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1
METHOD FOR MONITORING LEVEL OF
PARABEN IN COSMETICS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a method for
monitoring paraben and, more particularly, to a method for
monitoring level of paraben.

2. Description of the Related Art

With respect to FIG. 1, parabens, also named as para-
hydroxybenzoic acid, are a class of chemicals including
methyparaben (MP), ethylparaben (EP), propylparaben
(PP), butylparaben (BP), isopropylparaben (IPP), isobutyl-
paraben (IBP) and secbutylparaben (SBP). With bactericidal
and fungicidal properties, parabens are widely used as
preservative by cosmetic and pharmaceutical industries to
prolong shelf life of cosmetics and medications. However,
parabens are becoming increasingly controversial. As a
xenoestrogen (XE) and an endocrine-disrupting compound
(EDC, also called as environmental hormone), parabens
pose estrogenic activity and may affect male reproductive
system, thereby being harmful to human body. Moreover,
for human body with irritable the physique, parabens may
probably induce allergic reaction and photosensitivity.
Therefore, it is necessary to highly monitor the level of
paraben.

In a conventional method for monitoring level of paraben,
first by a process named solid phase extraction, a membrane
or a column is used to extract a sample. The resultant extract
is further analyzed by reversed-phase high performance
liquid chromatography (RP-HPLC) in combination with
ultraviolet detector (UV) or diode array detector (DAD).

However, due to the process of solid phase extraction
comprises separation and extraction, 0.2 to 20 g of the
sample is needed in the conventional method for monitoring
level of paraben. That is, the conventional method for
monitoring level of paraben is not suitable for the samples,
which are expensive or difficult to afford.

Furthermore, due to the RP-HPLC procedure, the con-
ventional method for monitoring level of paraben requires a
long analyzing time for one sample and an additional
cleaning time for cleaning the column between one and
another samples used in the RP-HPLC procedure. That’s
why the conventional method for monitoring level of para-
ben is time-cost and not suitable for large-scale screening.

Besides the cleaning time, a lot of organic solvents are
also required to clean the column used in the RP-HPLC
procedure. The resultant waste organic solvents are therefore
becoming pollution to the environment. Thus, the conven-
tional analysis of paraben may be harmful to the environ-
ment.

In light of this, it is necessary to improve the conventional
method for monitoring level of paraben.

SUMMARY OF THE INVENTION

It is therefore the objective of this invention to provide a
method for monitoring level of paraben with improved
accuracy, decreasing amount of the samples required in the
method.

It is another objective of this invention to provide a
method for monitoring level of paraben, significantly
decreasing time required for the method and being suitable
for large-scale screening.
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It is yet another objective of this invention to provide a
method for monitoring level of paraben with a decreased
quantity of waste organic solvents, preventing from envi-
ronmental pollution.

One embodiment of the invention discloses a method for
monitoring level of paraben comprising: dissolving a sample
in a solvent and obtaining a supernatant containing paraben
by ultrasonic vibration and high speed centrifugation; per-
forming a derivatization reaction between a derivatization
reagent and paraben by adding the derivatization reagent
into the supernatant to obtain a derivatization solution
containing a tagged paraben; extracting the derivatization
solution by an extractant to obtain an extract containing the
tagged paraben; and ionizating the tagged paraben by a laser
beam and analyzing mass-to-charge ratio of the tagged
paraben by an analyzer to determine molecular weight
thereof.

In a preferred form shown, the method for monitoring
level of paraben further comprises adjusting temperature of
the supernatant containing paraben to 30-80° C. prior to
adding the derivatization reagent into the supernatant.

In a preferred form shown, the derivatization reagent has
a sulfonyl chloride group whereon the derivatization reac-
tion is performed with a hydroxyl group of paraben. Pref-
erably, the derivatization reagent is selected from 1,3-ben-
zothiazole-6-sulfonyl chloride,
4-dimethylaminoazobenzene-4'-sulfonyl chloride or dansyl
chloride.

In a preferred form shown, the laser beam has a wave-
length of 330 to 360 nm.

In a preferred form shown, the sample is in a form of
solution, lotion, emulsion, cream or gel.

In a preferred form shown, the method for monitoring
level of paraben further comprises adding an internal stan-
dard into the supernatant and performing the derivatization
reaction between the derivatization reagent and the internal
standard. Preferably, the internal standard is an isotope of
paraben.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinafter and the
accompanying drawings which are given by way of illus-
tration only, and thus are not limitative of the present
invention, and wherein:

FIG. 1 depicts the general chemical structure of a paraben.

FIG. 2 depicts a flow chart of the first embodiment of the
invention.

FIG. 3 depicts the chemical equation of the derivatization
reaction.

FIG. 4 depicts a flow chart of the second embodiment of
the invention.

In the various figures of the drawings, the same numerals
designate the same or similar parts. Furthermore, when the
term “first”, “second”, “third”, “fourth”, “inner”, “outer”
“top”, “bottom” and similar terms are used hereinafter, it
should be understood that these terms refer only to the
structure shown in the drawings as it would appear to a
person viewing the drawings, and are utilized only to
facilitate describing the invention.

DETAILED DESCRIPTION OF THE
INVENTION

A method for monitoring level of paraben according to
preferred teachings of the invention comprises: a pretreat-
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ment step “S1”, a derivatization step “S2”, an extraction step
“S3” and an analysis step “S4”.

In the pretreatment step “S1”, a sample is dissolved in a
solvent, followed by ultrasonic vibration and high-speed
centrifugation to obtain a supernatant. The supernatant con-
tains paraben. In the derivatization step “S2”, a derivatiza-
tion reagent is added into the supernatant. A derivatization
reaction can occur between the derivatization reagent and
paraben, thereby forming a tagged paraben in a derivatiza-
tion solution. In the extraction step “S3”, the derivatization
solution is extracted by an extractant to obtain an extract
containing the tagged paraben. And in the analysis step
“S4”, the tagged paraben is ionized by a laser beam to form
a vaporized ion. Mass-to-charge ratio of the vaporized ion is
further analyzed to determine a molecular weight of the
vaporized ion thereof.

In detail, in the pretreatment step “S1”, the sample can be
easily available cosmetics or medications, such as cosmetics
in a form of solution, lotion, emulsion, cream or gel or
medications in a form of pill, capsule, powder, solution,
pastil, gel or cream. The amounts of the sample is between
0.1 and 100 mg. The solvent can be selected from organic
solvents as acetonitrile, acetone or methanol. Alternatively,
the solvent can be a mixture in an appropriate portion of the
organic solvents. In the preferable embodiment, 100 mg of
the sample is dissolved in 1 ml of acetonitrile.

After dissolving the sample in the solvent, ultrasonic
vibration can be performed to improve solubility of paraben.
Time of ultrasonic vibration can set forth in 1 to 30 minutes.
Next, high-speed centrifugation can be carried out to remove
impurities. Preferably, high-speed centrifugation can be car-
ried out as 10000 to 13000 rpm for 1 to 30 minutes. In the
preferable embodiment, the sample is dissolved in the sol-
vent, followed by ultrasonic vibration for 10 minutes and
high-speed centrifugation at 13000 rpm for 10 minutes to
obtain the supernatant containing paraben.

In the derivatization step “S2”, the derivatization reagent
is added into the supernatant, with the derivatization reac-
tion is performed between the derivatization reagent and
paraben. Preferably, the derivatization reagent has a strong
absorbance at wavelength of 330 to 360 nm. The derivati-
zation reagent has a sulfonyl chloride group (—SO,Cl)
whereon the derivatization reaction is performed with a
hydroxyl group of paraben. Therefore, the derivatization
solution containing the tagged paraben is obtained, as shown
in FIG. 3. The derivatization reagent can be selected from,
but not limited to, 1,3-benzothiazole-6-sulfonyl chloride,
4-dimethylaminoazobenzene-4'-sulfonyl chloride (also
named as dabsyl chloride) or dansyl chloride.

Moreover, according to the derivatization reagent used,
pH value of the supernatant can be adjusted to allow the
performance of the derivatization reaction. In the preferable
embodiment, the derivatization reagent is chosen to be
dansyl chloride. The pH value of the supernatant should be
adjusted to pH 8 to 10 by using an alkali, such as sodium
carbonate or sodium bicarbonate. With reference to FIG. 4,
a temperature adjustment step “S5” can be further perform
between the pretreatment step “S1” and the derivatization
step “S2”, by adjusting the temperature of the supernatant as
30 to 80° C. the derivatization reaction is accelerated.
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In the preferably embodiment, 5 pL. of the supernatant is
pH-adjusted by 10 pL of sodium bicarbonate (10 to 500 mM,
adjustment to pH 8 to 10), followed by adding 10 ul. of
dansyl chloride (dissolved in acetone with a concentration of
0.25 to 2 mg/mL) to obtain a mixture. The mixture is heated
to 30 to 80° C. to accelerate the derivatization reaction. That
is, the derivatization reaction is performed between the
sulfonyl chloride group of the derivatization reaction and the
hydroxyl group of paraben for 5 to 30 minutes, thereby
forming the tagged paraben in the resultant derivatization
solution.

In the extraction step “S3”, the extract containing the
tagged paraben is obtained by using the extractant. Prefer-
ably, the extractant can be organic solvents as hexyl acetate,
hexane, tolune or ethyl acetate with an amount of 10 to 50
pL. In the preferable embodiment, the extraction step “S3”
is performed with 20 pl of ethyl acetate and the tagged
paraben will dissolve in ethyl acetate, thereby obtaining the
extract.

Preferably, MALDI-TOF MS (matrix-assisted lased des-
orption/ionization-time of flight mass spectrometer) is used
in the analysis step “S4”. In detail, the extract can be spotted
onto a target plate of the MALDI-TOF MS, followed by
covering with a matrix. The extract and the matrix can be
co-crystallized for the following process. The matrix is
preferably chosen from substances with a strong absorbance
at 330 to 360 nm. For example, a-cyanol-4-hydroxycin-
namic acid (CHCA), 3,5-dimethoxy-4-hydroxycinnamic
acid (sinapinic acid, SA) or 2,5-dihydroxybenzoic acid
(2,5-DHB). In the preferable embodiment, the matrix is
CHCA (0.5 pL, 10 mg/mL).

The laser beam with wavelength of 330 to 360 nm is fired
at the co-crystallized extract-matrix mixture, assisting the
ionization of the co-crystallized extract-matrix mixture and
forming a vaporized ion. The vaporized ion is further
accelerated by an electric field and enters into an analyzer to
determine the mass-to-charge ratio (m/z) of the vaporized
ion. The analyzer can be a time-of-flight analyzer (TOF
analyzer), quadrupole analyzer, ion trap analyzer (IT ana-
lyzer) or Fourier transform-ion cyclotron resonance (FT-
ICR). In the preferable embodiment, the analyzer is TOF
analyzer with advantage of rapid analysis.

Preferably, an internal standard can be further added into
the supernatant in the derivatization step “S2”. The internal
standard can be an isotope of paraben. In the preferably
embodiment, ethyl-dS paraben (16 pg/ml.) is used as the
internal standard. The internal standard also can be deriva-
tizated by the derivatization reagent, co-crystallized with the
matrix and ionized by the laser beam. Level of paraben in the
sample can be calculated according to the peak area of the
internal standard and the peak area of the sample.

In order to evaluate the preferable embodiment of the
invention can be used for monitoring level of paraben in the
sample, several commercially available cosmetics in form of
solution, gel, lotion, cream and mask, and commercially
available liquid medication is used as the sample. By the
preferable embodiment of the invention, level of paraben in
the samples mentioned above is monitored and the results
are shown in Table 1 to 6, wherein MP shows methylpara-
ben, EP shows ethylparaben, PP shows propylparaben, and
BP shows butylparaben.
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TABLE 1

Level of paraben of commercially available cosmetics in form of solution

Concentration Relative Standard Weight Percentage
(ng/mL) Deviation (%) of Sample (%)
# MP EP PP BP MP EP PP BP MP EP PP BP Sum
1 3653 =0.001 — — — 243 — — — 004 — — — 0.04
2 5319 %003 1278 £ 0.002 — — 340 985 — — 005 001 — — 007
3 11325 £0.04  33.41 = 0.002 — — 215 262 — — 011 003 — — 0I5
4 6719007 27.77 £ 0.004 — — 640 1024 — — 007 003 — — 0.09
5 63.11 £ 0.03 — 227 £0.001 — 2.86 — 523 — 006 — 0002 — 007

With reference to Table 1, the samples #1 to #5 are
commercially available cosmetics in form of solution. 100
mg of the samples are analyzed by the preferably embodi-
ment of the invention and levels of paraben, including
methylparaben, ethylparaben, propylparaben, and butylpa-
raben, are recorded in Table 1. The results show that the
samples #1 to #5 contain 0.04 to 0.15% of paraben, respec-
tively. Accordingly, the preferably embodiment of the inven- 5
tion is suitable for monitoring level of paraben when the
samples are merely 100 mg.

20

TABLE 2

Level of paraben of commercially available cosmetics in form of gel

Concentration Relative Standard Weight Percentage
(ne/ml) Deviation (%) of Sample (%)
# MP EP PP BP MP EP PP BP MP EP PP BP Sum
6 119.79 = 1.210 — — — 64 — — — 012 — — 0.12
7 4927 £0320 1.14+0.010 — — 405 722 — — 0.049 0.0011 — 0.05

With reference to Table 2, the samples #6 and #7 are 49
commercially available cosmetics in form of gel. 100 mg of
the samples are analyzed by the preferably embodiment of
the invention and levels of paraben are recorded in Table 2.
The results show that the samples #6 and #7 contain 0.05 to
0.12% of paraben, respectively.

TABLE 3

Level of paraben of commercially available cosmetics in form of lotion or emulsion

Concentration Relative Standard Weight Percentage
(ng/mL) Deviation (%) of Sample (%)
# MP EP PP BP MP  EP PP BP MP  EP PP BP  Sum

8 4496 +0.002  6.51 £0.0002 32.32 + 0.003 0.12 £ 0.0004 3.53 316 791 772 0.04 0.01 0.03 0.00 0.08
9 87.7 £ 0.003 11.99 = 0.010 524 £0.001 17.76 £ 0.005 2.06 3.57 212 241 0.09 0.01 0.01 0.02 0.12
10 36.51 £0.010  1.63 £0.001  32.84 = 0.020 — 132 5.63 413 — 0.04 0.002 0.03 0.07
11 17.84 £ 0.003  5.32 = 0.005 2.46 + 0.002 8.44 £ 0.010 1.24 539 8.13 10.15 0.02 0.01 0.00 0.01 0.03
12 96.83 £0.050  1.39 +0.002 1.13 £ 0.001 — 229 1197 1241 — 0.10 0.001 0.001 0.10

60

With reference to Table 3, the samples #8 and #12 are

commercially available cosmetics in form of lotion or emul-

sion. 100 mg of the samples are analyzed by the preferably

embodiment of the invention and levels of paraben are

recorded in Table 3. The results show that the samples #8 to
#12 contain 0.03 to 0.12% of paraben, respectively.

65
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TABLE 4

Level of paraben of commercially available cosmetics in form of cream

Concentration Relative Standard Weight Percentage
(ng/mL) Deviation (%) of Sample (%)
# MP EP PP BP MP EP PP BP MP EP PP BP Sum
13 1.02 = 0.001 99.95 £ 0.03 55.49 £ 0.02 — 8.4 195 256 — 0.001 010 0.06 — 0.16
14 64.28 = 0.003 7.76 £ 0.004 14.39 £ 0.001 37.62 £0.001 3.62 7.61 9.62 3.09 0.06 0.01 001 0.04 0.12
15 42.61 = 0.02 11.11 = 0.01 4.97 £ 0.004 30.21 = 0.02 2.67 532 7.67 6770 0.04 0.01 0.005 0.03 0.09
16 87.7 £ 0.003 11.99 £ 0.01 524 £0.001 17.76 £ 0.005 2.06 3.57 212 241 009 001 0.01 002 0.12
17 36.51 =0.01 1.63 = 0.001  32.84 £ 0.02 — 132 5.63 4.13 — 0.04 0.002 0.03 — 0.07
With reference to Table 4, the samples #13 to #17 are 15
commercially available cosmetics in form of cream. 100 mg
of the samples are analyzed by the preferably embodiment
of the invention and levels of paraben are recorded in Table
4. The results show that the samples #13 to #17 contain 0.07
to 0.16% of paraben, respectively.
TABLE 5
Level of paraben of commercially available cosmetics in form of mask
Concentration Relative Standard Weight Percentage
(ng/ml)) Deviation (%) of Sample (%)
# MP EP PP BP MP EP PP BP MP EP PP BP Sum
18 51.90 £0.02 2.15+0.001 1.11 £ 0.001 — 2.08 3.63 13.24 — 0.05 0.002 0.001 — 0.06
19 43.58 £ 0.04 4.49 = 0.001 — — 590 1.13 — — 0.04 0004 — — 0.05
20 33.61 £0.02 1.61 = 0.002 — — 455 967 — — 003 0002 — — 004
21 61.52 £0.03 — — — 296 — — — 006 — — — 0.06
22 14.63 £ 0.02 — — — 846 — — — 001 — — — 001
. 35
With reference to Table 5, the samples #18 to #22 are
commercially available cosmetics in form of mask. 100 mg
of the samples (only essence of the mask is used) are
analyzed by the preferably embodiment of the invention and
levels of paraben are recorded in Table 5. The results show 40
that the samples #18 to #22 contain 0.01 to 0.06% of
paraben, respectively.
TABLE 6
Level of paraben of commercially available liquid medication
Concentration Relative Standard Weight Percentage
(ng/mL) Deviation (%) of Sample (%)
# MP EP PP BP MP EP PP BP MP EP PP BP Sum
23 3976 £ 0.02 — — — 300 — — — 004 — — — 004
24 22555 +£0.03 — — — 760 — — — 023 — — — 023
25 39.69 £0.01 — — — 154 — — — 004 — — — 004
26 48.69 £ 0.01 — — — 13 - — — 005 — — — 005
27 1007 £0.01 — 330+0.002 — 382 — 434 — 0.01 — 0.003 — 0.01

With reference to Table 6, the samples #23 to #27 are 4, commercially available liquid medications are used as the

commercially available liquid medication. 100 mg of the
samples are analyzed by the preferably embodiment of the
invention and levels of paraben are recorded in Table 6. The
results show that the samples #23 to #27 contain 0.01 to
0.23% of paraben, respectively.

Moreover, one of the commercially available cosmetics in
form of solution, gel, lotion and cream and one of the

65

samples. That is, one of the samples #1 to #5, one of the
samples #6 and #7, one of the samples #8 to #12, one of the
samples #13 to #17, one of the samples #18 to #22 and one
of the samples #23 to #27 are used as the samples #28 to
#33. 0.1 mg of the samples are analyzed by the preferably
embodiment of the invention and levels of paraben are
recorded in Table 7.
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TABLE 7

10

Level of paraben of commercially available samples

Concentration

Relative Standard Weight Percentage

(ug/mL) Deviation (%) of Sample (%)
No. MP EP PP BP MP  EP PP BP MP EP PP BP  Sum
28 12.86 = 0.260 — — — 1293 — — — 013 — — — 013
29  60.38 = 0.720 — — — 755 — — —  0.60 — — —  0.60
30 25.82 +0.490 — — — 1198  — — — 026 — — — 026
31 2744 +0.220 — — — 497 — — — 027 — — — 027
32 143.6 £2.220 35.68 + 0.360 11.06 = 0.220 29.87 = 1.180  9.77 6.43 12.60 25.04 144 036 0.11 030 220
33 16.27 £ 0.09 — — — 345 — — — 016 — — — 016

With reference to Table 7, the samples #28 to #33 are B

commercially available cosmetics in form of solution, gel,
lotion, cream and mask and liquid medication. 0.1 mg of the
samples are analyzed by the preferably embodiment of the
invention and levels of paraben are recorded in Table 7. The
results show that the samples #28 to #33 contain 0.13 to
2.20% of paraben, respectively. Accordingly, the preferably
embodiment of the invention is suitable for monitoring level
of paraben when the samples are merely 0.1 mg.

According to the results shown in Table 1 to 7, with
respect to MP, EP, PP and BP, the method for monitoring
level of paraben of the invention shows great linear rela-
tionship in a range between 0.1 to 10 pg/ml., wherein a
coefficient of determination is R*20.9995 and a relative
standard deviation is 9.86%. Moreover, the method for
monitoring level of paraben of the invention is suitable for
the sample in form of solution, gel, lotion, emulsion or
cream.

As a result, by the derivatization reaction between sulfo-
nyl chloride group of the derivatization reagent and
hydroxyl group of paraben in the derivatization step “S2”,
the method for monitoring level of paraben of the invention
has an improved recognition efficiency and specificity to
paraben. Therefore, only 0.1 to 100 mg of the sample can be
accurately analyzed. That is, the method for monitoring
level of paraben of the invention is suitable to analyze the
sample hard to obtain or expensive.

Moreover, via ionization of the tagged paraben to form the
vaporized ion, followed by analyzing the mass-to-charge
ratio of the vaporized ion by the analyzer in the analysis step
“S4”, thereby evaluating whether the sample contains para-
ben. That is, the method for monitoring level of paraben of
the invention has a decreased time for detection and analy-
sis, and is suitable for large-scale screening.

In addition, due to only a small amount of organic solvent
is used in the pretreatment step “S1” and the extraction step
“S3”, the method for monitoring level of paraben of the
invention produces decreased waste organic solvents,
thereby preventing from environmental pollution.

Although the invention has been described in detail with
reference to its presently preferable embodiment, it will be
understood by one of ordinary skill in the art that various
modifications can be made without departing from the spirit
and the scope of the invention, as set forth in the appended
claims.

What is claimed is:

1. A method for monitoring level of paraben in cosmetics
comprising:
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dissolving a sample in a solvent and obtaining a super-
natant containing paraben by ultrasonic vibration and
high speed centrifugation;

performing a derivatization reaction between a derivati-

zation reagent and paraben by adding the derivatization
reagent into the supernatant containing paraben to
obtain a derivatization solution containing a tagged
paraben;

extracting the derivatization solution containing the

tagged paraben with an extractant to obtain an extract
containing the tagged paraben;

co-crystallizing the extract containing the tagged paraben

and a-cyanol-4-hydroxycinnamic acid (CHCA) as a
matrix to form a co-crystallized extract-matrix mixture;

ionizing the co-crystallized extract-matrix mixture by a

laser beam having a wavelength of 330 to 360 nm to
form a vaporized ion; and

analyzing mass-to-charge ratio of the vaporized ion with

an analyzer to determine molecular weight thereof.

2. The method for monitoring level of paraben in cos-
metics as claimed in claim 1, wherein the method further
comprises adjusting temperature of the supernatant contain-
ing paraben to 30-80° C. prior to adding the derivatization
reagent into the supernatant containing paraben.

3. The method for monitoring level of paraben in cos-
metics as claimed in claim 1, wherein the derivatization
reagent has a sulfonyl chloride group, wherein the deriva-
tization reaction is performed with a hydroxyl group of
paraben.

4. The method for monitoring level of paraben in cos-
metics as claimed in claim 3, wherein the derivatization
reagent is selected from 1,3-benzothiazole-6-sulfonyl chlo-
ride, 4-dimethylaminoazobenzene-4'-sulfonyl chloride or
dansyl chloride.

5. The method for monitoring level of paraben in cos-
metics as claimed in claim 1, wherein the sample is in a form
of solution, lotion, emulsion, cream or gel.

6. The method for monitoring level of paraben in cos-
metics as claimed in claim 1, wherein the method further
comprises adding an internal standard into the supernatant
containing paraben, and performing the derivatization reac-
tion between the derivatization reagent and the internal
standard.

7. The method for monitoring level of paraben in cos-
metics as claimed in claim 6, wherein the internal standard
is an isotope of paraben.
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