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ABSTRACT:     
A new visible spectrophotometric method was developed for the determination of paraphenylenediamine 
(PPD) in pure and marketed forms using β‐naphthol as chromogenic reagent. This is based on reaction of 
PPD with β‐naphthol in acidic media to yield reddish‐pink coloured chromogen exhibiting absorption 
maximum at 552.4 nm. Beer’s law is obeyed in the concentration range of 200‐1000 ng/mL with coefficient 
of determination as 0.9976. The limit of detection (LOD) and limit of quantitation (LOQ) were found to be 
64.2 ng/mL and 194.8 ng/mL respectively. The developed method has been validated as per the ICH Q2 (R1) 
guidelines. The results demonstrate that the method is linear, precise and accurate. The proposed method 
was successfully applied for determination of PPD in different brands of hair dyes with good recovery and 
reproducibility.                                                                                              
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1. INTRODUCTION: 

Hair colouring [1‐6] also known as hair dyeing 

is the most commonly employed process of 

changing the hair colour. The main purpose 

to include the habit of this cosmetic is to 

cover gray or white hair and to change to 

such colour which will be considered as more 

stylish or trendy and finally to give back the 

natural hair colour which has been bleached 

by hairdressing practices or sun bleaching. It 

classifies hair dyes into permanent, demi‐

permanent, semi‐permanent, and temporary 
[7‐15]. The three hair dye brands used in this 

research are as follows:  Bigen, Black Rose 

and Indica. 

The p‐Phenylenediamine (PPD) is an  organic 

compound chemically known as benzene‐1,4‐

diamine. Its empirical formula is C6H4(NH2)2 

representing molecular weight of 108.144 

g/mol. It is a derivative of aniline and appears 

as a white solid, but samples can darken due 

to air oxidation. Soluble in water, slightly 

soluble in alcohol, ether, chloroform and 

benzene and it has melting point of 142 °C. 

PPD is mainly used as dye intermediate or 

chemical intermediate. Literature review 

reveals that there are various HPLC [16], GC‐

MS [17] and spectrophotometric methods [18‐25] 

have been developed for the estimation of 

PPD in hair dyes. While spectrophotometric 

methods are the most widely used 

instrumental methods of predilection in 

industrial laboratories, a very few 

chemometric methods with 3‐amino phenol, 

α‐naphthol are reported but there are no 

chemometric methods using β‐naphthol as 

reagent. Therefore, the need for a fast, low‐

cost and selective method is obvious 

especially for routine quality control analysis 
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of hair dyes containing PPD. Now a days no 

one are using special convectional reagents 

such as β‐naphthol as chromogenic agent 

because chemometric methods have lack of 

sensitivity. The present study was planned to 

develop a sensitive method using β‐naphthol 

as chromogenic reagent. 

2. MATERIALS AND METHODS 

Chemicals and Reagents: PPD(pure form) was 

supplied from Sd Fine Chemicals ltd (SDFCL, 

Mumbai). Different samples of hair dye (Black 

rose, Bigen, Indica) were purchased from 

local market. β‐naphthol, sodium nitrite and 

ammonium sulphamate (analytical reagent 

grade) were obtained from Sd Fine Chemicals 

Ltd (SDFCL, Mumbai). Concentrated 

hydrochloric acid (HCl) was obtained from 

Finar chemicals (FC) Ltd. 

 Instruments: UV‐visible spectrophotometer 

(Shimadzu UV 1800), Digital balance 

(Shimadzu BL220H). Ultrasonic bath 

sonicator (PCI Analytics 6.5li200H), Hot Air 

Oven (Tempo Equipment Private Limited). 

Extraction of hair dye: Transfer accurately 

weighed quantity about 5 g of hair dye to 

round bottom flask. To this 60 mL of 

chloroform was added, connect to the reflex 

condenser. After completion of 5 h of 

extraction, transfer the solution to 250 mL 

beaker; rinse the flask with 3‐4 mL of 

chloroform. To this 1 mL of acetic anhydride 

was added with continuous stirring, wait for 

40 min. Heat it on the water bath until the 

solution evaporates to 25 mL. Filter the 

solution with vacuum filter. Dry the extract 

by keeping it in oven at 120 °C for 15 min. 

Remove and weigh it, calculate the 

percentage yield. 

Percentage yield = M1×0.5626/M2×100 

where, M1= Practical yield in grams, M2= 

Weight of sample taken 

 

Qualitative test for amines 

Diazotisation test: Dissolve a little amount of 

sample in concentrated HCl and water. To this 

10% sodium nitrite was added upon shaking, 

separation of reddish‐brown solution 

indicates the presence of 1°, 2°, 3°amine. To a 

little amount of above solution, cold solution 

of 2‐naphthol in excess of 10% sodium 

hydroxide was added. Red dye indicates the 

presence of 1° aromatic amines. 

 Carbylamines test: To the small amount of 

sample add chloroform and alcoholic 

potassium hydroxide. Offensive smell 

indicates the presence of 1° amines. 

Preparation of β-naphthol (1%w/v): Dissolve 

100 mg of β‐naphthol in 10 mL of distilled 

water.  

Preparation of 0.1% sodium nitrite: Dissolve 

100 mg of sodium nitrite in 100 mL of 

distilled water. 

Preparation of stock solution: Standard PPD, 

10 mg was weighed and transferred to 10 mL 

volumetric flask and dissolved in water. The 

flask was shaken and was made up to the 

mark with water to give a solution of 1000 

µg/mL. From this stock solution, 1mL was 

pipette out into another 10 mL volumetric 

flask and the volume was made up to 10mL 

with water to give 100 µg/mL. From this 

stock solution, 1 mL was pipetted out into 

another 10 mL volumetric flask and the 

volume was made up to 10 mL with water to 

give 10 µg/mL. 

Preparation of 0.1% ammonium sulphamate: 

Dissolve 100 mg of ammonium sulphamate in 

100 mL of distilled water. 

Preparation of 0.1N HCl: Dissolve 0.85 mL of 

concentrated HCl in 100 mL of distilled water. 

Calibration curve for PPD with β-naphthol 

(200-1000 ng/mL): From 10 µg/mL stock, 

aliquots of 0.2, 0.4, 0.6, 0.8 and 1.0 mL were 



Nayaka  et al.                                                                               Int. J. Adv. Pharm. Biotech., 2018; 4(4): 6-12 
 

www.ijapbjournal.com  IJAPB 

16 

taken in 10 mL test tubes to which 1 mL of 

sodium nitrite (0.1%w/v) was added. This 

reaction was carried out by keeping the flask 

in an ice tray to maintain (0‐5 ˚C) 

temperature for 5 min.  

To this, 1 mL of 0.1N HCl, 1 mL of ammonium 

sulphamate (0.1%w/v) and then 1 mL of β‐

naphthol (0.04%)was added and wait for 5 

min for colour development i.e. reddish‐pink 

(whole procedure was carried out in an ice 

bath). Volume was made up to 10 mL with 

distilled water to give a solution of 200, 400, 

600, 800 and 1000 ng/mL respectively. The 

absorbance of each solution was measured 

against blank (water) taken in visible region 

i.e., 400‐700nm which showed a maximum 

absorbance at 552.4 nm. The method 

developed was validated according to the ICH 

guidelines. 

3. RESULTS AND DISCUSSION 

Linearity and range: The linearity of analytical 

method is ability to elicit test results that are 

directly proportional to the concentration of 

analyte in the sample within the range. The 

range of analytical method is the interval 

between upper and lower levels of analyte 

that have been demonstrated within a 

suitable level of precision, linearity and 

accuracy.   

Under the optimum conditions, the 

calibration curve for the determination of 

PPD by its reaction with β‐naphthol was 

constructed by plotting the absorbance as a 

function of corresponding concentrations 

are200, 400, 600, 800, 1000 ng/mL. The 

results are reported in Table 1 and Fig.1. 

Limit of detection and limit of quantification: 

The sensitivity of proposed method for 

measurement of PPD was estimated in terms 

of limit of detection (LOD) and limit of 

quantification (LOQ). The LOD and LOQ were 

determined according to the ICH guidelines 

for the validation of analytical procedure. The 

following formula were used 

                     LOD=3.3�/S  
                     LOQ=10�/S 

where, σ = standard deviation (SD) of the 

response (intercept) S = slope of the 

calibration curve.  

The calculated values of LOD and LOQ were 

found to be 64.2 and 194.8 ng/mL 

respectively 

Table 1: Calibration curve data 
S. No Concentration (ng/mL) Absorbance 

1. 200 0.229 
2. 400 0.408 
3. 600 0.555 
4. 800 0.686 
5. 1000 0.838 

Fig.1 Calibration curve for PPD at 552.4 nm 

with β–naphthol 
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Fig.2 Overlay Spectra for PPD at 552.4 nm 

with β–naphthol  

 

Precision: The precision of an analytical 

method is the degree of agreement among 

individual test results, when the method is  
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applied repeatedly to multiple samplings of 

homogeneous sample. It provides an 

indication of random errors results and 

expressed as relative standard deviation 

(%RSD).  

Repeatability: Repeatability assessment of an 

analytical method is performed by analysing 

six replicates of single concentration that is 

600 ng/mL. Absorbance of samples were 

recorded at 552.4 nm. The %RSD was 

calculated. The obtained results were 

reported in Table 2. 

Intraday and inter day precision: The intra‐

assay, inter‐assay precision of the proposed 

method was determined on samples of drug 

solutions at varying concentration levels (480 

ng/mL, 600 ng/mL, and 720 ng/mL) by 

analysing three replicates of each sample as a 

batch in a single assay run (single day)and in 

three consecutive days at 552.4 nm. The 

%RSD was calculated, and results were 

reported in Table 3. 

 

Accuracy: Accuracy is the closeness of test 

results obtained by the method to the true 

value. The recovery was assessed by 

determining the agreement between the 

Table 2: Repeatability data of PPD at 552.4 nm 
using β –naphthol 
Concentration 

(ng/mL) 
Absorbance Mean* ± SD %RSD 

600 0.556  
 
0.554±0.001 

 
 
0.32 

600 0.555 
600 0.555 
600 0.553 
600 0.554 
600 0.551 

*Average of six determinations 

Table 3: Intra-day precision data of concentration 480, 600 and 720 ng/ml (black rose, bigen, indica) 
brand using at β -naphthol 552.4 nm 

Brands 
Concn 

(ng/mL) 

Absorbance 
Mean* ± SD %RSD 

Absorbance 
Mean* ± SD %RSD Morning AN Evening Day -

1 
Day-2 Day-3 

Bigen 480 0.374 0.366 0.366 0.368±0.004 1.25 0.464 0.463 0.456 0.461±0.003 0.69 
600 0.487 0.486 0.483 0.485±0.002 0.42 0.524 0.520 0.519 0.521±0.002 0.50 
720 0.529 0.528 0.521 0.526±0.004 0.82 0.608 0.602 0.595 0.601±0.006 1.08 

 
Black 
Rose 

480 0.386 0.382 0.377 0..381±0.004 1.18 0.508 0.496 0.495 0.499±0.007 1.44 
600 0.555 0.546 0.545 0.587±0.005 1.00 0.543 0.552 0.546 0.547±0.045 0.83 
720 0.605 0.603 0.600 0.602±0.002 0.41 0.666 0.661 0.650 0.659±0.008 1.24 

 
Indica 

480 0.430 0.427 0.424 0.427±0.003 0.70 0.434 0.451 0.440 0.441±0.008 1.95 
600 0.586 0.581 0.579 0.582±0.004 0.61 0.529 0.520 0.515 0.521±0.007 1.36 
720 0.638 0.634 0.633 0.638±0.002 0.31 0.686 0.672 0.689 0.682±0.009 1.32 

*Average of three determinations 

Table 4: Accuracy & Assay data of PPD at 552.4 nm using β–naphthol 

Brand 

Accuracy Assay 

% 
Levels 

Amount of 
sample 
added 
(mL) 

Amount of 
standard 

added 
(ng/mL) 

Mean 
absorbance 

% Recovery ± SD 
Label 
claim 
(mg) 

Amount 
found  
(mg) 

%Purity 

 
Bigen 

80 0.48 0.6 0.883 104.3±0.007 
300 333 111 100 0.6 0.6 1.000 108.7±0.004 

120 0.72 0.6 1.035 101.7±0.004 
 
Black 
Rose 

80 0.48 0.6 0.790 92.0 ±0.006 
300 327 109 100 0.6 0.6 0.851 90.7±0.002 

120 0.72 0.6 0.963 93.9±0.004 
 
Indica 

80 0.48 0.6 0.867 102.2±0.005 
150 157 105 100 0.6 0.6 0.907 96.61±0.004 

120 0.72 0.6 1.032 101.2±0.017 
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measured standard concentration and added 

known concentration to the sample. The test 

was done by spiking the exacted dye powder 

with pure PPD at three different levels (80%, 

100% and 120%) was calculated and 

reported in Table 4. 

Assay: From 10 µg/mL stock, 0.6 mL was 

taken and transferred to 10 mL volumetric 

flask. It is spiked with required amount of 

standard pure dye solution. To this,  1 mL of 

0.1N HCl and 0.1% of sodium nitrite , 0.1% 1 

mL of ammonium sulphamate and then 1 mL 

of β‐naphthol (0.04%)was added  and wait 

for 5 min for colour development i.e. reddish‐

pink (whole procedure was carried out in an 

ice bath). Volume was made up to 10 mL with 

distilled water to give required concentration. 

The absorbance of a solution was measured 

against reagent blank (water) taken in visible 

region i.e., 400‐700 nm which showed a 

maximum absorbance at 552.4 nm. The 

obtained results are given in Table 5. The 

results obtained for percentage purity are 

within the acceptable limit as per I.P. 

haemolysis inhibition at 400mg 

concentration, which was significant at 

p<0.005. 

Colour stability: The colour stability of PPD 

was checked in UV‐Visible 

spectrophotometer. The solution was 

scanned at 552.4 nm in the duration of 0 to 

30 min. The colour of 600 ng/mL solution of 

PPD was found to be stable for 30 min.         

4. CONCLUSION 

A new simple visible spectrophotometric 

method was developed using β‐naphthol as 

chromogenic reagent for estimation of PPD in 

different brands of hair dyes. The developed 

method has been validated as per ICH 

guidelines and the validation parameters was 

found to be within the acceptance criteria. 

The proposed method was found to be 

economic, novel, simple, sensitive, accurate, 

precise and reproducible; it can be used for 

analysis of Paraphenylenediamine in pure 

and different brands of marketed hair dyes.  

5. ACKNOWLEDGEMENT 

This research work was supported by G. Pulla 

Reddy College of Pharmacy, Osmania 

University, Hyderabad, India. We would like 

to thank our colleagues from this institution 

who provided their insight, expertise and 

comments that greatly assisted and improved 

this research.   

6. CONFLICT OF INTEREST 

The author(s) confirm that this article 

content has no conflict of interest. 

7. REFERENCES 

[1] Corbett J. Hair Colorants: Chemistry and 

Toxicology. Micelle Press, 1998. 

[2] Morel OJ, Christie RM. Current trends in 

the chemistry of permanent hair dyeing. 

Chem. Rev. 2011;111(4):2537‐61.  

[3] Grandjean P, Landrigan PJ. 

Developmental neurotoxicity of industrial 

chemicals. Lancet. 2006;368(9553):2167‐

78. 

[4] Chung KT. Mutagenicity and 

carcinogenicity of aromatic amines 

metabolically produced from azo dyes. J. 

Environ. Sci. Health 2000;18(1):51‐74.  

[5] Møller P, Wallin H. Genotoxic hazards of 

azo pigments and other colorants related 

to 1‐phenylazo‐2‐hydroxynaphthalene. 

Mutat. Res. 2000;462(1):13‐30.  

[6] Nohynek GJ, Fautz R, Benech‐Kieffer F, 

Toutain H. Toxicity and human health risk 

of hair dyes. Food Chem. Toxicol. 

2004;42(4):517‐43. 

[7] Rauscher GH, Shore D, Sandler DP. Hair 

dye use and risk of adult acute leukemia. 

Am. J. Epidemiol 2004;160(1):19‐25.  



Nayaka  et al.                                                                               Int. J. Adv. Pharm. Biotech., 2018; 4(4): 6-12 
 

www.ijapbjournal.com  IJAPB 

19 

[8] Cooper GS, Dooley MA, Treadwell EL, St 

Clair EW, Gilkeson GS. Smoking and use of 

hair treatments in relation to risk of 

developing systemic lupus 

erythematosus. J. Rheumatol. 

2001;28(12):2653‐6.  

[9] Platzek T. Risk from exposure to 

arylamines from consumer products and 

hair dyes. Front. Biosci. 2010;2:1169‐83.  

[10] Kind F, Scherer K, Bircher AJ. Contact 

dermatitis to para‐phenylenediamine in 

hair dye following sensitization to black 

henna tattoos–an ongoing problem. J 

Dtsch Dermatol Ges. 2012;10(8):572‐7.  

[11] Ciriza BE, Galardi AM, Garcia FB. 

Reactions to henna pseudo‐tattoos. 

Allergic sensitization to 

paraphenylenediamine. An Pediatr (Barc) 

2013;78(4):269. 

[12] Goldenberg A, Jacob SE. 

Paraphenylenediamine in black henna 

temporary tattoos: 12‐year food and drug 

administration data on incidence, 

symptoms, and outcomes. J. Am. Acad. 

Dermatol. 2015;72(4):724‐6.  

[13] Meuling W, Hueber‐Becker F, Roza L, 

Benech‐Kieffer F, Leclaire J, Nohynek GJ. 

Percutaneous absorption of 

paraphenylenediamine (ppd) after 

application of a [14c]‐ppd‐containing hair 

dye to human volunteers. Toxicol. Lett. 

2003; 144(1):160. 

[14] Maiti S, Sasmal K, Sinha SS, Singh M. 

Analysis of cytotoxicity and genotoxicity 

on e. Coli, human blood cells and allium 

cepa suggests a greater toxic potential of 

hair dye. Ecotoxicol. Environ. Saf. 

2016;124:248‐54.  

[15] Rose PM, Cantrill V, Benohoud M, Tidder 

A, Rayner CM, Blackburn RS. Application 

of anthocyanins from blackcurrant (ribes 

nigrum l.) Fruit waste as renewable hair 

dyes. J. Agric. Food Chem. 

2018;66(26):6790‐8.  

[16] Wang LH, Kuo YP. Simultaneous 

quantitative determination of resorcinol 

and 1‐naphthol in hair colour products by 

high‐performance liquid chromatography. 

Chromatographia.1999;49(4):208‐11. 

[17] Wang PG, Krynitsky AJ. Rapid 

determination of para‐phenylenediamine 

by gas chromatography–mass 

spectrometry with selected ion 

monitoring in henna‐containing cosmetic 

products. J. Chromatogr. B. 2011.879 

(20):1795‐801.  

[18] Saranya CL, Gurupadayya BM, Kinnera K, 

Thejaswini JC. Spectrophotometric 

determination of p‐phenylenediamine in 

hair dyes. Turk J Pharm Sci. 

2014;11(3):295306. 

[19] Babu NR, Reddy KA, Padmavathi Y, Kumar 

PR, Vijaya DV. Development and 

validation of bioanalytical method for 

estimation of darifenacin hydrobromide 

in dosage form using β‐naphthol. Indian J. 

Pharm. Educ. Res. 2018;7(3):88‐104. 

[20] Almeida PJ, Borrego L, Pulido Melián E, 

González Díaz O. Quantification of p‐

phenylenediamine and 2‐hydroxy‐1, 4‐

naphthoquinone in henna tattoos. Contact 

Derm. 2012;66(1):33‐7.  

[21] Kang IJ, Lee MH. Quantification of 

para‐phenylenediamine and heavy metals 

in henna dye. Contact Derm. 

2006;55(1):26‐9.  

[22] Jadhav NS, Lakshmi M, Meena MS, 

Duraivel S. Validated visible 

spectrophotometric estimation of 

paraphenylenediamine, a carcinogenic 

ingredient in henna hair dyes. Int. J. 

Pharm. Technol. 2010;2(4):900‐6. 



Nayaka  et al.                                                                               Int. J. Adv. Pharm. Biotech., 2018; 4(4): 6-12 
 

www.ijapbjournal.com  IJAPB 

20 

[23] Al‐Suwaidi A, Ahmed H. Determination of 

para‐phenylenediamine (PPD) in henna in 

the united arab emirates. Int. J. Environ. 

Res. Public Health 2010;7(4): 1681‐93.  

[24] Dung NT, Dao DT, Hoat GD, Son NA. 

Development of spectrophotometric 

method for determination of ceftazidime 

with the bratton–marshall reagent in 

pharmaceutical preparation. Indian J Sci 

Technol 2017;55(2):220‐8.  

[25] Sinan R, Al‐Uzri WA. Spectrophotometric 

method for determination of 

sulfamethoxazole in pharmaceutical 

preparations by diazotization‐coupling 

reaction. Al‐Nahrain Journal of Science 

2011;14(3):9‐16.   

 
 
How to cite this article: 
Yaswanth Kumar K et al Phenytoin Induced Toxic Epidermal Necrolysis ‐ A Case Report. Int. J. Adv. Pharm. Biotech., 2018; 
4(4): 1‐5. 

 
 




