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High-performance Liquid Chromatography of Water-soluble Vitamins

Part 3.* Simultaneous Determination of Vitamins B4, B,, Bg, B> and
C. Nicotinamide and Folic Acid in Capsule Preparations by lon-pair
Reversed-phase High-performance Liquid Chromatography
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An ion-pair reversed-phase high-performance liquid chromatographic (HPLC) method for the separation and
simultaneous determination of thiamine HCI (vitamin B,), riboflavin (vitamin B;), nicotinamide, pyridoxine
HCI (vitamin Bg), cyanocobalamin (vitamin B,), ascorbic acid (vitamin C) and folic acid in capsule
preparations is described. The above seven active substances were extracted from the preparations within 5
min using an electronically controlled extraction apparatus. lon-pair reversed-phase HPLC was carried out on
LiChrosorb RP-18 using methanol - water - concentrated phosphoric acid - octanesulphonic acid as the eluent.
All seven active ingredients were separated in less than 4 min. The detection limits were 1-2 ng for all
vitamins; however, amounts of 5-10 ng were required for the quantitative HPLC determination of the
vitamins. The proposed HPLC method is suitable for the determination of these active ingredients in
pharmaceutical preparations such as multivitamin capsules and has a coefficient of variation between 1.1 and
3.2%. The ease of extraction, accuracy and sensitivity of the method and the time required for analysis are
emphasised.
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The determination of vitamin C and the B-group of vitamins,
including By, B,, B, and By,. has been reported in Parts 1 and
2 of this series. 1.2 In this paper the development of an ion-pair
reversed-phase high-performance liquid chromatographic
(HPLC) method for the separation and determination of the
above five vitamins plus nicotinamide and folic acid is
described. Many methods for the determination of water-
soluble vitamins using different physical, chemical and biolog-
ical methods have been published,*5 and the advantages and
disadvantages of these methods have been discussed.!2 The
HPLC separation and determination of water-soluble vita-
mins in vitamin and multivitamin preparations and in biolog-
ical fluids is now well established.t-1¢ However, the HPLC
determination of the vitamins in pharmaceutical preparations
and in biological materials is often complicated by the large
excess of inactive ingredients, and by the low concentrations
of the vitamins in biological fluids (nanogram range). This
paper describes an ion-pair reversed-phase HPLC method for
the separation and simultaneous determination of vitamins,
B;. By, Bg, Bj; and C, nicotanamide and folic acid in the
nanogram range.

Experimental
Apparatus and Conditions

Electronically controlled extraction apparatus

This apparatus (W. Krannich, Géttingen, FRG) is composed
of the glass set for the simultaneous extraction of three
samples described previously.! The good reproducibility of
the extraction of many active substances from preparations
using this apparatus has been demonstrated.!.2-17.18

High-performance liquid chromatograph

A Knauer compact liquid chromatograph with a spectro-
photometric detector and a syringe-loaded loop injection

* For Parts 1 and 2 of this series, sce references 1 and 2.
+ To whom correspondence should be addressed.

valve (internal volume 50 ul) were used. A 250 X 4 mm i.d.
column of Vertex LiChrosorb RP-18 (10 um) was used for the
reversed-phase chromatography. The chromatograms were
recorded on a Knauer recorder with a 100 mV span set at a
chart speed of 10 mm min—i. The following conditions were
maintained: detection wavelength = 254 nm; pressure = 140
bar; flow-rate = 1.5 ml min—!; room temperature = 22-25 °C;
injection volume = 5-25 ul: and detector sensitivity = 1.28
a.u.f.s. The eluent consisted of methanol - water - 85% phos-
phoric acid (55 + 45 + 1) plus 65 mg of octanesulphonic acid in
101 ml.

Materials and Reagents

The six vitamin and folic acid standards were obtained from
Pfizer Pharmaceutical (Cairo, Egypt). The following capsules
were specially prepared for this study to contain exactly the
labelled amounts.

Preparation A. Multi-vitamin capsules containing 3 mg of
vitamin B, 2 mg of vitamin B,, 20 mg of nicotinamide, 10 mg
of vitamin By, 2 pg of vitamin B, and 50 mg of vitamin C per
capsule.

Preparation B. Multi-vitamin capsules containing 4 mg of
vitamin By, 4 mg of vitamin B,, 25 mg of nicotinamide, 0.5 mg
of vitamin By, 1.5 pg of vitamin B3, 60 mg of vitamin C and
1 mg of folic acid.

The methanol used for the chromatographic separation was
purchased from E. Merck (Darmstadt, FRG). The water used
for the chromatography was prepared by glass distillation and
filtration with a membrane filter. All other chemicals were of
the best grade commercially available.

Procedure

Preparation of standard solutions (pure substances)

A 10 mg mass of each standard substance was weighed to 0.01
mg and dissolved in 100 ml of methanol - water (80 + 20). A 1
ml aliquot of each solution was diluted such that 1 mi
contained 3—4 ug of vitamin B, 2-4 ug of vitamin B,, 20-25 ug
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of nicotinamide, 5-10 pg of vitamin Bg, 1.5-2 pg of vitamin
Bi2, 50-60 ug of vitamin C and 1-2 ug of folic acid.

Preparation of standard mixture solution

A solution of the seven active ingredients was such that 1 ml of
the solution contained 5 ug each of vitamin B,, B, and C, 10 ug
each of nicotinamide, vitamin Bg and folic acid and 20 ug of
vitamin B .

Preparation of samples (pharmaceutical preparations)

The conten

ts of one ssule of each prenars tHion were
t

5 OI One <{apsuwic O1r cacn preparation were
pulverised and transferred accurately into the fully automated
extraction apparatus and extracted three times with a total
volume of 20 ml of methanol - water (8 + 2). A 10 ml aliquot of
this solution was concentrated such that 1 ml of the solution
contained ().75-1 ug of vitamin B,,. The other 10 ml of the
extracted solution was diluted such that 1 ml of the solution
contained 3-4 of ug vitamin By, 2—4 ug of vitamin B,, 20-25 ug
of nicotinamide, 0.5-10 ug of vitamin By, 50-60 ug of vitamin
Cand 1 ug of folic acid, depending on the vitamin content of
the investigated preparation.

Calculation

The percentage recovery of the vitamins in the investigated
preparations can be calculated from calibration graphs deter-
mined under the same conditions or by the external standard
method according to the following equation:

Ps

. CR
% of nominal content = x 100

CsPR
where CR is the mass of reference compound used (ug or ng),
Psis the peak area of the active substance (cm2), Csis the mass
of the active substance present (ug or ng, calculated from the
stated amount in the preparation), and PR is the peak area for
the reference compound (cm?).
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Fig. 1. Typical high-performance liquid chromatogram of the seven
vitamins separated from the standard mixture solution. 1, Ascorbic
acid (vitamin C), 0.125 ug; 2, cyanocobalamin (vitamin B,,), 0.5 ug: 3,
riboflavin (vitamin B,), 0.125 ng; 4, nicotinamide, 0.25 pg; 5, folic
acid. 0.25 pg: 6, pyridoxine HCI (vitamin By,). 0.25 pug: and 7. thiamine
HCI (vitamin By). 0.125 pg. Conditions: column, Knauer LiChrosorb
RP-18, 10 um, 250 mm x 4 mm; pressure, 140 bar; flow-rate, 1.5 ml
min-!; detector, UV, 254 nm; sensitivity, 1.28 a.u.f.s; eluent,
methanol - water - 85% phosphoric acid (55'+ 45 + 1) plus 65 mg of
octanesulphonic acid in 101 ml; volume injected, 25 ul
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Results

Fig. 1 shows the HPLC separation pattern of the seven
vitamins obtained using the standard mixture solution. Fig. 2
shows the separation of the active substances from Prepara-
tion B. Table 1 gives the retention times of the investigated
substances and Table 2 illustrates the reproducibility of the
HPLC determination of the seven compounds. The coeffi-

sample solutions are summarised in this table. Table 3
presents the results of the HPLC determination of the drugs in

the tw, actioated camart To ccmm i

¢ WO investigatead capsuie preparations.

Discussion

Table 1 shows that the HPLC technique used permits the
simultaneous separation of vitamins By, B, B¢, By, and C,
nicotinamide and folic acid in less than 4 min. Tables 2 and 3
show all that the described extraction and HPLC methods are

{a) (b)
1.28 a.u.fs. 1.28 a.ufs.
1 1
1.28
4032
7
0.04
a.ufs.
2
BEIES
@flc
< <jle 5
2 3|5 K5
|8 sfl |2
£ |2 N
[ B
0 1 2 3 40 1 2
Time/min

Fig. 2 (a) Typical high-performance liquid chromatogram of the
separation pattern of the seven drugs from capsules (Preparation B).
Conditions: as in Fig. 1, except sensitivity of detector (1.28 a.u.f.s. for
land 4;0.32 a.u.f.s. for2,3and 7; 0.08 a.u.f.s. for 5 and 6). Injected
volume, 10 ul. 1, Vitamin C, 600 ng; 2, vitamin B, <1 ng; 3, vitamin
B,, 40 ng; 4, nicotinamide, 250 ng; 5, folic acid, 10 ng; 6, vitamin B,
Sng;and 7, vitamin By, 40 ng. (b) Separation of vitamin B, from the
concentrated solution of preparation B. Volume injected = 100 ul
(100 ng). Conditions: as in Fig. 2(a) except sensitivity of the detector
= 0.04a.ufs. 1, Vitamin C; and 2, vitamin B,,, 100 ng

=

able 1. Retention times of the seven investigated vitamins separated
by HPLC
Retention time/ Capacity
Vitamin min factor (k")
Vitamin C . . 1-1.1 6.0
Vitamin B, 1.2-1.4 7.7
Vitamin B, 1.5-1.8 10.0
Nicotinamide 2-2.1 12.7
Folicacid .. 2224 14.3
Vitamin B, 2.5-2.7 163
Vitamin B, 332 19.7
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Table 2. Reproducibility of HPLC determination of the seven vitamins in standard preparaiions. Detector sensitivity, 1.28 a.u..s. The results
given are the means of six injections
Vitamin

Parameter B, B, Nicotinamide Be B; C Folic acid
Amount injected/ng e 125 125 250 250 500 125 250
Arithmetic mean (X ) of peak area/cm? 1.65 0.51 1.30 0.52 0.60 0.71 0.53
Standard deviation (s.d.) of single values/cm? 0.018 0.012 0.015 0.015 0.12 0.01 0.014
Coefficientof variation; % ———— 11 24 1.2 29 2 1.4 2.65

Table 3. Results obtained for the HPLC determination of the vitamins
in the capsule preparations A and B. The results are the means of six
determinations (six extracts)

Mass of
vitamins
presentin Amount of vitamins found
Prepara- each — —
tion capsule/mg X S.d./mg Cuv.,%
A .. By 3 3.1s5 0.07 22
B, 2 2.06 0.05 2.4
Nicotinamide 20 20.4 0.45 22
B, 10 9.75 0.25 2.6
Bo* 2ug 1.95pg  0.04ug 2.1
C 50 50.6 0.82 1.6
B .. B 4 4.2 0.085 2.0
B, 4 4.2 0.092 2.2
Nicotinamide 25 25.7 0.60 2.3
Be 0.5 0.55 0.007 1.3
B,* 1.5ug 1.54ug  0.03ug 1.9
C 60 61.5 1.15 1.9
Folic acid 1 1.1 0.035 32

reproducible and can be used for the extraction and determi-
nation of the seven investigated vitamins in multi-vitamin
preparations with a maximum coefficient of variation of 3.2%.
The detector sensitivity of 1.28 a.u.f.s used in the determina-
tion of the vitamins in standard solutions (Table 2) indicates
that by using a higher detector sensitivity, e.g., 0.08 or 0.04
a.u.f.s., about 5-10 ng of the vitamins could be determined.
The determination of 5 ng of vitamin B, and 10 ng of folic acid
at a detector sensitivity of 0.08 a.u.f.s is possible as is seen in
the analysis of Preparation B (Fig. 2). Only when the
described conditions with respect to column, eluent, concen-
tration of the solution and sensitivity of the detector are
strictly adhered to and the eluent is freshly prepared can the
seven vitamins be separated. A major problem is the
separation and determination of 1.5-2 pg of vitamin B, in the
presence of 4 mg of vitamin B;, 4 mg of By, 25 mg of By and 10
mg of Be. Because of the large difference in the concentration
of the B, compared with the o it , especially C and
Bj, the problem of the determination of vitamin By, in the
presence of the other vitamins cannot be resolved by recording
the vitamin B;, peak at a higher detector sensitivity than the
other vitamins. This particular problem was overcome in two
ways. The first method involved the determination of vitamin
B, in a concentrated solution which contained ca. 1 ug ml-1of
vitamin By, (¢f. Preparation of samples). In this instance the
peaks of the other vitamins, including vitamin C, were
recorded at a lower detector sensitivity than that used for
vitamin By,. The instrument used allows for this rapid change
of sensitivity. The second method of determining vitamin B,z
in the presence of higher concentrations of other vitamins
involves the addition of about 20 ng of vitamin By, per

injection volume and the evaluation on the vitamin B, on the
basis of the resulting differential calibration line.!”

Conclusions

This paper has shown the advantages of the combination of
the extraction apparatus and an HPLC method with respect to
analysis time and sensitivity. The seven vitamins can be
simultaneously determined in pharmaceutical preparations in
about 10 min. The cxtraction apparatus allows the simul-
taneous extraction of the vitamins from three samples in about
5 min. The HPLC method is very sensitive and can be used for
the determination of 5-10 ng of the vitamins with a maximum
coefficient of variation of 3.2% in the injected amount of the
vitamins present in the investigated preparations.
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