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ABSTRACT

Objective: This study was aimed to understand and determine the effectiveness of allopurinol extraction in herbal medicine from three extraction
methods based on parameters of accuracy and precision.

Methods: The study consisted of three methods including dissolving and filtering, liquid-liquid extraction, and solid-phase extraction with mixed-
mode cation exchanger (SPE-MCX). The procedures were carried out using NaOH and HCI in dissolving and filtering method; methanol, HCl, and
ethyl acetate in liquid-liquid extraction; and NH4OH elution solvent in SPE-MCX.

Results: The results showed that extraction effectiveness based on accuracy level was the dissolving and filtering method>SPE-MCX>liquid-liquid
extraction with % recovery+SD of 91.314+2.903%, 87.533+4.950%, and 54.549+3.517%, respectively. The precision level was the dissolution and
filtering method>SPE-MCX>liquid-liquid extraction based on % relative standard deviations (RSD) of 3.18%, 5.226%, and 6.446%, respectively.

Conclusion: It can be concluded that the allopurinol extraction method with the highest effectiveness based on accuracy and precision parameters

in herbal medicine is the dissolving and filtering method.
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INTRODUCTION

Gout is a condition of stiffness and joint pain due to the
accumulation of monosodium urate crystals in the joints. This
condition is caused by disorders of purine metabolism, in the form
of excess production or decreased excretion of uric acid through the
kidneys [1]. Indonesians often use traditional therapies to treat gout,
one of which is by consuming herbal medicine called jamu.
According to the Minister of Health of the Republic of Indonesia No.
6 of 2016 concerning the Formulary of Original Indonesian Herbal
Medicines, jamu is a medicinal preparation from natural ingredients
which safety and efficacy status are empirically proven [2]. The
increasing demand for uric acid herbal medicine has triggered some
manufacturers to carry out illegal practices in the form of adding
synthetic medicinal chemicals [3]. This illegal practice is known to
violate Minister of Health Regulation (Permenkes) No. 007 of 2012
Article 7, that traditional medicine is prohibited from containing
medicinal chemicals which are isolated or synthesized with
medicinal properties [4]. In 2017, Food and Drug Administration
(FDA) in Indonesia found 39 herbal products containing synthetic
medicinal chemicals and one of which is allopurinol [5].

Allopurinol is an anti-hyperuricemia agent that inhibits xanthine
oxidase enzyme to prevent uric acid production in the human body
[6]. It is relatively inexpensive and effective to treat gout at adequate
doses. However, adverse effects may occur such as chronic kidney
disease and hypersensitivity syndrome [7]. Several studies have
shown that allopurinol in herbal medicine can be identified using thin-
layer chromatography (TLC) technique [8] and colorimetric paper-
based analytical device [8]. The complex matrix of herbal medicine
resulted in the need for a method that could extract allopurinol
optimally. Developed methods to extract allopurinol include dissolving
and filtering method [9], liquid-liquid extraction using organic solvent
and water [10], and solid-phase extraction with mixed-mode cation
exchanger (SPE-MCX) cartridge [11]. The methods are based on
different extraction principles. However, no study has been found
showing the effectiveness of allopurinol extraction methods from
herbal medicine with the most optimal results. Extraction effectivity
can be determined based on the % recovery value [12]. It represents
the amount of analyte recovered from the sample after the analysis
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and it is interpreted as the accuracy level of a study while the deviation
of each result is evaluated using relative standard deviation (RSD)
value. Thus, the effectiveness of the three methods will be determined
based on the parameters of accuracy using the value of % recovery
and precision using the value of % RSD.

MATERIALS AND METHODS
Materials

Herbal medicine samples were purchased at street stalls, traditional
medicine stores, and pharmacies in Kosambi Traditional Market,
Bandung, Indonesia, and the surrounding area within 350 m.

Chemicals used in this study were allopurinol standard (PT.
Indofarma Tbk.), ammonium acetate (Merck), ammonium hydroxide
25% (Merck), double-distilled water (API IPHA), glacial acetic acid
(Merck), chloric acid 37% (Merck), acetonitrile High-Performance
Liquid Chromatography (HPLC) grade (Merck), isobutanol (Merck),
filter paper (Whatman® Qualitative 110 mm), ethyl acetate (Sigma-
Aldrich), nylon filter 0.45 pum (Sartorius), syringe filter 25 mm
(Sartorius), chloroform (Merck), methanol HPLC grade (Merck),
sodium hydroxide (Merck), silica gel plate 60 F254 20 cm x 20 cm
(Merck Supelco®), SPE-MCX cartridge (Oasis® MCX Extraction
cartridges 3 cc, polypropylene 30 pm 60 mg, Waters™), HPLC-UV
(Shimadzu LC-10 Avp UV-Vis Detector) and C18 column
(LiChrosphere® 100, RP-18 10 um, 25 cm, Merck). All reagents were
analytical grade unless otherwise stated.

Methods
Sample collection and allopurinol identification with TLC

Collected samples had met the criteria that there were claims to
relieve or cure aches and pain, joint pain, or gout. The registration
number of each sample was validated on the official website of
Indonesia’s FDA https://cekbpom.pom.go.id and registration status
was collected.

To identify allopurinol in all samples, 400 mg of each was dissolved
in 10 ml of NaOH 0.1 N. Sample solutions were sonicated for 15 min
and filtered using Whatman filter paper. Allopurinol standard
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solution (2.5 mg/ml in NH4OH 25%) was also prepared as a
comparison. All sample solutions and standard solutions were
spotted on a silica gel plate and eluted with saturated TLC mobile
phase consisted of isobutanol: NHsOH 25% 1:1. The eluted plates
were observed under UV light at 254 nm [9]. The sample with a
negative result was used as a positive control in TLC and used as a
matrix in three extraction methods test. Positive control solution in
TLC was prepared by adding 2 ml standard solution into 2 ml
negative sample solution and eluted with the same procedure.

System suitability test

This test was aimed to obtain the best HPLC condition to separate
the analyte from the matrix based on retention time (tr), capacity
factor (k), number of theoretical plates (N), and symmetry factor
(As) on the chromatogram. HPLC mobile phase consisted of
acetonitrile and acetate buffer. The buffer was prepared by
dissolving 770.8 mg of ammonium acetate in 500 ml double-distilled
water. The buffer pH was adjusted to 4.3 with glacial acetic acid 30%
in water and filtered with 0.45 pm nylon. The mobile phases were
sonicated for 10 min. Allopurinol standard solution of 1 ppm was
filtered and eluted into the C18 column with mobile phase ratio at
50:50, flow rate 0.8 ml/min, running time of 6 min for each injection,
injection volume 20 pl, and detected by UV at 257 nm [13].

Allopurinol extraction with dissolving and filtering method
(Method 1)

This method was tested on positive control solution. It was prepared
by adding allopurinol standard at three levels (40, 50, 60 mg) into
200 mg matrix. The mixtures were dissolved in 5 ml of NaOH 0.1 N,
sonicated for 15 min then filtered. The filtrate was added with HCl
0.1 N up to 50 ml [9]. The solutions were diluted 100x and the
analyte was quantified using HPLC under the same condition based
on the system suitability test. The system cycle began with a blank
solution, followed with triple injections of level 40, 50, and 60. Each
injection was eluted in the HPLC for 6 min.

Allopurinol extraction with liquid-liquid extraction (Method 2)

Positive control mixtures at three levels were weighed and dissolved
in 100 ml methanol. The solutions were sonicated for 5 min, stored
for 96 h at room temperature then filtered with Whatman filter
paper. The filtrates were evaporated at 50 °C to produce a
concentrated extract. The extract was partitioned using 50 ml of HCI
0.5% and 50 ml of ethyl acetate for 10 min. The mixture was
alkalinized by adding 5 ml of NHsOH 15% up to the pH 9 and the
partitioning was continued for another 10 min [10]. The aqueous
phase was separated, diluted 200x then injected three times into the
HPLC after a blank solution. Each injection was eluted for 6 min with
the same condition based on the system suitability test.

Allopurinol extraction with SPE-MCX (Method 3)

Positive control mixtures at three levels were weighed and dissolved in
10 ml NaOH 0.1 N. It was partitioned by adding chloroform 10 ml. The
aqueous phase was separated, acidified with HC1 0.1 N until the pH reach
2, filtered, and diluted 100x. An SPE cartridge was conditioned with 1 ml
methanol and 1 ml double-distilled water. 1000 ul of filtered control
solution was loaded, followed by washing with 2 ml of acetic acid 2%
and 2 ml of methanol. The analyte was eluted with 10 ml of NHsOH 5%
in methanol. The eluted fraction was evaporated and redissolved in 10
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ml of NH4OH 5% in methano], followed by filtration and sonication for 15
min [11]. Each solution was injected three times into the HPLC after a
blank solution. Each injection was eluted for 6 min with the same
condition based on the system suitability test.

Statistical analysis

Data presented by % recovery were applied to IBM SPSS 25
Statistics software to determine the difference among the methods
based on accuracy and precision. It was divided into 9 groups based
on concentration levels and test methods. The groups are 40-
method 1, 40-method 2, 40-method 3; 50-method 1, 50-method 2,
50-method 3; 60-method 1, 60-method 2, 60-method 3. Statistical
difference test was performed using One Way ANOVA (Sig.<0.05
statistically different) [14, 15] followed by Tukey Post Hoc Test
(Sig.<0.05 significantly different) [16] for normal and homogenous
data and Kruskal-Wallis (Asymp. Sig.<0.05 statistically different) for
abnormal and non-homogenous data [17] followed by Bonferroni
Post Hoc Test (Adj. Sig.<0.05 significantly different) [16]. Normality
test was performed using the Shapiro-Wilk test (Sig.>0.05 normally
distributed) [18]. The method with the highest accuracy and
precision was applied to positive samples later in the study.

RESULTS

Allopurinol identification results have shown that 8 out of 11
samples were not registered on Indonesia’'s FDA database. The
registered ones are samples no. 1, 2, 3, while the rest of the samples
were not registered. Furthermore, all samples were applied to TLC
plates for allopurinol identification.

Fig. 1: TLC plates of 11 samples (left, middle) and control plate
(right) with “S1” “S2” “S3” as allopurinol standard on each plate,
“M” as a matrix, “PC” as a positive control

Table 1: Rf value of positive samples, positive control, and
allopurinol standard

Sample No. Rf value
4 0.343
S1 0.357
7 0.428
8 0.400
9 0.380
10 0.343
S2 0.357
PC 0.357
S3 0.357

Table 2: Chromatogram profile of allopurinol standard on system suitability test

Conc. AUC tr ta ts k’ N As

1 ppm 94739 2.623 2.483 3.400 2.623 2221.078 1.811

1 ppm 95325 2.615 2.475 3.367 2.615 2241.643 1.82

1 ppm 95047 2.625 2.442 3.357 2.625 2293.976 1.809

1 ppm 94757 2.617 2.417 3.405 2.617 2177.556 1.815

1 ppm 93933 2.620 2.400 3.342 2.620 2321.092 1.821

Average+SD 94780 2.620 2.620 2251.069 1.815
+549 +0.004 +0.004 +57.307 +0.005

Literature 1<k’<5[20] >2000[13] 0.5-2[20]

Note. "Conc." Standard allopurinol concentration; “AUC” area under the curve; “tr” retention time; “ta” peak starts; “ts” peak ends; “k’” capacity

factor; “N” theoretical plate; "As" symmetrical factor.
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Fig. 3: Overlayed chromatogram of positive controls at 3 concentration levels and calibration curve in method 1
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Fig. 4: Overlayed chromatogram of positive controls at 3 concentration levels and calibration curve in method 2
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Fig. 5: Overlayed chromatogram of positive controls at 3 concentration levels and calibration curve in method 3
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Table 3: Extracted allopurinol from the method tested at 3 concentration levels

Allopurinol standard (mg) Method 1 Method 2 Method 3

%Recovery %RSD %Recovery %RSD %Recovery %RSD
40 94.950 1.952 56.869 0.934 93.277 1.086
40 91.511 57.929 91.943
40 92.233 57.540 93.925
50 93.592 1.067 57.069 2.006 86.536 3.173
50 91.629 55.241 86.456
50 92.415 55.037 87.748
60 86.505 3.837 53.330 5.424 82.860 0.253
60 92.418 50.027 82.445
60 86.570 47.903 82.609
Average % Recovery+SD 91.314+2.903 54.549+3.517 87.533+4.950
Total % RSD 3.180 6.446 5.699

Table 4: Statistical different test of 3 concentration levels in 3 extraction methods

Allopurinol Normality test (Sig.) Statistical different test

standard Method 1 Method 2 Method 3 P value* Post Hoc**
40 0.383 0.747 0.623 Sig. 0.00 Sig. 0.988

50 0.781 0.174 0.106 Sig. 0.00 Sig. 0.001

60 0.018 0.762 0.770 Asymp. Sig. 0.027 Adj. Sig. 0.539

*)Group of 40 and 50 were tested with Oneway ANOVA, and group of 60 was tested with Kruskal Wallis, **)Post hoc test of Tukey HSD for group of
40 and 50, and Bonferroni test for group of 60

a) ) b)

) 7 d)

Fig. 6: Chromatograms of positive samples no. 4 (a), 7 (b), 8 (c), 9 (d), 10 (e) on method application
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Fig. 8: Calibration curve in method application

Table 5: Allopurinol concentration in positive samples

Sample No. Allopurinol concentration % (w/w) %RSD

4 10.310+0.223 2.161

7 0.501+0.008 1.677

8 70.147+0.617 0.775

9 88.689+2.726 3.037

10 7.145+0.153 2.198

DISCUSSION addition to allopurinol retention, at 2.2 min a peak appears resulting

The act of distributing non registered herbal products violates the
Minister of Health Regulation (Permenkes) No. 007 of 2012 about
Herbal Medicine Registration which mentions that every herbal
product must be registered before they are distributed into markets.
The FDA might reject proposed products that do not meet safety
standards, such as the presence of synthetic medicinal chemicals.
However, the rejected products might continue to enter the market
by falsifying registration numbers or registering the products
without adding the chemicals to obtain the distribution permit, but
the permits were revoked after the illegal practices were found [19].

Based on fig. 1, 5 out of 11 samples were proven to contain
allopurinol. Those were samples no. 4, 7, 8, 9, and 10. The positive
samples showed a spot that results the same retention (Rf value)
compared to the allopurinol standard (table 1). It was calculated by
the formula below and measured from elution points.

Distance of the spot

"~ Distance of the mobile phase

Some substances other than allopurinol have been spotted on the
samples as well. The spots might result from secondary metabolites
or other medicinal chemicals. Allopurinol is known to consist of
ketone group, pyrimidine, and pyrazole rings, and is included in
alkaloid group as xanthine derivative. Thus, the spots are possibly
resulted by the other xanthine derivatives in the matrix. In the study
reported by Rahmatullah et al, TLC also allows elution of other
medicinal chemicals under the same condition of allopurinol
identification [8]. According to the e-public warning database by
Indonesia’s FDA, sample no. 4 was confirmed to contain paracetamol
and caffeine, while sample no. 9 contained paracetamol and
diclofenac sodium [5]. These chemicals might also be eluted during
TLC resulting in spots above allopurinol (fig. 1). Furthermore, the
selection of negative samples to be used as the positive control
matrix in extractions method test was carried out. The matrix
selection was based on the presence or absence of spots other than
allopurinol, sample registration status, and the amount of sample
available. Based on these considerations, sample no. 3 was chosen as
the matrix in the method test.

System suitability test was required to determine HPLC condition
suitability to separate allopurinol within a short amount of time and
quantify the concentration accurately in method testing. Based on
table 2, allopurinol was retained in the column for 2.4 min, then
eluted up to 3.4 min. The average peak retention time of 5
replications data was 2.620+0.004 min with the RSD of 0.157%. This
retention time is in accordance with the literature reference that the
RSD value of 5 replications data is not more than 1% [13]. In
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from the unretained component (fig. 2). Based on system suitability
parameters (k’, N, As) results, the HPLC system has met the criteria
to be applied on the extraction method test.

The calibration curve of each tested method was made differently,
this was due to the difference in pressure on the HPLC instrument
each time of testing. This pressure difference causes different
detection of AUC values at the same concentrations, so that the
quantitation of analyte levels is biased.

Allopurinol extraction in method 1 resulted in the same
chromatogram (fig. 3) as the standard (fig. 2). In this method,
allopurinol in positive control was eluted at 2.6 min, compared to
the standard which was eluted at 2.3 min. The shift in retention time
is caused by the influence of the matrix which allows interaction
with the analyte so that it was eluted 0.2-0.3 min faster. Although
retention time shifting occurred, the chromatogram from method 1
was still considered very good, with no peak fronting or tailing on
allopurinol.

Chromatogram profiles of positive controls were collected, and AUC
values were applied to the equation based on the calibration curve
(fig. 3) to determine analyte concentration extracted from method 1.
The results showed that the average of extracted analytes was
91.314+2.903% with a total RSD of 3.18% (table 3). During the
extraction process, the matrix was noticed to precipitate as HCl was
added into the solution. It possibly separated allopurinol from the
insoluble matrix in acid and led to lowered matrix concentration in
the solution.

The extraction in the method 2 involves two immiscible solvents that
function to separate components in the positive control mixture based
on the principle of like dissolves like. The mixtures were dissolved in
methanol and partitioned with HCI and ethyl acetate. The analyte was
expected to be dissolved in an aqueous phase and separated from the
organic soluble matrix. Furthermore, the aqueous phase was
alkalinized by adding NH4OH. The results showed that allopurinol
peaks (fig. 4) were more broadened compared to standard. The
broadening was possibly influenced by different solvent compositions.
Negative peaks were also noticed in the chromatogram at 4.4 min
which could be caused by different refractive indices among the
solvents, analyte, and mobile phase [21].

Allopurinol extraction in positive control using method 2 resulted in
54.549+3.517% recovery with a total RSD of 6.446% (table 3). The
hypotheses of the low extracted allopurinol level would be the
selection of methanol as the first stage solvent and the use of ethyl
acetate in the partition process. Compared to method 1 where
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allopurinol was dissolved in NaOH, in method 2 allopurinol was
dissolved in methanol. Allopurinol is soluble in NaOH, very sparingly
soluble in water and ethanol [22], and less soluble in methanol [23].
It allows the extraction in method 2 to be lower than method 1. In
addition, allopurinol solubility in ethyl acetate is 0.1-1g/], this made
partitioning less effective to separate the analyte from the matrix.

Allopurinol extraction in the method 3 was performed using packed
mixed-mode cation exchanger sorbent in a 3 ml cartridge under
vacuum condition. The extraction consisted of conditioning, loading,
washing, and eluting steps. Conditioning allows activation of sorbent
active group (-SOs3’) that can bind to allopurinol ions by ionic
interaction with protonated nitrogen of pyrazole ring [11]. Other
components that did not interact with the active group were
eliminated in the washing step. The analyte was eluted from the
sorbent by loading NH4OH in methanol through the sorbent.

Chromatogram resulting from method 3 showed more broadened
peaks than peaks in method 2. The negative peaks were deeper and
more broadened while allopurinol peaks overlapped with another
analyte eluted at 2 min (fig. 5). Deeper negative peaks were possibly
caused by ammonia gas formed in the injected solution. It can be
reduced by a longer duration of sonication. Extracted allopurinol from
method 3 reached 87.533+4.950% recovery with a total RSD of
5.699% (table 3). The amount of extracted analyte lowers as the
concentration level rises. It indicates that each method has maximum
extraction capacity. The complex components in the matrix allow the
presence of compounds that can interact more strongly with the
sorbents, so that 10-20% of allopurinol was also eluted in the washing
step. Polyphenolic compounds such as flavonols and the derivatives
are known to interact with sorbents in SPE-MCX [24].

According to data presented in table 3, the average recovery values
of the method 1 and 3 were quite similar so statistical difference
testing among three results was required. It is known that 1 out of 9
data groups was abnormally distributed while the rest were
normally distributed. This caused different statistical methods that
the group of 40 and 50 were tested with One Way ANOVA and group
of 60 was tested with Kruskal-Wallis (table 4). The result showed
that in all levels, the three methods were statistically different, thus
the post hoc test was required. In level 40 and 60, the difference was
not significant between method 1 and 3, but it was significant in
level 50. The dissimilarity of these results was obtained due to
imprecise % recovery in all groups of concentration variation (total
RSD>2%). The reason for the different recoveries of all methods is
the type of solvent used. Method 1 uses NaOH and HCl where the
allopurinol is highly soluble, method 2 uses methanol and ethyl
acetate where allopurinol is hardly soluble, and method 3 uses
NaOH and elution solvent NH40H where allopurinol is highly
soluble. However, it should be noted that the solvent selection in this
study was in accordance with the literature procedure obtained for
allopurinol extraction without any changes or optimization. The
determination of the effectiveness of the extraction was carried out
only based on the % value of recovery from the three methods in the
literature without an optimization to obtain the best method. The
accuracy level among three methods was dissolving and filtering
(method 1)>SPE-MCX (method 3)>liquid-liquid extraction (method
2), respectively. Thus, method 1 was chosen to be applied on
positive samples.

The extraction was carried out on positive samples no. 4, 7, 8,9, and
10 with three replications of each sample. The chromatograms (fig.
6) showed that in samples no. 4, 7, and 10 there were overlaps of 2
peaks while in samples no. 8 and 9 there was one peak each with the
higher AUC value (table 5). Compared to TLC plates (fig. 1), there
were unidentified widened spots in samples no. 8 and 9. It indicates
that the unidentified components were eluted and overlapped with
the allopurinol peak that led to higher AUC values. Peaks shown in
chromatograms of samples no. 4, 7, and 10 were in accordance with
the TLC result that there might be another peak with less AUC value
than allopurinol.

In addition, according to the E-Public Warning issued by Indonesia’s
FDA, 2 out of 5 positive samples have been confirmed to contain
synthetic medicinal chemicals. Sample no. 9 contains paracetamol
and sodium diclofenac. Sample no. 4 contains paracetamol and
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caffeine [5]. Compared to the database, there are two hypotheses to
this different result. First, manufacturers changed the type of
medicinal chemicals and added allopurinol into the products after it
was listed on public warning (eg. sample no. 4). This would cause a
positive result on TLC although the chemical was not listed on the
database. Second, method 1 was not specific enough to extract
allopurinol only, so that the matrix was extracted and resulted same
retention as the allopurinol standard (eg. sample no. 9).

CONCLUSION

It can be concluded that the allopurinol extraction method with the
highest effectiveness based on accuracy and precision parameters in
herbal medicine is the dissolving and filtering method. The method
was carried out with NaOH, HCl, and filter paper, resulting in the
recovery of 91.314+2.903% interpreted as accuracy level with the
RSD of 3.18% as precision level.
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