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ABSTRACT OF THE DISSERTATION

1. Introduction

Dissertation title: “Study Development and Validation analytical process Identification and quantitative determination of prohibited substances in Cosmetic Products”
Specialized in:   Department of Drug and Toxicant Quality Control  

Code number: 62 72 04 10

Name of candidate:     Le Thi Huong Hoa
Institution: 
Ha Noi University of Pharmacy.

2. Summary

2.1 Objectives

1. Transfer validation of ASEAN Cosmetic Harmonized Testing Method
2. Study Development and Validation of analytical procedures Identification and quantitative determination of prohibited substances in Cosmetic Products.
3. Control and Identification of prohibited substances, which was studied in the dissertation in Cosmetic Products
2.2. Methods 

2.2.1. HPLC method
2.2.1.1. Development of analytical procedures
- Investigating preparation assay: solvent for extraction analytical substance from cosmetic sample base on Solubility of analytical substance, matrix sample and method. 
- Investigating chromatographic condition: column, mobile phase,  the flow rate, detector, injection volume... 
Identification: Base on retention time, purity peak, overlay spectrophotometer UV-VIS with peak of reference substance. Quantitative determination: Compare area of peak obtained from test solution with area of peak obtained from reference solution
2.2.1.2. Method Validation for Determination of prohibited substances inside Cosmetic Products by HPLC
Normally, the presence of prohibited substances inside cosmetics products at small concentration. So that, this is Validation of  impurity determination method. According to guideline of ICH, of USP 34, of BP 2010, of Draft of ASEAN Guideline on Analytical Method Validation in cosmetic (ACTLC, ASEAN 2013), guideline of MOH of Viet Nam and of experts, validation characteristics as follow:
( Identification Analytical Procedure: System stability, Specificity, Limit of derection (LOD)
( Assay Analytical Procedure: System stability, Specificity, 
Accuracy, Precision, Linearity and range, Limit of detection (LOD), Limit of quantitation (LOQ).
      - System stability: Requirement: N ≥ 2000; Rs ≥ 1,5; RSDtR  ≤ 1%; RSDSpeak  ≤ 2%

If outside of value range, must be have suitable explain. 
     - Specificity: Samples chosen for analysis is: Blank sample: solvent or mobile phase, matrix sample: cosmetic product absent analytical substance, create sample (add reference substance into matrix sample)/control sample, reference sample. Requirement: In the chromatogram of create sample different of retention time of peak obtained from it with retention time of peak obtained from reference sample is not value logistics.  In the chromatogram of Blank/matrix sample have not appear peak which the same retention time of those from reference sample. Peak obtained from create/control sample have purity (≥99.5%), factor of overlay spectrophotometer UV-VIS with peak of reference substance ≥ 0,99
- Linearity and range: Analysis 5 reference solution. Requirement: factor r  ≥ 0,997 (R2 ≥ 0,995). If  r < 0,997, must be have suitable explain.  y-intercept ≤ 5,0% for analytical procedure of Hydroquinone (Hydroquinone inside cosmetic product ≤ 2%); y-intercept ≤  10%  for analytical procedure of banned colour substances, Tretinoin, heavy metal. Range: from min to max  value of Accuracy
     - Accuracy: Validation on create samples. The first way: Preparation 3 types of create sample, which has 3 levels of difference concentration, 3 samples for one level. The second way: 6 samples at the same concentration 100%. Requirement: recovery (%):  98,0-102,0% , RSD ≤ 2,0%  for analytical procedure of Hydroquinone; 80.0 – 110.0%, RSD ≤ 10% for analytical procedure of banned colour substances, Tretinoin and mercury (small analytical concentration 100 ppb – 10ppm).

    - Precision: Repeatability and Intermediate Precision

Repeatability of the method for HPLC determination of prohibited substances inside Cosmetic Products by preparing 6 samples in only one day, one analyst, requirement RSD ≤ 3%. Intermediate Precision: by preparing 12 samples in two days, two analysts, requirement RSD ≤ 5%.
      - LOD and LOQ: • LOD/LOQ by Standard Deviation from curve: LOD = (3,3 x δ)/a; LOQ = 3,3 x LOD. • LOD/LOQ by signal-to-noise ratio (LOD is defined as three times signal-to-noise ratio, LOQ is defined as 10 times signal-to-noise)
2.2.2. AAS method

2.2.2.1. Development of analytical procedure of Mercury: Experimental base on Instruction Manual: "Mercury Analyzer Accessory" for Z-5000 series Atomic Absorption Spectrophotometer, determination of as total amount of mercury in the sample portion to be analyzed, Interrupted (ASEAN method is determination of concentration of mercury, continue), an AAS assay method for the analysis of Mercury (Hg) presence in cosmetics creams, cosmetics powder. The measurement of mercury was carried out by using cold evaporation atomization technique with a mercury hollow cathode lamp and 10% solution of tin (II) chloride as reduction agent. Analytical procedure including two main stages: The first stage: Preparation assay (chose oxidizable substances, amount of it and amount of analytical sample...). Determination working parameter of Atomic Absorption Spectrophotometer : wavelength, Intensity of current of hollow mercury cathode, slit width, time for signal, measure style, speed of peristaltic pump.
2.2.2.2. Method Validation for Determination of heavy metal by AAS: System stability, Specificity,
 Accuracy, Precision, Linearity and range, Limit of detection (LOD), Limit of quantitation (LOQ) (the same HPLC method).
Requirement: Linearity: factor: r ≥ 0,997, y-intercept ≤ 5%; - Precision: RSD ≤ 10% (n=6), RSD ≤ 11 (n=12) - Accuracy: recovery (in %): 80.0 – 110.0% for analytical procedure of mercury, RSD ≤ 10% (n=6); 60.0-115.0%, RSD ≤ 15% for analytical procedure of Pb, Cd, As by AAS  with graphite technical  and  hydride  technical (analytical concentration 10-8)

2.2.3.Transfer validation of ASEAN Cosmetic Harmonized Testing Method: feasibility, validation of methods including: System stability, Specificity, 
Accuracy, Precision, Linearity and range, Limit of detection (LOD), Limit of quantitation (LOQ). Compilation in Vietnamese in the form of SOPs

2.3. Results and discussion
2.3.1. Development and Validation analytical process identification and assay:
- 9 analytical procedures by HPLC and 1 analytical procedure by AAS were developed and validated .
2.3.1.1. Simultaneous determination of 4 banned  colorants: A method using sample pretreatment by liquid/solid extraction, following by HPLC analysing in reversed-phase conditions and diode array detector was developed for simultaneous determination of banned 4 colorants including Metanil yellow, Rhodamin B, pigment red 53 and Pigment orange 5 illegally presented in lipstick. The present of Pigment orange 5 is identified by comparing retention time and UV-VIS absorption spectrum of any suspect peak in chromatogram of sample preparation to that of the peak of Metanil yellow, Rhodamin B, Pigment red 53 and Pigment orange 5 in chromatogram of reference preparation. The entire method was validated about the specificity, linear range, LOD, LOQ, and validation results proved that this method was suitable for determination of Metanil yellow, Rhodamin B, pigment red 53 and Pigment orange 5 illegally presented in lipsticks and nail polishs, and having good accuracy. The validated method was used to test 15 cosmetic products  purchased in the market, there are 3  lipstick containing Pigment red 53.
2.3.1.2. Simultaneous determination of 4 banned  substances of Sudan:  A HPLC method was proposed to determine sudan I, II, III, IV. Sudan I, II, III, IV  was dissolved in a mixture of equal volumes of methanol and ethyl acetate to have final concentration about 5(g/ml for sudan I, II, III, IV, then determined by HPLC. The liquid chromatography is equipped with  a 488nm detector and a RP18 column (250m x 4.6mm ; 5(m); mobile phase: methanol – water (93:7); the flow rate about 1ml/minute; injection volume is 20 (l; temperature: ambient. The experimental results show that the proposed HPLC method is specific and precise. 

2.3.1.3. Simultaneous determination of 12 banned  substances of corticoid:   A HPLC method was proposed to determine 12 forbidden corticoids including Prednisone, Dexamethasone, Triamcinolone acetonide, Flucinolone acetonide, Prednisone acetate, Hydrocortisone acetate, Cortisone acetate, Dexamethason acetat, Betamethason valerat, Clobetasol propionate, Mometasone furoate, Betamethasone propionate in cosmetics creams. The samples were extracted with dicloromethane-methanol (9:1, v/v) solution by shake for 20 min. on the bath at 900C and evaporated  to dry. Dissolve in a mix solvent of acetonitrile-methanol-water (20:30:30)to concentration about 0.3 to 6 µg/ml depended on each, then determined by HPLC.

Chromatographic conditions are as follow: The liquid chromatography is equipped with a 240 nm detector and a RP18 column (250m x 4.6mm ; 5(m), mobile phase a mixture of Acetonitrile and water (48:52), the flow rate about 1.0 ml/minute, injection volume is 20 µl, temperature: ambient.

The  method was validated about the specificity, linear range, precision, accuracy, LOD, LOQ, and validation results proved that this method was suitable for simultaneous determination of 12 Corticoids.
2.3.1.4. Identification and assay hydroquinone  in cosmetics creams: A Reversed-phase conditions and diode array detector was developed for determination of hydroquinone  presented in cosmetic cream. Hydroquinone  was dissolved in a mixture  of : methanol and pH 5.5 phosphate buffer solution (50 : 50) to have final concentration about 5 (g/ml, then determined by HPLC. Chromatographic conditions are as follows: The liquid chromatography is equipped with  a 285  nm diode array detector and a RP8 column (250 x 4.6 mm ; 5 (m); mobile phase is a mixture solvent of methanol and pH 5.5 phosphate  buffer solution (5 : 95); the flow rate about 1 ml/minute; injection volume is 20 (l; temperature: ambient. Limit of detection: 0.3 (g/ml of injection solution (corresponding to 6 µg hydroquinone per g cream in the sample). Limit of quantification: 1.0 (g/ml of injection solution (corresponding to 20 µg hydroquinone per g cream in the sample). The experimental results showed that the method is rapid, precise and accurate.

2.3.1.5. About 5 analytical procedures by HPLC for determination 5 banned  colorants:
The present of banned substance (Metanil yellow, Pigment red 53, Pigment orange 5, Rhodamin B, Crystal violet) is identified by comparing retention time and UV-VIS absorption spectrum of any suspected peak in chromatogram of sample preparation to those of the peak of reference substance in chromatogram of reference preparation.

+ About Metanil yellow: A method using sample pretreatment by liquid/liquid extraction, following by HPLC analysing in reversed-phase conditions and diode array detector was developed for determination of banned colorant illegally presented in lipstick and nail polish. The liquid chromatography is equipped with  a  488nm PDA detector and Apollo C18 column (250m x 4.6mm;5(m); mobile phase methanol-buffer solution pH 6,2 (55: 45);  the flow rate about 1ml/minute; injection volume is 20 (l; temperature: ambient.  The entire method was validated about the specificity, linear range, LOD, LOQ, and validation results proved that this method was suitable for determination of Metanil yellow illegally presented in lipstick and nail polish, and having good accuracy. 
+ About Pigment red 53: A method using sample pretreatment by liquid/liquid extraction, following by HPLC analysing in reversed-phase conditions and diode array detector was developed for determination of banned colorant Pigment red 53 illegally presented in lipstick and nail polish. The liquid chromatography is equipped with  a  490nm detector and Apollo C18 column (250m x 4.6mm;5(m); mobile phase methanol-buffer solution pH 6,2 (65: 35);  the flow rate about 1ml/minute; injection volume is 20 (l; temperature: ambient. The entire method was validated about the specificity, linear range, LOD, LOQ, and validation results proved that this method was suitable for determination of Pigment red 53 illegally presented in lipsticks and makeup powders, and having good accuracy. 
+ About Pigment orange 5: A method using sample pretreatment by liquid/solid extraction, following by HPLC analysing in reversed-phase conditions and diode array detector was developed for determination of banned colorant Pigment orange 5 illegally presented in lipstick and nail polish. Chromatographic system: The liquid chromatography is equipped with  a  490nm detector and Apollo C18 column (250m x 4.6mm;5(m); temperature: 30oC; mobile phase: methanol-buffer solution pH 6,2 (85:15);  The entire method was validated about the specificity, linear range, LOD, LOQ, and validation results proved that this method was suitable for determination of Pigment orange 5 illegally presented in lipsticks and nail polish, and having good accuracy. 
+ About Rhodamin B:  A method using sample pretreatment by extraction, following by HPLC analysing in reversed-phase conditions and diode array detector was developed for determination of banned colorant Rhodamin B illegally presented in lipstick, nail polish and eye powder. Chromatographic system: The liquid chromatography is equipped with  a 550 nm detector and Alltech, Grace RP18 column (250m x 4.6mm;5(m); mobile phase:  ACN-THF- Buffer solution pH 9,0 (20:30:50); the flow rate about 1ml/minute; injection volume is 20 (l; temperature: ambient.  The entire method was validated about the specificity, linear range, LOD, LOQ, and validation results proved that this method was suitable for determination of Rhodamin B illegally presented in lipstick, nail polish and eye powder, and having good accuracy. 
+ About Crystal violet:  A method using cosmetic sample pretreatment by a mixture of solvents: ACN-THF-Ammonium buffer solution pH 9.5-10 (20:30:50) for extraction, following by HPLC analysing in reversed-phase conditions and diode array detector was developed for determination of banned colorant Crystal violet illegally presented in lipstick and nail polish. Chromatographic system: The liquid chromatography is equipped with  a 590 nm detector and Alltech, Grace RP18 column (250m x 4.6mm;5(m); mobile phase: ACN-THF-Buffer solution pH 9,0 (20:30:50);  The entire method was validated about the specificity, linear range, LOD, LOQ, and validation results proved that this method was suitable for determination of Crystal violet illegally presented in lipstick, eye powders and nail polish, and having good accuracy. 
2.3.1.6. About 1 analytical procedure by AAS for determination of mercury:   A simple AAS method based on microwave digestion and cold evaporation atomization techniques was developed for determination of mercury in cosmetic creams. Microwave digestion procedure used 65% nitric acid and 30% solution of hydrogen peroxide as oxidizable agents. The measurement of mercury was carried out by using cold evaporation atomization technique with a mercury hollow cathode lamp at 253.7 nm and 10% solution of tin (II) chloride as reduction agent. LOQ of the method is 100ng, and LOD is 30ng as total amount of mercury in the sample portion to be analyzed. This method was proved in terms of linearity range, reproducibility and recovery as being suitable for routine application in detecting the present of mercury in cosmetic cream. 
2.3.2.Transfer method validation:
- Two of  analytical process by AAS and one by HPLC of ASEAN were succeed transfered validated for identification and assay of  Pb, As and Tretinoin, which is banned substances in cosmetic. The results of this validation showed as follows: All of three analytical process  of ASEAN are suitability to apply in Viet Nam

- There are three SOP for identification and assay of  Pb, As and Tretinoin
- 11 from 13 analytical process  were approved and applied to update control prohibited substances.

2.3.3. About recognition  and assay prohibited substances in cosmetic in the markit:

- More than 230 samples cosmetic products  were controled, there are 30 of them recognition one of banned substances: Metanil yellow, Rhodamin B, Pigment red 53, Crystal violet, Sudan, Tretinoin, some corticoids, specifically 30ppm Mercury obtained  in one skin cream sample

2.3.4. About science Article:

- There are 09 science Article from result dissertation printed in science Journal: Journal of Drug Quality Control, Journal of Pharmacopoeia, Journal of Pharmacopoeia and Drug Information

2.3.5.About technical training


There are two technical training courses were development to Identification and Assay heavy metal, colorants and some corticoid in cosmetic.
	The scientific advisors

Ass. Pro, Dr. Thai Nguyen Hung Thu      Dr. Đoan Cao Son   
	Doctorate candidate

MSc. Le Thi Huong Hoa


5

