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A simple, selective, linear, precise, and accurate ultra-high performance liquid chromatography method was
developed, optimised and validated for the quantification of synthetic folic acid (FA) in pharmaceutical dosage
form. Isocratic elution at a flow rate of 0.4 mL/min was employed on C8 1.7 um (2.1 mm x 100 mm) or equivalent
column at ambient temperature. The mobile phase consists of Acetonitrile :0.005 M 1-Hexane Sulfonic Acid Salt.
PH 2.5 with Phosphoric acid in the ratio of 10:90 v/v. The UV detection wavelength was 210 nm, and5uL sample
was injected. The Flow rate was found to be 0.4 ml/min The retention time for folic acid was + 2.0 min. The percent
RSD for accuracy of the method was found to be 0.2%. The correlation coefficient (R?) for Folic Acid is 1.000. The
average percent Recovery is varying from 104.5 — 96.9. The method for the Dissolution of Folic Acid 5 mg Tablets
complies with the requirements for Specificity, System suitability, Linearity, Accuracy and Method precision across
the range of 25 % to 125 %. The method is therefore acceptable as valid and stability indicating. The method was
validated as per the guidelines. The method can be successfully applied for Folic acid in the rapid and reliable
determination of folic acid in pharmaceutical dosage form.
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1. Introduction

O H coH
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Folic acid (also known as folate, vitamin, vitamin
Bo,!!! vitamin Bc!? (or folacin)

and pteroylmonoglutamic acid®  are forms of
the water-soluble vitamin ~ Bo.  Folic  acid
biological importance 1s due
totetrahydrofolate and other derivatives after its
conversion to dihydrofolic acid in the liver.!
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Folic Acid is a yellowish or orange crystalline
powder. Practically insoluble in water and in
most organic solvents. For the determination of
water-soluble vitamins, various methods such as,
volumetric  assays®, spectrometric assays!®,
capillary electrophoresis!’l,  high-performance
liquid chromatography (HPLC)®!! have been
reported. Previous reports!215! have
demonstrated that the LC-MS-MS provides
sufficient sensitivity and selectivity for the
determination of vitamins and nicotinic acid.
Recently, ultra-performance liquid
chromatography (UPLC), which can be operated
at ultra-high pressure (for instance 1000 bar), has
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been applied"*!"!. According to!"® the individual
folates, as their monoglutamyl forms, were
separated and measured by HPLC, and the peaks
counted for ‘H. By the studies!™ the method
described an optimized solid phase extraction
technique for selective analyte extraction using
cartridges containing both lipophilic and cation-
exchange properties. The captured analytes are
then subjected to UPLC separation, followed by
MS/MS analysis using information-dependent
acquisitions and SRM. According to thel*!
concentrations of the folate forms FA, 5-
methyltetrahydrofolate (5-MTHF), and THF were
measured before and after 3-week placebo or FA
5 mg, vitamin B6 40 mg, and cyanocobalamin 2
mg per day administrated to 74 older adults
(median age, 82 years). Concentrations of
unmetabolized FA were positively related to
those of 5-MTHF and THF. By the Studies!!
Standard calibration curves for the two analytes
were linear over the range of 0.018-14 ng FA/g
of fresh bread (12=0.997) and 9.3-900 ng 5-
MTHF/g of fresh bread (r12=0.999). The absolute
recoveries were 90% and 76% for FA and 5-
MTHF, respectively. Intra-day coefficients of
variation were 3% for FA and 18% for 5-MTHF.
The limit of detection was 9.0 ng/g for FA and
4.3 ng/g for 5-MTHF. According to!*l HPLC—
MS/MS has been established. @~ UPLC was
performed under gradient conditions on an
Acquity HSS T3 column, followed by tandem
mass spectrometry detection. The method was
validated based on linearity, sensitivity, precision,
accuracy and matrix effects. The LOD and LOQ
varied between 0.06 and 0.45 g/100 g and 0.12
and 091 g/100 g, respectively. Two linear
calibration curves were established, one for the
low and the other for the high concentration
range. By the studies®® the quantification limits
were between 0.17 nmol/L (5-formylTHF) and
1.79 nmol/L (THF), and the assay was linear up
to 100 nmol/L (5-methylTHF) and 10 nmol/L (5-
formylTHF, 5,10- ethenylTHF, THF, and folic
acid). Mean recoveries were between 82.3% for
THF and 110.8% for 5,10-methenylTHF.
Quantitative fatty acid®! composition of
microorganisms at various growth space points is
required for understanding membrane associated
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processes of cells, but the majority of the relevant
publications  still restrict to the relative
compositions. The various assays have been
validated!™ for intra- and inter-run precision,
accuracy, linearity and are robust. The present
assays are robust and allow for high-throughput
analysis. The starting conditions for the
development were calculated starting from the
HPLC conditions of a validated method %,
Therefore, a novel multi-vitamin analysis method
using ultra-performance liquid chromatography
(UPLC) tandem mass spectrometry was
developed in this paper

2. Materials and Methods

2.1 Chemicals, Instrument and reagents:

The sample of Folic Acid 5mg tablets was
obtained from Ranbaxy, Mumbai. 1-Hexane
Sulfonic Acid Salt, Phosphoric acid and
Acetonitrile used were of HPLC grade and
purchased from Merck Specialties Private
Limited, Mumbai, India and orthophosphoric acid
is AR Grade purchased from Local market.
Variable wavelength programmable UV-Visible
detector and Rheodyne injector was employed for
investigation. The chromatographic analysis was
performed on a C8 1.7 um (2.1 mm x 100 mm).
Degassing of the mobile phase was done using a
Loba ultrasonic bath sonicator. A Denwar
Analytical balance was used for weighing the
materials.

2.2 Preparation of Standard Solution:

Accurately weigh 55 mg of Folic Acid into a 100
ml volumetric flask. Add about 60 ml of solvent
sonicate for 5 minutes to dissolve. Make up to
volume with solvent and mix well. Dilute 10 ml
of this solution to 50 ml volumetric flask and
dilute to volume with mobile phase. Further
dilute 5 ml of this solution to a 50 ml volumetric
flask and make up to the mark with mobile phase.

2.3 Preparation of Sample solution:

Using 500 ml of filtered and degassed dissolution
medium maintained at 37 °C. Place one tablet
into the dissolution vessels and immediately
operate the apparatus at 50 rpm. Withdraw 20 ml

Page | 18



International Journal of Chemical Studies

samples after 45 minutes. Filter the samples
through a 0.2 pl filter.

2.4 Chromatographic Conditions:

Experiment was run with the mobile phase
consists of Acetonitrile: 0.005 M 1-Hexane
Sulfonic Acid Salt. P" 2.5 with Phosphoric acid
in the ratio of 10:90 v/v. Methanol: Acetonitrile:
1% OPA 80:18:2 v/v/v C8 1.7 um (2.1 mm x 100
mm) or equivalent. 20 ul of sample is injected
with a flow rate of 0.4ml/min and effluents were
identified at 210nm. The sample retention time is
+ 2.0 Min.

2.5 Method of Analysis — Assay:

Dissolution of Folic Acid NLT 75 % (Q) in 45
minutes was determine the content of

Folic Acid, by following the procedure for
External Standard UPLC under the dissolution
conditions. The total No. of Tablets used is 6.
Dissolution medium, volume is Water and 500 ml
respectively. The Stirrer speed 50 rpm and
Withdrawal volume is20 ml. And we are
protected all the solutions from the light.

2.6 Method Development:

For developing the method, a systematic study of
the effect of various factors was undertaken by
varying one parameter at a time and keeping all
other conditions constant

2.7 Wavelength Detection:

The spectrum Folic acid in methanol was
recorded separately on UV spectrophotometer.
The peak of maximum absorbance wavelength
was observed. The spectra of Folic acid were
showed maximum absorbance at 210nm.

2.8 Validation of the proposed method:

The analytical performance of the method of
analysis was checked for Specificity, System
suitability, Accuracy and Method Precision.

2.9 Specificity:

Specificity of an analytical procedure is its ability
to assess unequivocally the analyte in the
presence of components that may be expected to
be present. The requirements for this method are

Vol. 1 No. 12013

the solvent and placebo solutions must contain no
components, which co-elute with the Folic Acid.
The peak purity results from the photo diode-
array analysis must show that the Folic Acid peak
is pure — i.e. the purity angle (PA) must be less
than the threshold angle (TH). The solutions
listed below were injected using the conditions
specified in the method of analysis. Peak purity
Graphs obtained were shown in the fig.7 to 11.
And results were shown in the Table: 3.
Chromatographic results were taken from assay
method validation. (MV/AUP/18).
Chromatogram peaks were shown in the fig: 2 to
6.
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Table: 1
1. Solvent — Mobile phase
2. Drug active — Folic Acid at working concentration
3. Product at working concentration
4. | Active, product stressed under UV light for 72 hours
5. Placebo at working concentration
Table: 2
1 Solvent — No significant peak Chromatogram
' detected 1
5 Drug active, product — Peak due to Chro;n ;t(;gram
Folic Acid eluted at 1.8 minutes. .
respectively
Active, product — UV stress: Peak | Chromatogram
3. due to Folic Acid eluted at 1.8 4&5
minutes. respectively
Placebo — No significant peak Chromatogram
4,
detected. 6
Page | 19




International Journal of Chemical Studies

0.0002 =)
] M A / \W‘M/M\\”"MJ L N
< J / M’\"M A AN o

0.0000-
o) ]
( 1 | '1'
000027 | |

LI N N N O O

000 02 040 060 080 100 120 140 160 180 200 220 240 260 280 3.00
Minutes

SampleName SOLVENT; Vial 2:D,2; Date Acquired 26 February 2008 14:23 SAST:; Date Processed 27 February 2008
08:18 SAST

Fig: 2: Chromatogram 1

0.020+ q
:

AU
=
=
?

D
R\
0

: ) 3 \\..

o.0004—mm A N
III|III|III|III|III|IIIIIIIII!IIIIlIIIIIIIIIIIIIIIIIIIII

[ [
000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 3.00
Minutes

SampleName STD; Vial 2:D,1; Date Acquired 26 February 2008 14:19 SAST: Date Processed 27 February 2008 08:18
SAST

Fig: 3: Chromatogram 2

0.020

-
T 0.0101 <\

oo 0y— ——— T A ‘T [
LA S L L N L [ L L L N N L N L L L L L B A L S L B
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 240 2.60 2.80 3.00

Minutes
SampleName SFL; Vial 2:D,4; Date Acquired 26 February 2008 14:31 SAST, Date Processed 27 February 2008 08:18

SAST

Fig: 4: Chromatogram 3

Vol. 1 No.1 2013 www.chemijournal.com Page | 20



International Journal of Chemical Studies

0‘020- O'F
= ] 0"',_’
< 0‘010-_ ’.< \
10
B /“‘J
00— —————— —— Y S —
IIIIIIIlIIIIIIIIIIIIIIIIIIIIIII'IIIIIIIIIIIIIIIIIII]IIIIIII
000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 3.00
Minutes
SampleName SPL; Vial 2.0 4; Date Acquired 26 February 2008 14:31 SAST; Date Processed 27 February 2008 08:18
SAST
Fig: 5: Chromatogram 4
] ’ \ \ ‘,,
0.003] ’ } ;f
5 0.002] \ ’ ; é
o\ )\ 2\
] ~ / / s o~
oom_- _lr‘l“r.l_‘lr 7;"I’T“-I‘-71"I I 1 [ | 1 1 I—-I‘VI—I‘/I I 1 | OB | |V AI-IALICI.T‘I» 1 IlLI [ I 1 LG .‘_\I_I-l_l‘—_—l—-l Ali.I'IJ:-I—' I -‘I I--Ia
000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 3.00
Minutes
SampleName UV - STD; Vial 2:D,5; Date Acquired 26 February 2008 14:42 SAST; Date Processed 27 February 2008
08:18 SAST
Fig: 6: Chromatogram 5
] N | i j
0.003 \ ‘. '
4 } v\ ‘: I".
2 0002; | | g
1 I'\I ‘ ".‘I :( \
0.001 l \ [ 10
Jd ‘ \ \ “1:
] J X / \\ /
] — i S L R e |
III||II|III|III|III|III|I|I|III|III|III|III[III|III|III|III
000 020 040 060 080 100 120 140 160 180 200 220 240 260 280 3.00
Minutes
SampleName UV-SPL; Vial 2:0,6; Date Acquired 26 February 2008 14:58 SAST; Date Processed 27 February 2008
08:18 SAST

Fig: 7: Chromatogram 6

Vol. 1 No. 12013 www.chemijournal.com Page | 21



International Journal of Chemical Studies

0.020] FUFT‘IT_\ r
] Auto Threshold -80.00
0.0154 N | / C
1 \ 60.00
5 1 C
2 0.010 —40.00
] \,\ -
S s T F20.00
o0 000—: T -
- ] —— 0.00
L e e T
1.90
Minutes
PA: 0.328 TH: 0.670
SampleName: STD Vial: 2:D, 1 Injection: 1 Date Acquired: 26 February 2008 14:19 SAST Furity 1
Angle: 0.328 Purity1 Threshold: 0.670
Purity
Auto Threshold
Fig 8: Peak Purity 1
] Purity— B
0.0207 Auto Threishold —20.00
0.015 —60.00
= ] I g
Z o0.0104 —40.00 &
0.005 Sy F20.00
000 -I T T T T T T T T T L} T T T T - T T T T T __000
1% 150 1.50 2.bo
Minutes
PA: 0.215 TH: 0.679
SanpleName: SPL Vial: 2:D,4 Injection: 1 Date Acquired: 26 February 2008 14:31 SAST Purity 1
Angle: 0.215 Purity1 Threshold: 0.679
— Purity
Auto Threshold
Fig 9: Peak Purity 2
1 Purity -
0.002] Auto Threshold ‘E :—eo,oo
] b ( Feo.co ..
=2 07002_; 3 \\\\,, E—uo,oo §
.00 T _ ;zvoo
S OO ¢ : = — E
0.000— —O.00
175 1.Bo 1 55 1. 50 155 2 60 2 bs 2ho
Minutes
PA: 11.620 TH: 90.000
SanrpleNames: UV - STD Vial: 2:D,5 Injection: 1 Date Acquired: 26 February 2008 14:42 SAST
Purity 1 Angle: 11.620 Purity 1 Threshold: 90.000
Purity
Auto Threshold
Fig 10: Peak Purity 3
Purst =
o.co=2 Auto Threshold F=o0.c0
E y \ Fso.co
- © 002—_ F
= = Fao.co
o.co1 =y =
3 - il =0.0c0
3 n ™M =~ e —_—
o.coo— =< Fo.oco
1,'75 . % 90 1,'95 2.00 2,'05 2,'10 ‘2,'15
Minutes

PA: 13 644 TH: 90.000

SanmpleName: UV-SPL Vial: 2:D,6 Injection: 1 Date Acquired: 26 February 2008 14:58 SAST
Purity 1 Angle: 13 644 Purity 1 Threshold: 90 000

Purity

Auto Threshold

Vol. 1 No. 12013

Fig 11: Peak Purity 4
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Table 3: Peak Purity Results

Folic Acid

Purity angle < Threshold
Drug active 0.328 < 0.670 Peak Purity 1
2. Drug product 0.215 < 0.679 Peak Purity 2

UV - STRESSED

Purity angle < Threshold
3. Drug active 11.620 < 90.000 Peak Purity 3
Drug product 13.644 < 90.000 Peak Purity 4

Folic Acid is not stable under UV light exposure
as it shows degradation. No components are seen
to co-elute with peaks, and the peak purity results
indicate that Folic Acid peak can therefore be
considered spectrally pure.

3. System Suitability:

System suitability is a measure of the
performance and chromatographic quality of the
total analytical system — i.e. instrument and
procedure. The requirements for the
measurement of this method are the % RSD of
the peak responses due to Folic Acid for the six
replicate injections must be less than or equal to
2.0 %. Six replicate injections of working
standard solution were injected according to the
method of analysis. The percentage relative
standard deviation (% RSD) for the peak
responses was determined. The analytical system
complies with the requirements specified by the
system suitability. The results obtained were
tabulated in the Table: 4.

Table: 4
Sample Folic Acid
Area
1 442233
2 444449
3 443954
4 443311
5 444269
6 443412
Mean 443605
% RSD 0.2

Vol. 1 No. 12013

4. Linearity:

The linearity of an assay method is its ability to
elicit test results, which are directly
proportional to the concentrations of drug actives
in samples in a given range. Proof of linearity
justifies the use of single-point calibrations. The
requirements for the linearity are the correlation
coefficient of the regression line for Folic Acid
should be greater than or equal to 0.999. The Y-
intercept of the line should not be significantly
different from zero, i.e. the assessment value (z)
falls within the specified limits only when +2 > z
> -2. Five solutions containing 25, 50, 75, 100,
and 125 % of Folic Acid, relative to the working
concentrations, were prepared and injected
according to the method of analysis. A linear
regression curve was constructed, and the
correlation coefficients (R?) and assessment
values calculated. The correlation coefficient
(R?) for Folic Acid is 1.000.The plot is a straight
line, and the assessment value (z) is 0 for Folic

www.chemijournal.com

Acid. the Linearity results were shown in the
Fig: 12.
Fig 12: Linearity Results
Sampl | Concentrat | Respon | Respon | Averag
e ion se 1 se 2 e
Numb Respon
er se
25% | 0.00278 106322 | 105543 | 105933
50% | 0.00555 217943 | 218756 | 218350
75% | 0.00888 351585 | 351388 | 351487
100% | 0.01110 443081 | 441247 | 442464
125% | 0.01332 519739 | 520550 | 520145
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Coefficient of determmation (B) = 0.995
Coefficient of Correlation (B2) = 0.995

Acceptance Criterion: The assessment Value (Z) falls within the specified limits only when +2 > > -2,

Calculated assessment of (z);
A =1643 2561

100% response = 351487
Z=0
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5. Accuracy:

The accuracy of an analytical method expresses
the closeness of test results obtained by that
method to the true value. The percentage
recovery of the active compounds, for each
solution prepared, must be within 95.0 — 105.0 %
of the actual amount. Sample solutions were
spiked with known concentrations of Folic Acid
to result in concentrations representing
respectively 25, 50, 75,100, and 125 % of Folic

E= Coeff of Determination

Acid relative to the working concentrations. The
above samples were injected in duplicate
according to the method of analysis. From the
accuracy results above, the percentage recovery
values for Folic Acid satisfy the acceptance
criteria for accuracy across the range of 25 % -
125 %. The results were tabulated in the Table:
5.

Table: 5
(1)
Sample Theoretical Actual % Recovery Average % Recovery
24.17 23.35 96.6
o
25 % 96.9
259 24.17 23.50 972
48.33 50.65 104.8
o
50 % 104.5
50 % 48.33 50.36 104.2
72.50 74.10 102.2
o
75 % 102.1
75 9 72.50 73.87 101.9
0

Vol. 1 No. 12013
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96.66 96.88 100.2
o
100 % 100.2
100 % 96.66 96.72 100.1
o 120.83 120.66 99.9
125 % 99.9
125 % 120.83 120.63 99.8
6. Method Precision: over a short period of time. The requirements for
The precision of an analytical procedure the Repeatability tests are the % RSD due to
expresses the degree of agreement among  Folic Acid concentration for the six samples must

individual test results when the method is applied
repeatedly to multiple sampling of a homogenous
sample.

5.1 Repeatability:
This parameter determines the repeatability of
assay results under the same operating conditions

be less than or equal to 5.0 %. Six separate
sample preparations of batch 247698 were
analysed according to the method of analysis. The
% RSD due to Folic Acid concentration for the
assay meets the requirements for repeatability at
3.2 % respectively. The results were tabulated in

Table 6:
Sample number Results (%)

1 103

2 99

3 96

4 96

5 97

6 94

Mean 98

% RSD 32

7. Intermediate Precision :

Intermediate Precision of an analytical procedure
expresses intra-laboratory variations of the
repeatability test performed by a different analyst,
on a different day, and using different reagents,
mobile phases and solvents. The % RSD due to
Folic Acid concentration for the six samples must
be less than or equal to 5.0 %. The mean results

obtained in the repeatability, and the intermediate
precision must not differ by more than 5.0 %. Six
separate sample preparations of batch 247698
were assayed according to the method of analysis.
The % RSD for intermediate precision is 4.7
%.The intermediate precision and repeatability
complies as they differ by 1.4 %. The results
were tabulated in Table: 7.

Sample

Results (%)

1

W\ B W

100
94
100
97
100
108

Mean

100

% RSD

4.7

Vol. 1 No. 12013
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8. Range:

Range of an analytical procedure is the interval
between the upper and lower concentration of
analyte in the sample for which it has been
demonstrated that the analytical procedure has a
suitable level of precision, accuracy and linearity.
Based on the accuracy results, the range for the
dissolution of Folic Acid 5 mg Tablets is 25 —
125 % of Folic Acid, which represents 25 % to
125 % of the working concentration.

9. Conclusion

The method for the Dissolution of Folic Acid 5
mg Tablets complies with the requirements for
Specificity, System suitability, Linearity,
Accuracy and Method precision across the range
of 25 % to 125 %. The method is therefore
acceptable as valid and stability indicating.
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