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ABSTRACT

A high performance liquid chromatographic method was developed for the simultaneous determination of four a-hydroxyacids
(AHAs, Glycoalic acid, diI-Malic acid, Lactic acid and Citric acid) in cosmetics.

Samples were analyzed using a reverse-phase Cyg column (Capcell PAK C18 UG120 S-5 um) with 2% phosphoric acid (pH 2.0) as
mobile phase at 210 nm. Calibration curves of four a-hydroxyacids were constructed in the range of 50-500 pg/mL and their correlation
coefficients were in the range of 0.9992-0.9995. The relative standard deviations of four a-hydroxyacids for intraday and interday analy-
ses were 0.05~1.49% and 0.72~3.24%, respectively. The average recoveries of four a-hydroxyacids ranged from 96.3% to 99.2%.
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INTRODUCTION

Environmental pollution, ultraviolet radiation and long-
term disadvantagious factors generate skin wrinkles and
early aging. As aresult, a new, global trend has occurred in
the development of anti-aging ingredients for skin care (.
Organic acid with hydroxyl group (-OH) in its a carbon is
called AHAS, with a general name “fruit acid”. Fruit acid
improves the metabolism of epithelium cells, skin luster,
melioration of surface wrinkles, moisturization and intenera-
tion of keratin. The most frequently used in cosmetics are
Glycolic acid, dI-Malic acid, Lactic acid and Citric acid,
among which, Glycolic acid and Lactic acid are proven to
have the best effects on reduction of wrinkles and stimulating
skin cell renewal. This has been provn by scientific evidence
(23

The qudity of AHAS products in the US and Japan is
not officialy regulated. The distribution of these productsis
independently managed by cosmetic dealers. To protect con-
sumers, the ROC Department of Health (Executive Yuan)
announced that cosmetics which contain fruit acid and relat-
ed compounds (Glycolic acid and Lactic acid) should not
have a pH vaue lower than 3.5 and should label uses and
warnings (Nov. 4, 1998)®.

The long-term safety of AHAS products hasn’t been
completely established®9), and market-available AHAS cos-
metics rarely label concentration levels. It has been reported
that the change of concentration of AHAs and pH value of
final formulation are likely to affect the skin and cause such
side effects as: rash, irritation, burning, bleeding and a
change in sun sensitivity(). Therefore, it is a primary job to
assure the safety of consumers by monitoring the pH value
and AHA s concentration in cosmetics. The most widely used
guantification method for organic acids is chromatography,
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which is aso widely applied in analyses of food, medicine
and plants such as physiological fluids, silage, tobacco,
fruits, drinks and injections®24. Only quantification analy-
sis of Glycolic acid can be found in current cosmetic-related
literature(*2), This study employed a simple and accurate
reversed-phase HPL C method to rapidly identify and quanti-
fy the four AHAs ingredientsin cosmetics.

MATERIALSAND METHODS
|. Materials

Glycolic acid (99.5%), dI-Malic acid (99.2%) and Citric
acid (99.5%) were purchased from Chem Service (U.S.A.).
Lactic acid (90.0%) was purchased from Fluka (Japan).
Maleic acid was purchased from Aldrich (U.S.A.) and served
as the internal standard. Phosphoric acid (85%) was pur-
chased from Merck (Germany). Ammonia water (25%) was
purchased from R.D.H. (Germany). Formic acid was pur-
chased from Merck (Germany).

I1. Instruments

HPLC, Waters Model 510 Pump, Waters In-Line
Degasser, Waters 600 Controller with which Waters 717 plus
Autosampler connected and Waters 996 Photodiode Array
Detector was used in this study. Water purification equipment
here is Milli-Q Waters Purification System (Milli-pore
Corp.).

[11. Methods
(1) Analysis Condition

The chromatography column was Capcell PAK C18
UG120 S-5 pm (4.6 x 250 mm); mobile phase was 2% phos-
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phoric acid (the pH was adjusted ammoniawater to 2.0). The
flow rate was 0.5 mL/min. The detective wavelength was 210
nm. Injection value for each time was 25 L.

(I1) Preparation of Standard Solutions

1. Maleic acid 100 pg/mL was prepared as the internal stan-
dard stock solution.

2. 2,000 pg/mL of Glycolic acid, di-Mdlic acid, Lactic acid
and Citric acid was prepared as the standard stock solution.

3. Standard solutions were prepared from stock solutions.
Concentration of the standard solution was 200 pg/mL, and
concentration of the internal standard was 2 pg/mL.

(1) Sandard Curve

25, 50, 100, 200, 400 and 500 pg/mL standard solutions
were analyzed respectively with 2 pg/mL internal standard.
Linear regression equations and correlation coefficients were
obtained from plots of concentration versus peak arearatio of
standard to internal standard.

(IV) Validation
1. Precision

Within the standard calibration range, the standard stock
solution and the internal standard stock solution were quanti-
fied precisely and diluted with water to 120, 240 and 360
pa/mL for each of the Glycolic acid, diI-Malic acid, Lactic
acid and Citric acid with 2 pg/mL Maleic acid internal stan-
dard in each standard fluid. They were injected into HPLC
for analysis three times on the same day and the successive
five days. The standard deviation (S.D.) and relative standard
deviation (R.S.D.) were then calculated.

2. Accuracy

Ingredients with known concentrations were added in
the placebo sample solutions and injected into HPLC for
analysis after filtration. The recovery rate and accuracy were
calculated. 0.5 AHASs free cream substrate was weighed and
put in 10 mL flasks respectively. Glycolic acid, di-Malic
acid, Lactic acid and Citric acid standard stock solutions and
internal standard stock solution were added to the flask to
125, 250 and 500 pg/mL for standard solutions and 2 pg/mL
for internal standard solution, centrifuged for 10 minutes at
6000 rpm. The supernate was filtered through 0.45 um filter
and the filtrate was collected and analyzed in HPL C for three
replicates. The recovery rate was calculated from average
peak arearatio of sampleto internal standard by the obtained
linear equation.

3. Limit of Detection
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Four standard solutions were respectively diluted by
water into solutions in a concentration gradient and analyzed
by HPLC. The limit of detection was obtained from the con-
centration when the signal peak area was three times the
noise peak area.

(V) Identification and Quantification

Six commercially available samples were weighed pre-
cisely, mixed with an appropriate amount of theinternal stan-
dard stock solution, dissolved with water, and sonificated for
30 minutes. Sonicated samples were diluted with water to the
final concentration of the internal standard 2 pg/mL and cen-
trifuged for 10 minutes at 6000 rpm. The supernate was fil-
tered with 0.45 um filter and the filtrate was taken for HPLC
analysis. By comparing the ratio of the peak area of the sam-
pletotheinternal standard and calibration curve, we obtained
the concentration of each sample.

RESULTS AND DISSCUSSION

|. Analysis Method
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Figure 1. HPLC Chromatograms of a cream blank extract (a) and cali-
brators (b).

Conditions.column, Capcell PAK C18 UG120; mobile phase, 2% phos-

phoric acid (pH 2.0); flow-rate, 0.5 mL/min.
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The chromatography analysis was carried out through a
reverse phase C;g column, Capcell PAK C18 UG120 S-5
pum, with 2% phosphoric acid (pH 2.0) as the mobile phase,
Maleic acid as the internal standard and detected under 210
nm. The chromatograms are shown in Figure 1. The retention
time of Glycolic acid, diI-Malic acid, Lactic acid and Citric
acid was 6.4, 7.7, 9.1 and 13.4 minutes respectively. The
retention timefor theinternal standard, Maleic acid, was 12.6
minutes. Through the analysis of LC-MS, the peak shown at
15.5 minutes was proved to be an impurity of di-Malic acid,
whose detailed composition and structure needs further veri-
fication.

Four AHAS, Glycolic acid, diI-Malic acid, Lactic acid
and Citric acid, which were analyzed in this study, have a
chemical structure shown in Figure 2. Four AHASs are all
acidic compounds with short retention time when using
polar solvent as mobile phase and therefore, could not be sep-
arated completely. We tested the concentration and pH
impact of liquid solution on capacity factor of four AHAsfor
the reference of selection of mobile phase. There was tailing
in the citric acid peak when Formic acid was used. It could
not be meliorated by changing the concentration and pH
value of formic acid. The concentration and pH value of
diluted phosphoric acid were shown to have influence on
AHAS retention time and thus, we started to discuss the
capacity factors. The pKa value of Glycolic acid, di-Malic
acid, Lactic acid and Citric acid was 3.82, 3.40, 3.86 and 3.13
respectively, and al were larger than 3. If we controlled the

HOCH,COOH Glycoalic acid(pKa=3.82)
(IZOOH
CIZOOH Lactic acid(pKa=3.86)
CH,
CI:HZCOOH
HOCICOOH Citric acid(pKa=3.13)
CH,COOH
HO(FH COOH Malic acid(pKa=3.40)
CH,COOH
QH
CI2CH=CHCOOH Maleic acid(pKa=1.83)
OH

Figure 2. Structure of four a-hydroxyacid and internal standard.

Table 1. Calibration curve and detection limits of AHASs
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pH value under pKa, the compound molecules remained
uncharged. Therefore, we studied the influence of mobile
phase pH value on their capacity factors when 2% phosphor-
ic acid with pH value 2.0, 2.25 and 2.5 was employed. As
shown in Figure 3, the pH value of diluted phosphoric acid
affected the retention time of target compounds. The 2%
phosphoric acid (pH 2.0) gave the best separation effect.
Maleic acid and Citric acid were sengitive to pH variation in
the mobile phase. In an investigation of different concentra-
tions of diluted phosphoric acid solution (i.e., 1.0%, 1.5%
and 3.0%) when mobile phase was pH 2.5, the phosphoric
acid concentration had little effect on the retention time and
capacity factor.

When the Cosmosil 5C18-M S column was employed in
this research, it showed low separation efficiency of Maleic
acid and drag in the peak tail. This effect wasimproved when
Capcell PAK C18 UG120 S-5 um (4.6 x 250 mm) was
employed. The silica surface was coated silicon polymer in
this column, which gave the advantage for eliminating the
possible cause of peak tailing, silanols. It can be operated in
wild pH range, pH 2-10 and has excellent separation effect on
polar compounds.

The linear regression equation, correlation coefficient
(r) and the limit of detection in the analysis protocol for
Glycolic acid, dI-Malic acid, Lactic acid and Citric acid stan-
dard are listed in Table 1. Within the range of concentration
of 50~500 pg/mL, al the calibration curves of Glycolic acid,
di-Malic acid, Lactic acid and Citric acid werein good linear
correlation with correlation coefficient of 0.9992-0.9995.

Il. Validation

The testing results of the interday and intraday run of
four AHAs arelisted in Table 2. Therelative standard devia-
tion of the interday and intraday run was between
0.05~1.49% and 0.72~3.24% which showed that the analysis

181 —e— Glycolic acid

12 i —o— Malicacid
g - .
g el .\\. —&— Lacticacid
> 1r ~8— Madcaid
g 08r —%— Citric acid
& 06 & — .
© o4t

02f . . .

0 X ; s
2 2.25 25

The pH values of phosphoric acid

Figure 3. The effect of phosphoric acid pH values (2.0%) on capacity
factor.

AHAs Concentration (ug/mL) Regression equation r2 Limit of detection
Glycolic acid 25, 50, 100, 200, 400, 500 Y=0.002149X+0.014272 0.9994 5 pg/mL
di-Malic acid 25, 50, 100, 200, 400, 500 Y =0.002864X+0.029034 0.9994 5 pg/mL

Lactic acid 25, 50, 100, 200, 400, 500 Y =0.001597X+0.009457 0.9992 5 pg/mL
Citric acid 25, 50, 100, 200, 400, 500 Y=0.003842X+0.021829 0.9995 1 pg/mL
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Table 2. The relative standard deviations of intraday and interday run of AHAs

AHAs Concentration Mean + SD.(R.S.D.%)
(ug/mL) Intraday? I nterday®
120 11812+ 0.39 (0.34) 117.02 + 1.66 (L42)
Glycolic acid 240 239.81+0.28 (0.12) 239.71+1.72 (0.72)
360 362.37 £ 0.16 (0.05) 352.20 + 11.06 (3.14)
120 112.45 + 0.09 (0.09) 116.17 + 3.76 (3.24)
dl-Malic acid 240 238,00 + 0.22 (0.09) 236.24 + 2.18 (0.92)
360 336.15 0.40 (0.12) 343.71 + 8.19 (2.39)
120 117.18 + 1.74 (1.49) 118.00 + 1.29 (1.10)
Lactic acid 240 235.61 + 1.38 (0.59) 239,03 + 3.14 (1.31)
360 354.29 + 3.33 (0.94) 356.50 + 3.56 (1.00)
120 120.05 + 0.66 (0.55) 121.00 + 2.41 (2.00)
Citric acid 240 23552 + 2.95 (1.25) 236.50 + 2.30 (0.99)
360 356.92 + 1.25 (0.35) 351.16 + 6.67 (1.90)

an=3, Repeat injection three times on the same day.
b n=15, Repeat injection three times each day and a successive five-day.

Table 3. Recoveries of AHAs in synthetic samples

AHAs Theoretical conc. (ug/mL) Estimated conc. (ug/mL) Recovery (%) mean(%) + S.D.2 R.S.D. (%)
125 122.7 98.2
Glycolic acid 250 250.0 100.0 99.2 + 0.0094 0.95
500 497.1 99.4
125 118.0 94.4
di-Mdlic acid 250 2419 96.8 96.3+0.018 184
500 489.4 97.9
125 123.2 98.6
Lactic acid 250 250.5 100.2 99.0 + 0.010 1.06
500 491.3 98.3
125 122.5 98.0
Citric acid 250 247.1 98.9 97.6 £ 0.0151 154
500 479.6 95.9
an=3.
Table 4. The contents of AHAs in commercial products
products L abeled amount Found(% of labeled amount)
Glycolic acid Lactic acid Glycolic acid Lactic acid
Cream 1 2.0% 6.0% 1.9% (95.0%) 5.5% (91.7%)
Cream 2 1.0% 3.0% 0.9% (90.0%) 2.8% (93.3%)
Cream 3 4.0% 3.0% 3.7% (92.5%) 2.8% (93.3%)
Essential solution 8.0% - 7.7% (96.3%) -
Lotion 1.0% 3.0% 0.9% (90.0%) 2.8% (93.3%)
Moisture lotion (unknow) — — 0.4% 1.0%

result was good when this HPLC methodology was applied
on the assay of Glycoalic acid, dI-Malic acid, Lactic acid and
Citric acid. Recoveries of AHASs in synthetic samples are
shown in Table 3. The recovery rates of these four AHAsIn
cosmetics were 94.4-100.2%. The recovery rate of Glycolic
acid was 99.2 + 0.94%, 96.3 £ 1.8% for dI-Malic acid,
99.0 + 1.0% for Lactic acid and 97.6 + 1.51% for Citric acid.
The R.S.D. of recovery rate in these four compounds was
0.95~1.84%.

I11. The Contents of AHAs in Commercial Products
Contents of Glycolic acid, dI-Malic acid, Lactic acid

and Citric acid in samples were analyzed by HPL C after fil-
tration. The methodology was applied to analyze target com-

poundsin six different commercia products. The contents of
the commercial samples all agreed with 90-110% of the
labeled content. The results are shown in Table 4.
Chromatograms of sample ‘creaml’ and ‘essential solution’
are shown in Figure 4 and Figure 5.

This study established a feasible HPLC reverse phase
analysis method. As a whole, this analysis contributes a
good, simple, precise and fast way to identify and quantify
four AHAs ingredients in cosmetics.
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Figure 4. HPLC Chromatograms of blank(a), four a-hydroxyacids ref-
erence and internal standard(b), commercia product-creaml (c).
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