
INTRODUCTION
Paraphenylenediamine (PPD) is a commonly used ingredient in 
hair dye formulations available on the market. It is a chemical 
compound that is used to impart a long-lasting color to the hair 
by penetrating the hair shaft and reacting with the melanin 
pigment present in the hair. PPD (Figure 1) is known for its 
ability to provide dark and intense color shades, which is why 
it is frequently used in permanent hair dyes.1-4

Nevertheless, PPD has been linked to a range of unfavorable 
responses, including skin irritation, allergic reactions, and in 
rare instances, anaphylactic shock. Immediate exposure to 
elevated levels of p-phenylenediamine can lead to serious 
dermatitis, eye discomfort, excessive tearing, asthma, gastritis, 
kidney failure, dizziness, trembling, seizures, and even a coma 
in humans. On the other hand, prolonged exposure in humans 
may lead to eczematoid contact dermatitis.5,6

Hence, it’s crucial for individuals using hair dye to conduct 
a patch test before applying any hair dye product containing 
PPD in order to detect potential allergic reactions. Additionally, 
hair dye manufacturers are required to follow strict safety 
guidelines and label their products clearly to inform consumers 
about the potential risks associated with PPD.7

The literature also reports the determination of PPD in 
hair dye using spectrophotometric methods.8-10 Herein, we 

report a reliable and precise method for the estimation of PPD 
in marketed hair dye formulations using visible spectroscopy.

The present method development is based on the 
colorimetric reaction of PPD (reducing agent) with Folin–
Ciocalteu phenol (FC) reagent in the presence of sodium 
hydroxide, which results in a PPD-FC reagent complex that is 
blue in color. The blue color deepens as PPD concentration is 
raised while FC reagent concentration is held constant.

The FC reagent consists of phosphotungstic acid and 
phosphomolybdic acid. Under basic pH conditions, this reagent 
can undergo reduction by reducing agents such as phenolic and 
amino groups, resulting in the formation of a blue color that 
can be quantified using spectrophotometry. According to the 
literature, the Folin–Ciocalteu (F-C) reagent is employed in 
antioxidant assays based on electron transfer, which assesses 
the reducing capacity of an antioxidant. Additionally, it finds 
utility in determining the overall phenol/polyphenol content in 
plant-derived foods and biological samples. Moreover, the FC 
reagent is well-suited for quantifying total proteins, albumin, 
and globulin in human blood serum, measuring fibrinogen 
levels in blood plasma, or detecting gastric mucoprotein.11-13

The present approach involved mixing different 
concentrations of PPD solution with a set quantity and 
concentration of FC reagent solution. This mixture was then 
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scanned at 645 nm and the quantitative analysis was carried 
out using visible spectroscopy.

MATERIALS AND METHODS
All the chemicals and reagents viz p-PPD, Folin–Ciocalteu 
phenol reagent (FC Reagent), distilled water (DW), sodium 
hydroxide (NaOH) of analytical grade were used for the 
experiment. Marketed Hair dye formulations were purchased 
from the local market. Single beam UV spectrophotometer 
(Aligent carry 60uv-vis, model GS2281), Ultrasonic Bath 
(Singen, Germany), and Digital weighing machine (Shimadzu 
model TX323L) were used for spectrophotometric analysis.
Method Development for Estimation of 
Paraphenylenediamine as API

Preparation of standard stock solution
To create the standard stock solution, precisely measured 
10 mg of PPD was placed into a 100 mL volumetric flask. It 
was then dissolved in 20 mL of 0.1 N NaOH and subjected 
to sonication for 10 minutes. The volume was subsequently 
adjusted with the same solvent up to the mark, resulting in a 
final concentration of 100 μg/mL.
Preparation of FC reagent
For the FC Reagent preparation, 3 mL of FC reagent was 
combined with 3 mL of 0.1 N NaOH and 24 mL of distilled 
water.
Selection of wavelength
To determine the appropriate wavelength, 1-mL of the standard 
stock solution of PPD was transferred into a 10 mL volumetric 
flask. To this, 1.5 mL of FC reagent that had been diluted and 
made up to the mark with 0.1N NaOH was added, resulting 
in a concentration of 10 μg/mL. The resulting solution was 
subjected to UV scanning within the range of 800 to 400 nm, 
revealing that PPD exhibited its maximum absorbance 
(Figure 2) at 645 nm.
Method Validation for Estimation of 
Paraphenylenediamine As API
The validation process of this method encompassed 
assessments for linearity, accuracy, precision, and repeatability.
Linearity study
Different aliquots of PPD in the range 0.2–1.0 mL were 
transferred into a series of 10 mL volumetric flasks. To each 
solution, 1.5 mL of FC reagent that had been diluted and made 
up to the mark with 0.1N NaOH to get concentrations 2, 4, 6, 
8, and 10 μg/mL, respectively. The solutions were scanned 
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Figure 2: Visible spectrum of PPD14

Table 1: Linearity study of PPD15

Conc. 
(μg/mL) Absorbance Standard 

deviation (SD) %RSD

2 0.2376 0.00020 0.0876
4 0.4521 0.00030 0.0675
6 0.6663 0.00026 0.0397
8 0.8944 0.00020 0.0232
10 1.1008 0.00026 0.0240

 Avg.%RSD– 0.0484

Figure 3: Calibration curve of PPD16

Table 2: Accuracy study of PPD17

S. 
No. level

Standard 
solution 
(mL)

Added 
Solution 
(mL)

Abs. Mean %Recovery

1 80% 1.0 0.8 1.9858 1.9862 100.05

1.0 0.8 1.9861

1.0 0.8 1.9867

2 100% 1.0 1.0 2.1929 2.1934 98.91

1.0 1.0 2.1935

1.0 1.0 2.1938

3 120% 1.0 1.2 2.4218 2.4224 99.81

1.0 1.2 2.4223

1.0 1.2 2.4231

Table 3: Intraday study of PPD18

Conc. (μg/mL) Absorbance Intra day
4 0.4521 0.4489
8 0.8944 0.8444
10 1.1008 1.0056

Figure 1: Structure of paraphenylenediamine
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Table 4: Repeatability study.19

S. No. Absorbance Conc. (μg/mL) Mean (μg/mL)
1 0.6660 5.98 6.065
2 0.6756 6.06
3 0.6841 6.14
4 0.6822 6.12
5 0.6770 6.08
6 0.6697 6.01

Table 5: Study on the marketed hair dye formulation.

S. 
No.

Marketed 
Hair Dye 
Formulation 
(F)

Abs Mean SD %RSD
PPD 
found 
(μg/mL)

1 F 1 1.3690 1.3633 0.005118 0.3753 12.39

1.3618

1.3591

2 F 2 1.1324 1.1321 0.0003 0.0269 10.26

1.1322

1.1318

3 F 3 1.2799 1.2810 0.0012 0.0937 11.58

1.2823

1.2810

Table 6: Summary of the results

Parameters Result
Wavelength 645 nm
Linearity Range 2–10 μg/mL
Linear Regression Equation y = 0.1098x + 0.0093
Slope 0.1098
Standard Error 0.0081
% Relative Standard Deviation (RSD) 0.0484
Limit of Detection (LoD) 0.2445 μg/mL
Limit of Quantification (LoQ) 0.7411 μg/mL

on a spectrophotometer in the visible range 400 to 800 nm 
(Table 1). The spectrum was recorded at 645 nm. The calibration 
plot was constructed as concentration vs. absorbance (Figure 3).
Accuracy 
In pre-analyzed sample solutions, known quantities of 
the standard stock solution were added at different levels, 
specifically 80, 100, and 120% (Table 2). The solutions were 
subsequently reanalyzed using the proposed method.
Precision
The precision of the method was evaluated in terms of intra-day 
and inter-day variations. Intraday precision involved analyzing 
4, 8, and 10 μg/mL PPD solutions three times within the same 
day (Table 3). 

Repeatability
Repeatability was assessed by analyzing six different samples 
with a concentration of 6 μg/mL of PPD solution (Table 4).
Sensitivity
Following the ICH guidelines, the limits of detection (LoD) 
and quantification (LoQ) were calculated as LoD = 3.3σ/S 
and LoQ = 10σ / S, where σ represents the standard deviation 
of the response and S is the slope of the calibration curve. 
The calculated values were LoD = 0.2445 μg/mL and LoQ = 
0.7411 μg/mL when a standard error was taken 0.0081 and 
slope was 0.1098.20-22

Application of the Proposed Method for Pharmaceutical 
Formulation 
For the analysis of PPD in a commercial formulation, 100 mg 
of hair dye was placed in a 100 mL volumetric flask and filled 
to the mark with 0.1 N NaOH. After filtration, 1-mL of the 
solution was transferred to a 10 mL volumetric flask, and 1.5 
mL of FC reagent was added. The volume was then adjusted to 
the mark with 0.1 N NaOH, and the solution was analyzed using 
a spectrophotometer in the UV range from 800 to 400 nm, with 
measurements recorded at 645 nm. The drug concentrations 
were calculated using a linear regression equation (Table 5).

RESULTS AND DISCUSSION
The result of the developed method is shown in Table 6. Thus 
a visible spectroscopy-based method for estimating PPD in 
hair dye formulations was developed and validated according 
to ICHQ2 (R1) guidelines. 

CONCLUSION
In summary, a visible spectroscopy-based technique has been 
created and validated for assessing para-PPD levels in hair 
dye products. This method involves a colorimetric reaction 
between PPD and FC reagent, resulting in the formation of 
a blue PPD-FC reagent complex. The method exhibited both 
accuracy and precision, with a detection threshold of 0.2 μg/
mL. It was successfully employed to quantify PPD in various 
commercially available hair dye formulations, including 
those containing henna. Notably, it unveiled significantly 
elevated PPD concentrations in black henna products, thereby 
heightening the potential for sensitization among consumers. 
Consequently, this approach represents a dependable and 
cost-effective means of ascertaining PPD content within hair 
dye formulations.

ACKNOWLEDGMENT
The authors are thankful to Shri Guru Ram Rai University, 
Dehradun for providing all of the laboratory facilities needed 
to complete the study.

REFERENCES
1. Hashmi MH, Ajmal AI, Rashid A, Qureshi T. Spectrophotometric 

determination of o- and P-Phenylenediamines. Mikrochimica 
Acta. 1969;57(1):100–7. doi:10.1007/bf01216670 

2. Elmanfe G, Khreit O, Abduljalil O. Determination of PPD in 



Paraphenylenediamine (PPD) Determination in Hair Dyes Formulation

IJPQA, Volume 14 Issue 4, October - December 2023 Page 920

hair dyes collected from local markets in El-Bieda City - Libya. 
Materials Science Forum. 2019;955:13–9. doi:10.4028/www.
scientific.net/msf.955.13 

3. Zhu W, Wang C, Yang J, Wei W, Sun Z, Zhang S. Simultaneous 
determination of 11 aminophenols in hair dyes by high performance 
liquid chromatography. Chinese Journal of Chromatography. 
2013;30(9):870–5. doi:10.3724/sp.j.1123.2012.04014 

4.  Upadhyay S, Singh V, Ali M. Study of colouring effect of herbal 
hair formulations on graying hair. Pharmacognosy Research. 
2015;7(3):259. doi:10.4103/0974-8490.157976 

5. Kind F, Scherer K, Bircher AJ. Contact dermatitis to para-
phenylenediamine in hair dye following sensitization to black 
henna tattoos - an ongoing problem. JDDG: Journal der 
Deutschen Dermatologischen Gesellschaft. 2012;10(8):572–7. 
doi:10.1111/j.1610-0387.2011.07882.x 

6. Raman A, Soni S, Nagarik A, Dinaker M, Adikey G. Systemic 
toxicity of paraphenylenediamine. Indian Journal of Medical 
Sciences. 2009;63(4):164. doi:10.4103/0019-5359.50766 

7. Mukkanna KS, Stone NM, Ingram JR. Para-phenylenediamine 
allergy: Current perspectives on diagnosis and management. 
Journal of Asthma and Allergy. 2017;Volume10:9–15. doi:10.2147/
jaa.s90265 

8. Babu NR, Sana Mahveen S, Padmavathi Y, Ramesh Priyadharshini 
A, Ravi Kumar P, Divya A, et al. Spectrophotometric method for 
estimation of para phenylenediamine in hair dyes. International 
Journal of Advances in Pharmacy and Biotechnology. 
2018;4(4):14–20. doi:10.38111/ijapb.20180404003 

9. Gurupadayya BM, Latha CH & Kinnera K, Thejaswini J C 
Spectrophotometric Determination of p-Phenylenediamine in 
Hair Dyes, Turkish Journal of Pharmaceutical Sciences. 2014; 
11: 269-84

10. 1. Kote SR, Dhobale SS, Thakare VJ, More BP. Use of 
1,2-napthoquinone-4-sulfonate (folin s̓ reagent) for the thin-layer 
chromatographic detection of p-phenylenediamine. JPC - Journal 
of Planar Chromatography - Modern TLC. 2019;32(1):59–60. 
doi:10.1556/1006.2019.32.1.9 

11. A Agbor G, Vinson JA, Donnelly PE. Folin-Ciocalteau reagent 
for polyphenolic assay. International Journal of Food Science, 
Nutrition and Dietetics. 2014;147–56. doi:10.19070/2326-3350-
1400028 

12. Ainsworth EA, Gillespie KM. Estimation of total phenolic 
content and other oxidation substrates in plant tissues using 

Folin–CIOCALTEU reagent. Nature Protocols. 2007;2(4):875–7. 
doi:10.1038/nprot.2007.102 

13. Folin O, Ciocalteu V. On tyrosine and TRYPTOPHANE 
determinations in proteins. Journal of Biological Chemistry. 
1927;73(2):627–50. doi:10.1016/s0021-9258(18)84277-6 

14.  Khagga B, AmukthaMalyada K, Sumakanth M. UV –visible 
spectroscopy method development and its validation for the 
analysis of marketed hair dyes for amine content. Asian Journal 
of Applied Sciences. 2022;10(4). doi:10.24203/ajas.v10i4.7026 

15. Al-Enezi MH, Aldawsari FS. Study of P-phenylenediamine 
(PPD) concentrations after hair dye mixing: A call for 
safety reassessment. Cosmetics. 2022;9(2):41. doi:10.3390/
cosmetics9020041 

16. Bhavyasri K, AmukthaMalyada K, Sumakanth, M, UV –
Visible Spectroscopy Method Development and Its Validation 
for the Analysis of Marketed Hair Dyes for Amine Content, 
Asian Journal of Applied Sciences 2022;10 (4):385-392. DOI: 
doi:10.21276/ijpbs.2022.12.2.14

17. A l-Suwaid i  A ,  A h med H,  Dete r mi nat ion of  pa ra-
phenylenediamine (PPD) in henna in the United Arab Emirates, 
International Journal of Environmental Research and Public 
Health, 2010; 7(4): 1681–1693. doi:10.3390/ijerph7041681

18. Elmanfe G, Khreit O, Abduljalil O, Determination of PPD in 
hair dyes collected from local markets in El-Bieda City - Libya, 
Materials Science Forum, 2019;955:13–19. DOI:10.54172/mjsc.
v37i1.520

19. Schnuch, A, Lessmann H, Frosch PJ, Uter W, Para-
Phenylenediamine: the profile of an important allergen. British 
Journal of Dermatology, 2008;159: 379-86. DOI:10.1111/j.1365-
2133.2008.08644.x

20. Kakad S, Kolhe M, Dukre T. A Review on Pharmaceutical 
Validation. International Journal of Pharmaceutical Quality 
Assurance. 2020;11: 338-342. 10.25258/ijpqa.11.3.6.

21. 21. Sudjarwo, Optimization and Validation of Visible-
Spectrophotometry Method For Determination Ascorbic Acid in 
Jeruk Bali (Citrus maxima) Fruit From Indonesia. International 
Journal of Pharmaceutical Quality Assurance 2017; 8(2); 44-48 
doi: 10.25258/ijpqa.v8i2.8501

22. Prasad S B, Bist M, Verma SP, Development and Validation of the 
UV-Spectrophotometric Method for Determination of Embelin. 
International Journal of Pharmaceutical Quality Assurance, 
2016; 7(3); 51-54

https://doi.org/10.3390/ijerph7041681
http://dx.doi.org/10.54172/mjsc.v37i1.520
http://dx.doi.org/10.54172/mjsc.v37i1.520
https://doi.org/10.1111/j.1365-2133.2008.08644.x
https://doi.org/10.1111/j.1365-2133.2008.08644.x

