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Abstract:	 In	 the	 present	 study	 we	 are	 reporting		
dissolution,	 method	 development	 and	 validation	 of	
water	 soluble	 vitamins	 B1,	 B2	&	 B6	 in	 bulk	 and	 tablet	
dosage	form	by	HPTLC	method.	The	method	is	based	on	
separation	 of	 the	 three	 vitamins	 using	 HPTLC.	 Thin	
layer	 chromatographic	 plates	 coated	 with	 silica	 gel	
60F254	 as	the	 stationary	phase	and	acetonitrile	 :	water	
(6:4	 v/v)	 as	 mobile	 phase.	 The	 chromatographic	
analysis	 was	 carried	 out	 in	 the	 reflectance	 and	
absorbance	mode	at	280	nm.	The	method	was	validated	
with	respect	to	linearity,	accuracy	and	precision,	limit	of	
detection	and	limit	of	quantitation.	 It	was	then	applied	
for	 analysis	 of	 vitamins	 B1,	 B2	&	 B6	in	 combined	 tablet	
dosage	 form.	 The	 above	 method	 developed	 was	
reproducible	 with	 good	 resolution	 and	 the	 results	 of	
analysis	have	been	validated	with	correlation	coefficient	
of	0.9990 
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1.	Introduction 

Vitamin	 B1	 (Thiamine)	 is	 chemically	 known	 as	 3-(4-
amino-2-methyl-5-pyrimidinyl)methyl)-5-(2-
hydroxyethyl)-4-methylthiazolium	 chloride	 (Figure	 1.).	
It	is	used	to	treat	vitamin	B1	deficiency	and	required	for	
maintenance	 of	 normal	 growth	 and	 transmission	 of	
nerve	impulses.1-2	Thiamine,	after	it	gets	converted	into	
thiamine	 pyrophosphate	 plays	 a	 role	 in	 carbohydrate	
and	 protein	metabolism	 as	 co-enzyme.	 Deficiencies	 of	
vitamin	B1	 	result	 in	Beriberi,	 characterized	by	gastro-
intestinal	 (GI)	 manifestations,	 peripheral	 neuropathy	
and	 cerebral	 deficits.	 It	 is	 absorbed	 from	 GI	 tract	 by	
both	diffusion	and	active	transport	mechanisms.1	

Vitamin	 B2	 (Riboflavin)	 is	 chemically	 known	 as	 7,8-
dimethyl-10-[(2S,3S,4R)-2,3,4,5-tetrahydroxypentyl]	
benzo[g]pteridine-2,4-dione	 (Figure	 1.).	 It	 also	 acts	 as	
coenzyme	and	necessary	for	the	red-ox	reactions	in	the	
body.	 It	 is	 also	 necessary	 in	 maintaining	 integrity	 of	
RBCs.1	 It	is	widely	distributed	into	all	body	tissues	and	

breast	milk.	 Small	 amounts	 are	 stored	 in	 liver,	 spleen,	
kidneys	and	heart.	It	undergoes	hepatic	metabolism.1	

Vitamin	B6	(Pyridoxine)	is	chemically	known	as	4,	5-	bis	
(hydroxymethyl)-2-methylpyridin-3-ol	 (Figure	 1.).	 It	
also	functions	as	coenzyme	in	amino	acid,	carbohydrate	
and	lipid	metabolism.	It	is	absorbed	by	passive	diffusion	
in	the	jejunum	to	a	lesser	extent	in	the	ileum.	Undergoes	
metabolism	in	liver	and	converted	to	4-pyridoxine	acid	
metabolite.	 It	 is	excreted	mostly	 as	4-pyridoxic	 acid	 in	
the	urine.	3 

 
Figure	1.		Structure	of	drugs	

Literature	 survey	 revealed	 the	 availability	 of	 High-
Performance	 Liquid	 Chromatographic	 (HPLC)	 method	
for	 the	 analysis	 of	 B1,	 B2	 &	 B6	 in	 pharmaceutical	
formulations4-8	 and	 food	materials9-12.	 Few	 reports	 on	
spectrophotometric	methods	are	also	available.13-14	Till	
date	 there	 is	no	 report	 available	on	High-Performance	
Thin-Layer	Chromatographic	 	 (HPTLC)	method	 for	 the	
estimation	of	vitamin	B1,	B2	and	B6		

With	 this	 background	 the	 objective	 of	 the	 presented	
work	 is	 to	 develop	 a	 	 simple	 HPTLC	 method	 for	 the	
simultaneous	 estimation	 of	 Thiamine	 Hydrochloride,	
Riboflavin	 and	 Pyridoxine	 in	 bulk	 and	 formulated	
dosage	 form	 and	 to	 validate	 the	 method	 as	 per	 ICH	
guidelines.15 

2.	Result	and	Discussion	 

Various	chromatographic	separations	were	carried	out.	
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Best	 separation	 was	 achieved	 in	 mobile	 phase	
acetonitrile:	water	(6:4	v/v)	saturated	for	30	mins	and	
UV	detection	was	carried	out	at	280	nm.	 	The	Rf	value	
for	B1,	B2	and	B6	were	found	to	be	0.27,	0.44	and	0.63.	
respectively.	 Linearity	 relationship	 over	 the	
concentration	 range	 0.5	 µg/mL	 for	 the	 vitamins	 were	
observed	 from	 respective	 calibration	 curve	 with	
correlation	 coefficient	 of	 0.999	 The	 3D-chromatogram	
of	calibration	concentration	shows	good	correlation	co-
efficient.	 The	 accuracy	 of	 proposed	 method	 was	
determined	by	standard	addition	method	at	three	level	
80%,	 100%	 &	 120%.	 In	 precision	 study	 it	 was	 found	
that	 %RSD	 was	 less	 than	 2%.	 Limit	 of	 detection	 was	
found	 to	 be	 3.750278µg/mL,	 3.744794	 µg/mL	 and	
3.775815	 µg/mL	 for	 B1,	 B2	 &	 B6,	 respectively	 with	
calculated	 LOD	 of	 3.3	σ/S.	 Limit	 of	 quantification	was	
found	 to	 be	 11.36448	 μg/mL,	 11.34786	 µg/mL	 	 and	
11.44186	 μg/mL	 for	 B1,	 B2	 &	 B6,	 respectively	 with	
calculated	LOQ	of	10σ/S;		where,	S	and	σ	are	slope	and	
standard	deviation	of		the	response,	respectively.	

3.	Conclusions	

A	 simple,	 precise	 and	 accurate	 HPTLC	 method	 was	
developed	 for	 the	 estimation	 of	 of	 water	 soluble	
vitamins	 B1,	 B2,	 &	 B6	 in	 fixed-dose	 combination	 of	
formulated	 tablets.	 The	 method	 was	 validated	 for	
linearity,	 precision,	 accuracy	 and	 LOD	 &	 LOQ.	 The	
method	 was	 found	 to	 be	 simple	 and	 accurate	 when	
compared	to	other	existing	methods	found	in	literature	
and	journal.	

4.	Experimental	

Materials	 and	 methods:	 Chemicals	 and	 Reagents:	
Working	 standards	of	B1	(Thiamine	hydrochloride),	B2	
and	 B6	 were	 obtained	 as	 gift	 sample	 from	 Saimirra	
Innopharm	 Pvt	 Ltd,	 Chennai,	 Tamilnadu,	 India.	
Magnesium	sterate,	 talc	 and	microcrystalline	 cellulose,	
acetonitrile	(AR),	ethyl	acetate	(AR),	toluene	(AR)	were	
obtained	 from	 Loba	 Chemical	 Ltd.	 Mumbai,	 India.	
Instruments:	 UV	 Spectrophotometer	 (Perkin	 Elmer),	
data	 acquisition	 was	made	 with	 Lambda	 25	 software.	
Chromatographic	 separation	 was	 achieved	 on	 Camag	
twin	 trough	 glass	 chamber	 (20x10	 cm)	 and	 data	
acquisition	was	made	with	Wincat	software.	

4.1.	Preparation	of	granule	

Each	tablet	containing	250	mg	of	B1,	40	mg	of	B2	and	50	
mg	B6	were	prepared	by	wet	granulation	technique	and	
the	total	weight	was	approximately	500	mg			(Table	1.).	

Table	1.	Composition	of	tablets	

Ingredients	 Weight	(mg)	
B1	(Thiamine	Hydrochloride)	 250	

B2	 40	
B6	 50	

Starch	 60	
Magnesium	Stearate	 10	

Talc	 10	
Microcrystalline	cellulose	 80	

4.2.	Dissolution	procedure	

The	release	rate	of	 formulated	tablet	were	determined	
using	 USP	 dissolution	 test	 apparatus	 type	 II	 (paddle	
type).	The	dissolution	test	was	performed	by	using	900	
mL	 of	 0.1	 N	 HCI	 at	 50	 rpm	 for	 1	 h	 at	 an	 ambient	
temperature.	 	 Aliquots	 of	 10	mL	 were	 withdrawn	 for	
every	five	min	over	a	period	of	1	h.	The	samples	were	
filtered	 through	 whatman	 filter	 paper	 (No.	 45)	 by	

discarding	 4	 mL	 of	 the	 filtrate	 and	 were	 analysed	 at	
respective	 wavelengths.	 The	 amount	 of	 drug	 released	
was	calculated	from	the	cumulative	data	(Table	2.).	

Table	2.	Results	for	%	drug	release	

Time	
(min)	

%	drug	release	
B1	 B2	 B6	

5	 55.59	 29.81	 29.69	
10	 76.76	 74.80	 81.36	
15	 87.58	 82.74	 89.35	
45	 90.05	 88.32	 95.37	
60	 99.16	 101.52	 99.55	

4.3.	HPTLC	method	

Determination	of	Isobestic	point	

For	 determining	 the	 isobestic	point	 the	 solution	 of	 B1,	
B2	&	B6	at	the		concentration	of	50	µg/mL	each	between	
200	and	800	nm.	The	overlaid	spectrum	was	shown	in	
Figure	2.	

	
Figure	2.	Overlaid	spectrum	of	B1, B2 and B6 

Chromatographic	conditions	

Chromatographic	 separation	was	performed	on	10×10	
cm	aluminium	plates	pre-coated	with	100	µm	 layer	of	
silica	 gel	 60F254.The	methanol	 pre-washed	 TLC	 plates	
were	 activated	 at	 80	 °C	 for	 5	 min	 before	 applying		
sample.	 The	 TLC	 plates	 were	 applied	 with	 sample	
leaving	15	mm	from	the	bottom	edge	using	Linomat	V	
semi-automatic	 applicator.	 The	 TLC	 plates	 were	 then	
developed	 in	 twin	 trough	 chamber	 using	 acetonitrile:	
water	 in	the	ratio	of	6:4	v/v	as	mobile	phase.	Scanned	
using	 TLC	 scanner	 IV	 at	 a	 speed	 of	 20mm/sec	 and	
detection	wavelength	of	280	nm	(Figure	3.).	Win-CATS	
software	was	used	for	data	acquisition	and	analysis.	

	
Figure	3.	Chromatogram	of	B1,	B2	&	B6	for	

Optimization	method 
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Assay	method	

Preparation	of	standard:	An	amount	of	25	mg	each	of	B1,	
B2	and	B6	was	weighed	and	dissolved	in	a	5	mL	of	NaOH	
and	 20	mL	 of	methanol.	 It	 was	 then	 sonicated	 for	 25	
min	 and	 filtered	 through	 0.45	 µm	 nylon	 filter.	 The	
filtrate	was	used	for	assay.	

Preparation	of	sample:	Twenty	formulated	tablets	were	
weighed	and	triturated.	A	powder	equivalent	to	250	mg	
was	taken	and	dissolved	in	5mL	of	NaOH	and	45	mL	of	
methanol.	It	was	then	sonicated	for	25	min	and	filtered	
through	0.45	µm	nylon	filter.		

Injection	 volume	 of	 1.0,	 1.5	 &	 2.0	 µL	 of	 B1,	 B2	 &	 B6,	
respectively		were	applied	as	a	spot	for	both	sample	and	
standard	on	stationary	phase		(Figure	4.	&	Table	3.	)	

	
Figure	4.	Chromatogram	for	Assay	by	HPTLC	method 

Table	3.	Assay	data	by	HPTLC	method 

Drug	
Area	 Amount	(mg)	 %	

purity	Sample Std Label 
claim	 Calc	

B1 27676.9	 28147.9	 250	 0.2490	 99.5	
B6 15298.2	 15505.2	 50	 0.0495	 99.2	
B2 21623	 22033	 40	 0.0398	 99.3	

4.4.	Validation	of	HPTLC	

Method	 developed	 was	 further	 validated	 as	 per	 ICH	
guidelines	 by	 evaluating	 linearity,	 accuracy	 and	
precision,	 limit	 of	 detection	 (LOD)	 and	 limit	 of	
quantification	(LOQ).	

Linearity	studies:	B1,	B2	and	B6	were	found	to	be	linear	
in	 the	 concentration	 range	 of	 0.5-3.0	 µg/mL.	 The	
correlation	 coefficient,	 r	 was	 found	 to	 be	 0.9990	 for	
vitamins	 B1,	 B2	 and	 B6	 respectively	 (Figure	 5.	 &	 Table	
4.).	

	
Figure	5.	Linearity	Chromatogram	of	vitamins	B1,	B2	&	

B6	by	HPTLC	method 

 

Table	4.	Recovery	studies	by	HPTLC	method	

Drug	 %	Recovery (n=6) %RSD	
B1	 100.06	 0.513141	
B2	 100.09	 0.007956	
B6	 99.85	 0.002185	

Accuracy	 studies:	 The	 accuracy	 of	 the	 method	 was	
confirmed	 by	 recovery	 studies.	 The	 %RSD	 values	 for	
recovery	 analysis	 were	 found	 to	 be	 less	 than	 2.	This	
indicates	 that	 there	 are	 no	 interferences	 due	 to	 the	
excipients	used	in	the	formulation.	Hence	the	accuracy	
of	the	method	was	confirmed	(Figure	6.	&	Table	5.).	

	
Figure	6.	Chromatogram	for	accuracy		

Table	5.	Recovery	Analysis	by	UV	method	

Drug	 Label	
claim	

Amount	(µg/mL)  %	mean 
recovery	Present	 added	 recovered	

B1 
80	 8.056	 50.10	 58.10	 100.02	
100	 10.190	 50.10	 50.42	 100.80	
120	 12.195	 50.10	 50.25	 100.40	

B2 
80	 8.350	 50.25	 58.25	 100.50	
100	 10.190	 50.25	 50.32	 100.64	
120	 12.240	 50.25	 50.28	 101.54	

B6 
80	 8.175	 50.20	 50.75	 101.52	
100	 10.285	 50.20	 50.28	 100.36	
120	 12.150	 50.20	 50.16	 100.06	

Precision	 studies:	 System	 precision	 for	 B1,	 B2	 and	 B6		
was	 performed	 in	 a	 single	 day	 with	 five	 replicates	 of	
injections	 at	 a	 concentration	 2.0	 µg/mL	 (Figure	 7.	 &	
Table	6a-6c.).	

	
Figure	7.	Chromatogram	for	Precision		

Limit	of	Detection	and	Quantification:	The	approach	
based	on	the	standard	deviation	of	 intercept	value	and	
the	 slope	 of	 the	 calibration	 graph	 was	 used	 for	
determining	the	limits	of	Detection	(3.3	σ/S)	and	limits	
of	Quantification	(10	σ/S).	
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Table	6a.	Intra-day	Analysis	by	UV	method	

B1 	 4 (µg/mL)	 10 (µg/mL)	
Average(n=3)	 1.099567	 2.8393	

S.D	 0.00034	 0.000294	
%RSD	 0.030915	 0.010368	

B2 	 6 (µg/mL)	 8 (µg/mL)	
Average(n=3)	 1.964333	 1.9879	

S.D	 0.00034	 0.000455	
%RSD	 0.017305	 0.022869	

B6 	 2 (µg/mL)	 6 (µg/mL)	
Average(n=3)	 0.399233	 1.989433	

S.D	 0.000287	 0.000386	
%RSD	 0.071824	 0.019396	

Table	6b. Inter-day	analysis	by	UV-method	(Analyst	1)	

B1 	 4 (µg/mL)	 10 (µg/mL)	
Average(n=3)	 1.097933	 2.839333	

S.D	 0.000702	 0.000404	
%RSD	 0.063973	 0.014234	

B2  	 6 (µg/mL)	 8 (µg/mL)	
Average(n=3)	 1.969267	 1.987833	

S.D	 0.000493	 0.000611	
%RSD	 0.025049	 0.030737	

B6 	 2 (µg/mL)	 6 (µg/mL)	
Average(n=3)	 0.395233	 1.9875	

S.D	 0.000252	 0.0003	
%RSD	 0.063674	 0.015094	

Table	6c.	Inter-day	analysis	by	UV-method	(Analyst	2)	

B1 	 4 (µg/mL)	 10 (µg/mL)	
Average(n=3)	 1.098433	 2.838167	

S.D	 0.000503	 0.000493	
%RSD	 0.045822	 0.017381	

B2  	 6 (µg/mL)	 8 (µg/mL)	
Average(n=3)	 1.9695	 1.988733	

S.D	 0.000436	 0.000569	
%RSD	 0.022132	 0.028592	

B6 	 2 (µg/mL)	 6 (µg/mL)	
Average(n=3)	 0.395667	 1.9875	

S.D	 0.000208	 0.0004	
%RSD	 0.052612	 0.020126	
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