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Abstract: A rapid, specific, and accurate HPLC method was developed and validated for the assay of pyrogallol. The assay
involved a gradient elution of pyrogallol with a Thermo Hypersil C;; column (250 mm x 4.6 mm,5 wm) using mobile phase
composition of methanol and water (0.1% TFA) at a flow rate of 1.0 mL/min. UV detection was performed at 266 nm. Ellagic
acid was used as an internal standard. The retention time of pyrogallol and ellagic acid was 4.33 and 19. 25 min, respectively. The
linearity range of pyrogallol concentration was from 62. 5 to 2 000 mg/L. The fitting equation of calibration curve was y =
0.000 138 66x +0.001 92 (R=0.999 7) and a mean recovery of 103.6% was found. The proposed method was applied for the
quantitative determination of pyrogallol in pyrogallol products.
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Pyrogallol (1,2 ,3-trihydroxy benzene) ,a polyphenol has been exploited in a variety of industrial sectors,
for example, as a developer in photography, a mordant for wool, a stain of leather, and used in engraving
process , making colloidal solutions of metals,the manufacture of various dyes and the dyeing of fur and hair,
etc. In addition, it is used as a reagent for analyzing antimony and bismuth and an active reducer for gold,
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silver ,and mercury salts. In gas analysis, it is used for absorption of oxygen I Pyrogallol is industrially
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produced by autoclaving from gallic acid which is obtained from tannins under strong acidic conditions. The
literature survey revealed that a few high performance liquid chromarography ( HPLC) methods were applicable
in analysis of pyrogallol "™/ A spectroflurimetric method has been developed for the determination of pyrogallol
in natural samples"’. There is no report on the HPLC determination of pyrogallol in pyrogallol products. The
present investigation describes a precise, accurate, and robust RP-HPLC method for the determination of

pyrogallol.

1 Experimental

1.1 Chemicals and reagents

Methanol ,HPLC grade, Tianjin Jiangfeng Reagent Corporation ;trifluoroacetic acid ( TFA) ,HPLC grade,
Aladdin Industrial Corporation, Shanghai; water, HPLC grade, obtained from a Milli-Q water purification
system ; the pyrogallol and ellagic acid of reference standards, Aladdin Industrial Corporation,Shanghai.
1.2 Apparatus and chromatographic conditions

Chromatographic separation was performed on a SHIMADZU liquid chromatographic system ( SHIMADZU
Corporation , Japan) equipped with a LC-20AB solvent delivery unit (pump) and UV detector. The separation
column was a Thermo Hypersil C,4 column (250 mm x4.6 mm,5 um) under ambient temperature. The mobile
phase was composed of methanol and water (0. 1% TFA) and the flow rate was 1 mL/min. The gradient
conditions were 80% water for 5 min,then 60% water for 5 min,40% water for 15 min. Injection volume was
20 wL and UV detection was performed at 266 nm'®’. The peaks of the analytes were confirmed by comparing
their retention time and UV spectra with those of the reference standards.
1.3 Preparation of internal standard solution

Precisely took ellagic acid 100 mg in 250 mL volumetric flask, dissolved with methanol, diluted to the
mark ,and sonicated for 10 min. Then, the obtained solution of concentration 0. 4 g/I. was used as internal
standard solution.
1.4 Preparation of standard solution

The standard stock solution of pyrogallol (2 g/L) was prepared with internal standard solution (0.4 ¢/L).
The working standard solutions (62.5, 125, 250, 500,and 1 000 mg/L.) were prepared by diluting the stock
solution with the internal standard solution. The stock solution was kept at 4 °C to ensure its stability at least for
one month. Standard solutions were daily prepared by diluting the stock solution with internal standard
solution.
1.5 Preparation of pyrogallol sample solution

An amount of powder equivalent to 200 mg of pyrogallol was transferred to a 100 mL volumetric flask.
Then 70 mL internal standard solution was added and sonicated for 10 min. The volume was made up with
internal standard solution to obtain a solution containing 2 g/L. of pyrogallol. An aliquot of sample solution was
filtered with 0.45 pm filter membrane and then the filtrate was further diluted to get the pyrogallol solution of
1 ¢/L.
1.6 Application of the method

With the optimal chromatographic conditions, a steady baseline was recorded, then the mixed standard
solution was injected and the chromatogram was recorded. The retention times of pyrogallol and ellagic acid
were found to be 4.33 min and 19. 25 min. This procedure was repeated for the sample solution obtained from

the formulation. The peak area ratios of pyrogallol peak areas to the internal standard peak areas of the standard
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solution and sample solution were calculated. The concentration of the pyrogallol was calculated by using the
following formula
C = ] xC
P R, s
where: € —the concentration of pyrogallol,g/L; R,—the peak area ratio of pyrogallol peak area and internal
standard peak area of sample solution; R,—the peak area ratio of pyrogallol peak area and internal standard
peak area of the standard solution; C,—the concentration of pyrogallol in the standard solution,g/L.
1.7 Validation of the method
The method was validated by using the following analytical parameters; linearity, precision, accuracy,
detection and quantitation limits, and robustness'’. Linearity was evaluated by calculation of a regression
equation by using least squares method. Calibration curves were obtained from six different concentrations
analyzed three times. Precision was assessed by testing the repeatability of standard and sample solutions six
times in the same day (intra-day) and intermediate precision was analyzed with the same standard and sample
solutions six times in different days ( inter-day). Accuracy was tested by the mean recoveries of three
determinations of pyrogallol at three different concentrations precisely prepared and by determination of the
relative standard deviation (RSD). Limits of detection (LOD) and quantitation ( LOQ) were estimated from
the signal-to-noise ratio. The detection limit is defined as the lowest concentration level resulting in a peak area
that is three times as larger as that of the baseline noise. The quantitation limit is defined as the lowest
concentration level that provides a peak area with a signal-to-noise ratio higher than 10, with precision (% CV)

and accuracy (% bias) within + 10% (8],

2  Results and Discussion

2.1 Optimization of the chromatographic method

Determination of pyrogallol by RP-HPLC method was carried out under optimal chromatographic
conditions. Typical chromatograms of standard solution and sample solution of concentration 1 g/L are given in
Fig. 1. The peak area ratios of pyrogallol and internal standard sample of the standard solution and sample
solution were calculated. The assay procedure was repeated for three times and the mean peak area ratios were

calculated.
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Fig.1 Typical chromatograms of standard solution (a) and sample solution (b) of pyrogallol
2.2 Method validation
2.2.1 Linearity The linearity range of pyrogallol concentration was from 62.5 to 2 000 mg/L (Fig.2). The
calibration curve was constructed by plotting peak area ratios of pyrogallol and ellagic acid against

concentrations of samples. The fitting equation of calibration curve was y =0. 000 138 66x +0.0019 2 (R* =
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0.999 4) , where x is the concentration of sample, mg/L,and y is the peak area ratio. The R* obtained was
higher than 0.999 , as frequently recommended'®’. This indicated a good linearity in the proposed range. The
results showed that an excellent correlation existed between the peak area ratios and concentrations of sample

within the concentration range indicated above.

2.2.2 Precision The precision of the method was demonstrated 0.30

by inter-day and intra-day variation studies. In the intra-day

studies, six repeated injections of standard and sample solution é 0.20

were made. However, in the inter-day variation studies, six E

repeated injections of standard and sample solutions were .% 0.10

conducted in three consecutive days. The peak area ratios and RSD i

in the two kinds of studies were calculated. Intra-day and inter-day 0 500 1000 1500 2000 2500
RSD were 2.03% and 1.61% ,respectively. These results indicated concentration/(mg - L)

good precision of the analytical method' "’ Fig.2 Calibration curve of pyrogallol
2.2.3 Accuracy The accuracy characterizes the proximity between

the obtained experimental results and the real results. And it was assessed by the determination of the recovery
percentage of a known amount of pyrogallol. Three different standard solutions of 12,58, and 123 mg/L were
precisely prepared as described above, and a mean recovery of 103. 6% was found after the recovery tests.
These results showed the agreement between the obtained experimental values and theorical ones. Thus, it could
be emphasized that this method is accurate.

2.2.4 10D and LOQ The LOD can be defined as the lowest concentration of analyzed substance in a
certain sample that can be detected under certain conditions by a given method. LOQ is the lowest
concentration that can be determined at an acceptable precision and accuracy. In the present work ,the LOD for
pyrogallol was found to be 10 pg/L. The LOQ for pyrogallol was found to be 50 pg/L.

2.2.5 Robustness Robustness of the method was determined by making slight changes in the chromatographic
conditions. No marked change was observed in the chromatograms,so the developed HPLC method was rugged

and robusted. In order to demonstrate the stability of both standard and sample solutions during analysis , they

were analyzed over a period of 6 h at room temperature. Table 1 The results of stability study
The results showed that for both solutions the retention e/ peak area of pyrogallol
time and peak area of pyrogallol remained almost standard solution sample solution
0 8389368 6085972
unchanged (RSD <2.0% ,Table 1) and there was no | 8300429 6032973
significant degradation within the analyzing period. 2 8176492 6288051
e . 3 8195821 5944503
Thus, it indicated that they were stable for 6 h at least, A 4388894 6114934
which was sufficient to complete the whole analytical 5 8516538 6190788
process. The column efficiency, resolution, and peak  © 8368900 6105804
. . average value 8333777 6109004
asymmetry were calculated with the standard solutions. sD 119475 109669
Theoretical plate/mter and resolution factor were 8865.9 ~ RSD% 1.4 1.8

and 3. 53 ,respectively.

2.2.6 Application of the method The validated method was applied for the determination of pyrogallol in
commercially available sources ( Zhangjiajie, Hongjiang, and Zhushan ). The concentrations of the pyrogallol
purchased from Zhangjiajie , Hongjiang ,and Zhushan were calculated by using formula 1 to be 99.9% +1.5% ,
99.7% +1.4% ,and 99.7% =3.4% ,respectively.
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3 Conclusion

Ellagic acid was used as an internal standard, RP-HPLC method for the determination of pyrogallol. The
retention time of pyrogallol and ellagic acid was 4. 33 and 19. 25 min, respectively. The linearity range of
pyrogallol concentration was from 62.5 to 2 000 mg/L. The fitting equation of calibration curve was y =
0. 000 138 66x +0.001 92 (R =0.999 7) and a mean recovery of 103. 6% was found. The proposed RP-
HPLC method for the estimation of pyrogallol is accurate, precise, linear, rugged , robust, simple and rapid.
Hence,the present RP-HPLC method is suitable for the quality control of the raw materials and pyrogallol

products.
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