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Abstract Struvite, one of the components of urinary

stone grows rapidly forming ‘‘staghorn-calculi’’, is a

painful urological disorder. It is necessary to study the

growth-inhibition of Struvite crystals. This in vitro study

has been carried out in the presence of the juice of Citrus

medica Linn. by using single diffusion gel growth tech-

nique. Sodium metasilicate solution of specific gravity 1.05

and an aqueous solution of ammonium dihydrogen phos-

phate of 0.5 M concentration were mixed so that the pH

value 7.0 could be set. After the gelation, supernatant

solutions comprising of pure 1.0 M Magnesium acetate

(control solution) as well as mixed with the different

concentrations of the juice were gently poured on the set

gels. From the study of growth-inhibition behavior of

Struvite crystals, it was found that Citrus medica Linn.

inhibits the growth of the crystals. This study may be used

for formulating the strategy for prevention or dissolution of

Struvite.

Keywords Struvite � Urinary stone � Gel growth �
Citrus medica Linn. � Inhibition

Introduction

The formation of an urinary calculi is a serious, debili-

tating problem in all societies throughout the world. It is

estimated that approximately 12% of the population will

suffer from the disease at some stage in their lives [1]. A

large number of people are suffering from urinary stone

problem all over the globe. 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’. The area of high inci-

dence of urinary calculi include British islands,

Scandinavian countries, Central Europe, Northern Aus-

tralia, Northern India, Pakistan, Mediterranean countries

[2]. The financial costs of the disease are staggering; in

the United States, for instance, the health bill for treat-

ment of kidney stones runs to billions of dollars annually

[3]. More recent studies suggest that there has been a

gradual increase in the annual incidence and a decrease in

the age of onset of the disease perhaps the result of

change in lifestyle and diet [4].

Majority of the calculi are composed of calcium salts,

oxalates and phosphates. Among the phosphates, mag-

nesium phosphates, namely, Ammonium Magnesium

Phosphate Hexahydrate (AMPH)—{(NH4)MgPO4�6(H2O)}

commonly known as Struvite and Magnesium Hydrogen

Phosphate Trihydrate—{MgHPO4�3(H2O)} have also been

reported to occur as constituents in renal calculi [5–8] not

only in adults but also in children [9, 10]. Struvite calculi,

found in 15–20% of urinary calculi [11, 12], are mostly

related to urinary tract infections with ureolithic microor-

ganisms in humans and animals [5, 13, 14]. Struvite is also

known as triple phosphate stone, infection stone or urase

stone. They are found more frequently in women and in

persons older than 50 years [15]. Priestley and Dunn [16]
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reported that 41% of the patients have 5-year survival rate

with untreated unilateral Struvite stones.

The stone formation requires supersaturated urine.

Super-saturation also depends on urinary pH, ionic

strength, solute concentration and complexations [2]. Three

conditions must coexist for the formation of Struvite cal-

culi; (1) alkaline urine, (2) the presence of urea or ammonia

in the urine and (3) 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 organ-

isms, 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 solu-

bility of magnesium ammonium phosphate and favors

precipitation of Struvite crystals. Higher intake of phos-

phate (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 [17].

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 [18, 19].

Therefore, it is very much necessary to study the

growth-inhibition of Struvite crystals. In the present

investigation, Struvite crystals were grown by single dif-

fusion gel growth technique and the growth inhibition

study of the Struvite crystals in the presence of the different

concentration of the juice of Citrus medica Linn. was

carried out.

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 a body [20, 21]. Bio-crystallization

usually occurs in the slow and steady process in the soft

tissues, cavities or vessels. 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-crystallization. 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 [22], Henisch et al. [23] as

well as Patel and Rao [24]. Urinary stones grow in a gel

like medium; therefore, they have radially striated growth

[25]. The crystal growth by gel method provides simulation

of synovial cartilage and other biological fluids [26]. 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 [27]. This

technique has been successfully used to study the growth

inhibition of calcium oxalate crystals [28] and calcium

hydrogen phosphate dehydrate (CHPD), i.e., Brushite

crystals [20] using herbal extracts of Tribulus terrestris

Linn. and Bergenia Ligulata Linn. Growth inhibition

studies of Struvite in the presence of some of the herbal

extracts of Boerhaavia diffusa Linn. [29], Rotula aquatica

Lour [30] and Commiphora wightii [17] were successfully

carried out by the present researchers.

In the traditional Indian system of medicine, i.e., Ay-

urveda, many herbal medicines have been recommended for

the treatment of urinary stone problem and some of them

have been experimentally evaluated [20, 21, 31]. The

Importance of various citrus fruits has been described in the

Ayurvedic treatises. Citrus is grown in tropical and sub-

tropical regions of the world and occupies a wide range of

latitude over which it is being cultivated. The north-eastern

Indian states are rich treasure of various citrus species and

their varieties. In the present growth inhibition study

researcher used one of the citrus fruit—Citrus medica Linn.,

commonly known as Baranimbu, Bijaura or Bijoru in Hindi,

Citron in English, Cidro in Spanish, Zitronatzitrone in

German, Fo shou in Chinese and as Bushukan in Japanese.

The fruit is as shown in Fig. 1. The general descriptions,

Fig. 1 Fruits of Citrus medica Linn.
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propagation, native legends and names, characteristics,

constituents, various medicinal uses were discussed in detail

elsewhere [32–39]. Its importance is also noted in the

Linnean Herbarium situated at the Department of Phan-

erogamic Botany at the Swedish Museum of Natural History

[40] which is one of the largest herbaria in the world.

Struvite type kidney stones thrive in basic conditions of

urine and hence the treatment should be the acidification of

the urine. It is of prime importance to carry out the search

for suitable Struvite inhibitor, which has probably no many

side effects. As one of the main chemical constituents in

the juice of Citrus medica Linn. is citric acid, it has been

decided to check its inhibitive effect on Struvite crystals.

Therefore, the growth inhibition study of Struvite crystals

has been carried out by the present researchers using nat-

ural fruit juice of Citrus medica Linn. under in vitro

conditions to identify the potency of inhibition, which can

be further studied in vivo.

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 juice of Citrus

medica Linn. The double distilled water and AR grade

chemicals were used to grow the Struvite crystals. Sodium

metasilicate (SMS)—{Na2 Si O3, 9H2O} solution of spe-

cific 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 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

gelation took place, 20 ml supernatant solutions of pure

1.0 M Magnesium acetate—{C4 H6 Mg O4, 4H2O} pre-

pared with different concentration of the juice of Citrus

medica Linn. were gently poured on the set gels in test

tubes. For each test tubes, 20 ml supernatant solutions of

1.0 M Magnesium acetate were prepared by taking different

volumes of the juice of Citrus medica Linn. and distilled

water. Composition and the pH of the supernatant solutions

are as shown in Table 1. Figure 2 shows the schematic

diagram of the single diffusion gel growth technique.

After pouring supernatant solution, the test tubes were

capped with airtight stopples. The pouring of solutions on

the set gels in various test tubes was done in the aseptic

medium in laminar flow hood to avoid microbial contam-

inations. The experiment was conducted at the room

temperature. The following reaction is expected to occur in

the gel between the two reactants.

NH4H2PO4 � 2H2Oþ CH3COOð Þ2Mg � 4H2O

! NH4MgPO4 � 6H2O + 2CH3COOH � � � ð1Þ

The apparent lengths of growing/dissolving Struvite

crystals in each of the test tubes were measured by using a

traveling microscope of least capacity 0.001 cm at regular

time interval. The apparent lengths of growing/dissolving

Struvite crystals at different depth from the gel–liquid

interface in each of the test tubes were measured. The

depths of dissolution from the gel–liquid interface were

measured at regular time interval for each of the test tubes.

The statistical analysis of the single factor ANOVA was

also carried out. The days for the complete dissolution in

each of the test tubes were also noted. The whole

experiment was conducted twice.

Table 1 The composition and

the pH of the Supernatant

Solutions

Number of the

supernatant

solution

Composition of the supernatant solution pH of the

supernatant

solutionVolume of juice

of Citrus medica
Linn. (ml)

Volume of

distilled

water (ml)

Magnesium

acetate (g)

S�S.-1 00 20 4.288 7.80

S�S.-2 02 18 4.288 5.87

S�S.-3 04 16 4.288 5.40

S�S.-4 06 14 4.288 5.01

S�S.-5 08 12 4.288 4.87

S�S.-6 10 10 4.288 4.75

S�S.-7 12 08 4.288 4.67

S�S.-8 14 06 4.288 4.57

S�S.-9 16 04 4.288 4.50

S�S.-10 18 02 4.288 4.43

S�S.-11 20 00 4.288 4.35
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Results and discussion

Struvite crystals with different morphologies like dendritic

type, prismatic type, rectangular platelet type, needle type

were grown in the gel [41]. Figure 3 shows the photograph

of the grown Struvite crystals in the gel medium. It was

observed that as the concentration of the juice of Citrus

medica 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.

After pouring of the supernatant solution, dendritic type

crystals were grown in the gel at the gel–liquid interface.

The growth rates of Struvite crystals, at the end of 2nd and

4th day, growing in the gel at the gel–liquid interface for

different concentration of supernatant solutions are pre-

sented in Table 2. It can be noticed from Table 2 that the

growth rate of crystals and hence the size of the crystals

decreases as the concentration of Citrus medica Linn.

increases. It was observed that the length of crystals

growing in the gel at gel–liquid interface increased up to

first 4 days in the cases of the supernatant solutions no. 1 or

S�S.-1(i.e., without any inhibitor) and S�S.-2; and then they

started dissolving. The length was increased up to first

3 days in the case of S�S.-3 and the dimension remained

unchanged up to the end of 4th day; and then started dis-

solving. In the cases of the S�S.-4, S�S.-5 and S�S.-6, length

of the crystals growing in gel at gel–liquid interface

increased just up to first 2 days; and then they started to

dissolve gradually. It was observed that Struvite crystals,

grown in the gel at the gel–liquid interface, dissolved

completely within 23 days in case of S�S.-3; within 18 days

in the case of S�S-4; and within 12 and 10 days in case of

S�S.-5 and S�S.-6, respectively. It was also noted that in the

case of S�S.-7 and for other higher concentrations, i.e., for

S�S.-8 to S�S.-11, Struvite crystals can not grow at the gel–

liquid interface; it can be clearly noticed in the Fig. 3. This

study is important as it is conducted under the growth

conditions. The simple dissolution is tested by placing the

already grown crystal in an appropriate solution. The usual

aim is to achieve the inhibition and dissolution of growing

calculi in a body, where the required nutrients for the

growth are being continuously supplied. Altogether, the

same thing is mimicked in this in vitro experiment.

At the gel–liquid interface the concentration gradients of

the nutrients are the maximum and hence it is important to

study the effect of juice of Citrus medica Linn. on the

growing crystals. The growth and dissolution of Struvite at

the gel–liquid interface is shown by the plots of average

length versus time period in Fig. 4. It was found that the

crystals grown at the gel-liquid interface dissolved up to a

certain extent in control solution S�S.-1, i.e., in the absence

of the juice. It may be due to the formation of acetic acid as

shown in chemical reaction equation (1). But it was

observed that the dissolution of the crystals grown at the

gel–liquid interface was faster for different concentrations

of Citrus medica Linn., i.e., for the S�S.-2 to S�S.-6. It was

noticed that Struvite crystals can not grow at the gel–liquid

interface in the cases of S�S.-7 to S�S.-11, due to the effect

of higher concentration of the juice of Citrus medica Linn.

in the supernatant solutions. The dissolution rates of grown

crystals in the gel at gel–liquid interface for the different

concentration of Citrus medica Linn. are given in Table 3,

which suggests that the dissolution rate increases with

the increasing concentration of Citrus medica Linn. in the

supernatant solution. This further suggests that at the

interface the already observed dissolution due to the for-

mation of acetic acid is enhanced by the presence of juice.

Growth and dissolution of grown Struvite crystals at

different depth in gel from the gel–liquid interface for S�S.-1,

i.e., in the absence of the inhibitor, is shown by the plots of

average length versus time period in Fig. 5. It was observed

that the length of growing crystals in the gel at gel–liquid

Fig. 2 Schematic diagram of single diffusion gel growth technique

Table 2 Growth rates of the Struvite crystals growing in the gel at

gel–liquid interface for the different concentrations at the end of 2nd

and 4th day

Number of

supernatant solution

Growth rate (cm/days)

At the end of Day 2 At the end of Day 4

S�S.-1 0.608 0.309

S�S.-2 0.300 0.192

S�S.-3 0.250 0.125

S�S.-4 0.240 Dissolution starts

S�S.-5 0.225 Dissolution starts

S�S.-6 0.240 Dissolution starts
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interface increased up to first 4 days in this case and then

they started dissolving, due to the formation of acetic acid. It

was 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. The formation

of acetic acid is the maximum at the gel-liquid interface due

to high concentration gradients and faster reactions taking

place. But as one goes towards the bottom of the test tubes

the diffusion of reactants is comparatively less and the

amount of acetic acid produced is also less, which does not

dissolve the growing crystals and hence a steady growth of

crystals is observed. As the depth of the gel column increases

from the gel–liquid interface, the sizes of the grown crystals

were found to be gradually smaller.

Figure 6 shows the histograms depicting the maximum

length of the grown Struvite crystals in the gel media for

different concentrations of Citrus medica Linn. It was

observed that the maximum dimensions of the grown

crystals in the gel media decreased with the increasing

concentration of Citrus medica Linn. in the supernatant

solution.

At different depths from the gel–liquid interface the

grown crystals were measured and the phenomenon of the

on set of dissolution was noted down. The depth of dis-

solution is defined as the depth from the gel–liquid

interface up to which either the grown crystals were dis-

solved completely or no crystal can grow at all. Figure 7

shows the plots of depth of dissolution versus time in days.

It is found that the depth of dissolution increases with time.

In pure control solution S�S.-1, it was almost parallel to the

x-axis and for solutions of higher concentrations of the

juice it is pushed deeper and deeper in to the gel. It is also

noted that the depth of dissolution is increased slowly for

the lower concentration, while it is increased rapidly for the

higher concentration, e.g., the depth of dissolution of

5.00 cm is achieved in just 15 days for S�S.-10 and S�S.-11;

while it is achieved in 39 days for S�S.-4. Single factor

ANOVA, i.e., Analysis of variance, was also carried out;

which shows that the difference in the depth of dissolution

was highly significant at 0.001 level. Figure 8 shows the

histograms of depth of dissolution after 10 and 15 days for

the different concentrations, it is noticed that the depth of

dissolution increases rapidly with increase in the concen-

tration of Citrus medica Linn. juice.

Fig. 4 Growth and dissolution of Struvite at the gel–liquid interface

Table 3 Dissolution rates of the Struvite crystals in the gel at gel–

liquid interface for the different concentrations

Number of the

supernatant solution

Dissolution

rate (cm/days)

S�S.-2 1.38 9 10-2

S�S.-3 2.63 9 10-2

S�S.-4 3.00 9 10-2

S�S.-5 4.51 9 10-2

S�S.-6 6.00 9 10-2

Fig. 5 Growth of Struvite at different depth from the gel–liquid

interface in the absence of inhibitor

Fig. 3 Photograph of the

Struvite crystals grown in gel

medium in test tubes with

different concentration of the

juice of Citrus medica Linn.
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The growth and dissolution of Struvite crystals grown at

the different depths in the gel from the gel–liquid interface

for S�S.-2 to S�S.-11 have been studied. Plots of average

apparent length of growing crystals versus time in days for

different depths in the gel from the gel–liquid interface are

shown in Fig. 9a–j. As the depth of the gel column

increases from the gel–liquid interface, the average length

of the grown crystals decreases gradually. It was also

observed that as the concentration of the juice of Citrus

medica Linn. was increased in the supernatant solution,

average size of the grown Struvite crystals decreased. It

can be seen that the period of dissolution, i.e., the time

taken for the complete dissolution of the crystals, is less

for the crystals grown near the gel–liquid interface,

whereas the period of dissolution is more for the crystals

grown at the different higher depth from the gel–liquid

interface. At the gel–liquid interface the dissolution is

faster due to the presence of sufficient amount of the juice

of Citrus medica Linn. and also acetic acid as an added

advantage. However, amount of the juice of Citrus medica

Linn. and acetic acid decreases down towards the bottom

of the gel column, which may be responsible for the

delayed dissolution. For the cases of S�S.-7 to S�S.-11,

concentration of the juice of Citrus medica Linn. was such

that no crystal can grow at the gel-liquid interface. It is

clear from the Fig. 9f–j that Struvite crystals grow only at

the higher depth and it can not grow at the gel–liquid

interface in the cases of S�S.-7 to S�S.-11. It can be noticed

from the Fig. 9j for S�S.-11 that the dissolution period is

same for two different depths and the average length of the

crystals is also nearly the same, which indicates that the

higher amount of Citrus medica Linn. juice brings almost

sufficient concentrations in the gel column to dissolve

crystals nearly uniformly. Altogether, a histogram of

Fig. 10 shows the numbers of days required for the com-

plete dissolution of grown crystals in the gel media for

different supernatant solutions. It is seen that, as the con-

centration of the juice of Citrus medica Linn. in the

supernatant solution increases, the number of days required

for the complete dissolution decreases. For example, one

can notice from the histogram that it took 70 days for the

complete dissolution for S�S.-2 and just 15 days for S�S.-11.

Several attempts have been made to check the growth

inhibition of different urinary type crystals by employing

the gel growth technique. Joseph and Joshi [21] reported

the inhibitory effect of tartaric acid and tamarind on CHPD

crystal. Earlier an in-vitro growth inhibition study on one

of the urinary type Brushite crystals in the presence of

citric acid and lemon juice along with the artificial refer-

ence urine and natural urine was reported by Joshi and

Joshi [31], which also showed strong inhibition of growth

of CHPD crystal. Also, the crystal growth and dissolution

of brushite crystals is studied by taking different concen-

trations of citric acid by Parekh and Joshi [42]. Recently, a

modified gel growth technique has been proposed by

Parekh and Joshi for the micro crystal growth and in situ

Fig. 6 Maximum length of Struvite grown in the gel media in test

tubes with different concentration

Fig. 7 Depth of dissolution versus number of days

Fig. 8 Depth of dissolution after 10 and 15 days for the different

concentration
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Fig. 9 a–j Growth and

dissolution of Struvite at

different depth from the gel–

liquid interface for S�S.-2
to S�S.-11
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observations, which has been successfully tested for

Brushite micro-crystal growth inhibition in the presence of

citric acid [43].

A treatment with alkali, usually in the form of magne-

sium potassium citrate or potassium citrate, is very

common to increase urinary citrate and reduce the rates of

stone formations in the patients of hypocitraturic calcium

nephrolithiasis [44–46]. A critical review on preventive

treatment of nephrolithiasis with alkali citrate is written by

Mattle and Hess [47]. Inasmuch as the most of the earlier

studies on citrate inhibition have been mainly concentrated

on calcium oxalate monohydrate and Brushite crystals, the

present investigation has been carried out to prove the

citrate inhibition in Struvite crystals also. Holly Nash [48]

reported that the risk of the formation of Struvite in cats

can be minimized by slightly acidifying the urine pH by

dietary regulations. For human being Acetohydroxamic

acid (AHA) is the most widely used irreversible inhibitor

of bacterial urease. AHA has a high renal clearance, can

penetrate the bacterial cell wall, and acts synergistically

with several antibiotics. Although in-vivo studies have

demonstrated that AHA inhibition of bacterial urease

decreases urinary alkalinity and ammonia levels even in the

presence of infection, 20% of patients experience associ-

ated adverse effects. These include phlebitis, deep venous

thrombosis, and hemolytic anemia. In addition, the use of

AHA in patients with impaired renal function (serum cre-

atinine level [ 2.5 mg/dL) limits its effectiveness and

increases its toxicity [15].

The juice of the fruits of Citrus medica Linn. mainly

contains Citric acid, Ascorbic acid, Hespiridin, Cam-

pesterol, Stigmasterol, Sitosterol and Cholesterol [49].

Therefore, it is believed that the large amount of citric acid

is playing an important role in the growth inhibition of

Struvite crystals. The acidic nature of the pH of the

supernatant solution indicates that the juice is of acidic

nature. It can be concluded that Citrus medica Linn. is

found to be a potent inhibitor for Struvite crystal growth in

vitro. This in vitro study may be helpful to carry out further

in vivo studies.

Conclusions

As the concentration of the juice of Citrus medica Linn. in

the supernatant solution was increased, the number of

grown Struvite crystals in the silica hydro gel media was

decreased. With the increasing concentration of the juice of

Citrus medica Linn., the dimensions, i.e., the average

apparent length of the crystals, were reduced due to

inhibitive effect produced by the juice. Growth rate of

Struvite crystals was decreased as the concentration of the

juice of Citrus medica Linn. increased. It was noticed that

the dissolution rate increases with the increasing concen-

tration of the juice of Citrus medica Linn. It is found that

the depth of dissolution was increased slowly for the lower

concentration, while it increased rapidly for the higher

concentration of the juice of Citrus medica Linn. From the

single factor ANOVA, it is found that the difference in the

depth of dissolution was highly significant at 0.001 level.

As the concentration of the juice in the supernatant solution

increased, the total number of days required for the com-

plete dissolution decreased. Although the stone formation

process occurring in the human body is quite complex, and

takes place in a dynamic environment; from the present

study one can suggest that the juice of Citrus medica Linn.

inhibits the growth of Struvite crystals in vitro. This study

may be used for formulating the strategy for prevention or

cure.

Acknowledgments The authors are thankful to the UGC, New

Delhi, for the SAP and Prof. K. N. Iyer and Prof. H.�H. Joshi for keen

interest. The authors are thankful to Dr A. D. B. Vaidya, Kasturba

Health Society, Mumbai, for his valuable guidance and encourage-

ment and Prof. Vrinda S. Thaker, Bio-science Department, Saurashtra

University, Rajkot, for her important suggestions. The author (CKC)

is thankful to the Department of Education, Government of Gujarat;

Smt. Jayanti, S. Ravi Commissioner of Higher Education & Joint

Director, CHE, Gandhinagar; Principal, H. & H. B. Kotak Institute of

Science, Rajkot, for their encouragements. The author (CKC) is also

thankful to Mr D. J. Bhatt, Librarian, H. & H. B. Kotak Institute of

Science for providing library and extension facilities.

References

1. Sierakowski R, Finlayson B, Landes RR, Finlayson CD, Siera-

kowski N (1978) The frequency of urolithiasis in hospital

discharge diagnoses in the United States. Invest Urol 15:438–441

2. Menon M, Parulkar BG, Drach GW (1998) Campbell’s urology,

7th edn. W. B. Saunders Co., London

3. Clark JY, Thompson IM, Optenberg SA (1995) Economic impact

of urolithiasis in the United States. J Urol 154:2020–2024

Fig. 10 Number of days required for complete dissolution for the

different concentration

272 Urol Res (2008) 36:265–273

123



4. Robertson WG (2001) The changing pattern of urolithiasis in the

UK and its causes. In: Kok DJ, Romijn HC, Verhagen PCMS,

Verkoelen CF (eds) Eurolithiasis, Maastricht. Shaker Publishing,

The Netherlands, pp 9–11

5. Coe FL, Parks JH, Asplin JR (1992) The pathogenesis and

treatment of kidney stones. New Engl J Med 327:1141

6. Mandel G, Mandel N (1996) Analysis of stones. In: Coe FL,

Favus MJ, Pak CYC, Parks JH, Preminger GM (eds) Kidney

stones. Lippincott-Raven Publishers, Philadelphia

7. Abbona F, Boistelle R (1979) Growth morphology and crystal

habit of Struvite crystals. J Cryst Growth 46:339–354

8. Dao NQ, Daudon M (eds) (1997) Infrared and Raman spectra of

calculi. Elsevier, Paris

9. Biocic M, Saraga M, Cvitkovic Kuzmic A, Bahtijarevic Z, Bu-

dimir D, Todoric J, Majhen Ujevic R (2003) Pediatric urolithiasis

in Croatia. Coll Antropol 27(2):745–752

10. Kuvezdic H, Tucak A, Peric N, Prlic D, Zoric I, Galic R (2003)

ESWL treatment of urinary stones in children—the overview of

14 years of experience. Coll Antropol 71:5

11. Griffith DP (1978) Struvite stones. Kidney Intl 13:372–382

12. Griffith DP, Klein AS (1983) Infection-induced urinary stones.

In: Roth RA, Finlayson B (eds) Stones: clinical management of

urolithiasis. The Williams & Wilkins Co., Baltimore, pp 210–227

13. Hesse A, Heimbach D (1999) Causes of phosphate stone for-

mation and the importance of metaphylaxis by urinary

acidification: a review. World J Urol 17:308

14. Ross SJ, Osborne CA, Lulich JP, Polzin DJ, Ulrich LK, Koehler

LA, Bird KA, Swanson LL (1999) Canine and feline nephroli-

thiasis. Epidemiology, detection, and management. Vet Clin

North Am (Small Anim. Pract.) 29:231

15. Maxwell M, Marshall LS (2005) Struvite and Staghorn calculi,

Web site: www.e-medicine.com/MED/topic2834.htm

16. Priestley JT, Dunn JH (1949) Branched Renal Calculi. J Urol

61:194

17. Chauhan CK, Joshi MJ, Vaidya ADB (2007) Growth inhibition of

Struvite crystals in the presence of herbal extracts of Commi-
phora wightii. Abstract book of the international conference on

advanced materials, Bangalore, India, p G-27 (Proceeding pub-

lished on line in J Mater Sci: Mater Med). doi:10.1007/

s10856-008-3489-z

18. Wojewski A, Zajaczkowski T (1974) The treatment of bilateral

Staghorn calculi of the kidneys. Int Urol Nephrol 5(3):249–260

19. Singh M, Chapman R, Tresidder GC, Bland YJ (1973) The fate of

the unoperated staghorn calculous. Br J Urol 45:581

20. Joshi VS, Parekh BB, Joshi MJ, Vaidya ADB (2005) Inhibition of

growth of urinary CHPD crystals with aqueous extracts of Trib-
ulus terrestris and Bergania ligulata. Urol Res 33(2):80–86

21. Joseph KC, Parekh BB, Joshi MJ (2005) The inhibition of growth

of urinary type CHPD crystals by tartaric acid and tamarind. Curr

Sci 88(8):1232–1238

22. Henisch HK (1973) Crystal growth in gels. The Pennsylvania

State University Press, University Park

23. Henisch HK, Dennis J, Hanoka JI (1965) Crystal growth in gels.

J Phys Chem Solids 26:493–500

24. Patel AR, Rao AV (1982) Crystal growth in gel media. Bull

Mater Sci 4(5):527–548

25. Iwata H, Abe Y, Nishio S, Wakatsuki A, Ochi K, Takeuchi M

(1986) Crystal–matrix interrelations in brushite and uric acid

calculi. J Urol 135(2):397–401

26. Achilles W, Freitag R, Kiss B, Riedmiller H (1995) Quantifica-

tion of crystal growth of calcium oxalate in gel and its

modification by urinary constituents in a new flow model of

crystallization. J Urol 154(4):1552–1556

27. Natarajan S, Ramachandran E, Blisin Suja D (1997) Growth of

some urinary crystals and studies on inhibitors and promoters. II.

X-ray studies and inhibitory or promotery role of some sub-

stances. Cryst Res Technol 32(4):553–559

28. Joshi VS, Parekh BB, Joshi MJ, Vaidya ADB (2005) Herbal

extracts of Tribulus terrestris and Bergania ligulata inhibit

growth of calcium oxalate monohydrate crystals in vitro. J Crys-

tal Growth 275:1403

29. Chauhan CK, Parekh BB, Joshi MJ, Vaidya ADB (2007) Growth

inhibition of Struvite crystals in the presence of herbal extracts of

Boerhaavia diffusa Linn. Abstract book of the International

Conference on Materials for Advanced Technologies, Singapore

30. Joshi MJ, Chauhan CK, Vaidya A (2007) Growth inhibition of

Struvite crystals in the presence of herbal extracts of Rotula
aquatica Lour. Programme book of the 15th international con-

ference on crystal growth, Salt Lake City, Utah, USA, p 114

31. Joshi VS, Joshi MJ (2003) Influence of inhibition citric acid and

lemon juice to the growth of calcium hydrogen phosphate dihy-

drate urinary crystals. Indian J Pure Appl Phys 41:183–192

32. Mabberley DJ (1997) A Classification for edible Citrus (Ruta-

ceae). Telopea 7(2):167–172

33. Mortan J (1987) Fruits of warm climates-citron. Creative

Resource Systems, Winterville, pp 179–182

34. Kozhin AE (1931) Citrus plants and their cultivation in the

U.S�S.R. Bul Appl Bot Genet Plant Breed 26(l):241–540

35. Verheij EWM, Coronel RE (1991) Plant resources of South-East

Asia: edible fruits and nuts. Pudoc-Dlo, Wageningen

36. Kulkarni PH (2004) The ayurvedic plants. Sri Satguru Publica-

tion, Delhi

37. Panda H (2004) Medicinal plants cultivation and their uses. Asia

Pacific Business Press, Delhi

38. Bhattacharya SC, Dutta S (1956) Classification of citrus fruits of

Assam. Government of India Press, Delhi, Scientific Monogram

No. 20, 110

39. Lushington AW (1910) The genus Citrus. Indian Forest 36:323–

353

40. Web site of Linnean Herbarium, Department of Phanerogamic

Botany, Swedish Museum of Natural History, http://linnaeus.

nrm.se/botany/fbo/c/citru/citrlim.html.en

41. Chauhan CK, Joseph KC, Parekh BB, Joshi MJ (2008) Growth

and characterization of Struvite crystals. Indian J Pure Appl Phys

46:507–512

42. Parekh BB, Joshi MJ (2005) Crystal growth and dissolution of

brushite crystals by different concentration of citric acid solu-

tions. Indian J Pure Appl Phys 43:675–678

43. Parekh BB, Joshi MJ, Vaidya ADB (2007) Modification of gel

technique for micro-crystals of bio-materials: in situ growth and

dissolution studies. Curr Sci 93:373

44. Pak CY (1991) Citrate and renal calculi: new insight and future

directions. Am J Kidney Dis 17:420

45. Hamm B, Jordi S, Zipperle L, Ettinger E, Giovanoli R (2000)

Citrate determines calcium oxalate crystallization kinetics and

crystal morphology—studies in presence of Tamm Horsfall pro-

tein of healthy subject and a severely recurrent calcium stone

formers. Nephrol Dial Transplant 15:366

46. Hamm LL, Hering-Smith KS (2002) Pathophysiology of hy-

pocitraturic nephrolithiasis. Endocrinol Metab Clin North Am

31:885

47. Mattle D, Hess B (2005) Preventive treatment of nephrolithiasis

with alkali citrate—a critical review. Urol Res 33:73–79

48. Holly Nash, Diet,FLUTD & Urinary stones,www.PetEducation.

com

49. Web site: www.ayushveda.com

Urol Res (2008) 36:265–273 273

123

http://www.e-medicine.com/MED/topic2834.htm
http://dx.doi.org/10.1007/s10856-008-3489-z
http://dx.doi.org/10.1007/s10856-008-3489-z
http://linnaeus.nrm.se/botany/fbo/c/citru/citrlim.html.en
http://linnaeus.nrm.se/botany/fbo/c/citru/citrlim.html.en
http://www.PetEducation.com
http://www.PetEducation.com
http://www.ayushveda.com

	Growth inhibition of Struvite crystals in the presence of juice �of Citrus medica Linn.
	Abstract
	Introduction
	Experimental technique
	Results and discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


