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ABSTRACT 
Background: Calcium oxalate renal stones are the most predominant cases of renal 
stones, their formation is more complex  and  no specific cause for the stone can be 
identified so called 'idiopathic'. This study was designed to analyze the metabolic and 
biochemical alterations in serum, urine and their  relation to pathophysiology of 
calcium oxalate stone formation  
Patients and Methods : In this study, individuals have been classified into three 
groups: Group (A) included (29) apparently healthy persons of non calcium oxalate 
stone formers aged (20-35 years), group (B) included (16) patients with  calcium 
oxalate renal stone aged (20-35 years) and group(C) included (15) patients with 
calcium oxalate renal stone aged (40-70 years).  Fasting serum, random urine and  24-
hours urine samples were collected from all individuals to determine urine volume, 
creatinine clearance, serum and urine levels of calcium, phosphate ,uric acid ,zinc, 
copper and serum levels of total cholesterol, high density lipoproprotien-cholesterol 
and urea  . 
Results: Calcium oxalate stone formers group (B) exhibited significantly decreased 
serum levels of uric acid (P=0.015),zinc (P=0.031) with increased serum level of 
total cholesterol(P=0.034) when compared to similar age group of healthy control 
,group (A). Urinary parameters in calcium oxalate stone formers also showed 
significantly increased levels of 24-hour urine calcium(P=0.05) and urine calcium: 
creatinine ratio (P=0.05)when compared to healthy control. While, older age calcium 
oxalate stone formers, group (C) showed significantly decreased urine volume 
(P=0.015)with increased kidney stone size(P=0.03) when compared to younger age 
calcium oxalate stone formers, group (B).  
Conclusions: Level of urinary calcium and urine volume are the most important 
urinary factors in enhancing calcium oxalate stone formation. While the observed 
changes in biochemical measurements of serum in calcium oxalate stone formers may 
indicate a probable metabolic relation in pathogenesis of this disease. 
Key words :  Nephrolithiasis , 24-hours urine collection, stone formers , Calcium 
oxalate 

  
  الخالصة

ة     تعد حصى اوآزاالت الكالسيوم الكلوية من  واع الحصى الكلوي ر أن ارا و أآث دا واليوجد     انتش ر تعقي تشكيلها االآث
ا دد لتكوينه راتصممت الدراس ،سبب مح ل التغي ة والك االيضية ة لتحلي دم يميائي ي إدرار وأمصال ال ة  ف الحيوي

  .تكوين تلك الحصى  وعالقتها بفسلجة مرضية وية الكل محصى اوآزاالت الكالسيولن للمرضى المكوني
اميع    تم تقسيم المشارآين  في هذه الدراسة  إلى:  وطرق العملالمشارآين   )29(وتشمل  ) أ( وعة مجم: ثالث مج

وتشمل   ) ب(جموعة  م،)سنة  35-20(تتراوح أعمارهم بيناوآزاالت الكالسيوم الكلوية  حصىشخص ال يكونون 
ي تشمل   ) ج(ومجموعة  )سنة 35-20( ينتتراوح أعمارهم ب ى اوآزاالت الكالسيوم الكلوية حصمصاب ب)16( الت
ة  )15( يوم الكلوي زاالت الكالس ين مصاب بحصى اوآ ارهم ب راوح أعم نة 70-40(تت د  ). س ع وق م جم ات ت عين

دة  ،اإلدرار ع المشارآين    ساعة  24أمصال الدم بعد فترة صيام وآذلك جمع اإلدرار لم دير حجم االدرار   لجمي  لتق
توى   اس مس اتنين و قي رح الكري يوم وط فات،الكالس ك، الفوس امض اليوري دم  ، ح ي أمصال ال اس ف ك والنح الزن

   افة و اليوريا  في أمصال الدم ثمستوى الكولسترول والكولسترول عالي الك درار وآذلك تقديرواإل
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مع مجموعة السيطرة من   عند مقارنتها يوم الكلوية ن بحصى اوآزاالت الكالسالمصابي  اظهرت مجموعة: النتائج
ة نفس الفئ وي   ة العمري توي   انخفاض معن دم  أمصال ات في مس ة   (لحامض اليوريك    ال  و) 0.015= مستوى الدالل

ي  مستوى الكولسترول    ارتفاع معنوي فيمع ) 0.031=مستوى الداللة (الزنك  ة   (الكل ). 0.034 =مستوى الدالل
آما اظهرت متغيرات االدرار في المكونين لحصى اوآزاالت الكالسيوم ارتفاع معنوي في مستوى الكالسيوم في    

مستوى الداللة (نسبة الكالسيوم إلى الكرياتنين البولي و)0.05= مستوى الداللة (ساعة  24االدرار المتجمع خالل 
ع    )0.05= ت م دما قورن يطرة معن ة الس رات االدرار لمجموع رت  .تغي ا أظه ةبينم ا مجموع بحصى  نبيالمص

ة  يوم الكلوي زاالت الكالس ى   اوآ ة االعل ة العمري ة ،ذات الفئ م   ،)ج(مجموع ي حج وظ ف وي ملح اقص معن تن
عندما قورنت مع   ) 0.03 =ى الداللة مستو(زيادة معنوية في حجم الحصىمع  )0.015=مستوى الداللة (اإلدرار

  .)ب(المجموعة 
تنتاج م : االس ولي وحج يوم الب توى الكالس ر مس م  يعتب ن اه لاالدرار م وين حصى   االدرار عوام ي تك ؤثرة ف الم

ة  في      اوآزاالت الكالسيوم الكلوية ،بينما تشير المتغيرات المقاسة في ة ايضية محتمل امصال الدم الى  وجود عالق
   .تكوين تلك الحصى

 
enal stone formation is a common 
disease with increasing incidence 

and prevalence worldwide1. Climate, 
changing life style and dietary choices 
are the most probable causes of 
increasing incidence and 
prevalence2.The annual incidence in 
Europe and North America is roughly 
of 0.5% with prevalence of 5.2% and 
50% of patients may develop a new 
episode3. However, data from some 
developing countries showed similar 
figures to those described in western 
countries4. 
      Different studies related the renal 
stone formation to different metabolic 
disturbances. Pack et al (2004) 
proposed that serious changes in 
urinary factors may lead to formation 
of kidney stone5. Also, Maghbooli et al 
(2007) study exhibited a strong 
association between renal stone and 
metabolic bone disease6, while 
Mossetti et al (2008) study showed that 
metabolic syndrome and 
nephrolithiasis have  a common 
background7.          
      According to chemical 
composition, renal stones can be 
classified into different types. Calcium 
oxalate renal stone is the most 
predominant type of renal stones in 
Iraq and different part of the world 
representing about 75% of cases.4,8,9  
The formation of calcium oxalate 
stones is more complex and not yet 
completely understood and in most 
cases no specific cause for the stone 

formation can be identified and so 
called 'idiopathic'.10 

      Most studies on renal stone didn't 
specify type or size of the stone. The 
present study included idiopathic 
calcium oxalate stone formers of 
relatively small size stone to analyze 
biochemical and metabolic alterations 
that affecting the pathophysiology of 
renal stone, and excluding the 
relatively harmful mechanical effects 
or kidney damage produced by other 
types of stones or  relatively larger 
stones. 
       The aim of the present study was 
to investigate the possible metabolic 
changes that could be associated with  
idiopathic calcium oxalate renal stone 
formation. 
 
Patients  and Methods 
     Sixty individuals shared in this 
study during the period  from April 
/2011 to December /2011. The 
individuals were divided into three 
groups: Group A (control) included 
(29) apparently healthy individuals 
without renal stone aged (20-35years), 
while group B and group C were of 
renal stone formers, who attended AL-
Jamhuri Teaching Hospital/Center of 
Extracorporeal Shock Wave 
Lithotripsy. Group B involved(16)renal 
stone formers  aged (20-35years)and 
group C involved (15) renal stone 
formers  aged (40-70 years).  
         The detection of calcium oxalate 
stone is confirmed by patient history 

R 
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,ultrasound, and radio image, all stones 
seems to be located in left and/ or right 
kidney with stone size of less than 15 
mm³. Patients with acute or chronic 
kidney disease, Diabetes Mellitus, 
hypertension or patients on thiazide 
diuretics, calcium supplements were 
excluded from the study. 
        Sample collections and 
measurements: Random urine samples 
were taken to test for: types of crystals, 
presence of protein (individuals with 
no urinary protein were included). 
Concerning group B and group C, only 
those exhibited  urinary calcium 
oxalate crystals were included that 
confirm radiological testing and 
previous patient history.11,12 The 
selected individuals agree to do fasting 
blood collection  and 24- hours urine 
collection to measure serum and urine 
levels of calcium, phosphate, uric acid, 
creatinine, zinc and copper in addition 
to serum levels of total cholesterol, 
HDL-C and urea. Calcium was 
determined according to O-Cresol 
Phthalin Complexone (CPC) method 
using kit manufactured by Biolabo 
(France), phosphate was determined by 
reaction with ammonium molybdate in 
acidic medium a method without 
deproteinisation using kit 
manufactured by Biolabo (France), 
uric acid was determined by uricase 
method using Biolabo kit (France), 
creatinine was determined by Jaffe's 
reaction and measured kinetically  
using Biolabo kit (France). Whereas, 
zinc and copper were determined by 
Shimadzu AA 670 spectrophotometer 

using atomic absorption technique, the 
absorbance measurement of zinc was 
at 213.9 nm wavelength and copper at 
324.8 nm, cholesterol was measured by 
enzymatic method using Biolabo kit 
(France), HDL-c was determined by 
separation of HDL from serum then 
determination of  cholesterol present in 
HDL  by enzymatic method using kit 
purchased by Biolabo (France) and 
urea was measured by enzymatic 
colorimetric method using Biolabo kit 
(France). 
          The research protocol for this 
study was reviewed and approved by 
Scientific Committee of Department of 
Pharmacology/College of Pharmacy-
Mosul  and the Research Committee  
of Ninavaha Health Directorate. All 
patients were informed about the 
research  study .  
         Statistical analysis: The variables 
were evaluated for statistical 
significance by chi-square and t-test, 
the differences are considered to be 
statistically significant if P≤0.05.The 
analysis was performed with the 
statistical package SPSS collection 
(version 16). 
 
Results 
Group (A) was compared to group (B) 
to show the differences between 
normal healthy individuals and those 
with renal stones, also group (B) was 
compared to group (c) to show the 
effect of age on stone formation; as 
both of them, group (B) and (C), 
consist of renal stone formers but of 
different age groups. 
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Table 1. A Comparative description of healthy control and calcium oxalate stone 
formers(group A and group B) and a comparative description of calcium oxalate stone 
formers of different ages(group B and group C) 
   

p-valueGroup C
(n=15) 

Group B 
(n=16) 

p-value  Group B 
(n=16) 

Group A 
(n=29) 

Parameters

0.00  ** 8.86+54.1 3.89+28.1NS 3.89+28.1  .36+26.1
 

Age(years) 

NS 83% 85% NS 85% 90%Percentage of 
eating red meat

NS 58%42%NS 42% 60% Percentage  of 
drinking  beverage 

0.03 *3.4+10.1482.4+6.78  
 

Mean of stone 
size(mm³) 

data represented as percentage parametric-SD, non+Parametric data represented as mean  
 < valuep  (significant difference **, 0.05) <value  psignificant difference ( * , 0.05>value p NS=(not significant )

0.005)  
  
  

Table 2. Some serum biochemical measurements of healthy control (group A), 
calcium oxalate stone formers(group B )and calcium oxalate stone formers (group C ) 

SD+represented as mean 
   

 
p- 

value 

Group C 
(n=15) 

Group B 
(n=16) 

 
p- 

value 

Group B 
(n=16) 

Group A 
(n=29)  

Biochemical 
Parameters   

NS 0.40+ 2  0.267+2.2  NS 0.267+2.2 0.267+2.28Calcium 
(mmol/L) 

NS 0.6+1.215  130.+0.944 NS 130.+0.944 0.36+1.067Phosphate   
mmol/L)( 

NS 0490.+0.260520.+0.28 * 
0.015  

0.052+0.28 0.092+0.33Uric acid  
(mmol/L)

NS 5.3+5.6  1.06+4.8  NS 1.06+4.8  1.3+5.19  Urea     
(mmol/L)) 

NS  22.8+79.1318.8+71.55 NS  18.8+71.55  16.9+65.9  Creatinine 
(µmol/L) 

NS 22.8+75.4817.2+70.08 NS  17.28+70.082.71+2182. Urea:creatinine 
ratio 

NS 0.14+5.3 0.81+5.68 * 
0.034  

0.81+5.68  0.49+5.15 Total cholesterol 
(mmol/L) 

NS 0.014+1.720.27+1.52 NS 0.27+1.52 0.31+1.7  HDL-C 
(mmol/L)

NS 4.48+12.77 4.39+12.45  * 
0.031  

4.39+12.45  4.57+16.09Zinc 
(µmol/L)

NS  7.6 +18.05  4.49+16.5  NS 4.49+16.5  4.49+15.56 Copper 
(µmo/L) 

)0.05<P value significant difference (*, (not significant) NS  
if the range of urea :creatinine ratio= 40-100,this mean there is no renal injury.   
   



Iraq J Pharm                                                                                                              Vol. 13, No.2, 2013 
  

31 
 

Table 3 : Some urinary biochemical measurements in  healthy control(group A), 
calcium oxalate stone formers(group B)and calcium oxalate stone formers group (C) 

SD+as mean represented 
  

 
p- 

value 

Group C 
(n=15) 

Group B 
(n=16)  

 
p- 

value 

Group B 
(n=16) 

Group A 
(n=29)  

Biochemical 
Parameters 

Measured in 
Urine  

*  
0.015  

408.5+1529 507.7+2003 NS 507.7+2003 551+1765.2  urine volume 
(ml) 

NS 0.8+5.2  0.37+4.4 
  

NS 0.37+4.4  0.24+5.4  Urine PH

NS 0.007+1.0220.005+1.025
 

NS  0.005+1.0250.004+1.026Specific gravity 

NS 0.2+1.06 0.3+1.13 
 

NS 0.3+1.13 0.11+1.09  Cr.Cl  
(ml/sec/m2) 

NS 1.28+7 1.13+6.61 *  
0.05 

1.13+6.61  0.64+5.14  Calcium
(mmol/24h) 

NS  0.13+0.2 50.0+0.2  *  
0.05   

50.0+0.2  0.016+0.17  Urine  Ca:Cr  

NS 7.29+27.84  4.58+24.45 NS  4.58+24.45 8.8+24.08  phosphate 
(mmol/24h) 

NS 1.43+3.19 0.9+3.49 NS  0.9+3.49 1.29+3.21  Uric acid
( mmol/24 h)

NS 0.3+2.84 0.3+2.86  NS 0.3+2.86 
 

0.38+2.75  Zinc
 (µmo/24h)

NS  0.042+0.34  0.064+0.376 NS  0.064+0.376
  

0.05+0.376  Copper 
(µmol/24h)

a:Cr (Calcium Creatinine ratio)C,(Creatinine Clearance )Cr.Cl . )0.05<valuep (* significant ,(not significant ) NS  
  

       Calcium oxalate stone formers 
when compared with healthy control 
showed a significant decrease in serum 
uric acid and serum zinc levels while 
showed a significant increase in serum 
total cholesterol with (p <0.05) (table 
2), while other serum measurements 
showed no significant differences 
(table 2). Meanwhile,24-hours urine 
parameters showed no significant 
difference except for 24-hours urine 
calcium and urine calcium: creatinine 
ratio  which was significantly higher in 
group B(stone formers) when 
compared to group A(healthy control) 
with ( p< 0.05) (table 3). However, 
comparison of different age groups of 
stone formers (between group B and 
group C) group C showed lower urine 
volume than group B, but other 

biochemical parameters exhibited no 
significant differences (table 3). 
  
Discussion 
The selected individuals were not on 
any type of vitamin or minerals and 
apparently  to be of no significant 
differences in consuming red meat and 
carbonated or soda beverages, which 
have been reported to exert their 
effects by changing  urinary 
parameters(13,14) especially calcium, 
phosphate, uric acid and urinary PH 
(table 1). 
       Concerning biochemical 
parameters measured in serum, 
phosphate level showed no significant 
difference between healthy individuals 
and calcium oxalate stone 
formers(table 2), this result was not 
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agree with Polo et al  study15, may be 
because Polo’s study incorporated 
patients with sever lithogenic activity 
and high recurrence rate with renal 
stone size more than 3 cm³. 
        The present study also showed a 
significant decrease in serum uric acid 
in calcium oxalate stone formers, 
group B when compared to healthy 
control (p=0.015) (table 2), this 
decrease has been observed by Scholz 
et al study16and Gyawali et al study17 

which may be related to a decrease in 
antioxidant activity in stone 
formers.18However, Gyawali et al 

study explained the result by 
multifactorial etiology of urinary stone 
and some genetic variation in Nepalese 
patients.17  
     Calcium oxalate stone formers 
group B showed a significant increase 
in total serum cholesterol level but 
there is no significant changes in HDL-
C level when compared to healthy 
control group A(P=0.034) (table2). 
This result is not in agreement with 
Polo et al study15 who found no 
significant changes in total serum 
cholesterol and HDL-C. However, it 
has been proposed that lipid play a 
significant role in calcium oxalate 
growth and the presence of high lipids 
in membrane of tubular cells provides 
a site for initial nucleation events19, 
because the free radicals generated 
from lipid peroxidation would 
facilitated the fixation of calcium 
oxalate crystals.20 New evidence 
suggested that nephrolithiasis and 
atherosclerosis shared common 
systemic risk factors and/or 
pathophysiology.21 Therefore, there is a 
low incidence of renal stone in 
Eskimos and Japaness due to increase 
in consumption of polyunsaturated 
fatty acids (like omega-3) which have 
reported effects in enhancing lipid 
status.22Also, it was found that serum 
cholesterol was significantly increased 
in calculogenic rats and administration 
of α-lipoic acid to rats counter act 

calcium oxalate crystallization, in 
addition to antilipemic activity.23 

          The lower value of serum zinc in 
stone formers when compared to 
healthy control (p<0.031) (table2) is in 
agreement with Atakan et al study24 as 
well as Ranqnekar and Gaur study25, 
that may be attributed to higher 
oxidative properties which lead to 
decrease antioxidant status in calcium 
oxalate stone formers18as zinc is 
considered as a potent antioxidant.26 

         In accordance of urinary 
biochemical parameters measured in 
this study , there was no significant 
difference in 24-hours urine phosphate 
levels (table3),this result is not in 
agreement with Wikstrom et al study27 

who suggested a decrease in renal 
phosphate handling in calcium stone 
formers. However, Wikstrom may 
incorporated in his study patients with 
larger stone size especially that, in the 
present study, phosphaturia was 
developed in one patient in group C his 
stone size was10 mm³. 
        There was no significant 
differences in the levels of 24-hours 
urine uric acid (table 3), that agrees 
with Gurhan and Taylor study 28who 
incorporated 3350 renal stone formers, 
challenging the prevailing belief of that 
uric acid in urine increases the risk of 
calcium oxalate stone 
formation.29However, the protective 
action of (Allopurinol)® to calcium 
oxalate stone may be related to 
improve endothelial dysfunction and 
reducing oxidative stress.30,31 . 
      Also there was a significant 
increase in 24-hours urine calcium in  
calcium oxalate stone formers when 
compared to healthy control (p=0.05) 
(table3), which is in agreement with 
Polo et al study15who measured 24-
hour urine calcium in general calcium 
stone formers with sever lithogenic 
activity and found a significant 
hypercalciuria in stone formers with 
(p=0.000). However, Conte et 
al32study explained that, calcium 
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oxalate stone is more frequent in 
normocalciuric patients, while mixed 
calculus of calcium oxalate and 
phosphate associated with marked 
hypercalciuria. Moreover, this study 
showed a significant increase in urine 
calcium: creatinine ratio in calcium 
oxalate stone formers when compared 
to controls (table3), indicating that 
there is higher calcium leak from 
kidneys of stone formers than kidneys 
of control, which may attributed to the 
presence of interstitial papillary 
deposits that may affect on calcium 
reabsorption.33 
      This study also exhibited no 
differences in urinary zinc between 
different groups (table3), which is in 
contrast with Atakan et al study24 who 
found a higher urinary zinc in healthy 
individuals while Ranqnekar and Gaur 
study25 as well as Ozgurtas et al 
study34 found a higher urinary zinc in 
stone formers, suggesting that urinary 
zinc  possess no inhibitory activity to 
calcium oxalate stone formation. Also 
this study exhibited no  differences in 
serum and urine copper (table2, table3) 
that agrees with Ozgurtas et al study34 
suggesting that there is no effect of 
urinary copper on formation of kidney 
stone.  
    Lastly, concerning urine volume, the 
lower urine volume in older age group 
calcium oxalate stone formers when 
compared  to younger age group 
calcium oxalate stone formers (group 
C and group B) (p<0.015) (table3) 
may be attributed to a lesser 
consumption of water. However, the 
lower urine volume can increase 
concentration of lithogenic substances 
in urine35and may result in significant 
increase in stone size of this group of 
stone formers (group C) when 
compared to (group B) (p<0.03) (table 
1). 
        In conclusion: level of urinary 
calcium and urine volume are the most 
important urinary factors in enhancing 
calcium oxalate stone formation. While 

the observed changes in biochemical 
measurements of serum in calcium 
oxalate stone formers may indicate a 
probable metabolic relation in 
pathogenesis of this disease. 
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