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Abstract: Problem statement: The formation of a urinary stone, known as nephrolithiasis, 
urolithiasis, renal calculi or kidney stone is a serious, debilitating problem in all societies throughout 
the world. Struvite or Ammonium Magnesium Phosphate Hexahydrate (AMPH) is one of the 
components of urinary stone (calculi). Struvite stones are commonly found in women. Struvites form in 
humans as a result of urinary tract infection with ureolithic urea splitting micro organisms. These stones 
can grow rapidly forming "staghorn-calculi", which is more painful urological disorder. Therefore, it is of 
prime importance to study the growth and inhibition of Struvite crystals. Approach: This in vitro study 
had been carried out in the presence of herbal extract of Boerhaavia diffusa Linn. by using single 
diffusion gel growth technique. Sodium metasilicate solution of specific gravity 1.05 and an aqueous 
solution of ammonium dihydrogen phosphate of 0.5 M concentration were mixed so that the pH value 
7.0 could be set. After the gelation, equal amount of supernatant solution of 1.0 M magnesium acetate 
prepared with 0.5 and 1% concentrations of the herbal extract of B. diffusa Linn. were gently poured on 
the set gels in the respective test tubes in the aseptic medium. Results: The growth of crystals without 
and with herbal extracts was monitored at regular time intervals. As the concentration of B. diffusa 
Linn. increased, the inhibition of crystals also increased in the gel media as well as the dissolution of 
crystals at the gel-liquid interface increases. The de-fragmentation of some grown crystals was also 
noticed.  Conclusion: The herbal extract  of  B. diffusa Linn. inhibited the growth of struvite crystals 
in vitro. This study incorporated multidisciplinary interests and may be used for formulating the 
strategy for prevention or dissolution of urinary stones. 
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INTRODUCTION 

 
 Urinary stone is one of the oldest and common 
afflictions of humans. A large number of people are 
suffering from urinary stone problem all over the glob. 
Not only the humans but animals and birds also suffer 
from the urinary stone problem. The occurrence in some 
areas is so alarming that they are known as ‘Stone 
Belts’[1]. In USA urinary stones are responsible for about 
1.3 million medical consults each year with treatment 
costing about $2 billion annually in medical bills[2]. As 
per one estimate 6 lacs Americans suffer from urinary 
stone problem every year. Whereas, in India 11% people 
are expected to be having urinary stone problem and out 
of them 50% may lead to loss of kidneys or renal 
damages. Also, nearly 15% population of the northern 
India is suffering from kidney stone problem[3]. 

 The stones are usually formed by one of four 
substances calcium, uric acid, magnesium ammonium 
phosphates, or cystine[4]. Kidney stones result from the 
growth of crystals into stones[5]. Struvite, Ammonium 
Magnesium Phosphate Hexahydrate {(AMPH)-
(NH4)MgPO4·6(H2O)}, is a biomineral and occurs as 
crystallites in urine and as a type of kidney stone. It is 
also known as triple phosphate stone, infection stone or 
urase stone. Worldwide, they compose 30% of all 
kidney stones[6]. 
 Struvites form in humans as a result of urinary tract 
infection with ureolithic micro organisms that split urea 
and cause persistently alkaline urine[7-9]. The stone 
formation requires supersaturated urine. Super-
saturation also depends on urinary pH, ionic strength, 
solute concentration and complexations[1]. For the 
formation of Struvite calculi, three conditions must 
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coexist. (i) Alkaline urine (ii) The presence of urea or 
ammonia in the urine and (iii) Higher concentration of 
minerals in the urine. As it is known, Struvite forms as 
a consequence of a urinary tract infection by urease 
producing micro organisms, this urease splits urea and 
produces ammonia. Further hydrolysis of the ammonia 
takes place, which produces NH4+ ions and increases 
urine pH and gives neutral or alkaline urine. An 
elevated urinary pH reduces the solubility of 
magnesium ammonium phosphate and favors 
precipitation of Struvite crystals. Higher intake of 
phosphate (from Proteins) and magnesium based food 
and lower intake of water gives rise to the PO4

3-and 
Mg2+ ions in the supersaturated urine, which leads to 
the conditions of formation of Struvite[10].  
 Urine of a healthy person is under-saturated with 
regard to Struvite, but because of the conditions 
provoked by urease-producing microorganisms and the 
urine complex composition, the precipitation of Struvite 
can occur. Under such conditions Struvite often 
precipitates together with apatites and the sediment can 
easily be attached to the particles of organic matter 
formed as a consequence of the infection. This 
mechanism favors the crystal deposition and 
aggregation, so that Struvite stones grow rather quickly. 
Struvite stones may grow rapidly over a period of 
weeks to months and, if not adequately treated, can 
develop into a Staghorn or branched calculus that 
involves the entire renal pelvis and calyces. Patients 
with infected Staghorn calculi who receive no treatment 
have about a 50% chance of losing the kidney [11-12]. 
Therefore, it is very much necessary to study the 
growth-inhibition of Struvite crystals. 
  In the present investigation, Struvite crystals were 
grown by single diffusion gel growth technique and the 
study of the growth inhibition effect on the Struvite 
crystals in the presence of the different concentration of 
the herbal extract of one of the medicinal plants, 
Boerhaavia diffusa Linn. was carried out. 
 

MATERIALS AND METHOD 
 
Single diffusion gel growth technique: The growth of 
Struvite can be simulated in the laboratory by growing 
crystals in silica hydro gel medium. In the gel growth 
technique, the gel acts as a ‘three dimensional crucible’ 
which supports the crystals; at the same time yields to 
its growth without exerting major forces upon it. This 
relative freedom from constraint is believed to be an 
important factor in the achievement of high structural 
perfection. In the gel growth technique growth occurs 
due to reaction between two solutions in a gel medium 

or achieving super-saturation by diffusion in gel 
medium. Slow and controlled diffusion of reactants in 
gels can mimic the condition in body. Bio-
crystallization or bio-mineralization usually occurs in 
the slow and steady process in the soft tissues. Single 
diffusion gel growth technique provides the simplified 
in vitro model of the highly complex growth of urinary 
calculi in vivo. Growth of crystals with different 
morphologies is commonly found in bio-mineralization. 
In the gel growth technique, by changing the growth 
conditions, crystals with different morphologies and 
sizes can be obtained. The main advantage is that the 
crystals can be observed practically in all stages of their 
growth. The gel growth technique was described in 
details by Henisch[13], Henisch et al.[14] as well as Patel 
and Rao[15].  
 Urinary stones grow in a gel like medium; 
therefore, they have radially striated growth[16]. The 
crystal growth by gel method provides simulation of 
synovial cartilage and other biological fluids[17]. Gel 
growth (in vitro) of a few urinary stone constituents and 
the inhibitory role played by some extracts or juices of 
natural products in crystal growth were studied 
earlier[18]. This technique has been successfully used to 
study the growth inhibition of calcium oxalate 
crystals[19] and calcium hydrogen phosphate dihydrate 
crystals[20] using herbal extracts of Tribulus terrestris 
Linn. and Bergenia Ligulata Linn. Growth inhibition 
study  of  Struvite  in  the  presence  of the juice of 
Citrus medica Linn.[21] and in the presence of the herbal 
extracts of Commiphora wightii[10] and Rotula aquatica 
Lour.[22] was successfully carried out by the present 
researchers. Recently, a modified gel growth technique 
has been  proposed  for  the  micro-crystal growth and 
in situ observations, which has been successfully tested 
for calcium hydrogen phosphate dihydrate micro crystal 
growth inhibition in the presence of citric acid[23]. 
 
Herbal extract of Boerhaavia diffusa Linn.: In the 
indigenous Indian system of medicine i.e., in the 
Ayurveda, many herbal medicines have been 
recommended for the treatment of urinary stone 
problem and some of them have been experimentally 
evaluated[18-22,24-25]. In the present growth inhibition 
study researcher used one of the herbal extracts-
Boerhaavia diffusa Linn., commonly known as 
Punarnava, Raktakanda, Varshabhu or Shothaghni in 
Sanskrit,  Spreading  Hogweed  in   English. 
Boerhaavia diffusa Linn. is a herbaceous plant of the 
family Nyctaginaceae. It is a small perennial creeping 
herb distributed widely all over in India and in many 
other countries. The root and the whole plant is known 
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to have medicinal properties and are used as an 
Ayurvedic medicine in India for the treatment of 
diabetes, stress, dyspepsia, abdominal pain, 
inflammation, jaundice, enlargement of spleen, 
congestive heart failure and bacterial infections[26-31]. 
The plant is known to possess anti-inflammatory[32-33], 
anticonvulsant[34-35], antifibrinolytic[36], diuretic[37-38], 
hepatoprotective[39-42] and immunomodulatory[43-44] 

activities. It has also been reported to be useful in the 
treatment of elephantiasis, night blindness, corneal 
ulcers and nephritic syndrome[45-48].  
 
Experimental technique: The single diffusion gel 
growth technique was used to study the growth and 
inhibition behavior of Struvite crystals in the presence 
of different concentration of the herbal extract 
Boerhaavia   diffusa   Linn.  The  extract  of 
Boerhaavia diffusa Linn. has been prepared by the 
standard method which is elaborately discussed 
elsewhere[49]. Sodium Metasilicate (SMS)-{Na2 Si O3, 

9H2O} solution of specific gravity 1.05 was used to 
prepare the gel. An aqueous solution of Ammonium 
Dihydrogen Phosphate (ADP)-{NH4 H2 PO4, 2H2O} of 
0.5 M concentration was mixed with the SMS solution 
in appropriate amount so that the pH value 7.0 could be 
set for the mixture. The gel solution of 20 mL was 
transferred  into  the  test tubes of 140 mm length and 
25 mm diameter. All test tubes and other glassware 
were autoclaved at 120°C for 15 min. Here, the silica 
gel was chosen so that it remains stable and does not 
react with the reacting solutions or with the product 
crystal formed. After the gelation took place, 20 mL 
supernatant solutions of pure 1.0 M magnesium acetate-
{C4 H6 Mg O4, 4H2O} (without inhibitor) and 1.0 M 
magnesium acetate prepared with 0.5 and 1% 
concentrations of the herbal extract Boerhaavia diffusa 
Linn. were gently poured on the set gels in test tubes to 
study the growth inhibition of Struvite crystals. This 
was done in the aseptic medium in laminar flow hood to 
avoid microbial contaminations. Composition and the 
pH value of the supernatant solution are as shown in 
Table 1. After pouring supernatant solution, the test 
tubes were capped with airtight stopples. The 
experiment  was  conducted  at   the  room  temperature. 
 
Table 1: Composition of supernatant solution 
  Composition 
  --------------------------------------------- 
  Distilled Magnesium B. diffusa  
Concentration pH Water (mL) acetate (g) Linn. (g) 
No Inhibitor 8.00 20 4.288 - 
0.5% B. diffusa Linn. 7.25 20 4.288 0.100 
1% B. diffusa Linn. 7.00 20 4.288 0.200 

The following reaction is expected to occur in the gel 
between the two reactants: 
 
NH4H2PO4.2H2O+(CH3COO)2Mg.4H2O 
→NH4MgPO4.6H2O+2CH3COOH (1) 
 
 The apparent lengths of growing/dissolving 
Struvite crystals in each of the test tubes were measured 
by using a traveling microscope of least count 0.001 cm 
at regular time interval. The apparent lengths of 
growing/dissolving Struvite crystals at the different depth 
from gel-liquid interface in each of the test tubes were 
measured and mean length of the crystals at the different 
depth was calculated. The statistical analysis of the single 
factor ANOVA was carried out. At the end of the 
experiment, Struvite crystals were gently removed from 
the gel medium of each of the test tubes. Average of the 
total mass and the total volume of the grown Struvite 
crystals in each of the concentration were found out.  
 

RESULTS AND DISCUSSION 
 
 There are substances, which change or modify 
crystal formation, which can be divided into three 
groups as inhibitors, complexors and promoters. 
Urinary inhibitors attach to the growth sites on 
crystalline face and retard the growth and aggregation 
further. Recently, the growth inhibition of 
hydroxyapatite crystals is studied at physiological 
temperature in vitro by using-Boswellia serrata Roxb., 
Tribulus terrestris Linn., Rotula aquatica Lour., 
Boerhaavia diffusa Linn. and Commiphora wightii 
herbal extract solutions and the diffusion constants 
were measured for Ca++ ions[50]. For Struvite crystals 
not significant amount of growth inhibition is reported. 
The present authors have recently identified the 
inhibition  produced  by  the herbal extract 
Commiphora wightti[10], Rotula aquatica Lour.[22] and 
the juice of Citrus medica Linn.[21]. In the present 
investigation herbal extract of Boerhaavia diffusa Linn. 
is used to study the growth inhibition of Struvite 
crystals in vitro in growth conditions.  
 Struvite crystals with different morphologies like 
dendritic type, prismatic type, rectangular platelet type, 
needle type were grown in the gel[51]. Figure 1 shows 
the photographs of the grown Struvite crystals in the gel 
medium. It was seen that as the concentration of the 
herbal extract Boerhaavia diffusa Linn. was increased 
in the supernatant solution, the number of grown Struvite 
crystals in the silica hydro gel medium decreased and 
also average size of the Struvite crystals decreased as 
shown in Fig. 2. The average size of the prismatic type 
crystals  grown  is  0.7  cm  in  the  case  of  no  inhibitor, 
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Fig. 1: Struvite crystals grown in Gel medium. (a): No. 

Inhibitor;  (b):  0.5%  B.   diffusa Linn.; (c) 1% 
B. diffusa Linn. 

 

   
 (a) (b) 
 

 
(c) 

 
Fig. 2: Variation in the size of the Struvite crystals in 

different  concentration.  (a): No. Inhibitor; 
(b): 0.5% B. diffusa Linn.; (c): 1% B. diffusa 
Linn. 

 
whereas it was 0.35 cm in the case of 0.5% B. diffusa 
Linn. and was 0.2 cm in the case of 1% B. diffusa Linn. 

Table 2: Growth/Dissolution rate of Struvite crystals in gel at gel-
liquid interface 

  Concentration 
  ----------------------------------------------- 
   0.5% 1% 
Growth/dissolution  No. B. diffusa B. diffusa 
rate Day inhibitor Linn. Linn. 
Growth rate 1 1.185 1.027 0.825 
(cm days−1) 2 0.608 0.534 0.413 
 3 0.410 Dissolution Dissolution 
   starts starts 
 4 0.309 - - 
Dissolution rate  1.8×10−2 3.4×10−2 4.3×10−2 

(cm days−1) 

 
 After the pouring of supernatant solution, dendritic 
type crystals were found to grow at the gel-liquid 
interface. The growth rates of Struvite crystals, at the 
end of 1st, 2nd, 3rd and 4th day, growing in the gel at 
gel-liquid interface for the different concentration of 
supernatant solution were as shown in Table 2. It can be 
noticed from the growth rate observations that the 
growth rate of the growing Struvite crystals and hence 
the size of the crystals decreases as the concentration of 
the B. diffusa Linn. increases. It was observed that the 
length of the Struvite crystals growing in the gel at gel-
liquid interface increases up to first 4 days in the normal 
case i.e., without any inhibitor, where as it increases up 
to first 2 days and than it started dissolving in the case of 
0.5 and 1% concentrations of B. diffusa Linn. From the 
Table 2 it can be noticed that the growth rate decreases 
with the increasing concentration of B. diffusa Linn. The 
maximum apparent length of the grown Struvite crystals 
at the gel-liquid interface is 1.235 cm in the case of no 
inhibitor, whereas it is 1.067 cm and 0.865 cm for 0.5 
and 1% B. diffusa Linn., respectively; which shows that 
as the concentration of B. diffusa Linn. increases in the 
supernatant solution, maximum apparent length of the 
grown crystals in the silica hydro gel medium 
decreases. 
 The maximum depth of growth, i.e. the depth from 
the gel-liquid interface in gel up to which Struvite 
crystals are grown, 5.2 cm was observed after 2 days in 
case of no inhibitor (or control solution), while it was 
2.9 cm and 2.6 cm after 2 days for 0.5 and 1% 
concentrations of B. diffusa Linn., respectively. This 
suggests that the herbal extract impedes the diffusion 
process of reactants occurring in the gel column for the 
nucleation and subsequently the growth of crystals. The 
concentration gradient is the maximum at the gel-liquid 
interface, which decreases gradually on moving 
towards the bottom of the test tubes. Thus the reduction 
in the value of the depth of growth indicates the 
inhibition offered by the herbal extracts.  
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Fig. 3: Growth and dissolution of Struvite at gel-liquid 

interface 
 
 Due to high concentration of reactants at the gel-
liquid interface, more-or-less, a direct reaction is 
taking place, which results in to dendritic type 
crystals. It was observed that dendritic type Struvite 
crystals, grown in the gel at the gel-liquid interface 
dissolved completely within 33 days in case of 0.5% 
concentration of B. diffusa Linn. whereas within 21 days 
in the case of 1% concentration of B. diffusa Linn. The 
growth and dissolution of Struvite crystals at the gel-
liquid interface is shown by plots of average length 
versus time period in Fig. 3. Here it was found that 
Struvite crystals dissolved at some extent grown at the 
gel-liquid interface even in the absence of inhibitor. It 
may be due to dissolution in acetic acid which is 
formed due to the chemical reaction as shown in Eq. 1. 
But it is observed that the dissolution becomes faster 
for different concentrations of B. diffusa Linn. From the 
ANOVA single factor analysis it was found that the 
differences in the average lengths in each of the case 
were highly significant at 0.05 level. The dissolution 
rate of Struvite crystals grown in the gel at gel-liquid 
interface for the different concentration of B. diffusa 
Linn. is as shown in Table 2. It can be seen that the 
dissolution rate increases with the increasing 
concentration of B. diffusa Linn. 
 Inasmuch as the growth of calculi continuously 
occurs  by  the  supply  of  nutrients through urine, the 
in vitro growth inhibition or dissolution study is 
important. In the gel growth the nutrients are constantly 
being supplied to the growing crystals and the 
dissolution or inhibition is to be checked for the 
selected solution. It is not a simple dissolution of 
crystal, which can simply be achieved by placing a 
selected crystal in herbal extract solution and measure 
the dissolution. In the absence of the inhibitor, the 
dissolution of the crystals took place only at the gel-
liquid interface; this is due to high concentration 
gradient   of   acetic  acid   at   the  gel-liquid   interface. 

 
 
Fig. 4: Growth and dissolution of Struvite at different 

depth from the gel-liquid interface in the 
absence of inhibitor 

 
Table 3: Enhanced dissolution rate of Struvite crystals in gel at gel-

liquid interface in the presence of B. diffusa Linn. 
 Dissolution Enhanced Percentage of 
 rate dissolution enhanced  
Concentration (cm days−1) rate (cm days−1) dissolution rate  
No Inhibitor 1.8×10-2 - - 
0.5% B. diffusa Linn. 3.4×10-2 1.6×10-2 88.89 
1% B. diffusa Linn. 4.3×10-2 2.5×10-2 138.89 

 
But the dissolution of the crystals did not take place on 
going towards the bottom of the test tube because the 
concentration gradient of acetic acid decreased. In the 
cases of 0.5 and 1% concentrations of B. diffusa Linn., 
however, the enhanced dissolution of the crystals was 
observed at the gel-liquid interface; which was partially 
due to the formation of acetic acid and partially due to 
the presence of B. diffusa Linn. This enhanced 
dissolution rate due to B. diffusa Linn. is confirmed by 
the comparative values of crystal dissolution rates given 
in a separate Table 3. The percentage of enhanced 
dissolution rate of Struvite crystals grown in the gel at 
the gel-liquid interface is 88.89 and 138.89% for 0.5 
and 1% concentrations of B. diffusa Linn., respectively. 
 Growth and dissolution of grown Struvite crystals 
at different depth in gel from the gel-liquid interface in 
the absence inhibitor is shown by plots of average 
apparent length versus time period in Fig. 4. It is 
observed that the length of growing crystals in the gel at 
gel-liquid interface increased up to first 4 days and then 
started dissolving, due to the formation of acetic acid. It 
is also noticed that the length of the crystals at different 
depth from the gel-liquid interface increased up to first 
7 days and then it remained constant up to about 45 days. 
As the depth of the gel column increases from the gel-
liquid interface, the average apparent lengths of the 
grown crystals were found to be gradually smaller.  
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Fig. 5: Growth and dissolution of Struvite at different 

depth from the gel-liquid Interface for the 0.5% 
B. diffusa Linn. 

 
Table 4: Inhibition of Struvite crystal growth in gel at gel-liquid 

interface in the presence of B. diffusa Linn. on 1st day  
 Average Reduction Percentage of 
 apparent in crystal the inhibition 
 crystal length of Struvite 
Concentration length (cm) (cm) crystal growth 
No Inhibitor 1.185 - - 
0.5% B. diffusa Linn. 1.027 0.158 13.33 
1% B. diffusa Linn. 0.825 0.360 30.37 
 
 Growth and dissolution of the grown Struvite 
crystals at different depths in the gel from the gel-liquid 
interface  in  the case of 0.5 and 1% concentrations of 
B. diffusa Linn. are as shown in the plots of average 
length versus time period in Fig. 5 and 6, respectively. 
The similar phenomena were observed more effectively 
in the presence of inhibitor B. diffusa Linn. It was 
observed that the length of growing crystals in the gel at 
gel-liquid interface increased up to first 2 days in both 
the cases of 0.5 and 1% concentration of B. diffusa 
Linn. It was noticed that in these cases, the growth rate 
as well as the size of the crystals grown were lower. 
The inhibition of crystal growing in the gel at the gel-
liquid interface in the presence of B. diffusa Linn., at 
the end of very 1st day after the pouring of supernatant 
solution is shown in Table 4. The percentages of the 
inhibition of Struvite crystal growing in the gel at the 
gel-liquid interface at the end of very 1st day are 13.33 
and 30.37% in the case of 0.5 and 1% concentrations of 
B. diffusa Linn., respectively, which indicates the 
inhibitive effect of B. diffusa Linn. It was found that as 
the depth increased, the size of the grown crystals 
decreased. The concentration gradient decreases in the 
gel column as the depth increases, therefore, the 
concentration of B. diffusa Linn. also decreases. The 
lower concentration of the B. diffusa Linn. still 
produces the inhibition, which can be confirmed by 
comparing the relative size of crystals in pure control 
solution and the B. diffusa Linn. containing solutions. 

 
 
Fig. 6: Growth and dissolution of Struvite at Different 

depth  from the gel-liquid interface for the 1% 
B. diffusa Linn. 

 

 
 
Fig. 7: Depth of fragmentation versus days 
 
 It was found that as the depth increased, the size of 
the grown Struvite crystals decreased. The maximum 
length of the crystals grown at the depth of 2.5 cm is 
0.418 cm in the case of no inhibitor, whereas it was 
0.195 cm in the case of 0.5% concentration of B. diffusa 
Linn. and was 0.125 cm in the case of 1% concentration 
of B. diffusa Linn., which shows that as the 
concentration of B. diffusa Linn. increases in the 
supernatant solution, maximum apparent length of the 
grown crystals in the silica hydro gel medium 
decreases. It is noticed that the maximum length of the 
grown crystals at the depth of 2.5 cm decreases on 
increasing the concentration of B. diffusa Linn. 
 The fragmentation of the crystals grown near the 
gel-liquid interface was also noticed in the cases of 0.5 
and 1% concentrations of B. diffusa Linn. Figure 7 
shows the depth of fragmentation i.e., the depth from 
the gel-liquid interface up to which crystals started to 
break into several tiny crystals. The size of the crystals 
after  fragmentation  was  found  even less than 1 mm. 
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Fig. 8: Size of the Struvite crystals after fragmentation. 

(a): 0.5% B. diffusa Linn.; (b): 1% B. diffusa 
Linn. 

 

 
 
Fig. 9: Total mass of the grown Struvite crystals in 

different concentration 
 
Figure 8 shows the photograph of the Struvite crystals 
after fragmentation. After the fragmentation, the 
dimensions are far less than 5 mm, that is the maximum 
dimension of the urinary crystal or calculi which can 
easily pass through the urinary tract.  
 After the growth and dissolution studies, the 
Struvite crystals were gently removed from the gel and 
the total mass as well as the total volume of the crystals 
for each concentration was measured. Figure 9 and 10 
show the histograms depicting the total mass and total 
volume of the grown crystals for each concentration. It 
was noted that both the total mass and the total volume 
of the grown crystals decreased with the increasing 
concentration of B. diffusa Linn. It can be concluded 
that B. diffusa Linn. is found to be a potent inhibitor for 
Struvite crystal growth in vitro. This in vitro study may 
be helpful to identify the potent inhibitors for in vivo 
studies. 

 
 
Fig. 10: Total volume of the grown Struvite crystals in 

different concentration 
 

CONCLUSION 
 
 As the concentration of the herbal extract 
Boerhaavia diffusa Linn. was increased in the 
supernatant solution, the number of grown Struvite 
crystals in the silica hydro gel medium was decreased. 
The dimension of the Struvite crystals was reduced due 
to inhibition produced by B. diffusa Linn. The average 
size of the prismatic type crystals was 0.35 cm in the 
case of 0.5% B. diffusa Linn. and was just 0.2 cm in the 
case of 1% B. diffusa Linn. From the ANOVA single 
factor analysis it was found that the differences in the 
average lengths in each of the case were highly 
significant at 0.05 level. Growth rate of the growing 
Struvite crystals was decreased as the concentration of 
the B. diffusa Linn. increased. The depth of growth was 
also  found  less  for  the  higher  concentration  of the 
B. diffusa Linn. It was noticed that the dissolution rate 
increases with the increasing concentration of B. diffusa 
Linn. The fragmentation of the crystals grown near the 
gel-liquid interface was also noticed when B. diffusa 
Linn. was used as inhibitor. The size of the crystals 
after fragmentation was found even less than 1 mm, 
which was far less than 5 mm, that is the maximum 
dimension of the urinary crystal or calculi which can 
easily pass through the urinary tract. It was also found 
that both the total mass and the total volume of the 
grown Struvite crystals decreased with the increasing 
concentration of B. diffusa Linn. Although the stone 
formation process occurring in the human body is quite 
complex and takes place in a dynamic environment, 
from the present study we can say that the herbal 
extract of B. diffusa Linn. inhibits the growth of 
Struvite crystals in vitro. This study may be used for 
formulating the strategy for prevention or cure. 
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