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Abstract
A reversed phase(RP) HPLC with ion-pair reagent is used for simultaneous

determinations of water-soluble vitarnins (nicotineamide, nicotinic acid, lolic acid,
riboflavin (B2) and thiamin (B1)) in pharmaceutical preparations. The vitamins were
analyzed using ZORBAX Cs (25cm x 4.6mm i.d) analytical column, 6-8pm particle
size, by isocratic elution with a mobile phase consisted of 20%methanol, buffered
with 0.05M KH2PO4 (pH 3.5) , and 3x10-rM l-octanesulfonic acid as an ion-pair
reagent at a flow rate of (1.Oml/min.). The UV-Visible detection of the separated
vitamins was made at 254nm for all water-soluble vitamins. The precision and
accuracy of method were checked by calculating RSD% and relative error E%, which
where found to be reasonable A RSD% between (0.5-4.76) 0% and relative error
lhetween (0.05-4.93)%.The limit of detection range was lound to be (0.0244,
d'.0+:opglmt;.
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Introduction
Vitamins as a biologically active

compounds which are needed in
relatively small amounts for the
sustain of life and a good health so,
they ar9.. essential dietary
components(l). Increasingly, mani
diverse food products are being
foftified with vitamins to enhance theii
nutritional value (2). In addition.
because vitamins might be lost durinj
processing and storage of food
through chemical reactions, it is
important to take extraneous
vitamins (e.g. multivitamin tablets) so
as to compensate the possible lack of
the vitamins in our diet (3). 

Therefore,
pharmaceutical products, which
contain vitamins, are most interesting
for analysis, because of their complex
composition. It is special provocation
for the investigators(a).

Vitamins, depending on their
solL$ility, are classified into fat-
soluble vitamins (A, D, E and K) and
water-soluble vitamins (B-complex,
folic acid. panrothinic acid, nicotinic
acid (nicotineamide), biotin (H))(5),
arnong water-soluble vitamins, the B-
group are the most important. They are
not toxic and stored in a human bodv
in scanty amount, and when they
exceed the body needs, they are
excreted into urine so they must be
continually supplied in the diet(6).

In the literature, several methods
have been proposed for the
determination of vitamins inclr-rding
Spectrophotometry,t*', Fluorometnv
'"'- Chemiluminescence ,,0,, 

F jo*-
injection analysis (FTA) ,lr'r2)

Eiectrochemical 
" 

".]'. Capillary
electrophoresis (14), and High-
Perlormance liquid chromatography
(HPLC) tts-trr. Among all menrioned
methods, HPLC techique was found
to be rapid. simple. versarile. precise
and specific. The success ofthe HpLC

method depends on a good selection
of a number of factors such as
flow rate, temperature, type and
concentration of mobile phase and
column d imension(rE), which were
applied in this paper lor the
simultaneous determinations of five
water-soluble vitamins u5ing a
developed HPLC system by
optimizing thermodynamic and
kinetic parameters that effect the
separation.

Experimental
a- Solvent and reference compounds.

All chemicals used were of
analytical grade reagents except
otherwise mentioned, and deionized
water was used throughout. Methanol,
HPLC grade ( Hayman, England );
1-octansulfonic acid ion-pair (Aldrich,
England); and potassium dihydrogen
phosphate (BDH, England) were used
to prepare the mobile phase.
Hydrochloric acid (Riedel-deHaEn)
was used lor adjusting the pH values.

Standard vitamins; nicotinic acid,
nicotineamide, and folic acid were
obtained from BDH (England), while
riboflavin (B2) was purchased fron.r
Schuch ardt (Germa:ry) and thiamin
(B1) from Fluka (Switzerland).
b- Mobile phase and standard solution
preparation.

A mobile phase consisting of
200 i, rrrerhanol was prepared by miring
200m1 of methanol with g00ml of
deionized warer containing 0.649 ol l-
oc(anesullonic acid 1i.e. 3x lO-rM; and
6.89 of KH2POa (i.e. 0.05M) The pH
of the mixtr:re was adjusted to 3.5 with
(0,IM) HCl. After prepararion, il r.r as
filtered and degasseci in an ultrasonic
bath prior to use.

Stock solutions (100pg/ml) of
nicotinic acid, nicotineamiile and
thiamin were prepared by dissolving
0.025g of each vitamin in deionized
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water. The volumes of the resulted
solutions were then completed to 250
ml with deionized water and stored in
dark containers.

Riboflavin and folic acid stock

solutions (10Opg/ml) were prepared by
dissolving 0.025 g ol each compound
in about 10 ml of (3:1 v/v) deionized
water : (1M) ammonium hydroxide
solution. The resulted mixtures were
then diluted in 250 m1 volumetric flask
with the same mentioned solution'lo'.

Test mixtures were prepared bY

using equal parts of each of the
prepared standards solutions and

stored in a refrigerator.
c- Preparation of the sample solution.
l- Vitamin B-compound (I) (HM-

Generics - Netherlands)'. Each tablet
contains 1 mg thiamin, 1 mg
riboflavin, 15 mg nicotineamide and

0.05 mg folic acid. A number of
vitamin tablets were grounded into fine
pouder. sieved and then a precise
portion of the powder, equivalent to
about 188.5 mg (the average weight ol
10 tablets),was dissolved in about 100

ml deionized water. The solution then
warmed to 40"C with shaking for 45
min. to dissolve riboflavin (20), filtered
and the volume was made to 500m1

with deionized water.
2- B-Complex tablet (II) (LORESTAN
CO.-lran): Each tablet contains 5

mg thiamin, 2 mg riboflavin and 20
mg nicotineamide. A number of
vitamin tablets were grounded into
powder, sieved and the portion of the
powder, equivalent to 240 mg (average
weight of 10 tablets),was dissolved in
about 100 ml deionized water. The
solution was warmed to 40"C with
shaking for 45 min. to dissolve
riboflavin, then filtered and diluted to
500 ml.
3- Folic acid tablets (II, (PRISM
International-lndia): Each tablet
contains 5 mg folic acid. A number ol
tablets was ground into fine powders,
sieved and then a portion of powder

(200 mg), equivalent to the average
weight of 10 tablets, was dissolved in
about 100 ml of deionized water and 2
ml of 0. I N Na2CO3 was then add 

(2rr.

The resulted mixture was vigorously
shaked for 45 min., and the solution

' was filtered before dilution to 1L with
deionized water.
A-Nicotinic acid tablets (Il)
(SOBHAN pharm. Co.- Iran): Each
tablet contains 25 mg nicotinic acid. A
number of vitamin tablets were
grounded into fine powders, sieved
and then 135.0 mg porlion ol the
powder, equivalent to of the average
weight of 10 tablets, was dissolved in
about 100 ml deionized water. The
solution was then vigorously shaked
for 45 min., filtered and diluted to 1L
with deionized water. The working
solution was freshly prepared by
diluting 16 ml aliquot ol the mother
solution to 50 ml with deionized water.
d- HPLC equipment.

The chromatographic system
consists of: a pump (type waters
Model 501) with a high-pressure range
6000 psi; a model 481 UV-Visible
detector (waters Assoc.); a ZORBAX-
C6 column (25 cm x 4.6 mm. i.d) with
6-8 pm particle size. A sample injector
model U6K (water Assoc.) with 10 pl
injection loop; a water bath (Tecon
Cambridge, England) to keep the
column temperature at constant level.

Result and discussion
a- Effect of flow rate of the mobile
phase.

To investidate the effect of the flow
rate on the retention times (tp) of the
vitamins test mixture (3 prg/ml for each
vitamins), the composition of the
mobile phase was held constant during
isocratic dution with 20% metltanol
(pH 5.0) at 30 "C. The results on
Fig. (1) show that the retention time ol
the tested vitamins decreased with
increasing the flow rate. This could be
attributed to the molecular size of the
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vitamins and their ability to form
stable complexes wirh the ion pairing
reagent, and to the relative
lipophilicity of the ion-pair formed
within the slstem (22). The aim of
choosing the optimum flow rate is to
obtain a short analysis time, which in
turn prevents solute band broading;
this finally-leads to increasing column
efficiency (23). A flow rate of 1 ml/min.
was selected to obtain maximum
resolution in a suitable analysis time.
b- Percentage of organic modifier of the
mobile phase.

Methanol was used as a typical
mobile phase modifier for this study. It
was mixed with (0.05M) KH2PO4
buffer (pH 5) and (3x10-3M) 1-
octansulfonic acid as an ion-pairing
reagent at 30"C. The results obtained
indicate that the retention times of the
studied vitamins decreased as the
percentage of methanol raised from 10
to 30o/o as a conseqllence of decreasing
of the stability of the complex in the
ion-pairing mechanism, due to a
weakening in the hydrophobic
interaction between the ion-pair
forming species and the separated
species, which in tum decreases the
retention time (tp) value(24) ( Fig. (2).
Thiamin (B1), which is the more polar
among the separated vitamins, is
directly affected by altering this factor,
its retention time was changed from
23.38 min. to 7.58 min.. The results
obtained indicate that the suitable
percentage ol the methanol as organic
modifier for separation of the studied
vitamins is (20%).
c- Effect of pH and
concentration.

buffer

The studied water-soluble
vitamins, are greatly affected by
chalging the pH values in the range of
3 to 5. The plots of the expedmental
data of capacity factor (K') as a
function of pH of the mobile phase
(Fig. (3)) show thar ar pH 3 folic acid
eluted after nicotineamide, while at pH

5 the order of elution is reversed. This
reveals the fact that under the acidic
condition, basic vitamins eluted earlier
due to protonation a:rd increasing
water solubility, while the acidic
vitamins eluted later due to ion
suppression, while lower pH values
were lound to give better overall
results of the two (3.6 + 0.1) (re,26).

In general, the tR value can be
correlated with the pKa and pKb of the
solute molecule. Vitamins with pK
value below 3.0 and above 5.0 showed
little change in tp with pH change of
the mobile phase. The mobile phase
with pH 3.5 was chosen for subsequent
work because it gives good separation
in the overall results.
On the other hand, a definite buffer
content in the mobile phase is required
to maintain equilibrium constancy
within the column. Phosphate buffer
(at pH > 3 ) is prefened over others
because of the superior column
efficiency often obtained with
phosphate in the eluent. In general,
buffer components compete with
solute to form complexes with the ion
pairing reagent, hence decreasing the
retention times of the vitamins (27).

Fig. 141 shows that there is no
significant difference in (K,) value
for the studied vitamins except that
for thiamin, which is an ionizable
form. These results also indicate that
0.05M KHTPO4 buffer was an optimal
concentration to give good peak
resolution with suitable tp for all
vitamin bands.
d- Concentration of the ion-pair
reagent.

Ion-pair chromatography is a
techrique used with a reversed-phase
system, in which ionized compounds
can be rnade in favor to the organic
stationarl lha-.e !,) ._:_.i-e -.:t:1.1:
counter ion to form ion pair '28'. l-
octanesulfonic acid was chosen as an
ion-pairing reagent because it is well
suited to form ion-pair complexes with

I
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solutes having basic functional groups
such as amine groups (2e). In general,
the tR values of the studied vitamins
are increased with increasing the
concentration of 1-octansulfonic acid
(Fig.( 5 )) . A 3x I 0-rM ol rhe ion-pair

was found to give ar, excellent analysis
time and capacity factor (K'), while
higher concentrations were found to
increase analysis time and cause band
broadening.

E

F

H

0 2 0.4 0.6 0.8 1

Flow rate (ml/min)

Fig.(l): Flow rate effect on the chromatographic separation.

1

10 30 35

Fig.(2): Effect of organic modifier percentage (methanolTo)
on the capacity factor (K') for each vitamin.
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e- Column temp€rature.
The effect of column temperature

in the range of 20 to 50"C on the tn
values of vitamins was investigated.
Generally increasing column
temperatwe in RP-chromatography
decreases the tR of the separated bands
and increases column efficiency by
decreasing mobile phase viscosity.
which in turn lowers the column head
pressure 

(30). Fig. (6) shows the relation
between ln K' and 1iT. The plot shows
that the optimum column temperature
is 30oC. At this temperature good
bands shape with a reasonable
resolution of the separated vitamins
were obtained.
f- Recommended analytical conditions.

According to the results obtained,
optimum experimental conditions,
tabulated in Table (1), were
established lor isocratic ion-pair
reversed-phase HPLC lor separation
and quantitative determination of five
water-soluble vitamins, which their
structures are show in Table (2). The
shapes and elution orders of the
separated signal obtained for
vitamins are shown in Fig. (6).

Calibration graphs and
detection Iimit.

Calibration graphs (Fig. (l))
were constructed for the studied
vitamins. Table (3) shows that the
calibration graph data obtained for the
analyses of nicotinic acid is linear in
the concenfation range (0.5-10.0
pglml) with correlation coefficient
0.9997; for nicotineamide in the range
(0.4-10.0 pg/ml) with correlation
coelficient 0.9997; for folic acid in the
range (0.4-8.0 pglml) with conelation
coelficient 0.9996; for riboflavin in the
range (0.5-10.0 pglml) with correlation
coefficient 0.9999 and for thiamin in
the range (0.5-10.0 pglml) with
correlation coefficient 0.9997. The
detection limits (as peak height three

times higher than the noise level) of
the studied vitamins were in the range

of (0.0244-0.0436 pg/ml), which were
suffrcient for this investigation.

Application
The proposed RP-HPLC system

and the recommended procedure were
applied for the determination of five
B-group vitamins in four
pharmaceutical preparations obtained
from the local market by direct
calibration graph and standard addition
methods. The results obtained are

recorded in Table (4), and Fig.(9)
demonstrates the chromatogram of
each sample.

l- Vitamin B-compound (I)
i- Direct calibration method: A 15m1

of tlre prepared sample solution were
diluted in a 50 ml volumetric flask
with deionized water. 10 ml aliquot of
the resulted solution was analyzed.
The average peak height of five
injections was recorded to determine
the accurate amount of each individual
vitamin depending on its
corresponding calibration graph.
ii- Standard addition method: A 15ml
aliquots of the prepared sample
solution were added into a series of six
50ml volumetric flasks, followed by
the addition of 0,4,6,8,10,12m1
portions of standard solution (consists

of 1Opl nicotineamide, 30pLg/ml folic
acid, and 20pg/ml for both riboflavin
and thiamin) to the flasks respectively.
The resulted mixtures were then
diluted with deionized water to the
mark, 10pl of each was injected and
the average peak height (n:5) for each
mixture were recorded.

2- B-complex tablet (ID
i- Direct calibration method: A 25 ml
ol Lhe prepared sample solurion were
transfened into 100m1 flask and
diluted to the mark, then directly
injected to the system. The average
peak height (n=5) was recorded.

21
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Table (1): The optimum working conditions for the determination of vitamins.

-1)

Parameters Value
Sample volume 10 ul

Column ZORBAX Cs (25 cm x 4.6 mm i.d)
Organic modifier 20% methanol
Ion-pair reagents 3x 10''M I -octanesulfonic acid

Buffer O.O5 M KH,PO4
PH 3.5

Flow rate 1.0 ml/min.
Column temperature 30"c

?',"""i'"''- 254 nm

Table (2): Slruclures of five water-soluble vitamins.
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Order ofelution
Vitamins luft4ul
l-nicotinic acid 4.'19

2-nicotinamide 5 80
3-folic acid 6.62
4-riboflavin 10.00
5-thiamin I I 50

5

L
o
o

Fig. (7): Separation chromatogram for five water soluble vitamins
under recommended conditions

.o 2 4 6 810 12

Concont.arion (r!g/mt)

Fig. (8): Calibration graph for the water soluble vitamins.

E
E
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J

(r)
r -niroliheamiCe
a-;Fofti ccid
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4-thiamin
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Fig. (9): Isocratic reversed phase IIPLC chromatogram for:

^- Vitamin B-compound (1)

b- B-complex tablets (11)

c- Folic acid tablets (1@
d- Nicotinic acid tablets (1trr)
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Table (3):The statisticar treatment ofthe caribration resurts and detection limits
of vitamins.

Table (4): Results for anarysis of water-soluble vitamins in four pharmaceuticar
formulation samples.

Vitamins Linear range
(Felml)

Slope Intercept
Detection

Limit
(rslml)

Correlation
coefficient

nicotinic acid 0.5 - 10.0 19.0497 0.1732 0.0340 0.9991
nicotineamide 0.4 - 10.0 17.5367 -0.0730 0.0380 0.9997
folic acid 0.4 - 8.0 12.9676 -0.5827 0.0436 0.9996
riboflavin 0.5 - 10.0 13.620s -0.0386 0.0326 0.9999
thiamin 0.5 - 10.0 6.9408 0.3426 0.0244 0.9997

Found vitamins mg/tablet*

thiamin
(B')

riboflavin
(Bt

folic acid

nicotineami
de

1.00
1.00
0.05
15.00

0.985
0.968
0.033
14.9s2

thiamin
(B,)

riboflavin
(B'

nicotineami
de
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Table (4): continue

*Average of fi ve determinations.
** Folic acid cannot be detected by direct method.

ii- Standard addition method: To a

series of six 50m1 volumetdc flasks,
each containing 1Oml of sample
solution, 0,4,6,8,10,12m1 of standard

vitamin solution mixture (15pg/ml
nicotineamide,30pg/ml riboflavin and
2}p,g/ml thiamin) aliquots were added.
The volume of the resulted mixture
was then diluted to the mark before
analysis.

3- Folic acid tablets (III)
i- Direct calibration method: A 10 p1

of the prepared sample solution was
inj ected into the system, then the
amount of vitamin was measured.
ii-Standard addition method: A
standard solution of vitamin was
prepared (20pglml). 0,4,6,8,10,12m1
aliquots of this solution were added
into a series of six 50ml volumetric
flasks, each contains 20ml of the
prepared sample solution, the volume
of each of the resulted solutions was
then diluted to the mark, and directly
injected to the system.

4- Nicorinic acid rablets IIV)

i- Direct calibration method: A 10p1

sample solution was injected into the
system, and then the amount of
vitamin was determined.
ii- Standard addition method: A
standard solution of 5pg/ml was
prepared and 0,4,6,8,10,12m1 aliquots
of it were transferred into six
volumetric flasks, each contains 20ml
of the sample solution prepared. The
volumes of the resulted mixtures wrer
then diluted to the mark with deionized
water. A 1Opl portion of each solution
was then injected into the system.

Conclusion
Although the determination of

vitamins differs from other clas6gs of
biochemical compounds, because thlese

comporurds do not represent a

structurally or fi-urctionally relaled
series, RP-HPLC system appears to
ofler significant advantage in
determination of water-soluble
vitamins in pharmaceutical
formulations, with good results, high

Sample
No.

Availab
le

vitamin
s

Labeled
vitamins
mg/table

t

Found vitamins mg/tablet*

Direct
metho

d
RSD E

Standar
d

addition

RSD Eoh

I
folic acid 5.0 4.83 0 1.9

3.40

4.985 o.'79 -0.3

IV
nicotinic

acid
25.00 24.930 2.01

0.28

24.953 0.90
0.1 8

8
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accuracy and precision. Moreover, the
simplicity of the procedure should
make it highiy desirable for quality
control of multivitamin products in the
pharmaceutical indushies. On the other
hand, vitamins in pharmaceutical
preparations show some interesting
problems, upon their analyses, because
their responses are not limited to a
single wavelength detection and the
vitamins are not found in sample
solution within a uniform
concentration range (as in sample
(II)), when folic acid vitamin is
present only in lrace in comparison
with Lhe amount olother vitamins.
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