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Abstract 

Under favorable conditions, magnesium ammonium phosphate hexahydrate (MgNH4PO4.6H2O), commonly known as 

struvite crystals, may form kidney stones in urinary tracts which can lead to infections and urolithiasis. Studies have 

shown that the traditional use of a number of herbal leaves extract could be an effective treatment for such disease. 

This paper presents a batch crystallization study to investigate the effect of Orthosiphon aristatus (cat’s whiskers or 

kumis kucing – in Malay) leaves extract on the crystallization behaviour of struvite. The experiment was conducted by 

mixing equimolar solutions of MgCl2 and NH4H2PO4 in a 1.0 L volume batch crystallizer at room temperature, with 

varied concentrations: 0.002; 0.0035; and 0.005 M respectively. The leaves extract was added into the crystallizing 

solution immediately after the mixing. The crystallization process was monitored by recording the pH change of the 

solution. In all experiments, the pH decreased steadily and started to tail off near the end of the crystallization. It was 

observed that the crystallization took place spontaneously, i.e. without induction time; except for 0.002 M, where the 

induction time was markedly detected at 3 min and 17 sec. The crystallization rate followed the modified first-order 

kinetic and ranged from 0.102/h to 4.152/h, which agree with most published values. The crystals produced reveal the 

typical shape of struvite crystals which is plate-like elongated in the longitudinal axis. Addition of Orthosiphon 

aristatus leaves extract resulted in fragmentation of the struvite crystals, indicating that the extract could interrupt the 

growth of the crystals. In practical terms, Orthosiphon aristatus leaves extract could be an effective media for kidney 

stones treatment.  
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1. Introduction  

Extracts of herbs have been traditionally utilized to treat urolithiasis or kidney stones. These herbs 

include Origanum vulgare, Moringa oleifera, Asparagus racemosus, Rotula aquatica, Mimosa pudica, 

Trigonella foenum graecum, Nigella sativa and Punica granatum [Khan et al., 2011; Butterweck and 

Khan, 2009].  

As shown by Khan et al [2011], extract of Origanum vulgare was able to inhibit the growth of calcium 

oxalate crystals, i.e. major components of kidney stones or urinary calculi, had antioxidant effect and 

showed antispasmodic activities. Another investigation by Khan et al [2012] revealed that the dried stones 

of Holarrhena antidysenterica was able to inhibit the crystals of calcium oxalate from growing, and thus 

could be beneficial for urolithiasis treatment. It was also disclosed that extract of this plant had antioxidant 

and antispasmodic aspects. As opposed to antibiotic treatment, it has been recognized that traditional 

herbal medicines generally do not cause bacterial resistance and other adverse effects [Miyaoka and 

Monga, 2009]. The wide popularity of herbal medicines might have been caused by such characteristics.  

As reported [Yam et al., 2013; Yam et al., 2007], Orthosiphon aristatus leaves extract has been widely 

used for various treatments, such as kidney and liver ailments. Yam et al [2013, 2007] assumed that the 

antioxidant and free radical scavenging properties of Orthosiphon aristatus (= Orthosiphon stamineus, 

Benth.) extracts could have been responsible for the positive therapeutic effects on the liver. Due to its 

mild diuretic property, Orthosiphon aristatus leaves extract has also been commonly used to treat kidney 

problems [Abdelwahab et al., 2011; Adam et al., 2009]. Abdelwahab et al [2011] suggested that 

Orthosiphon aristatus also had strong antioxidant properties.  

One of the main components of kidney stones is struvite or magnesium ammonium phosphate 

hexahydrate (MgNH4PO4.6H2O) [Suguna et al., 2012; Chauhan, 2011]. Worldwide, about 30% of all 

kidney stones are recognized to consist of struvite as the major components [Chauhan et al., 2011]. As a 

consequence, many investigations have been carried out to examine the influence of herbal extracts on the 
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crystallization of struvite. For example, Chauhan et al investigated the effects of Rotula aquatica [Chauhan 

et al., 2011], Boerhaavia diffusa Linn [Chauhan et al., 2009], Commiphora wightii [Chauhan et al., 2009a], 

and Citrus medica Linn [Chauhan and Joshi, 2008] on crystallization of struvite related to urolithiasis. As 

explained previously, Orthosiphon aristatus is one of the popular plants to be utilized for kidney stone 

problems [Yam et al., 2013; Abdelwahab et al., 2011; Adam et al., 2009; Yam et al., 2007]. It is believed 

that the Orthosiphon aristatus medicinal effect on kidney stones was due to the dissolution of the urinary 

crystals [Chauhan, 2011; Premgamone et al., 2001]. It is therefore necessary to examine the crystallization 

behavior of struvite, in the aspects of reaction rate and morphology. The reaction and dissolution rates are 

obviously related to the speed at which the urinary crystals would be formed. Meanwhile, the morphology 

of crystals are significantly related to the manner by which the crystals might agglomerate to form urinary 

or kidney stones. However, research on Orthosiphon aristatus leaves extract as additives to control 

crystallization of struvite is believed to be still lacking.  

Although a number of sophisticated urolithiasis treatment have gained popularity, such as kidney stones 

destruction through shock wave therapy using ESWL (= extracorporeal shock wave lithotripsy), prevention 

of the renal calculi formation is still a popular choice. It has been suspected that ESWL treatment could 

entail a number of adverse effects [Chauhan, 2011; Butterweck and Khan, 2009]. Additionally, at least for 

the time being, ESWL seems to be prohibitely expensive, especially for most people in developing 

countries. 

With the increasing public acceptance of herbal-derived medicines [Firenzuoli and Gori, 2007] it is 

important to evaluate scientifically the effects of such medicines. This paper presents an investigation on 

the effect of Orthosiphon aristatus leaves extract on the growth and morphology of one of the main 

components of urinary crystals, i.e. struvite.  

2. Materials and methods  

2.1.  Crystalization experiments 

The crystallization experiments were carried out in a lab scale batch crystallizer with the intention that 

the effects of inhibition of the Orthosiphon extract on faces of the crystals produced would be uniform. 

With a gel diffusion growth method, because of the porous nature of the gel, the concentration of the 

Orthosiphon extract could be unevenly distributed across the gel so that the growth of the crystal faces 

might not be uniform [Chauhan, 2011; Suguna et al., 2012].  

Analytical grade MgCl2 and NH4H2PO4 crystals were separately dissolved in doubly-distilled water to 

provide stock solutions containing components of struvite crystals, i.e. Mg2+, NH4
+, and PO4

3-. The distilled 

water used was previously boiled to purge CO2, which would otherwise affect the pH of the solutions. The 

pH of both MgCl2 and NH4H2PO4 solutions were individually adjusted to alkaline ( ≥ 9.00 ) by drop-wise 

addition of 1.0 N NaOH. To investigate the influence of Orthosiphon aristatus leaves extract on the 

crystallization process, the extract was added into the MgCl2 solution. (see sub-section 2.2. Preparation of 

the leaves extract).  

The crystallization experiment was done by quickly mixing equimolar solutions of MgCl2 and 

NH4H2PO4 at predetermined concentrations in the crystallizer with vigorous stirring for five seconds, then 

the stirring speed was reduced to 125 rpm until the end of the experimental run.  

The progress of the crystallization was monitored using a combined pH meter and the pH drop values 

were recorded at one minute intervals for the first five minutes. Then the pH recording was done every five 

minutes until the end of the process. The pH meter was calibrated prior to each experiment using ISO 

standard buffers.  

Due to the release of protons (= H+) during crystallization, the pH decreased with time and started to tail 

off after about 45 minutes. The experiment was continued until 70 minutes to ensure a complete 

crystallization process has been achieved.  

To validate the measurement of [Mg2+] by pH drop calculation, ten mL samples were taken from the 

solution at intervals. These samples were then analysed for their [Mg2+] content using an air-acetylene 

flame atomic absorption spectrophotometer (AAS) (Perkin Elmer 3100). Before the AAS analysis, the 

samples were acidified with concentrated HCl to reach a pH level of 1.0 to 2.0. This acidification was to 

prevent further crystallization as well as to dissolve any fine crystals remaining [Muryanto and Bayuseno, 

2014]. Additionally, the acidification treatment was to ensure that the magnesium species would always be 

in a solubilized form.  
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2.2. Preparation of the leaves extract 

The fresh leaves of Orthosiphon aristatus were washed thoroughly with flowing tap water and then 

rinsed once with distilled water. The cleaned leaves were air dried and ground to coarse powder using a 

household disintegrator/blender. Next, 100 g of the powder was slowly heated to boiling in 1000 mL of 

distilled water, until the volume of the mixture reduced to about a third of the original volume. This thick 

extract was subsequently concentrated using a Soxhlet apparatus modified to yield reduced pressure, with 

the intention to further evaporate the water from the mixture. The extract produced was slightly pasty in 

nature with greenish color. Afterwards, this pasty material was put in an oven at 60oC until it turned to a 

solid substance. The weight of the dried substance was approximately 10 g, and thus representing the 

approximate yield of 10 g/100 g = 0.1 = 10%. For the experiments, 10 mL of the previously prepared 

MgCl2 solution was used to dissolve the dried substance. Because each time the substance dissolved was 

only a few grams, it was considered safe to assume that the volume of MgCl2 solution remained practically 

the same. Hence it was also assumed that adding the dried materials into the crystallizing solution did not 

change the volume of the crystallizing solution.  

2.3. Determination of the reaction rate constants 

With the reagents prepared previously, i.e. stock solutions of MgCl2 and NH4H2PO4, struvite crystallizes 

according to the following reaction:  
 

Mg2+ + NH4
+ + HnPO4

n-3 + 6 H2O   MgNH4PO4.6H2O + nH+   (1) 

       (struvite) 

 

The crystallization was observed by recording the pH drop as the crystallization progressed; and the 

recorded pH data was subsequently used to calculate the decrease in [Mg2+] as described in a recent work 

on struvite crystallization [Muryanto and Bayuseno, 2014]. Detailed description of the calculation on 

converting pH values to [Mg2+] was given by Le Corre [2006] and was adopted in the present work. The 

formula proposed by Le Corre [2006] is as follows:  

 

     




















0pH

tpH
0

10

10
    ln  exp 22 t

MgMg       (2)  

where,  
 

[Mg2+]  = concentration of magnesium ions, mol-3/L 

t   = crystallization time, min,  

pH   = pH values of the crystallizing solution.  

 

To assess the kinetics of the crystallization, i.e. the rate of reaction, a slightly modified first-order 

kinetic model as proposed by Rahaman et al [2008] and Nelson et al [2003] was used, which takes the 

following form:  

 

 

   0lnln eq CCktCC         (3) 

 

where, 

C   = [Mg2+] at any time, t, (molar),  

Ceq   = [Mg2+] at equilibrium, (molar),  

C0   = initial [Mg2+] at time zero, (t = 0), (molar),  

k   = reaction rate constant, (h-1 ),  

t   = crystallization time, (min.).  
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The graph of ln(C-Ceq) versus time, t, as shown by [Eq 3] would yield a straight line for the first-order 

kinetic model to be satisfied.  

2.4. Characterization techniques  

The crystals obtained from the experiments were subjected to a number of analysis: X-ray diffraction, 

SEM and EDX, as well as FT-IR.  

X-ray diffraction (XRD) analysis has proved to be a reliable method for analysis of crystalline 

materials, including the crystalline phases of struvite [Chauhan and Joshi, 2013; Suguna et al., 2012; 

Chauhan et al., 2008; Kumar et al., 2006]. The analysis requires that the crystals were ground into fine 

powder with a mortar and pestle. Then, as specimen, the powder was manually front-loaded into a plastic 

well mounted on the X-ray diffraction spectrometer (XRD) instrument. X-ray identification was performed 

using Cu-K monochromated radiation in a conventional Bragg-Brentano (BB) parafocusing geometry. 

The operational parameters of the XRD spectrometer are shown in Table 1. 

Table 1 Operational parameters of the XRD spectrometer 

Parameters Values 

Radiation type, X-rays source Cu, 40 kV, 30 mA, Nickel filtered 

Wavelength  1.540598 Å Kα1, monochromatic 

λ discriminator diffracted beam, graphite-mono 

λ detector scintillation 

Temperature  22
o
 ± 1 

Range (2θ )  0 - 90 

Specimen motion None  

Step size 0.02
o
 2θ 

Scan rate  2
o
/min 

 

Results of the XRD examination (the peak positions and peak heights of the spectrum) were checked 

against the data for the spectrum of struvite standard (JCPDS – #015762).  

Scanning electron microscope (SEM) fitted with an EDX system (FEI - Phillips) was utilized to record 

the morphology, surface structure, as well as the elemental composition of the crystals. For this image 

processing, the crystalline samples were placed in epoxy on a glass slide and subsequently polished. Then, 

the samples were sputtered with gold. The morphology and surface structure of the struvite crystals were 

examined and recorded using back scattered electron (BSE) imaging, under different magnifications.  

It is common to use infra red spectroscopy to examine minerals associated with urinary tract diseases 

such as struvite [Chauhan, 2011; Chauhan et al., 2011]. It is anticipated that struvite (MgNH4PO4.6H2O) 

would have a characteristic FT-IR spectrum showing four distinct absorptions, namely: metal-oxygen 

bonds (due to Mg), NH4
+ units, PO4

3- units, and water of crystallization.  

3. Results and discussion 

3.1. Determination of the reaction rate constants 

The pH drop of the crystallizing solution is presented in Fig. 1 which shows that higher concentrations 

resulted in a more pronounced pH decrease. As can be seen, the pH level for 0.0020 M almost stays 

constant throughout the run. It was observed that crystallization took place spontaneously for 0.0035 M 

and 0.0050 M, i.e. without induction time; whereas for 0.0020 M the induction time was markedly 

detected, i.e. 3.0 min and 17 sec.  

The crystallization runs with Orthosiphon leaves extract showed that the extract might have minimal 

effect. As can be seen (Fig. 1), the pH drop of the solution with and without the extract is almost the same. 

It can be argued that the extract might not significantly change the pH level. It was therefore anticipated 

that with leaves extract addition the crystallization rate would be similar. Hence, the rate constant 

calculation under these conditions was not attempted.  
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Fig. 1. Plots of the pH decrease in the crystallization of struvite 

Correlation between the decrease of pH values and crystallization time was used to calculate the rate 

constants through plotting of Eq. 3, and the results are depicted in Fig. 2. As can be seen, the graphs 

demonstrate that the data fit reasonably well to the modified first-order reaction rate model with the 

correlation coefficients, R2, between 0.952 and 0.982. The reaction rate constants were calculated based on 

Eq. 3, and were found to be: 0.102/h, 2.292/h and 4.152/h for 0.0020, 0.0035 and 0.0050 M, respectively. 

These values agree favorably with published data [Muryanto and Bayuseno, 2014; Rahaman et al., 2008; 

Nelson et al., 2003].  
 

 

Fig. 2. Plots of the modified first order reaction rate constants  

3.2. X-ray diffraction (XRD) analysis.  

The XRD analysis for the crystals is shown in Fig. 3. The diffraction peak positions and intensities of the 

struvite crystals obtained match up with the standard spectrum for struvite, i.e. JCPDS - #015 762; and also 

concur with those from previous studies [Muryanto and Bayuseno, 2014; Chauhan, 2011]. Thus, it is safe 
to confirm that the crystals produced are struvite.  
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Fig. 3. XRD pattern of struvite produced in the current study  

3.3. Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray (EDX) analysis 

 

 

Fig. 4. Typical SEM image and EDX pattern of the struvite produced in the current study  

The SEM and EDX pattern of the struvite products indicate that the crystals have needle-like 

appearance elongated in the longitudinal axis; and that the main elemental compositions: Mg, P, and O 

respectively, match with those of previous findings [Muryanto and Bayuseno, 2014; Chauhan, 2011].  

3.4. Fourier Transform-Infra Red (FT-IR) 

The recorded spectrum obtained from the experiment and its associated vibrational band assignments is 

depicted in Figure 5. As expected, the four absorption regions are present: metal-oxygen bonds, NH4
+ 

units, PO4
3- units, and water of crystallization, which correspond to the four main constituents of struvite.  
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Fig. 5. FT-IR spectrum of struvite crystallized in the presence of Orthosiphon aristatus leaves extract.  

All the vibrations recorded concur with the previous findings on struvite [Chauhan, 2011; Chauhan et 

al., 2008]. There is a broad asymmetric band between 2100 and 3600 cm-1, which can be attributed to O-H 

and N-H stretching vibrations. A medium broad band around 2900 cm-1 indicates the ν1 symmetric 

stretching vibration of N-H in NH4
+. The absorptions occurred at 1700 and 1600 cm-1 can be due to H-O-H 

bending modes indicating water of crystallization. Meanwhile the two intense vibrations taking place at 

1468 and 1433 cm-1 suggest ν4 asymmetric bending vibration of N-H in NH4
+. A broad shoulder band 

occurring at 1220 cm-1 indicates ν4 asymetric bending vibration of N-H. The weak absorption bands at 868 

and 882 cm-1 are due to wagging modes of vibration of coordinated water. The metal-oxygen bond can be 

indicated by the weak absorption band at 696 cm-1. The weak band at 440 cm-1 can be ascribed to ν2 

symmetric bending vibration of PO4
3- units. A sharp absorption peak at 575 cm-1 can be assigned to ν4 

asymetric bending modes of PO4
3-. Overall the FT-IR spectrum substantiates the presence of the four 

compound species of struvite: metal-oxygen bond (due to Mg), NH4
+, PO4

- and water of crystallization.  

3.5. Struvite pictures under light microscope 

As discussed previously (see 3.1 Determination of the reaction rate constants), the extract appeared to 

have minimal effect on pH level. Hence, the reaction rate could be practically unaffected. Visually, 

however, the struvite crystals obtained showed greenish discoloration, which could be due to the color of 

the extract. Additionally, there has been a significant change in morphology for the crystals grown with 

extract addition. They seem to be shorter and fragmented (Fig.6 – left) compared with those without extract 

(Fig.6 – right).  

The relative growth rate of each crystal face could be different due to the differences in the rate of 

deposition of particles or crystal growth unit on the faces. In this study, it is assumed that the particles of 

the leaves extract might have disrupted the deposition rate of the crystal-forming particles. Therefore, the 

growt rates of the different faces of the crystals are uncontrolled, resulting in the change of morphology. 

The fragmentation of the struvite could be beneficial because such disintegrated crystals could have less 

tendency to agglomerate compared to those with needle-like shape.  

 



 

 

Fig. 6. Struvite crystals under light microscope (magnifications 40 x): left – with extract addition  

4. Conclusions 

The reduction in pH can be used to monitor the progress of crystallization of struvite in the presence of 

Orthosiphon aristatus leaves extract. The crystallization rate followed the modified first-order kinetic with 

rate constants between 0.102 and 4.152/h depending on the concentrations of the crystallizing solution. The 

leaves extract did not affect the crystallization rate but altered the morphology of the crystals, i.e. the 

crystals were fragmented. Therefore, it is contended that the extract could be beneficial for urinary calculi 

treatment, since the fragmented crystals could have less tendency to agglomerate. The current findings 

could definitely be exploited in any experimental studies related to urolithiasis.  
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