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ABSTRACT 
 Kidney stone has tormented humans since the earliest records of civilization. Urinary stones are one of the oldest and 

the most common afflictions in humans. Calcium containing stones are the most common comprising about 75% of all uri-
nary calculi, which may be in the form of pure calcium oxalate (50%) or calcium phosphate (5%) or a mixture of both (45 
%). 10% of men and 3 % of women have a stone during their adult lives. A number of plants have been mentioned in the 
Indian ayurvedic system, which can prevent formation or dissolve kidney stones. In the present study, the inhibitory potency 
of different extracts of seeds of Elettaria cardamomum were evaluated on various stages of formation and on the growth of 
calcium oxalate crystals in vitro. A result obtained showed that alcoholic and aqueous extract has the higher capacity to inhi-
bit the crystal formation and aggregation as compared to ethyl acetate and petroleum ether extracts.  
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INTRODUCTION 

Urolithiasis is a recurrent renal disease affects 4-8% in 
UK 15% in US and 11% in India. There are several types, 
most commonly consisting of calcium phosphates and cal-
cium oxalates; others are composed of agnesium ammo-
nium phosphate, uric acid or cystine. Epidemiological daa 
ssuggest that 60-80% of stone is composed mainly of cal-
cium oxalate. Stones formatin occurs when urinary concen-
trations of stone forming salts, exceed the limit of metast-
bility for that salt in solution. This most oftern reflects ex-
cessive excretion of one or more stone constituents, defi-
cient inhibitory activity in urine, or simply a low urine vo-
lume resulting in excessively concentrated urine.(1) 

In the present investigation, CaOX crystals were 
grown in the artificial urine technique. The effect of differ-
ent extract of seeds of Elettaria cardamomum was studied 
on the growth and inhibition of CaOX crystals. In this 
work, we performed an in vitro crystallization study enabl-
ing the specification of kinetic and thermodynamic condi-
tions of formation and growth of crystalline species. The 
slow and controlled diffusion of species to the growing 
crystals is very useful to study the growth and inhibition of 
Whewellite crystals in vitro. Different experimental proce-
dures have been proposed using synthetic, diluted or natural 
supersaturated aqueous solutions of urine (2). Crystalliza-
tion can be triggered by adding, to reaction medium cal-
cium, oxalates or phosphates, or by crystalline germination 
of the species under investigation. Crystallization can also 
take place, by changing the pH of substances having pH – 
dependent solubility (3). Therefore, it is worthwhile to look 
for an alternative to these means by using medicinal plants 
(4). In this regard, many plants have been used to treat kid-
ney stones and showed to be effective among them medi-
cinal plants. The plants studied are Mediterranean tradition-
al medicinal plants widely used in India to treat lithiasis. 
Hear we studied invitro antiurolithiatic acivity of seeds of 
Elettaria cardamomum. 

 

MATERIALS AND METHODS 
Plant material and preparation of extract 

Elettaria cardamomum fruits were collected. seeds 
were separated out and authenticated. The seeds were 
ground to coarse powder. The aqueous extracts were pre-
pared by decoction while alcoholic (methanol), ethyl ace-
tate and petroleum ether extract by Soxhalation. The ex-
tracts were evaporated under vacuum and stored in the air-
tight container.  

 
Nucleation assay 

Solution of calcium chloride and sodium oxalate were 
prepared at the final concentrations of 5 mmol/L and 7.5 
mmol/L respectively in a buffer containing Tris 0.05 mol/L 
and NaCl 0.15 mol/L at pH 6.5. 950 µL of calcium chloride 
solution mixed with 100 µL of herb extracts at the different 
concentrations (100 µg/ml to 1000 µg/ml). Crystallization 
was started by adding 950 µL of sodium oxalate solution. 
The temperature was maintained at 37 0C. The Optical Den-
sity of the solution was monitored at 620 nm. The rate of 
nucleation was estimated by comparing the induction time 
in the presence of the extract with that of control (5,6).  

The growth of crystals was expected due to the follow-
ing reaction: 

CaCl2 +Na2C2O4→ CaC2O4+ 2NaCl 

 
Figure 1: Micrograph of CaOX crystals induced in solu-
tion by adding NaOx solutin in absence of herb extract. 
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Aggregation assay 
The method was described by Atmani and Khan (6). 

With some minor modifcations. `Seed' CaOx monohydrate 
(COM) crystals were prepared by mixing calcium chloride 
and sodium oxalate at 50 mmol/L. Both solutions were 
equilibrated to 60°C in a water bath for 1 hr and then 
cooled to 37°C overnight. The crystals were harvested by 
centrifugation and then evaporated at 37°C.CaOX crystals 
were used at a final concentration of 0.8 mg/ml, buffered 
with Tris 0.05 mol/L and NaCl 0.15 mol/L at pH 6.5. Expe-

riments were conducted at 37°C in the absence or presence 
of the plant extract after stopping the stirring. The percen-
tage aggregation inhibition rate was then calculated by 
comparing the turbidity in the presence of the extract with 
that obtained in the control using following formula (7): 

 

 

 
RESULT 
Table 1: Effect of Elettaria cardamomum seed extracts on different stages of crystallization. 
Concentration 
(µg/ml) 

Elettaria cardamomum 
Alcoholic extract Water extract Petroleum ether extract Ethyl acetate extract 

 N G A N G A N G A N G A 
Control + + + + + + + + + + + + 
100 + + + + + + +- +- + + + + 
200 + + + + + + + + + +- +- + 
400 +- +- +- + + + + + + +- +- + 
600 +- - +- +- +- +- + + + + + + 
800 - - - - - - + +- +- + +- +- 
1000 - - - - - - + - - + - - 

(+) = Action on the stage,   (-) = No action on the stage, (+-) = More or less action 
N= Nucleation, G= Growth, A= Aggregation. 
 

Alcoholic extract of Elettaria cardamomum 
 

 
100 µg/ml 200 µg/ml 400 µg /ml 

   
600 µg/ml 800 µg/ml 1000 µg/ml 

 
Aqueous extract of Elettaria cardamomum 

 
100 µg/ml 200 µg/ml 400 µg/ml 
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600 µg/ml 800 µg/ml 1000 µg/ml 

 
 

Ethyl acetate extract of Elettaria cardamomum 

 
100 µg/ml 200 µg/ml 400 µg/ml 

 
600 µg/ml 800 µg/ml 1000 µg/ml 

 
Petroleum ether extract of Elettaria cardamomum 

  
100 µg/ml 200 µg/ml 400 µg/ml 

 
600 µg/ml 800 µg/ml 1000 µg/ml 

Figure 2: Micrograph of CaOX crystals induced in solution by adding NaOX solution in presence of various extract 
of Elettaria cardamomum at different concentrations. 
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Figure 3: The effect of different concentration of Elet-
taria cardamomum extracts on CaOX crystal nuclea-
tion. 
 

 
Figure 4: The effect of different concentration of Elet-
taria cardamomum extracts on CaOX crystal aggrega-
tion. 
 
 Kidney oxalate stone is the result of supersaturation 
of urine with certain urinary salts such as calcium oxalate. 
Since crystallisable oxalate species are pH independent, 
the crystallization of oxalate in the absence of an inhibitor, 
led to the formation of calcium oxalate monohydrate mo-
nitored by light microscope (Magnus MIPS (camera), 
Magnus MLX (microscope)), the process of calcium oxa-
late crystallization in control without the addition of inhi-
bitors is shown in (Figure 1). 
 In the crystal growth experiments sown nucleation, 
growth and aggregation, the rate of crystallization is usual-
ly controlled by the number of crystals of calcium oxalate 
as a function of time, following the introduction of seed 
crystals. Entitled constant volume against time in the com-
position calcium oxalate experiments determined that the 

rate of growth of crystals was made in the absence and 
presence of plants extract. 
We followed the same experimental procedure for the 
study of crystallization in the presence of inhibitors. In 
order to assess the inhibiting potential of substances for 
oxalate crystallization and understand the mechanisms of 
action of these inhibitors on oxalate crystallization steps 
viz. nucleation, growth, aggregation, we tested the effec-
tiveness of medicinal plants. As shown in the Table 2 nuc-
leation, growth and aggregation were gradually decreased 
as the concentration increased. Alcoholic and aqueous 
extract has a greater capacity to reduce all these crystalli-
zation processes as compared to petroleum ether and ethyl 
acetate extract. (Figure 2) 
 Figure 3 shows the graph of nucleation as optical 
density at 620 nm with respect to concentration of herb 
extracts. The higher concentrations of herb extract were 
associated with fewer crystals, and the size decreased pro-
portionally. Alcoholic and aqueous extracts have capacity 
to decrease the nucleation process, so the crystallization as 
compared to other extracts. (Figure 2) 
 The % inhibition of turbidity (aggregation) in the 
presence of herb extracts was lower than in the control, 
showing that crystals were less aggregated. The inhibited 
aggregation associated with the extract increased with 
concentration. This inhibition was found with alcoholic 
and aqueous extract. (Figure 4). 
 
DISCUSSION 
 The supersaturation of urine with CaOX, the most 
common component of kidney stones (8), is an important 
factor in crystallization, with later factors being nuclea-
tion, growth and aggregation. Thus if supersaturation or 
later steps in crystallization can be prevented, then lithiasis 
should be avoided. Indeed, several measures are usually 
taken to reduce supersaturation, e.g. increasing fluid intake 
and medical therapy. Although treatments have improved 
considerably, it is generally accepted that better strategies 
for preventing kidney stones need to be developed (6). 
 The main findings of the present study were that ex-
tracts from plants inhibited the crystallization of CaOX in 
solution; there were less and smaller particles with increas-
ing concentrations of extract. These results were con-
firmed in the nucleation assay, which showed that the 
extract contained nucleation preventing agents. 
 The limiting factors in stone formation could be those 
processes that affect the size of the particles formed, be-
cause particles may become large enough to occlude the 
urinary tract, leading to stone formation. The extract of the 
plants causes fewer numbers of crystals in solution, there-
by reduced supersaturation and the size of the particles. 
This property of the extract is therefore, advantageous, 
preventing urinary stone formation by inducing the excre-
tion of small particles from the kidney and reducing the 
chance of retention in the urinary tract.  
 The herb extracts may contain substances that inhibit 
the growth of CaOX crystals. This property of plants may 
be important in preventing kidney stone formation; CaOX 
crystals induced by urinary macromolecules was less 
tightly bound to epithelial cell surfaces, which are then 
excreted with urine (9). The extract may also contain sub-
stances that inhibit CaOX crystal aggregation; the agglo-
meration of particles is a critical step in urinary stone for-
mation, as larger crystals are less likely to pass sponta-
neously in the urinary tract (10). If the extract keeps CaOX 
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particles dispersed in solution they are more easily elimi-
nated. 
  Thus, this study puts forth the possibility of 
using phytochemicals present in the plants as therapeutic 
agents to treat urolithiasis, but still it warrants further in-
vestigation both, in elaborated experimentation and human 
trials. 
 
REFERENCES 
1. S K Pareta, K C Patra, P M Mazumder and D sasmal. 

“Establishing the principle of herbal therapy for anti-
urolithiatic activity: A review” J Pharmcol Toxicol 
6(3) 321-332, 2011 

2. P Jungers, M Daudon, Le Duc A. La lithiaseurinaire. 
(Médecine Sciences Falmmarion Paris, 1989), pp. 1-
34. 

3. Daudon M. Plaidoyer pour unemeilleure exploration 
des lithiasesrénales. Leurobiologiste, 227, 17-75. 
(1997) 

4. S Bisaz, R Felix, and WF Nelman. “Quantitative de-
termination of inhibitors of calcium phosphate precipi-
tation in whole urine”. Nephrologie 5,175-179(1984). 

5. C Hennequin, V Lalanne, M Duadon, BLacour and T 
Drueake. “A new approach to studying inhibitors of 
calcium oxalate crystal growth”. Urol Res, 21,101-
108(1993). 

6. F Atmani and SR Khan. “Effects of an extract from 
Herniariahirsuta on calcium oxalate crystallization in 
vitro”. BJU Int. 85,621-625(2000). 

7. T Masao, M Osamu, Y Kazuhiro, K Ken-Ichi, T Shiro 
and O Akihiko. “Fibronectin as a potent inhibitors of 
calcium oxalate urolithiasis”. J Urol, 164, 1718-
1723(2000). 

8. S R Khan. Structure and development of calcific uri-
nary stones. In Bonucci E, ed. Calcification in Biolog-
ical Systems, (Boca Raton: CRC Press, 1992), pp-345-
63. 

9. J A Wesson, E M Worcester, JH Wiessner, NS Mandel 
and JG Kleinman. “Control of calcium oxalate struc-
ture and cell adherence by urinary macromolecules”. 
Kidney Int 53, 952-957(1998). 

10. D J Kok and S R Khan. “Calcium oxalate nephrolithia-
sis, a free or fixed particle disease”. Kidney Int, 46, 
847-54(1994). doi:10.1038/ki.1994.34.

 

IJPRT | 2011 | 25 


