheryl acetate (C 0,), or alpha tocopheryl

29H50 31H52

acid succinate (C 05) in the portion of Capsules taken:

33H54
Result = (r /r)) x (C/C) x 100
r, = peakarea of the relevant vitamin E form from the Sample solution

ry = peak area of the relevant vitamin E form from the Standard solution

C, = concentration of the corresponding USP Reference Standard in the Standard solution (mg/mL)

C, =nominal concentration of the corresponding form of vitamin E in the Sample solution (mg/mL)

Acceptance criteria: 90.0%—165.0% of the labeled amount of vitamin E

* Prvtonapione (Vitamin K. )

[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 pg/mL of USP Phytonadione RS in methanol. Dissolve with the aid of sonication if necessary.

Standard solution: 20 pg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20 pg/mL of USP Phytonadione RS from the Standard
stock solution diluted with methanol. [Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the Standard stock

solution, and then dilute with methanol to volume.]

Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample stock solution in Vitamin A to a suitable container,
and evaporate in vacuum at room temperature to dryness. Transfer the residue with the aid of methanol to a suitable volumetric flask, and
dilute with methanol to volume to obtain a concentration of 20 pg/mL of phytonadione.

Chromatographic system

(See Chromatography (621), System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm x 15-cm; 5-um packing L1

Flow rate: 1 mL/min
Injection volume: 50 pL
System suitability

Samples: Standard solution and System suitability solution D ocum ents

Suitability requirements )
Document Sharing Hub
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Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of phytonadione (031H4602) in the portion of Capsules taken:

Result = (r /r;) x (C/C,) x 100

r, = peak area from the Sample solution

ry = peakarea from the Standard solution

C, = concentration of USP Phytonadione RS in the Standard solution (ug/mL)

C, =nominal concentration of phytonadione in the Sample solution (pg/mL)

Acceptance criteria: 90.0%-165.0% of the labeled amount of phytonadione (C 02)

31H46
* BeTA CAROTENE
[Note—Use low-actinic glassware.]

Mobile phase: Transfer 50 mg of butylated hydroxytoluene into a 1-L volumetric flask, and dissolve with 20 mL of 2-propanol. Add 0.2 mL of
N-ethyldiisopropylamine, 25 mL of 0.2% ammonium acetate solution, 455 mL of acetonitrile, and about 450 mL of methanol. Allow the
solution to reach to room temperature, and dilute with methanol to volume.

Diluent: 50 ug/mL of butylated hydroxytoluene in alcohol

System suitability solution: Transfer 20 mg of USP Beta Carotene System Suitability RS to a 50-mL volumetric flask. Add 1 mL of water, 4 mL

of tetrahydrofuran, and sonicate for 5 min. Dilute with Diluent to volume, and sonicate for 5 min. Cool to room temperature, pass the
suspension through a membrane filter of 0.45-pm pore size, and use the clear filtrate.

Standard stock solution: 60 pg/mL of USP Beta Carotene RS in tetrahydrofuran

Standard solution A: Transfer 5.0 mL of the Standard stock solution into a 100-mL volumetric flask, add 5.0 mL of tetrahydrofuran, and dilute
with Diluent to volume.

Determine the concentration of Standard solution A from the concentration of Standard solution B as described below.
Standard solution B: Transfer 5.0 mL of the Standard stock solution into a 100-mL volumetric flask, and dilute with cyclohexane to volume.
Prepare in triplicate.
Instrumental conditions
(See Ultraviolet-Visible Spectroscopy (857).)
Analytical wavelength: 457 nm
Cell path: 1 cm

Blank: Cyclohexane
Analysis
Sample: Standard solution B
Calculate the concentration of total beta carotene (mg/mL) as all-trans-beta carotene (C, H, ) in Standard solution B. [Note—The

concentration of Standard solution B equals the concentration of Standard solution A.]
Result = A/F

A = average absorbance of the three preparations of Standard solution B

F = absorptivity of pure all-trans-beta carotene in cyclohexane, 250

Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample stock solution in Vitamin A to a suitable container,
and evaporate in vacuum at room temperature to dryness. Dissolve the residue in a mixture of methylene chloride and Diluent (1:1), and
dilute with the same mixture to obtain a concentration of 3 pg/mL of beta carotene. Pass through a membrane filter of 0.45-um pore size if
necessary.

Chromatographic system

(See Chromatography (621),_ System Suitability.)

Mode: LC
Detector: UV-Vis 448 nm

Column: 4.6-mm x 25-cm; 5-um packing L68 Docu ments

Column temperature: 30°
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Flow rate: 0.6 mL/min
Injection volume: 20 pL
System suitability
Samples: System suitability solution and Standard solution A
[Note—The approximate relative retention times of the components in the System suitability solution are listed in Table 1.]

Table 1
Relative Relative
Retention Response
Name Time Factor

All-trans-Alpha carotene 0.93 1.1
All-trans-Beta carotene 1.00 1
9-cis-Beta carotene 1.07 1
13-cis-Beta carotene 1.17 1.2
15-cis-Beta carotene 1.21 1.4

Suitability requirements
Chromatogram similarity: The chromatogram from the System suitability solution is similar to the reference chromatogram provided with
the lot of USP Beta Carotene System Suitability RS being used.
Resolution: NLT 1.5 between beta carotene and alpha carotene and between beta carotene and 9-cis-beta carotene, System suitability

solution
Tailing factor: NMT 2.0 for the beta carotene peak, Standard solution A
Relative standard deviation: NMT 2.0% for the beta carotene peak from replicate injections, Standard solution A
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage of all-trans-beta carotene in the portion of Capsules taken:

Result = (r /rg) x (C/C) x 100
r, = peakarea of all-trans-beta carotene from the Sample solution

ry = peak area of all-trans-beta carotene from Standard solution A

C, = concentration of all-trans-beta carotene in Standard solution A as determined by spectrometric procedure

C, =nominal concentration of beta carotene in the Sample solution

Acceptance criteria: 90.0%-165.0% of the labeled amount of beta carotene (C, H,)

* CaLcium, Method 1

Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N hydrochloric acid

Calcium standard solution: 400 pg/mL of calcium. Dissolve 1.001 g of calcium carbonate, previously dried at 300° for 3 h and cooled in a
desiccator for 2 h, in 25 mL of 1 N hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.

Standard stock solution: 100 pg/mL of calcium from the Calcium standard solution diluted with 0.125 N hydrochloric acid

Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and 3.0 mL of the Standard stock solution. To each flask
add 1.0 mL of Lanthanum chloride solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 pg/mL of calcium.

Polysorbate 80 solution: Polysorbate 80 and alcohol (1:10)

Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard gelatin Capsules, weigh NLT 20 Capsules. Open the
Capsules, without loss of shell material, and transfer the contents to a suitable container. Remove any contents adhering to the empty
shells by washing with several portions of ether. Discard the washings, and allow the Capsule shells to dry. Weigh the empty Capsule shells,
calculate the net weight of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5 C@@cmts

volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric acid, and 1 mL of Polysorbate 80 soluiioii 1o the ﬂﬁtlgCHl?r?'}gRta ﬁtar}liaﬁa Hub
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or steam bath, with intermittent swirling, until the Capsules are completely disintegrated or the contents are dissolved. Boil gently for an
additional 15 min. Cool, dilute with water to volume, and filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N
hydrochloric acid, to obtain a concentration of 2 pg/mL of calcium, adding 1 mL of Lanthanum chloride solution per 100 mL of the final
volume.

Instrumental conditions

(See Atomic Absorption Spectroscopy (852).)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm

Lamp: Calcium hollow-cathode
Flame: Nitrous oxide—acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100 mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the Standard solutions versus the concentration,
in pg/mL, of calcium, and draw the straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in mg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Capsules taken:

Result = (C/C) x 100

C =measured concentration of calcium in the Sample solution (ug/mL)

C, =nominal concentration of calcium in the Sample solution (ug/mL)

Acceptance criteria: 90.0%—-125.0% of the labeled amount of calcium (Ca)
* CHromium, Method 1
Chromium standard solution: 1000 pg/mL of chromium from potassium dichromate, previously dried at 120° for 4 h in water. Store in a
polyethylene bottle.

Standard stock solution: 10 pg/mL of chromium from Chromium standard solution diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate 100-mL volumetric flasks, and transfer 15.0 and
20.0 mL of the Standard stock solution to separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with 0.125 N

hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0 ug/mL of chromium.

Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample solution to contain 2.5 pg/mL of chromium and omit
the use of the Lanthanum chloride solution.

Instrumental conditions

(See Atomic Absorption Spectroscopy (852).)

Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air—acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the Standard solutions versus the concentration,
in ug/mL, of chromium, and draw the straight line best fitting the four plotted points. From the graph so obtained, determine the
concentration, C, in ug/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Capsules taken:

Result = (C/C ) x 100

C =measured concentration of chromium in the Sample solution (ug/mL)

C, =nominal concentration of chromium in the Sample solution (pg/mL)

Acceptance criteria: 90.0%-160.0% of the labeled amount of chromium (Cr)
* Copper, Method 1

Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50% solution of nitric acid, and diD@/@blm&n)ts

nitric acid to 1000 mL. This solution contains 1000 pug/mL of copper. Document Sharing Hub
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