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 الملخص
 الآزوتيدروكلورايد بالاقتران التقدير الطيفي المايكروغرامي للبايرودكسين هاي

لتقدير كميات مايكرغرامية من البايرودكسين هايدروكلورايد طيفية اقترحت طريقة 

ثنائي نيتروفنيل هايدرازين -4,2باستخدام الاقتران الازوتي .تعتمد الطريقة على اكسدة الكاشف 

البايرودكسين  ثنائي نيتروانيلين المؤزوت الذي يتفاعل تفاعل اقتران مع -4,2لتكوين 

نانوميتر  522هايدروكلورايد في الوسط القاعدي لتكون صبغة ازوية لها اقصى امتصاص عند 

.وان قيمة  1-( مايكروغرام .مل 12.5-1.العلاقة الخطية تطاوع قانون بير في مدى تراكيز من )

  % و 99.9.في حين بلغت نسبة الاسترجاعية 1-سم .1-لتر.مول 15214الامتصاص المولاري 

% .وتم تطبيق الطريقة بنجاح على  3.2كان معدل الانحراف القياسي النسبي اقل من 

ل وكذلك يالمستحضرات الصيدلانية للدواء وتبين بان النتائج المستحصلة متفقة مع المحتوى الاص

 مع طريقة الدستور البريطاني للأدوية .

ABSTRACT 

          A simple, rapid and sensitive spectrophotometric method has been 

investigated for determination of microgram amount of pyridoxine 

hydrochloride .The method is based on the oxidation of 2,4-

dinitrophenylhydrazine to produce diazotized2,4-dinitroaniline  which 

will be coupled with pyridoxine hydrochloride in basic medium to form a 

stable colored product with maximum absorption at 522 nm.Beer'slaw is 

obeyed over the concentration range of 1-12.5 µg.ml-1.The molar 

absorptivity value is 15214 L.mol-1.cm-1 .The average recovery is 99.09% 

and relative standard deviation (RSD)is less than 3.2%.The method  has 

been applied successfully  for the determination of the studied drug in its 

pharmaceutical preparation .The obtained result are in agreement with 

certified value of the  pharmaceutical and with the British pharmacopeia  

method .                                      

Keywords : pyridoxine hydrochloride , spectrophotometry , 

diazodization , determination 
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Introduction 
Pyridoxine is (3-hydroxy-4,5-bis(hydroxymethyl)-2-methyl 

pyridine) which is calledvitamins B6 are white crystals at room 

temperature. Each is very soluble in water, weakly soluble in ethanol, and 

either insoluble or sparingly soluble in chloroform. Pyridoxine has 

chemical formula C8H11NO3.HCl and posses the following chemical 

formula (1). 
N

OH

CH3

OH

OH
. HCl

 
 The biologically active analogs of pyridoxine are the aldehyde 

pyridoxal and the aminepyridoxamine(2) . Pyridoxine is used to treat or 

prevent vitamin B6 deficiency. It is also used to treat a certain type of 

anemia (lack of red blood cells)(2).Pyridoxine injection is used to treat 

some types of seizure in babies.Vitamins in general, play a very 

important role in our health, even thoughthey only make up a very small 

part of the food we eat each day (3). 

Sevral analytical methods are available in the literature for the 

determination of pyridoxine in their pharmaceutical preparations 

including : HPLC (4-8) , reversed phase ion-pair HPLC (9) , capillary 

electrophoresis (10) , cyclic voltammetry (11,12) , flow injection analysis 
(13,14) and spectrophotometric methods (15) . Another spectrophotometric 

methods including derivative spectrophotometry  with different 

order's(16,17), spectrofluorometry  (18), oxidative coupling reaction (19) and 

coupling diazometry (20-23) . 

 In this work a simple spectrophotometric method for the 

determination of pyridoxine hydrochloride is proposed , the method is 

based on the oxidation of 2,4-dinitrophenyl hydrazine with potassium 

iodate to produce diazotized 2,4-dinitroaniline as an intermediate product 

which later will be coupled with pyridoxine hydrochloride to produce an 

intense red azo dye . 

Experimental 
Apparatus : 

 All spectral and absorbance measurements are carried out by using 

a Shimadzu UV- 1650 PC UV-Spectrophotometer with 1 cm matched 

silica cells . 

Chemicals and standard reagents: 

 All chemicals used are of analytical reagent grade and are 

purchased from Fluka and BDH companies . 

pyridoxine hydrochloride (100µg.ml-1) solution : 
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 0.01 g of the pure drug is accurately weight and dissolved in 

distilled water in a 100 ml volumetric flask and diluted to mark with the 

same solvent . 

2,4-Dinitrophenylhydrazine (0.04%) solution (DNPH) : 

 Is prepared by dissolving 0.04g of DNPH in 1 ml  concentrated 

sulphuric  acid and completed to the mark with acetonitrile in a 100 ml 

volumetric flask . 

Potassium iodate (4%) solution : 

 4 g of this compound is dissolved in 75 ml of distilled water with 

heating and the volume is made to the mark with distilled water in a 100 

ml volumetric flask . 

Sodium hydroxide (1 M) solution : 

 4 g is accurately weighed and dissolved in distilled water and 

completed to 100 ml with same solvent . 

Surfactant 0.1% and 1% solution : 

 This solution is prepared by dissolving , 0.1g of 

cetyltrimethylammonium bromide (CTAB) and sodium dodecyl sulphate 

(SDS) , 1g of Tritone-x 100 and Tween-80 in distilled water and the 

solutions will be completed to 100ml with the same solvent . 

Interference (1000 µg.ml-1) : 

 This solution is prepared by dissolving 0.1 g of each compound to 

100 ml with distilled water. 

Recommended procedure 
 To a series of 10 ml volumetric flasks  different amounts of 

pyridoxine hydrochloride stock standard solution are added to cover the 

concentration range (1 - 12.5 µg.ml-1) followed by the addition of 0.04% 

DNPH , 1.5 ml of oxidant (KIO3) reagent and 2ml of 1N NaOH . The 

volume is completed to the mark with distilled water . The absorbance of 

solutions are measured versus blank reagent at 522 nm . after 5 minutes 

from dye production . 

Procedure for the determination of pyridoxine hydrochloride in 

its pharmaceutical preparation . 
Preparation of pyridoxine hydrochloride tablet solution : 

 Five tablets of each of the two types of pyridoxine tablets are 

weighed then powdered and mixted thoroughly . A quantity equivalent to 

one tablet weight is dissolved in distilled water and filtered and the 

volume is made up to the mark with distilled water in a 100 ml 

volumetric flask to prepare 400 µg.ml-1. A 100 µg.ml-1 solution is 

prepared by further dilution of the solution . A suitable aliquot is treated 

as described under the recommended procedure . 
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Preparation of pyridoxine ampoules solution : 

 An accurately 2ml containing 100 mg of pyridoxine drug is 

transferred to a 100ml volumetric flask and the volume is completed to 

the mark with distilled water and mixed well and is further diluted to get 

the working standard solution with distilled water . A suitable aliquot is 

treated as described under the recommended procedure . 

Results and Discussion 

 It has been shown recently(24) that 2,4-dinitrophenylhydrazine can 

be oxidized by potassium iodate or sodium periodate to diazotized 2,4-

dinitroanilineas an intermediate compound which latercan be coupled 

with pyridoxine hydrochloride in basic medium to give red azo dye that 

shows an absorption maxima at the wavelength of 522 nm (Fig 1) . The 

suggested reaction can be represented as follow : 
NO2

O2N

NHNH 2

NO2

O2N

N N
KIO3

2,4-DNP

KI 3H2O22

 
 

NO2

O2N

N N NH3C

HO

OH

OH HCl

NaOH
Red  azo dye

 

 
 

 

Fig.1 : Absoption spectra of 6 µg.ml-1 of pyridoxine hydrochloride . 

A : Sample vs blank B: Reagentblank vs distilled water . 
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Study of the optimum reaction conditions . 
 The effect of various parameters on the absorption intensity of the 

formed azo dye formed have been studied and the reaction conditions are 

optimized . 

Effect of organic solvent : 
 Preliminary investigation shows that the preparation of the solution 

of 2,4-dinitrophenylhydrazine reagent in organic solvent is more 

perfeable for giving high azo dye colour intensity therefore the 

preparation of the reagent in different solvents are studied (Table 1) From 

table.1 itis shown that acetonitrile gives the highest colour intensity of the 

dye . 
Table.1 : Effect of organic solvents on azo dye absorbance . 

Solvent max Absorbance 
Molar absorptivity 

 (L. mol-1.cm-1) 

Ethanol 481 0.269 11061.31 

Methanol 534.5 0.287 11801.47 

Acetone 517.5 0.348 14309.79 

Acetonitrile 522 0.420 15200.44 

DMSO 524.5 0.136 5592.33 

Water 542 0.281 11554.75 

 

Effect of DNPH : 
 The effect of the amounts of 0.04% DNPH which will be oxidized 

further to diazotized 2,4-dinitroaniline that will couple pyridoxine drug to 

form an intense red azo dye are studied to show their effects on the 

absorbance intensity . 

The experimental results in table.2 indicated that 2ml of 0.04% of 

DNPH gives the highest colour intensity therefore it is considered as an 

optimum value for further studies . 

Table.2 : Effect of reagent amounts on dye absorbance . 

ml of DNPH 0.04% Absorbance  

0.5 0.24 

1.0 0.40 

1.5 0.41 

2.0 0.43 

2.5 0.39 

3.0 0.39 
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Effect of type of oxidant : 
 In order to choice the best oxidant reagent , a 1ml of 0.4% of each 

of different type oxidants except N-bromosuccinimide (0.2%) is added to 

2ml of 0.04% of DNPH with 0.5ml of 100 µg.ml-1pyridoxine 

hydrochloride and followed with 2ml of 1N NaOH . The results given in 

table.3 show that potassium iodate gives the highest sensitivity of the 

formed dye , however it is used as the best oxidant for the oxidation 

process . 

 A further study revels that 1.5ml of 0.4% KIO3 is an optimum 

amount  that will be used for subsequent work (Table.4) . 

Table . 3 : Effect of oxidant type on dye intensity  

Oxidizing agent 4% Absorbance 

Sodium Periodate 0.25 

Potassium Poriadate 0.40 

Potassium Iodate 0.42 

N- Bromosuccinimde 0.01 

Potassium Dichromate 0.06 

Ammonium Persulphonate 0.02 

Table.4 : Effect oxidant amount on the absorbance. 

ml of 4% KIO3 Absorbance 

0.5 0.38 

1.0 0.41 

1.5 0.43 

2.0 0.32 

2.5 0.27 

3.0 0.30 

 

Effect of surfactant: 
 The presence of surfactants in coloured mixture solution may 

frequently leads to a bathochromic red shift (25) . In thisrespect a different 

types of surfactant including (CTAB) 0.1% (cationic) , (SDS)0.1% 

(anionic) , Triton x-100 1% and Tween-80 1% (nonionic) have been 

tested .  

 Unfortunately none of them improve the absorption therefore they 

were excluded from this study . 
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Effect of base : 
 It has been observed previously that most azo dyes are only formed 
in alkaline basic medium, therefore a different amount of 1N of various 
bases have been tried for the purpose of producing the more intense dye 
colour . The results in table.5 express that 2ml of 1N sodium hydroxide 
gives the highest colour sensitivity and as result it is considered as an 
optimum value of the amount of the best base can be used for subsequent 
research . 
Table.5 : Effect of amounts and base type on absorbance of the formed azo dye . 

Base solution 

used (IN) 

Absorbance / ml of base used 

1.0 1.5 2.0 2.5 3.0 

NaOH 0.30 0.40 0.42 0.40 0.33 

KOH 0.35 0.40 0.40 0.38 0.30 

Na2CO3 0.01 0.02 0.25 0.26 0.26 

NaHCO3 0.03 0.22 0.22 0.23 0.22 

NH4OH 0.01 0.01 0.01 0.01 0.01 

Effect of order of addition : 
 The effective of order of addition on the absorbance of formed azo 

dye is tested under the optimum experimental conditions and the resulted 

data indicate that the azo dye formed with highest sensitivity by the 

following sequence : 

DNPH reagent + oxidizing agent + drug sample + base  

Effect of temperature and reaction time : 
 The reaction time is determined by following the produced azo dye 
colour development at 0Co , room temperature and thermostatically 
controlled water-bath at 40 and 50 Co (Table.6) . It has been observed the 
absorbance reaches it's maximum value after 5 minutes at room 
temperature and remain constant for more than one hour at room 
temperature , therefore a 5 minutes as a development time at room 
temperature is selected for subsequent studies . 

Table.6 Effect of temperature and time on colour stability . 

Standing 

Time(min) 
Absorbance  / Temperature C 

0.0 Room Temp. * 40 50 

After addition 0.20 0.40 0.40 0.20 

5 0.17 0.44 0.42 0.18 

10 0.20 0.44 0.38 0.14 

15 0.26 0.44 0.43 0.28 

20 0.27 0.44 0.41 0.30 

25 0.37 0.44 0.40 0.26 

30 0.34 0.44 0.34 0.27 

40 0.37 0.44 0.39 0.31 

50 0.36 0.44 0.39 0.25 

60 0.38 0.44 0.41 0.23 

75 0.37 0.44 0.39 0.23 

* Room Temp. = 13 C 
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Quantitation and analytical data 

Employing the optimum conditions described under recommended 

procedure a linear calibration graph (Figure.2) for pyridoxine 

hydrochloride is obtained which comprises that Beer's law is obeyed over 

the concentration range 1-12.5 µg.ml-1 with a correlation coefficient of 

0.9992 and intercept of 0.074 . The apparent molar absorptivity of the 

formed red azo dye is 15214.4 L.mol-1.cm-1 with Sandell sensitivity of 

0.0135 µg.cm-2 , limit of detection 0.0355 and limit of quantitation of 

0.118 µg.ml-1 respectively . 

 

Figure.2 : calibration graph of pyridoxine hydrochloride . 

Accuracy and precision : 

  To evaluate the accuracy and precision of the proposed method , a 

pure drug is analyzed at three different concentration . The observed data 

shown in table.7  comprise a satisfactory precision and accuracy for the 

proposed method . 
Table.7 : Accuracy and precision . 

Conc. of pyridoxine. HCl μg/ml Recovery * % 
Average of 

Recovery % 
RSD* % 

3 97.77 

99.09 

3.13 

6 99.51 2.05 

9 100.00 1.56 

* For Five Determinations. 
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Interferences : 
 To demonstrate the selectivity of the proposed method , the 

interfering effect of various excipients that may be accompanied the 

pharmaceutical products   of pyridoxine hydrochloride are tested by 

determining 100 µg of pyridoxine hydrochloride in the presence of 

different amount of each excipients . The results obtained are summarized 

in table.8 indicated that non of the excipients can introduce significant 

interference . 

Table.8 : Effect of excipients on azo dye colour intensity . 

Foreign 

compound 

Recovery % of 100μg of Pyridoxine. HCl per μg 

foreign compound added 

500 1000 3000 5000 

Acacia 101.28 102.56 100.00 101.28 

Glucose 101.28 101.28 97.43 96.15 

Sucrose 100.00 102.85 101.42 98.57 

Glycerin 102.94 98.52 100.00 101.57 

Lactose 101.47 97.05 98.52 101.47 

NaCl 100.00 98.57 98.57 101.42 

Starch 101.28 100.00 98.71 98.71 

 

Structure of the dye : 
 The stoichiometry of the coupling reaction between diazotized  

2,4-dinitroaniline and pyridoxine hydrochloride is investigated using both 

Job's and mole ratio method (26) .  

 The obtained results in Fifure.3 demonstrates that a ratio of drug to 

diazotized reagent 1:1 formed  , therefore the formation of the dye 

probably occur as follows : 

N N
N

HO

HO OH

CH3
O2N

NO2

Red azo dye
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 The apparent stability constant(27) is calculated to be 2.8x104 L.mol-1 as an 

average conditional stability constant for the drug in water under the 

optimized described experimental conditions . 

Figure.3 :  A:Job's plot    B:mole ratio plot 

 

Analytical Application 
 Application of the proposed method for the assay of various 

pharmaceutical preparation of pyridoxine hydrochloride (tablet and 

injection) give reproducible result that revels that there is a good 

agreement between the proposed method and the certified value of the 

drug (Table.9) . The results are also compared successfully with official 

method (Table.10)(1) . 

 
Table.9 : Determination of pyridoxine in its pharmaceutical  preparation . 

Pharmaceutical Preparation Amount present 

(μg/ml) 

Drug content 

found (mg) 

Recovery (%) 

Samavit B6 tablets 

40 mg pyridoxine. Hcl 

S.D.I. – Iraq 

3 39.22 98.06 

6 39.46 98.67 

9 39.51 98.78 

Samavit B6 tablets 

40 mg pyridoxine. Hcl 

N.D.I. – Iraq 

3 39.61 99.03 

6 39.39 98.48 

9 39.39 98.48 

Pyridoxine. Hcl injection 

100 mg/2ml pyridoxine. HCl 

Milano – Italy 

3 99.67 99.67 

6 98.11 98.11 

9 99.29 99.29 
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[Pyidoxine.HCl] / [Pyridoxin.HCl] + [2,4 

DNPH] 

 [2,4 DNPH] / [Pyridoxin.HCl]  
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Table.10 : Determination of pyridoxine hydrochloride in pharmaceutical 

preparation by proposed method and official method . 

Parmaceutical 

preparation 

Certified 

value 
mg 

Present 

method 

Standard 

method 

Recovery* 

(%) 

Recovery* 

(%) 

Samavit B6 tablets 40 mg 10 99.65 98.86 

Pyridoxine. HCl 

injection 

100 

mg/2ml 

2 99.32 98.18 

4 99.86 99.01 

*Average of three determinations. 

 The performance of the proposed method is compared statistically 

in terms of student t-test and the variance ratio F-test . At 95% confidence 

level , the calculated t value is 2.04 and F-value is 2.435 and these value 

do not exceed the tabulated  t-value is 2.31 (for n=8) and F-value is 6.39 

(for n=4) . Therefore there is no significant difference between the 

propose method and the official method , indicating that the proposed 

method is as . accurate and precise as official method . 

Conclusion 
 A simple, rapid and sensitive spectrophotometric method for the 

determination of trace amounts of pyridoxine hydrochloride in aqueous 

solution has been developed . 

The proposed method requires neither temperature control nor solvent 

extraction and can satisfactorily be applied without modification to the 

analysis of pyridoxine hydrochloride in pharmaceutical preparation . 
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