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Abstract

A reliable method for the simultaneous determination of phenolic preservatives parahydroxybenzoic acid, methyl, ethyl, propyl, butyl
and pentyl parahydroxybenzoates in gelatin and vacant capsules for medical use has been developed by ion-suppression reversed
phase high performance liquid chromatography. Separation was carried out on a Kromasibl@nn by isocratic elution us-
ing methanol—perchloric acid (pH 2.0; 10mM) (60:40, v/v) at a flow-rate of 1.0 mtfpiand detection by UV absorbance at a
wavelength of 254 nm. This method has been successfully applied to the routine analyses of these preservatives in the real sam-
ples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction use and abuse of phenolic preservatives is harmful to human
health, these preservatives must be limited in gelatin and va-
Capsules are preparations consisting of medicaments withcant capsules. They are permittedi2pg~! in gelatin by
or without excipients enclosed in shells. Capsule shells areBritish Pharmacopoeia. The allowable content of @+
mainly made of gelatin which is a purified protein obtained in vacant capsule is still under discussion in Chiisla The
by the partial hydrolysis of animal collagen in the skin, bone, statutory method for the examination of phenolic preserva-
tendon and ligament. Because being easily decomposed bytives in gelatin is thin-layer chromatography (TLRE]. The
microorganisms, gelatin is allowed to contain suitable an- most commonly employed procedure for the determination
timicrobial agents putin such as phenolic preservafi«e4). of alkyl esters of PHBA is reversed-phase high performance
Sometimes these preservatives may also be added in the marliquid chromatography (HPLC]G,7], but most of previous
ufacture of capsule shells. Phenolic preservatives may ex-works aimed at these esters, other than PHBA, in cosmetic
ist as parahydroxybenzoic acid (PHBA) or its methyl, ethyl, and household products. No reports did not regard to the si-
propyl, butyl and pentyl esters, which can be used not only multaneous determination of PHBA and its esters so far. In
independently butalso as a mixture. However, since the extra-this paper, a reversed-phase ion-suppression HPLC method
is presented for the determination of phenolic preservatives.
PHBA and its methyl, ethyl, propyl, butyl and pentyl esters in
gelatin and vacant capsules for medicine can be determined
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2. Experimental Quantitation was performed by calibration curve method
based on peak area measurement. The standard solu-
2.1. Apparatus tions used for calibration purpose were prepared by dis-

solving the appropriate amount of each preservatives in
The liquid chromatograph was a Varian 5060 HPLC methanol, and serially diluting to the final concentration of
(Varian, Walnut Creek, CA, USA) coupled to a Rheodyne 0.0001-0.08 mg .
7725i injector valve equipped with a 10-loop (Rheodyne,
Rohnert Park, CA, USA), and a Waters 486 Tunable UV
Absorbance detector (Waters, Milford, MA, USA). The 3. Results and discussion
chromatograms were recorded on a Model-JS3030 chro-
matographic work station (Johnsson Separation Science &3.1. Chromatograms
Technology Corporation, Dalian, PRC).
An HPLC chromatogram demonstrating the separation of

2.2. Reagents and chemicals a mixture of the studied phenolic preservatives is shown in

Fig. 1 As can be seen the retention times increase with the

Methanol (HPLC grade) was obtained from Hanbang increase of alkyl chain lengtim); i.e. the orderis PHBA, Me-

Science & Technology Co. Ltd. (Huaiyin, PRC). Perchlo- PHBA, Et-PHBA, Pr-PHBA, Bu-PHBA and Pe-PHBA with
ric acid (70-72%, guaranteed reagent) was obtained fromn of 0-5, respectively.
Tianjing Third Reagent Factory (Tianjin, PRC). All other Perchloric acid has been frequently employed as ion-
reagents were of analytical-reagent grade unless stated othsuppressant for determination of organic acids by reversed-
erwise. Water (>18 2 cm) used for all solutions and mobile  phase HPLC due to its strong acidity and powerful suppres-
phase was prepared from Aquapro ultrapure water systemssive action at low application concentration (mM leJé&lp].
for the laboratory-scale (Ever Young Enterprises Develop- In this present experiment, if no perchloric acid existed in
ment Co. Ltd., Chongging, PRC). PHBA and its esters with- the mobile phase, not only the peak of PHBA was disrupted
out further purification were used as reference substancesdrastically and just emerged in the dead tirig, (out also
PHBA, methyl parahydroxybenzoate (Me-PHBA), ethyl those of alkyl parahydroxybenzates became somewhat wide
parahydroxybenzoate (Et-PHBA), propyl parahydroxyben- and asymmetrical, because of -COOH and/or —OH groups.
zoate (Pr-PHBA), butyl parahydroxybenzoate (Bu-PHBA) Perchloric acid could suppress their dissociation during chro-
and pentyl parahydroxybenzoate (Pe-PHBA) were purchasedmatographic process.
from Aldrich (Milwaukee, WI, USA), Tianjing Second

Reagent Factory (Tianjing, PRC) or Shanghai First Reagent3 o cglibration curves and detection limits
Factory (Shanghai, PRC).

Gelatin and vacant capsule samples were kindly supplied A jinearity has been obtained for each phenolic preserva-

by various manufactures. tive inside the range studied with a correlation coefficient (
higher than 0.9990. The regression equatidks=(a+hbC)
2.3. General procedure with limits of detection (LOD) are presentedTable 1

2.00 g of gelatin or vacant capsule sample to be examined
was soaked in 30 ml of water for swelling at room temper-
ature, and then heated at 8D in a water bath until com-
plete dissolution. The solution was transferred into a 120-ml
separatory funnel, 30.00 ml of ethyl ether accurately mea-
sured was added, and the funnel was shaken gently for 2 min

and allowed to stand. After the aqueous layer was discarded, Ly

5.00 ml of the extract in ethyl ether was transferred accu- ? s

rately and evaporated carefully to dryness in a water bath and /\ 6
4 12 16 20

3.3. Analyses of samples

Inthe present study, 15 random samples of industrial prod-
ucts were analyzed for these phenolic preservative contents.

the residue was dissolved in 1.00 ml of methanol. The final /L
sample solution was filtered through a Millipore membrane

filter (0.5wm) (Milipore, Bedford, MA, USA) by means of a 0 8 P 48 %
syringe before injection.

The column used was a Kromasihg; 5um, 4.0mm Fig. 1. Chromatogram of a standard solution containing six pheno-
i.d. x 150 mm (Hanbang Science & Technology Co. Ltd.). lic preservatives. They are: (1) PHBA; (2) Me-PHBA; (3) Et-PHBA;
The mobile phase was methanol—perchloric acid (pH 2.0; g‘) P;'Pr:'BQ?O r(:r)n ?‘éf;‘ggﬂ ni”dcéfz)m';et':n';'BeAréth'_“g‘g: '\';:t’)’i}‘eas"
10mM) (60:40, v/v) at a flow-rate of 1.0 ml m-"% The col- p#;’se:Hme;thanol—perchloric acid (pH 2.0; 10 ml?/l) (60:40, v/v). Flow-rate:
umn temperature was held at 3D. The injection volume 1.0mlmirr L. Injection volume: 1QuL. Detection wavelength: 254 nm. Sen-
was 10uL. The UV detector was set at 254 nm. sitivity: 0.04 aufs.
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Table 1
Calibration curves of the six phenolic preservatives (all within 0.0001-0.08 mgml
Component Intercept Slope r LOD (mgmi1)
a Error b Error
PHBA 8.521x 10° 1.508x 10 5.305x 10’ 4.753% 10° 0.99960 0.000005
Me-PHBA 5.980x 10° 0.917x 10* 5.555x 107 2.889x 1CP 0.99986 0.000005
Et-PHBA 7.127x 10° 0.854x 10* 5.110x 10 2.693x 10° 0.99986 0.000005
Pr-PHBA 6.946x 10° 0.823x 10* 4.667x 107 2.593x 10° 0.99985 0.000006
Bu-PHBA 8.821x 10° 1.493x 10* 4.582x 107 4.704x 10° 0.99947 0.000008
Pe-PHBA 8.89% 10° 1.429x 10 4.546% 107 4.503x 10° 0.99951 0.000010
Table 2
Analytical results of sampleguf g1, n=5)
Sample number PHBA Me-PHBA Et-PHBA Pr-PHBA Bu-PHBA Pe-PHBA
Gelatin
1 153 (2.1) 146 (2.6) ND 043 (3.6) ND ND
2 058 (2.1) 138 (2.9) ND 067 (2.2) ND ND
3 ND 091 (2.7) ND 044 (1.6) ND ND
4 0.39 (3.1) 122 (2.1). ND ND ND ND
5 0.37 (3.2) 144 (2.2) ND 038 (3.3) ND ND
Vacant capsule
6 3421 (1.0) 12552 (0.8) 038(35) 1275 (2.9) ND ND
7 1750 (1.7) 118 (2.0) 5018(0.6) 4843 (0.8) ND ND
8 1550 (0.5) 432 (2.0) 6988(11) 8875 (2.8) ND ND
9 1501 (0.4) 300 (2.2) 3580(11) 3528 (1.0) ND ND
10 2310 (2.0) 225 (2.3) 4481(12) 2531 (2.9) ND ND
11 1583 (2.5) 18990 (1.7) ND 5160 (1.5) ND ND
12 2441 (2.3) 33564 (1.3) ND 8749 (2.0) ND ND
13 5090 (1.4) 12413 (1.9) ND 4175 (1.2) ND ND
14 4848 (1.5) 14988 (1.8) ND 4892 (1.0) ND ND
15 2974 (1.2) 8180 (1.9) ND 2770 (2.9) ND ND
Data in brackets are the relative standard division (R.S.D.) in %.
Table 3
Recoveries of the proposed method-(5)
Sample Initial  Added (ugg™!) Determinedfigg!) Recovery (%) Initial  Addedygg!) Determinedgggl) Recovery (%)
number
PHBA Me-PHBA
1 153 100 255 (3.5) 1020 146 100 247 (5.1) 1010
2.00 354 (4.2) 1006 2.00 342 (4.7) 980
6 3421 2000 5485 (2.9) 10 12552 8000 20530 (1.6) 997
40.00 7484 (2.7) 1016 10000 22566 (1.8) 1001
7 175 1000 2732 (4.4) 982 118 100 223 (4.9) 1050
20.00 3739 (1.3) 94 2.00 318 (2.5) 1000
Et-PHBA Pr-PHBA
1 0.00 1000 983 (2.1) 983 0.43 100 143 (5.8) 1000
10000 9908 (2.0) 991 2.00 242 (6.1) 995
6 0.38 100 142 (6.2) 1040 1275 1000 2273 (0.7) 998
2.00 234 (5.3) 980 2000 3258 (5.5) 992
7 5018 4Q00 9038 (1.4) 1006 4843 4000 8793 (3.0) 988
80.00 12984 (2.8) 996 8000 13037 (3.7) 1024
Bu-PHBA Pe-PHBA
1 0.00 1000 1006 (1.2) 1006 0.00 1000 983 (2.9) 983
10000 9811 (2.3) 981 10000 9969 (3.3) 997
6 0.00 1000 987 (5.0) 987 0.00 1000 991 (5.2) 991
10000 10277 (3.8) 1028 10000 9935 (2.3) 9N
7 0.00 1Q00 980 (5.2) 980 0.00 1Q00 1Q05 (4.6) 1006
10000 9939 (2.1) 994 1000 9924 (2.0) 992

Data in brackets are the relative standard division (R.S.D.) in %.



372 H. Lian et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 369-372

L a convenient and economical alternative over earlier methods
for determining phenolic preservatives in gelatin and vacant
capsules for medicine purpose.

0 4 8 12 16 20 24 28 32
t/min

Fig. 2. Chromatogram of a gelatin sample. The preservatives ar& g
Sensitivity: 0.004 aufs. Other HPLC conditions are aBim 1 Acknowledgement

A typical chromatogram for PHBA and its alkyl esters in
medical-use gelatin is given iRig. 2 The results are sum-
marized inTable 2

In order to estimate the efficiency of recovery the samples
were spiked simultaneously with the six phenolic preserva-
tives to be determinedable 3shows the amounts added of
the preservatives and the percentage recoveries. [1] British Pharmacopoeia, vol. I, HMSO, London, 2002, pp. 815, 1860.

[2] The United States Pharmacopeia and the National Formulary, United
States Phar-macopeial Convention, Rochville, 2003, p. 2754.
4. Conclusions [3] The Japanese Pharmacopeia, 14 ed., Tokyo, 2002, pp. 834, 894.
[4] Pharmacopeia of the People’s Republic of China, English ed., The

. . State Pharmacopeia Commission of PR China, Beijing, 2002, p. 308,
It was found that the ion-suppression reversed-phase Appendix I, A-8.

HPLC technique described in this paper has a significant fea-s] T. zhou, Y. Ren, Sci. Tech. Gelatin 18 (1998) 197-198.

ture for the determination of parahydroxybenzoic acid and [6] J.M. Hu, J. Wang, Chin. J. Chromatogr. 17 (1999) 495-497.

its methyl, ethyl, propyl, butyl and pentyl esters: good sepa- [71 J. Li, J.X. Kang, D.N. Wu, Chin. J. Chromatogr. 18 (2000) 462-464.
ration resulted from the use of dilute perchloric acid in water [ ?(‘é‘l 5{‘3’;’6 L. Mao, J. Miao, J. Liquid Chromatogr. 17 (1994)

as mobile phase portion facilitates the suitable retention be-[g] H.Z. Lian, L. Mao, X.L. Ye, J. Miao, J. Pharm. Biomed. Anal. 19

havior of all constituents of interest. The procedure makes it~ (1999) 621-625.
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