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ABSTRACT 
The paper-based device for allopurinol detection was developed by an enzymatic reaction. The concept is that 
allopurinol will act by blocking the xanthine oxidase enzyme to produce uric acid and H2O2, resulting in a color 
change from purple to pale purple until it is colorless. The concept was proofed by spectrophotometry and was applied 
in four types of filter paper including Whatman Qualitative No. 1, No. 4, and No. 6, and Whatman 1 chromatography. 
The application of this system was observed using ImageJ analysis. The performance of the paper reveals that each 
Whatman has different characteristics with LOD and LOQ range were 1.62-2.24 ppm and 4.91-6.80 ppm, respectively. 
The stability study shows that all of the paper was stable for 3 days both at room temperature (around 24°C–26°C) 
and 4°C. The presence of another drug like paracetamol did not prevent allopurinol detection. The real traditional 
medicine sample was also analyzed to confirm the applicability of this paper, and the result showed good agreement 
with spectrophotometry data. 
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INTRODUCTION 
Jamu is a traditional herbal medicine prepared using plant extracts or herbal combinations.1 In the 
Indonesian community, particularly in rural and urban areas, traditional herbal medicine (Jamu) is used to 
treat some diseases or to maintain health.2 Since the consumption of Jamu has increased, some of the illegal 
manufacturers added chemical drugs to certain herbal medicine to enhance the therapeutic effect and 
increase the sales revenue. The Indonesian government has a regulation that Jamu should not contain 
synthetic chemicals or medicinal isolation results.3 The Food and Drug Administration in Indonesia issued 
a press release regarding a chemical drug that is usually added to Jamu, including allopurinol. Monitoring 
allopurinol in traditional medicines is important to control the acute adverse reactions of allopurinol that 
include diarrhea, drug fever, hematological abnormalities, etc.4 
Allopurinol, a xanthine oxidase inhibitor, is a uricostatic gout drug used to reduce blood uric acid levels.5 
Gout is caused by a high level of uric acid in the blood signed by crystal formation in the joint.6 Uric acid 
is produced by hydroxylation of hypoxanthine to xanthine and xanthine to uric acid catalyzed by xanthine 
oxidase (XO).7 XO inhibitor has an important role to control uric acid production such as allopurinol that 
has been widely used for the treatment of gout.8 Uncontrolled consumption of allopurinol will cause some 
adverse reactions like diarrhea and hematological abnormalities.4 Therefore, to control the potential toxicity 
of allopurinol, monitoring allopurinol in Jamu is important. 
Spectrophotometric and high-performance liquid chromatography are several analytical methods that are 
widely used for allopurinol detection.9,10 Although both methods are sensitive and selective, they require 
expensive instruments and cannot be applied for on-site analysis. Recently, the paper-based analytical 
device has received considerable attention as a tool for sample analysis owing to its simplicity, low cost, 
and easy usability.11-13 The paper-based device for drug detection has been developed.14-17 The most 
common detection technique used is the colorimetric method18 owing to its simplicity, visual readout, and 
fast analysis of chemical or enzymatic reactions to produce a different color.19,20 Previously, a paper-based 
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analytical device for allopurinol detection in herbal medicine has been developed using a colorimetric 
reagent.21 Allopurinol will be detected based on the reaction of the colorimetric reagent with a functional 
group of allopurinol compounds. This system seems to be less selective since many compounds have the 
same functional group as allopurinol. In the current research, an enzymatic reaction was chosen as a reagent 
to improve the selectivity of the system since the colorimetric reagent detects a specific functional group in 
all compounds. Meanwhile, in this enzymatic reaction, it can only react with a compound with xanthine 
functional group such as allopurinol. 
In this study, the paper-based device for allopurinol detection in Jamu was developed based on enzymatic 
reaction. Allopurinol is an XO inhibitor can be detected by an enzymatic reaction. XO assay kit was used 
as an enzymatic reagent to detect allopurinol. XO catalyzed the oxidation of hypoxanthine to xanthine and 
xanthine to uric acid.22 During this reaction, superoxide anion radicals and H2O2 are formed23 resulting in 
uric acid, and H2O2 is produced at the end of the reaction. H2O2 will react with the fluorescent peroxidase 
substrate on the XO assay kit resulting in a color change (purple) and can be observed at 570 nm. If the 
allopurinol is present, they will compete with xanthine to bind with XO resulting in little to no color change. 
This concept was run first by spectrophotometry and was then continued to apply in various Whatman filter 
papers including Whatman No.1(W1), No.4(W4), and No. 6(W6) and Whatman 1 chromatography (WChr). 
The performance of the paper-based device is also demonstrated and shows that this platform could be 
employed for detecting allopurinol in Jamu. 
                                      

EXPERIMENTAL 
Materials 
All chemicals used were of analytical grade and were used without further purification. All chemicals were 
obtained from the official distributor of Indonesia. In this experiment, commercially available XO assay 
kits were used for allopurinol detection (Sigma-Aldrich Cat no.: MAK078). XO microbial was purchased 
from Sigma-Aldrich (Cat no. X2252). Allopurinol was obtained from Nanjing Pharma Chemical Plant. W1, 
W4, W6, and WChr filter paper were purchased from GE Healthcare. Hydrochloric acid and sodium 
hydroxide were obtained from Merck. 
 

Color Change Analysis Using Absorbance 
To proof, the concept that the intensity of color will decrease in the presence of allopurinol, a variation 
concentration of allopurinol was added to the XO assay kit. Protocols from the supplier of the XO assay kit 
were applied step by step (Sigma-Aldrich, Cat no.: MAK078). Briefly, various concentrations of allopurinol 
were added to the reaction mix solution (as a protocol) in a 96-well plate and allowed to react for 25 min. 
The absorbance was measured at 570 nm using UV-Visible spectrophotometer Analytik Jena SPECORD 
200 using a 1.0 cm quartz cell. 
 
 
 
 
 
 

 
 
 

Fig.-1: Design of the Paper-based Device 
 

Design and Operation of the Paper-based Device 
W1, W4, W6, and WChr were cut into 0.5 cm × 0.5 cm pieces. The backside of the piece of paper was 
sealed with packing tape to prevent the reagent from leaking out underneath the paper. Then, the paper was 
attached to the black paper background using double tape, as shown in Figure 1. The piece of paper was 
added with 10 µL of reagent mix solution containing 4 µL of XO microbial, 4 µL of XO assay buffer, and 
2 µL of XO enzyme mix, and then the paper was dried at room temperature (around 24°C–26°C). In using 
this device, 10 µL of the sample solution that contains 2 µL of XO substrate mix, 2 µL of fluorescent 
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peroxidase substrate, 5 µL of allopurinol, and 1 µL of XO assay buffer was added to the paper and was 
allowed 30 min to saturate and react with the reagent on the device. The devices were scanned using Scanner 
on HP LaserJet M1132 MFP and then the images were analyzed using ImageJ software by the grayscale 
method.  

RESULTS AND DISCUSSION 
Color Change Analysis 
Before designing the paper-based device, a substrate competition assay in solution between xanthine and 
allopurinol was studied to determine that the color intensity will decrease in the presence of allopurinol. 
Various concentrations of allopurinol 0.01, 0.1, 1, 10, and 100 ppm were added to the mix solution and 
react a different time, obtaining the graph in Figure 2. One unit of the XO enzyme will catalyze the oxidation 
of xanthine resulting in 1 µmole uric acid and H2O2. The H2O2 reacts with the fluorescent peroxidase 
substrate showing purple color, this indicates that uric acid is formed. XO inhibitor, such as allopurinol, 
acts by blocking the biosynthesis of the uric acid through the interaction at the purine binding site in the 
body.24,25 This will cause the H2O2 production to decrease linearly with the absorbance resulting in a color 
change from pale purple to colorless. As shown in Fig.-2, the longer reaction time produces more H2O2 
(more uric acid), and the result demonstrated that XO will choose to react with allopurinol compared to 
xanthine, leading to less color change.  
 
 

 
 
 
 
 
 

 
 
 
 
 

Fig.-2: Color Change Analysis to Demonstrate the Less Color Change resulted in the Presence of Allopurinol 
 

Design and Operation of the Paper-based Device 
The color changes from purple to colorless when the allopurinol presence in the XO assay kit solution 
makes the solution viable to be applied in the paper device. To apply this concept in the paper, the XO 
substrate is not added to the reagent mixture but is added to the sample mixture. This is intended to allow 
the competition between XO substrate and allopurinol. If the XO substrate is present in the reagent mixture 
and is added on the paper early, the purple color will form indicating that the XO substrate has reacted with 
the XO enzyme. When the sample containing allopurinol was added to the paper, the color will not change 
from pale purple to colorless because the XO enzyme has completely reacted, and allopurinol cannot block 
the reaction. 
The paper device was designed simply by cutting the paper in a rectangular shape; the use of an application 
or software to design the device was not necessary. The devices were made using W1, W4, W6, and WChr 
filter paper. Each paper has a different characteristic, especially the pore size. W6 has smaller pores (3 µm) 
relative to other paper and W4 has the biggest pores (20–25 µm). As shown in Fig.-3, W6 performed better 
in color intensity relative to others. This result supports the hypothesis that smaller pores or slower flow 
will increase reaction efficiency resulting in a more noticeable color change16. 
 
Performance of the Paper-based Device 
To observe the performance of the paper, calibration curves were also generated for four different types of 
paper in the concentration of allopurinol 1, 2, 4, 6, 8, and 10 ppm. As shown in Figure 4, a linear trend 
between allopurinol concentration and color intensity was observed in each variation of paper. The results 
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show a negative trend because we are measuring the color intensity of the H2O2 as a result of the enzymatic 
reaction between the XO enzyme and the XO substrate. The more allopurinol present in the sample, the 
reaction between XO enzyme and XO substrate will cause the fewer H2O2, resulting in lower purple 
intensity. Limit of Detection (LOD) and Limit of Quantification (LOQ) was measured to get the analytical 
performance of this device. The result showed that W4 has the lowest LOD and LOQ compare to other 
papers. W6 and WChr showed similar LOD and LOQ.  

 
 
 
 
 
 

 
 
 
 
 
 
 

Fig.-3: The Color Intensity of Allopurinol in a Different Types of Paper 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig.-4: Calibration Curve of Allopurinol in Paper-based Device 
 

The stability of the paper was observed by adding the reagent mix on the piece of paper and dried at room 
temperature. The paper stored in light protected at room temperature (around 24°C–26°C) and 4°C and 
light protected. The purpose of this study is to get a lifetime of paper that can still give a good response. As 
shown in Fig.-5, on Day 1 all paper still gives the best response for all of the paper then on Day 2 the less 
color intensity was observed. On Day 3, at room temperature, the response is very weak until Day 4 all of 
the papers did not give the response in the presence of allopurinol almost all the paper did not respond to 
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the allopurinol. Consequently, the stability of the regent mix solution on paper at room temperature is 3 
days. Furthermore, at 4°C the color intensity of the paper decreased gradually and tends to stable after 3 
days. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-5: Stability Study of the Paper-based Device in the Presence of Allopurinol (A) at room temperature, around 
24°C–26°C (B) at 4°C 

 

Another drug usually added in Jamu is used as a treatment for gout. Therefore, the selectivity test of the 
paper must be conducted to verify the paper still works in the presence of other drugs commonly found in 
Jamu samples for gout, such as paracetamol. In this assay, the same concentration of paracetamol and 
allopurinol (5 ppm) was tested. Paracetamol solution in ethanol 96% was mixed with sample solution and 
then added into the paper. Figure-6 shows that in the presence of paracetamol, the color intensity of paper 
is higher than that of allopurinol. It is described that the enzymatic reactions are not inhibited in the presence 
of paracetamol resulting in higher color intensity. 
 

 
 
 
 
 
 
 
 

 
 
 

Fig.-6: Selectivity Study of the Paper-based Device 
 

Application of Paper-based Device for Real Sample Analysis 
To demonstrate the applicability of this paper for real sample analysis, a sample of Jamu was analyzed 
using spectrophotometry UV-Visible and our paper-based device. The sample was prepared as a reported 
literature procedure21. The result shows that allopurinol was not detected in the sample by using 
spectrophotometry. The sample was then prepared by the standard addition method and spiked with 5 ppm 
of allopurinol. The results are summarized in Table-1 showing good agreement between the paper-based 
devices with spectrophotometry data. This suggests that the paper-based method can quantify allopurinol 
in the real sample. 

Table-1: Recovery Test on the Determination of Allopurinol in the Sample by PAD Spectrophotometry UV (n=3) 
Sample Spectrophotometry  Paper-based Device 

Added (ppm) Found (ppm) Recovery (%)  Paper Added (ppm) Found (ppm) Recovery (%) 

Sample 1 5 4.93 ± 0.003 98.67 

 W1 5 4.83 ± 0.04 96.68 
 W4 5 4.92 ± 0.19 98.52 
 W6 5 5.03 ± 0.04 100.67 
 WChr 5 5.38 ± 0.02 107.71 
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Sample 2 5 5.00 ± 0.005 100.19 

 W1 5 4.93 ± 0.04 98.59 
 W4 5 4.88 ± 0.10 97.63 
 W6 5 5.08 ± 0.05 101.76 
 WChr 5 5.19 ± 0.03 103.84 

Sample 3 5 4.96 ± 0.005 99.26 

 W1 5 4.96 ± 0.01 96.68 
 W4 5 4.88 ± 0.03 98.52 
 W6 5 5.03 ± 0.05 100.67 
 WChr 5 5.17 ± 0.01 107.71 

Sample 4 5 5.03 ± 0.004 100.55 

 W1 5 4.98 ± 0.03 96.68 
 W4 5 4.91 ± 0.05 98.52 
 W6 5 5.06 ± 0.04 100.67 
 WChr 5 5.17 ± 0.01 107.71 

 

CONCLUSION 
A paper-based device for detecting allopurinol in traditional medicine has been developed based on 
enzymatic reaction. The device has a simple design and is easy to use for detecting allopurinol by 
colorimetric method. The performance of the paper-based device shows good sensitivity and selectivity. 
The developed paper-based device was also successful for the determination of allopurinol in Jamu samples, 
which shows a good agreement with spectrophotometric data. Each filter paper shows different 
characteristics; nevertheless, the paper-based device is potential for in-field allopurinol detection through 
an enzymatic reaction. This paper-based sensor offers new possibilities in the field of analysis of allopurinol 
in another sample. 
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