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introduced into the vessels in order to examine its 
influence on uric acid crystals (UAC) formation. The 
pH of the solution was then changed to 4, 4.5, and  
5, respectively, with HCl solution. It was also possible 
to measure the induction time for crystallization, 
which is defined as the time when the solution first 
became turbid. Uniform mixing of the solution was 
done with a REMI 1 MLH magnetic stirrer and 37°C 
was maintained inside the flask over the course. 
Microcentrifuge tubes were used to harvest the 
crystals formed during the process and were stored in 
a refrigerator at 4 C. 
 
Characterization 

Several solid-state characterisation methods, 
including Fourier transform infrared spectroscopy 
(FTIR), X-ray diffractometry (XRD), and scanning 
electron microscopy (SEM), were used to 
comprehend physicochemical characteristics of the 
crystals that were produced. Using a light microscope 
(Optscopes) fitted with a 40X objective lens and a 
digital camera, pictures of the UAC were taken.  
The size of the crystals was then measured using 
ImageJ software. The Rigaku Miniflex 600 X-ray 
diffractometer with Cu-K radiation was used to 
analyse the UAC characteristics. Using an IRSpirit 
(Shimadzu) spectrophotometer, the materials' infrared 
spectra was obtained within the wavenumber range of 
500 to 4000 cm-1. The morphology of the samples was 
determined by SEM (JEOL JSM-6380A) at a voltage 
of 5kV, while the EDS analysis was conducted at a 
voltage of 15 kV. 
 
Results and Discussion 
 
Effect of Tribulus extract on induction time of uric acid 
crystallization 

It was observed that the average induction time 
increased with higher concentration of extract and 
increasing pH (Fig. 1). At pH 4.5, when the extract 
concentration was increased from 37.3µg/mL to  
149.2 µg/mL, the average induction time increased by 
a factor of 38 compared to the absence of the extract.  
A similar trend was observed at pH values of  
4 and 5, with a significant delay in induction  
time noted at pH 5. This delay is attributed to the 
enhanced solubility of uric acid at higher pH levels. 
The increase in the average induction time with 
increase in extract concentration proves the 
effectiveness of the Tribulus extractin inhibiting the 
uric acid crystallization. 

Effect of Tribulus extracton uric acid crystal size: 
The effect of addition of Tribulus extracton the 

mean particle size of UAC is shown in (Fig 2). The 
mean crystal size reduced significantly with the 
inclusion of Tribulus extract in synthetic urineat all 
pH values. The trend of decrease of the mean crystal 
size at the three pH values was different. At pH 4,  
the mean crystal size decreased linearly, and a 
decrease of approximately 4.5 times was observed 
when the concentration of extract was increased  
from 37.31 µg/mL to 149.25 µg/mL. At pH 4.5, in 
comparison to crystal obtained in absence of extract, a 
decrease of approximately 2.84 times was observed 
when 37.31 µg/mL extract was added. At other 
concentration of Tribulus extract, the change in mean 

 
 
Fig. 1 — Effect of Tribulus extracton induction time of uric acid
crystallization at three different pH values 
 

 
 
Fig. 2 — Effect of Tribulus extracton crystal size of uric acid 
crystallization at three different pH values 
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crystal size was insignificant. At pH 5, there was an 
insignificant difference between mean crystal size of 
UAC in absence and in presence of 37.31 µg/mL. 
When the extract concentration was changed from 
37.31 µg/mL to 149.25 µg/mL, a decrease of ⁓3 times 
was observed. It could be inferred from (Fig 2) that 
the presence of Tribulus extractis resulting in the 
decrease in mean crystal size at all pH values. 
 
Phytochemical analysis 

A qualitative phytochemical analysis of Tribulus 
extract (Suppl. Table S1) revealed the presence of 
phenols, flavonoids, saponins, and steroids. The 
quantitative phytochemical analysis of the extract to 
evaluate total phenolic content (TPC), total flavonoid 
content (TFC) and total antioxidant activity (TAC) 
revealed that TPC in extract was 77.5 mg GAE/g, 
while the TFC and AAC were 47.5 mg quercetin/g of 
extract and 63.5 mg AAE/g of extract respectively. As 
discussed earlier, the inclusion of extract in synthetic 
urine resulted in inhibition of uric acid crystallization  
by both delaying the induction of uric acid 
crystallization and reducing the average crystal size. 
The phytochemicals present in the extract could 
interact with the uric acid molecules, resulting in 
extract’s inhibitory action. It has been reported earlier 
with uric acid crystals that different molecules tend to 
interact with different faces of uric acid crystals. The 
presence of theobromine is observed to interact with 
the {210} face of the uric acid crystals10, while the 
interactions of methylene blue dye was localized 
within the {001} and {201} crystal faces22. Interaction 
of these phytochemicals with uric acid molecules can 
hinder the formation of nuclei and growth of crystals, 
both of which are important events in crystallization. 

Alongside inhibiting the crystallization of uric acid, 
presence of above-mentioned phytochemicals can also 
provide health benefits. As anti-oxidative and anti-
inflammatory agents23–25, phenols and flavonoids are 
also known for scavenging free radicals and reducing 
stress in body cells, hence suggesting that Tribulus 
extract may reduce body oxidative stress26. 
 
Characterization 

The FTIR analysis of UAC in the presence of 
extract is shown in (Fig. 3). The FTIR spectra of the 
crystals, both with and without the Tribulus extract, 
appear similar. The bands are represented by dashed 
lined and the results are almost similar with the FTIR 
result of pristine UAC. The FTIR analysis results 
indicate, C – C and C – N stretching at 1584 cm-1,  

O – H distortion at 1300 cm-1, ring vibration at  
1110 cm-1, N – H out-of-plane and in-plane bending at 
880 cm-1, and skeletal ring modification at 620 cm-1. 
No additional peaks were observed, but the  
intensity of existing peaks varied with the addition  
of the extract. This variation in intensity suggests 
interactions between the phytochemicals in the 
Tribulus extract and the uric acid molecules without 
significantly altering their chemical composition. 
Therefore, it is evident that the interactions between 
uric acid molecules and the phytochemicals in the 
extract are primarily physical in nature. 

To examine the impact of adding Tribulus extract 
on the crystallinity of UAC, the samples were 
analysed using PXRD. The PXRD patterns of UAC in 
the presence of Tribulus extract is shown in (Fig. 4). 

 
 
Fig. 3 — FTIR spectra of uric acid crystals obtained in the
presence of different concentrations of Tribulus extract 
 

 
 

Fig. 4 — PXRD pattern of uric acid crystals obtained in the
presence of different concentrations of Tribulus extract 
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For comparison, PXRD pattern of pristine UAC 
obtained at pH 4 is also shown. As evident in (Fig 4), 
the increasing concentration of extract results in 
decrease in the crystallinity of samples. The samples 
obtained at pH 4.5 were observed to be more 
amorphous than the samples obtained at pH 4. This 
decrease in crystallinity can be attributed to the 
inclusion of phytochemicals in the crystal matrix. 

To verify the change of crystallinity, samples 
obtained at pH 4 were subjected to scanning electron 
microscopy. Sample obtained at pH 4 without extract 
(Fig. 5a) were more crystalline than the sample 
obtained at same pH with extract concentration of 
149.25 µg/mL (Fig 5b). The crystal size, as 
previously discussed (Fig 2), was observed to 
decrease with increasing extract concentration. To 
check for the incorporation of any phytochemicals in 
the crystals, samples were subjected to EDS, at a 
magnification of 1000 x a voltage of 15 kV. From the 
EDS data (Fig. 6), it was evident that the weight 
percentage of C, N, and O changed when extract was 
used during the crystallization of uric acid. As C, N, 
and O are the key elements present in most of  

the phytochemicals, it can be concluded that  
the phytochemicals are incorporated in the crystal 
lattice of uric acid, when it crystallizes in the presence 
of extract. The incorporation of phytochemicals  
in UAC lattice was also evident from the transition  
of colour of uric acid samples from colourless to  
light brown. 

 
Conclusion 

The inclusion of aqueous Tribulus extract in 
synthetic urine delayed the induction of uric acid 
crystals. At a fixed pH (4.5), the induction time of 
uric acid increased (38 folds) with increasing the 
extract concentration (from 37.3μg/mL to 
149.2μg/mL). The inclusion of aqueous Tribulus 
extract also reduced the mean size (by 3 folds) of 
UAC. Whenextract concentration was changed from 0 
to 37.3 µg/mL at pH 4.5. FTIR analysis suggests that 
the interaction of phytochemicals in extract with uric 
acid molecules is purely physical. The PXRD patterns 
and the SEM images displayed the reduction in the 
crystallinity of UAC in the presence Tribulus extract. 
EDS analysis suggests the same as a change in the 
percentages of C, N, and O in UAC samples. The 
presence of certain bioactive compounds in the 
Tribulus extract was confirmed by the phytochemical 
analysis and it also showed significant amount of 
phenol, flavonoid and total antioxidant activity. These 
results show the potential of Tribulus extract as a 
natural inhibitor of uric acid crystallization. 
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