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Separation and Assay of Cholecalciferol in Vitamin A +D Ointment
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Summary. In this paper two methods are presented. One
involves the separation of cholecalciferol from a topical oint-
ment. The other involves the assay of cholecalciferol in this
ointment. The study was performed with normal-phase high
performance liquid chromatography using a NP-L3 column
and UV detection. Applying a mobile phase mixture contain-
ing n-hexane:2-propanol (99:1) a total separation was achieved
within 15 min. For isolation and assay of cholecalciferol from
an ointment (vitamin A + D), dissolution in n-hexane gave the
highest recovery (>95%). The isolation and assay process can
be performed within 3.5 h.

Keywords. Vitamin D; Cholecalciferol; Vitamin A; Methyl
paraben; NP-HPLC.

Introduction

Vitamin D sufficiency is required for optimal health.
The conditions with strong evidence for a protective
effect of vitamin D include several bone diseases,
muscle weakness, multiple sclerosis and type 1 dia-
betes mellitus [1, 2]. The skin is the major source of
vitamin D3 (cholecalciferol) and ultra violet light
(UV) is critical for its formation [3]. Vitamin D
and its metabolites may be categorized into two
families of secosteroids, the cholecalciferols and
ergocalciferols. Solar UVB radiation is an initiator
of vitamin D3 production in the human skin [4].
Cholecalciferol, the parent compound of the natural-
ly occurring family, is produced in the skin on expo-
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sure to sunlight. The UVB (280-320 nm) portion of
sunlight converts 7-dehydrocholesterol to previtamin
Dj3. Previtamin D3 changes by isomerization to form
vitamin D5. Vitamin Dj is translocated from the skin
to the blood with the help of vitamin D-binding pro-
tein (DBP) [5]. It is a fat-soluble steroid that is es-
sential for maintaining normal calcium metabolism.

Vitamin D3 is a prohormone produced in skin
through ultraviolet irradiation of 7-dehydrocholes-
terol. It is biologically inert and must be metabolized
to 25-hydroxyvitamin D3 in the liver and then to
1-a,25-dihydroxyvitamin D3 in the kidney before
function. The hormonal form of vitamin Ds, i.e.,
1-a,25-dihydroxyvitamin D3, acts through a nuclear
receptor to carry out its many functions, including
calcium absorption, phosphate absorption in the in-
testine, calcium mobilization in bone, and calcium
reabsorption in the kidney. It also has several non-
calcemic functions in the body [6].

In vitamin D deficiency, calcium absorption is in-
sufficient and cannot satisfy the body’s needs. Conse-
quently, parathyroid hormone production increases
and calcium is mobilized from bones and reabsorbed
in the kidneys to maintain normal serum calcium levels
[7]. Determination of vitamin D5 in different materials
such as foods [8—11], cod-liver oil [12—14], drugs
[15, 16], and blood plasma [17] has been performed
by HPLC methods (normal or reversed phase). In this
study, a separation procedure was developed using
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normal phase high performance liquid chromatogra-
phy (NP-HPLC). The mobile phase composition was
optimized by testing n-hexane with different ratios of
other solvent such as isopropanol and isoamy] alcohol.
An isolation method for cholecalciferol in a commer-
cially available ointment (A + D) was explored.

Results and Discussion

The aim was finding a procedure for separation of
vitamin D3 (cholecalciferol) from other ingredients
in A+ D ointment and assay of vitamin Dj in this
product.

Separation of Cholecalciferol from other
Ingredients in the Ointment

A search for a suitable mobile phase composition
began with monitoring at 265 nm with a flow rate
of 1cm? /min. The mobile phase optimization began
with n-hexane because of its good extracting be-
havior in the ointment. The result showed that the
separation of peaks would be better if the solvent
becomes more polar, so several mobile phases were
tried to increase separation of peaks between vitamin
D3 and butyl paraben. The mixtures of isopropanol:
n-hexane and isoamyl alcohol:n-hexane were tested,
and n-hexane:isopropanol gave better results for sep-
aration [4]. The results show that good separation for
cholecalciferol and butyl paraben was achieved with
n-hexane:isopropanol (99:1) (Fig. 1).

Limit of Detection

The relative sample sensitivity of a detector is defined
as the minimum concentration of solute which can be
detected and is evaluated by using the signal to noise
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Fig. 1. Chromatogram of a sample of the vitamin A+D
ointment containing the peaks of vitamin A, vitamin Ds,
and butyl paraben on a Partispher silica (L3) column using
n-hexane:isopropanol (99:1, v/v) mobile phase. Flow rate
lem?® /min; wavelength 265 nm, loop volume 20 mm3, injec-
tion concentration 0.4 y1g/cm’
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(S/N) ratio for this purpose. A 200 ug/cm’ stock of
cholecalciferol was prepared by dissolving necessary
amount in n-hexane and then solutions of different
concentration from 200 to 20 ,u,g/cm3 include (200,
100, 80, 50, 40, and 20 pug/ cm’) were made after
injection of these solutions. The concentration of
100 ;g /cm?® was found to be minimum detectable con-
centration by the detector. The separation of 40 ug/
cm?® was not detected with certainty. The S/N ratio was
2.5 atapreferred detection wavelength of 265 nm and a
flow rate of 1 cm®/min. Results showed that cholecal-
ciferol can be easily detected at known concentration.

Linearity

The linearity of an analytical method is its ability
to elicit results that are directly proportional to the
concentration of analyte in samples within a given
range. For the establishment of linearity, a minimum
of five concentrations normally is used. The relation-
ship obtained between peak area and amount of cho-
lecalciferol injected is linear from the selected range
of 320-480ng/cm’ with a suitable correlation coef-
ficient of 0.9991.

Determination of Cholecalciferol in a Pharmaceutical
Preparation

The selection of solvent for the isolation of chole-
calciferol from its pharmaceutical preparation was
based on finding the solvent which could dissolve
only cholecalciferol or minimum of the ingredient
from the ointment. Several solvents were tested by
dissolving 10 g of ointment in 20 cm® of solvent and
shaking for 20 min. The solvents tested were metha-
nol, ethanol, chloroform, diethyl ether, and n-hexane.
Among these solvents only chloroform and n-hexane
liquefied the ointment and other solvents even after
prolonged shaking did not have any effect on the
ointment. However, using TLC for separation of
cholecalciferol from other ingredients, we found that
chloroform dissolves all the chemicals in the oint-
ment but n-hexane gave better separation of cho-
lecalciferol from other materials. So, the turbid
mixture produced after shaking in n-hexane was cen-
trifuged in order to separate the solidified fats and
insoluble materials. Removing of other saponifiable
compounds by washing with aqueous acid and base
solutions were made. However, after six times extrac-
tion with n-hexane and centrifugation, it was injected
onto the column. We observed three chromatograms
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for butylated hydroxytoluene, cholecalciferol, and
butyl paraben with retention times of 2, 5.8, and
12min. The signal of vitamin A in the ointment
overlapped with a retention time of 2 min with the
signal of butylated hydroxytoluene.

Precision and Repeatability

The precision of an analytical method is the degree
of agreement among individual test results when the
method is applied repeatedly to multiple samplings of
a homogenous sample. Determination of cholecal-
ciferol in the ointment was performed with six sam-
ples prepared from a homogenous ointment. Tests for
repeatability of injections of sample solutions showed
an overall relative standard deviation of less than 2%.
The recovery from six separate determinations were
found to be greater than 98%. The complete procedure
from isolation to recovery can be performed within
3.5h. The HPLC method is suitable for routine quality
control analysis of vitamin A + D ointment.

Conclusion

A normal phase high performance liquid chromatog-
raphy method is introduced for determination of
cholecalciferol in vitamin A 4+ D ointment. The iso-
lation and recovery can be performed within 3.5h.
The method described, is simple, sensitive, repeatable
and can be used on a daily basis as part of routine
analysis.

Exprimental

Materials

Standard sample of cholecalciferol as a pharmaceutical
grade was provided by Roche (Basel, Switzerland), n-hex-
ane and other analytical grade chemicals were purchased
from E. Merck (Darmstadt, Germany). Vitamin A + D oint-
ment was manufactured by Darou Pakhsh Pharmaceuticals
(Tehran, Iran).

Equipment

NP-HPLC analysis was performed on a Partisphere 5-pm silica
(L3) 4.6x125mm column (Whatman, USA), a Younglin
SP930D pump with a Younglin 730D UV spectrophotometer
detector, and an Autochro 2000 integrator (Korea). The soft-
ware used in Younglin HPLC was Atochrom 2005, version 18.
The flow rate was 1 cm® /min for separation and assay recovery.
The UV detection wavelength was 265 nm for separation and
assay. The loop volume was 20 mm?>. A Labcon speep model at
85 vibrations per minute was used for shaking during the isola-
tion of a mixture containing the ointment and solvent. All cen-
trifugation were performed using Clements GS200 (England).
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Solutions

Stock solutions containing 1000 and 200 zg/cm’ of cholecal-
ciferol were prepared by dissolving the necessary amounts in
n-hexane, which were then diluted to make 20 and 0.4 g/ cm®
solutions. The other solutions of cholecalciferol with concen-
tration of 40-100 ug/ cm® in n-hexane were made for injec-
tion. Sample solutions were kept in amber-colored bottles and
stored under 410°C until use.

Determination of Cholecalciferol in the Ointment

The amount of 10 g of the ointment containing 850 IU chole-
calciferol was dissolved in 20 cm? n-hexane, shaken for 20 min,
then centrifuged with 6000 rpm for 10 min. The clear portion
was removed and 20 cm® n-hexane were added to the residual
solid phase and again shaken for 20 min and centrifuged as
above. This treatment was repeated four times, after which
2 cm?® of the solution were removed and centrifuged again. The
clear part of the solution was ready for injection.

Recovery

The recovery was computed as the peak area of cholecalcifer-
ol from the ointment divided by the corresponding peak area
of a reference solution (standard) containing cholecalciferol at
a concentration of 0.4 ug/ cm® in n-hexane.
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