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ABSTRACT (THAI) 

 ไชยดล ตณัฑสิทธ์ิ : วิธีการวดัผลกึแคลเซยีมซิเตรตท่ีตกตะกอนในปัสสาวะดว้ยวิธีการใชส้ารมเูรก็ไซดแ์ละประโยชนท์าง
คลินิกในโรคน่ิวปัสสาวะชนิดแคลเซียมออกซาเลต. ( Measurement of Precipitated Calcium Citrate in Urine by 
Murexide-based Indicator Displacement Assay and Its Clinical Utility in Calcium Oxalate Urolithiasis) อ.ท่ีปรกึษา
หลกั : ผศ. ดร.ชาญชยั บญุหลา้ 

  
น่ิวปัสสาวะซึ่งส่วนใหญ่มีแคลเซียมออกซาเลต (CaOx) เป็นองคป์ระกอบนัน้เป็นโรคทางเดินปัสสาวะท่ีพบมาเป็นเวลานาน

และมีความชกุและอตัราการเกิดซ า้สูง พฤติกรรมการบริโภคอาหาร โดยเฉพาะอาหารท่ีมีสารออกซาเลตสูงและการบริโภคอาหารท่ีมีสารซิ
เตรตต ่า ท าใหเ้กิดภาวะสารออกซาเลตในปัสสาวะสูงร่วมกับภาวะสารซิเตรตในปัสสาวะต ่า  ซึ่งเป็นสาเหตุโดยตรงของการเกิดน่ิว CaOx 
ดงันัน้ การตรวจวดัปริมาณสารออกซาเลตและซิเตรตในปัสสาวะจึงจ าเป็นต่อการประเมินความเสี่ยงของการเกิดน่ิว  CaOx ปัจจุบนัการวดั
ปริมาณซิเตรตในปัสสาวะใช้วิธี High-performance liquid chromatography สามารถวัดโดยตรงได้ แต่มีขั้นตอนการวัดท่ีซับซอ้นและ
ตอ้งการผู้วัดท่ีผ่านการฝึกใช้งานเครื่องมือเท่านั้น ทางผู้วิจัยจึงตั้งสมมติฐานว่า แทนท่ีจะวัดปริมาณซิเตรตในปัสสาวะโดยตรง  การวัด
ปริมาณแคลเซียมซิเตรต (CalCit) ท่ีตกตะกอนออกมาจากปัสสาวะโดยการใส่สารแคลเซียมเขา้ไปใหม้ากเกินพอนัน้  น่าจะเป็นอีกวิธีการ
ทางเลือกท่ีสามารถจ าแนกกลุ่มผูป่้วยนิ่ว CaOx ออกจากผูท่ี้ไม่เป็นน่ิวไดเ้ช่นกัน ในการศึกษานี ้ผูว้ิจัยมีเป้าหมายท่ีจะพัฒนาการทดสอบ
ใหม่ท่ีวัดปริมาณ CalCit ท่ีตกตะกอนออกมาจากปัสสาวะท่ีมีความอิ่มตัวยิ่งยวด ภาวะความอิ่มตัวยิ่งยวดนีถู้กกระตุน้โดยการเติมสาร
แคลเซียมคลอไรดท่ี์มากเกินพอเขา้ไปในตวัอย่างปัสสาวะ ตกตะกอน CalCit โดยใชแ้อททานอล และละลายตะกอนกลบัมาดว้ยกรดไฮโดร
คลอริก วัดปริมาณซิเตรตในละลาย  CalCit ด้วยวิธีการแทนท่ีอินดิเคเตอร์ (indicator-displacement assay, IDA) โดยใช้สีมูเร็กไซด์ 
(murexide, Mrx) เป็นอินดิเคเตอร  ์จากนัน้ท าการตรวจสอบความใชไ้ดข้องวิธีใหม่นี้ ตรวจสอบความถูกตอ้งทางคลินิกเพื่อพิสูจนว์่าวิธีท่ี
พฒันาขึน้ใหม่นีม้ีศกัยภาพในการวินิจฉัยโรคน่ิวปัสสาวะชนิด CaOx หรือไม่ ผูว้ิจยัพบว่าวิธีการวดัปริมาณ CalCit ท่ีตกตะกอนจากปัสสาวะ
ดว้ยการแทนท่ีสารมูเร็กไซดซ์ึ่งเป็นอินดิเคเตอร ์(murexide-based indicator displacement assay, Mrx IDA) นีผ้่านการตรวจสอบความ
ใชไ้ดข้องวิธีทดสอบ ช่วงระยะการวดัท่ีเชื่อถือไดอ้ยู่ในช่วง 0.4-1.4 mM โดยมี limit of detection (LoD), lower limit of quantitation (LoQ) 
และ upper LoQ อยู่ท่ี 0.08 mM, 0.4 mM และ 1.4 mM ตามล าดบั พรอ้มทัง้มี repeatability, reproducibility และ accuracy อยู่ในเกณฑ์
ท่ียอมรบัได ้ส าหรบัการตรวจสอบความถูกตอ้งทางคลินิก ท าการวัดระดบั CaCit ในตวัอย่างปัสสาวะ 24 ชั่วโมง จากผูท่ี้เป็นน่ิวปัสสาวะ 
จ านวน 122 ตัวอย่าง และจากผู้ป่วยน่ิว CaOx จ านวน 45 ตัวอย่าง ผลการวิเคราะห ์Receiver operating characteristic (ROC) ไดค่้า 
area under ROC curve อยู่ ท่ี 0.8227 (95% CI: 0.7522-0.8931) ส าหรับการจ าแนกผู้ป่วยน่ิว  CaOx ออกจากผู้ท่ีไม่ได้เป็นน่ิว  เมื่อ
ก าหนดค่า cutoff ของระดับ CalCit ท่ี 632 µM วิธี Mrx IDA นี้ให้ค่า sensitivity, specificity, positive และ negative predictive values 
(PPV และ NPV), positive และ negative likelihood ratios (LH+ และ LH-), และ accuracy อยู่ ท่ี 84.44%, 70.49%, 74.25%, 51.35%, 
92.47%, 2.41, 0.26, 74.90% ตามล าดบั โดยสรุปผูว้ิจัยสามารถพฒันาการทดสอบเพื่อวดัปริมาณ CalCit ท่ีตกตะกอนจากปัสสาวะดว้ย 
Mrx IDA ไดส้ าเร็จ กระบวนการตรวจสอบความใช้ไดข้องวิธีการทดสอบแสดงให้เห็นว่าการทดสอบนีม้ีความแม่นย าและเท่ียงตรง  การ
ตรวจสอบความถูกตอ้งทางคลินิกให้ค่า sensitivity และ NPV ท่ีสูง ซึ่งบ่งชีว้่า หากผลการทดสอบดว้ยวิธีนีเ้ป็นลบ สามารถบอกไดอ้ย่าง
ถกูตอ้งว่าไม่น่าจะเป็นโรคน่ิวปัสสาวะชนิด CaOx ดงันัน้ การทดสอบเพื่อวดัปริมาณ CalCit ท่ีตกตะกอนออกมาจากปัสสาวะท่ีพฒันาขึน้มา
ในงานวิจยันี ้สามารถใชเ้ป็นเครื่องมือเพื่อการตรวจคดักรองโรคน่ิวปัสสาวะชนิด CaOx ได ้
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ABSTRACT (ENGLISH) 

# # 5974767130 : MAJOR MEDICAL SCIENCES 
KEYWORD: Kidney stone, Calcium oxalate, Calcium citrate, Murexide, Indicator displacement assay, Screening test 
 Chaiyadol Tantasith : Measurement of Precipitated Calcium Citrate in Urine by Murexide -based Indicator 

Displacement Assay and Its Clinical Utility in Calcium Oxalate Urolithiasis. Advisor: Asst. Prof. CHANCHAI 
BOONLA, Ph.D. 

  
Urinary stone, mainly composed of calcium oxalate (CaOx), is a longstanding urologic condition with high 

prevalence and recurrence rates. Dietary habits, specifically increased consumption of high oxalate diet and low intake of 
citrate-containing foods, lead to hyperoxaluria and hypocitraturia that directly contribute to CaOx stone formation. 
Measurements of urinary oxalate and citrate are essential to estimate the risk of CaOx stone formation. Currently, high-
performance liquid chromatography is used for urinary citrate measurement, but it is complicated and requires well-trained 
technicians. We hypothesized that instead of directly measuring citrate in urine, measurement of calcium citrate (CalCit) 
precipitated in urine challenging with excessive calcium would be an alternative method to distinguish CaOx stone patients 
from non-stone subjects. In this study, we developed a new test for measuring precipitated CalCit in supersaturated urine. 
Supersaturation of urine was induced by adding excessive amount of calcium chloride. CalCit was precipitated by ethanol and 
redissolved by hydrochloric acid. Citrate content in the redissolved CalCit was determined by an indicator-displacement assay 
(IDA) using murexide (Mrx) as an indicator dye. Method validation was performed. Clinical validation was subsequently 
conducted to evaluate whether this method had sufficient performance for diagnosing CaOx urolithiasis. We successfully 
established the procedure of the murexide-based indicator displacement assay (Mrx IDA) for measuring precipitated CalCit. 
The measurement interval of the Mrx IDA was between 0.4 and 1.4 mM. Limit of detection (LoD), lower limit of quantitation 
(LoQ), and upper LoQ were 0.08 mM, 0.4 mM, and 1.4 mM, respectively. Repeatability, reproducibility, and accuracy were well 
acceptable. For clinical validation, the test was performed in 24-hour urine samples obtained from 122 non-stone subjects and 
45 CaOx stone patients. Receiver operating characteristic (ROC) analysis revealed an area under ROC curve of 0.8227 (95% 
CI: 0.7522-0.8931) for distinguishing CaOx stone patients from non-stone subjects. At the cutoff value of 632 µM, the test 
provided sensitivity, specificity, positive and negative predictive values (PPV and NPV), positive and negative likelihood ratios 
(LH+ and LH-), and accuracy of 84.44%, 70.49%, 74.25%, 51.35%, 92.47%, 2.41, 0.26, and 74.90%, respectively. Conclusion, 
we successfully developed the Mrx IDA test for measuring urinary precipitated CalCit. Method validation indicated that this 
newly established test was precise and accurate. Clinical accuracy testing showed high sensitivity and NPV, suggested that 
the Mrx IDA test was useful to rule out the CaOx urolithiasis. Therefore, the measurement of urinary precipitated CalCit 
developed in this study is clinically promising to be used as a screening test for CaOx urolithiasis. 
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Chapter 1 Background and Rationales 
Urolithiasis or urinary stone disease is one of the main urologic health problems worldwide (1). 

Most urinary stones are formed in the kidneys and called kidney stone. Globally, prevalence of kidney 

stone is progressively increasing (2). Kidney stone is highly recurrent, and the recurrence rate is 

reported up to 66.9% in 2022 (3). Kidney stone potentially causes serious consequences because it 

progressively damages kidneys and increases the risk of chronic kidney disease. Furthermore, the 

economic burden of kidney stone management is substantial (4). Therefore, development of diagnostic 

tests for identifying people at risk of kidney stone development is required to prevent kidney stone 

formation and recurrence.   

The risk factors of kidney stone formation include dietary habits, genetic predisposition, and 

environmental factors (5, 6). According to the mineral composition of stones, the most common type of 

stones is calcium oxalate (CaOx, 75%-90%), followed by uric acid, calcium phosphate (CaP), struvite, 

apatite, and cystine stones (5). Calcium and oxalate (Ox) are the main CaOx stone promoters whereas 

citrate is the most potent inhibitor of CaOx stone. Hypocitraturia and hyperoxaluria are well accepted 

as the crucial metabolic risk factors of CaOx stone formation and recurrence (6, 7). In 2006, 

Youngjermchan et al. reported that hypocitraturia was the most frequent metabolic risk factor found in 

Thai stone patients(8). Additionally, in 2009, Saepoo et al. also confirmed that hypocitraturia is the main 

metabolic risk factor observed in Thai patients(9). Therefore, measurement of urinary citrate is 

necessary to estimate the risk of kidney stone development. The common techniques for measuring 

urinary citrate concentration include high performance liquid chromatography (HPLC), proton nuclear 

magnetic resonance (1H-NMR) spectroscopy, enzymatic assay, and liquid chromatography with 

tandem mass spectrometry (LC-MS/MS). Generally, these methods are time-consuming, expensive 

and require qualified operation skill. 

Citrate is the well-known inhibitor of CaOx stone because it binds with calcium to produce a 

water-soluble calcium citrate (CalCit) compound. In contrast, the reaction of calcium and oxalate yields 

an insoluble CaOx compound/ crystal that further acts as a seed for CaOx stone formation. Citrate also 

inhibits growth and aggregation of CaOx crystals. Basically, CaOx (CaC2O4) stone formation is divided 

into 2 phases: early phase of aggregation, and later phase of crystallization and/or transformation (10). 

Citrate exhibits its inhibitory role in both phases. In addition, citrate also has an important protective 
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role to renal tubular cells by preventing the crystal transformation from calcium oxalate dihydrate (COD) 

to calcium oxalate monohydrate (COM) (11). We thought that the more citrate existing in urine would 

produce a more soluble CalCit complex that further prevent CaOx stone development. Therefore, we 

proposed that measurement of urinary CalCit might be an alternative method to be used for estimating 

the risk of CaOx urolithiasis development or for separating CaOx stone patients from non-stone 

subjects.  

Since the formation of lithogenic crystals, specifically CaOx, calcium phosphate (CaP) and uric 

acid, is initial step in lithogenesis, measurement of the relative supersaturation of CaOx, CaP and uric 

acid are widely used for estimating the risk of kidney stone development. The likelihood of CaOx kidney 

stone formation increases with higher supersaturation of CaOx and CaP (12). In contrast, CalCit 

supersaturation and CalCit crystal formation, that is an inhibitory force for CaOx stone development, 

has never been investigated in kidney stone disease. Generally, urine citrate concentration in CaOx 

stone patients is lower than in healthy subjects. We proposed that after challenging urine sample with 

excessive calcium the formation of urinary CalCit complex in CaOx stone patients was lower than in 

non-stone subjects. Development of method to measure this CalCit complex should be a reflective of 

urinary citrate, and might be able to distinguish CaOx stone patients from the healthy population. 

Based on literature review and our preliminary study, we proposed to measure the precipitated 

CalCit from urine by a simple colorimetric indicator displacement assay (IDA) using murexide (Mrx) as 

an indicator. Mrx is a purple indicator that reacts with copper ions (Cu2+) and yields a yellow complex 

(maximum absorption at 457 nm). After adding citrate3-, Mrx is displaced by  citrate3-, and the stable 

complexes of citrate-Cu2+ are formed (13), leaving free Mrx in the solution and turning the color of 

solution to purple. The purple signal (maximum absorption at 522 nm) of the free Mrx dye is 

proportionated to the  amount of citrate in the solution, and the displacement time is considerably rapid 

that is completely displaced within less than 1 minute (13). Mrx IDA had been used as a tool for 

measuring citrate esterification property (14, 15), calcium level (16, 17), and phenolic acid level (18) in many 

food samples. Some urinary phenolic acids can also displace Mrx, and they might interfere the CalCit 

measurement (18). Therefore, measuring CalCit in urine sample directly by Mrx IDA is not 

recommended. To decrease this interfering effect, we proposed to induce CalCit supersaturation in 
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urine sample first by adding excessive calcium and precipitate CalCit using ethanol. Then, the 

precipitated CalCit was re-dissolved before measurement of CalCit by the Mrx IDA. 

In this study, we aimed to develop a new in-house method for measuring the total amount of 

CalCit precipitated in 24-h urine sample using the Mrx IDA. CalCit supersaturation in urine sample was 

induced by addition of excessive calcium chloride. The urinary CalCit was precipitated by the ethanol 

precipitation, and the precipitated CalCit was re-dissolved in HCl for further measuring citrate by Mrx 

IDA. Method validation to demonstrate the suitability of our new test for measuring CalCit precipitates 

in urine was performed, and the method validation parameters including selectivity, linearity, limit of 

blank (LoB), limit of detection (LoD), limit of quantitation (LoQ), precision, accuracy, reproducibility 

was calculated and reported. Finally, diagnostic accuracy testing of our new test was carried out in 

24-h urine samples obtained from CaOx urolithiasis patients and non-stone subjects. Diagnostic values 

of the new test including sensitivity, specificity, accuracy, positive predict value, and negative predict 

value were calculated and reported. To our knowledge this was the first study proposed to measure 

CalCit precipitation in urine as a CaOx stone prevention indicator. We did hope that it could provide a 

clinical usefulness for screening or estimating the risk of CaOx urolithiasis development. 

 

Keywords: Kidney stone, Calcium oxalate, Calcium citrate, Murexide, Indicator displacement assay, 

Screening test 

 

Research questions 

Could measurement of CalCit precipitation in urine using Mrx IDA be successfully established, 

and be useful for screening CaOx kidney stone disease? 

 

Hypotheses 

1. The urinary CalCit precipitation measurement using Mrx IDA could be successfully 

developed. 

2. The newly established method was validated to be suitable for measuring CalCit precipitation 

in urine samples. 
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3. The urinary CalCit precipitation measurement by Mrx IDA had a good performance to identify 

people at risk of CaOx stone formation. 

Objectives 

1. To develop the Mrx IDA for measuring CalCit precipitation in 24-h urine samples. 

2. To perform the method validation of the newly established Mrx IDA for measuring urinary 

CalCit precipitation. 

3. To evaluate the diagnostic accuracy, precision, positive and negative predict value of 

the newly established Mrx IDA for CaOx urolithiasis.  

 

Expected benefits 

1. The measurement of CalCit precipitation in urine using Mrx IDA was successfully 

established. 

2. A new Mrx IDA for measurement of urinary CalCit precipitation that had a high accuracy 

for diagnosing CaOx urolithiasis. 

 
Conceptual framework 

CaOx is the most common type of kidney stone. Citrate is the best-known inhibitor of CaOx 

stone formation and recurrence. To help estimate the risk of CaOx stone formation and recurrence, 

citrate concentration in urine must be determined. Although HPLC is widely used for determination of 

urinary citrate concentration with a high accuracy, it is time-consuming and costly. In addition, 

sophisticated instrument, high technical skill, and complicated sample preparation are required. We 

propose here a new Mrx IDA-based method for measurement of precipitated CalCit in urine that could 

be indirectly reflected the concentration of urinary citrate. We believe that this new method is robust, 

quick, simple, inexpensive, and be able to be use as a screening test for CaOx urolithiasis.  

This study consisted of three main parts; 1) developing the Mrx IDA for measurement of CalCit 

precipitated in urine, 2) performing the method validation to evaluate the suitability of the newly 

established method for CalCit measurement, and 3) conducting the clinical validation to investigate 

the diagnostic performance of the new test for CaOx urolithiasis. The conceptual framework and the 

schematic workflow of the proposed study are shown in Figure 1 and Figure 2, respectively.  
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Figure  1. Conceptual framework of the present study. 
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Figure  2 Schematic workflow of the present study. 
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Chapter 2 Review related literature 

2.1 Urinary stone disease epidemiology 
Urolithiasis is a condition with calcified masses, called stones, formed in the urinary tract. Most 

urinary stones are formed inside the kidneys, called kidney stones. Kidney stones progressively impair 

kidney function and eventually cause chronic kidney disease and end-stage renal disease (19-21). 

Several evidences demonstrate that kidney stone disease closely relates to metabolic syndrome (3, 21-

24). It increases the risk of cardiovascular disease, diabetes, obesity, and hypertension (20), and vice 

versa (1). Unsurprisingly, the global prevalence of both metabolic syndrome and kidney stone is 

continuously rising (25, 26). The study by Qian et al. showed that kidney stone prevalence increased by 

48.57% (25). The incident cases of kidney stone increases from 77.78 million in 1990 to 115.55 million 

in 2019 (25). In 2018, the kidney stone prevalence was reported at 5%-19.1% in the West, Southeast, 

and South Asia (5) . Thailand is also in the “stone belt region” (Figure 3) and increased prevalence of 

kidney stone is corresponded well with the increased obesity prevalence (Figure 4) (27, 28). The disease 

may present with symptoms such as chronic, episodic flank pain, hematuria, or may even be 

asymptomatic (29). Stone disease is highly recurrent. The high recurrence rate of kidney stone was 

reported in 2022 at 66.9% (3) . The earlier studies reported the 5-year recurrence rate at 50% (30, 31). The 

study in 2019 reported that majority of recurrent kidney stone patients present with an underlying 

diseases such as overweight/ obesity, hyperlipidemia, hyperuricemia and hyperglycemia (32).  
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Figure  3 Stone belt (red) extends all the way around the world  (adapted with permission from the 
publication by Fisang and colleagues)  (27) .  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  4 Comparison of world map projection of magnitude of kidney stone prevalence (upper) and 
obesity prevalence (lower) (28). Magnitude of prevalence: high (red), medium (orange), low (yellow). 
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2.2 Types of kidney stones 
The stone was formed from urinary component. The stone consists of over 90% mineral and 

less than 10% organic compounds (33). Most (62.6%) stone composition are heterogenous (34). Stones 

are normally classified into calcium stone and non-calcium stone. The most common type of stone is 

CaOx (75-90% of cases), followed by calcium phosphate (CaP, 20% of cases) or a mixture of CaOx 

and CaP. The non-calcium stone includes uric acid, struvite (magnesium ammonium phosphate), and 

cystine. These uncommon stone types can be found more, and they are usually related to disease 

conditions, such as obesity, diabetes, bacterial infection (23). Some types of stones relate to urinary pH. 

CaP and struvite stone associates with urinary pH >7, while uric acid stone associates to urinary pH 

<5 (19). Generally, in western patient with CaOx stone, the hypercalciuria, hyperoxaluria and 

hypocitraturia are frequently found. Urinary calcium is more than 250 mg per day in female, and more 

than 300 mg/day in male, while the urinary oxalate is more than 40 mg per day. Furthermore, the urinary 

citrate is less than 325 mg per d (35). In Thailand, the CaOx stone is the most common type (70%) (36). 

In 2006, Youngjermchan et al. reported that hypocitraturia was the most frequent metabolic risk factor 

found in Thai stone patients(8). Additionally, in 2009, Saepoo et al. also confirmed that hypocitraturia is 

the main metabolic risk factor observed in Thai patients (9). Thai patient with hypocitraturia was reported 

at <200 mg per day (Figure 5) (8, 9). 

The CaOx stone is initially formed in urine supersaturation, then forming a CaOx crystallization 

(or nucleation), followed by crystal growth and aggregation, and further becoming a stone. The CaOx 

crystallization has 3 forms: CaOx monohydrate (COM; CaC2O4·H2O), dihydrate (COD; CaC2O4·2H2O), 

and trihydrate (COT; CaC2O4·3H2O). COM or COD is common form found in CaOx stone (37). 
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Figure  5 Urinary citrate level in Thai healthy individuals and patient with urolithiasis. Left) from study 

of Youngjermchan et al. (2006) (8), and from study of Saepoo et al (2009) (9). 

 

2.3 Cause and risks factor of kidney stone disease 
The etiology of stone formation is multifactorial involving both intrinsic and extrinsic factors. The 

intrinsic factors include age, gender, body mass index, and genetic background while the extrinsic 

factors include dietary intake, lifestyle, climate, occupation, drugs, and stress (5, 6).  

The kidney stone prevalence normally begins after 20 years old (38). The peak of prevalence was 

reported in between the age of 40 and 60 years old in males (38). In females, the incidence rate is higher 

at almost 30 years old and lower rate after 50 years old (38, 39). The human gene polymorphism study 

indicated that homozygous GG of rs11567842 SNP in NaDC-1 gene has a protective role for 

hypocitraturia, while the homozygous AA of this SNP has a higher risk for kidney stone recurrence (6). 

The arid climate, outdoor-occupation, and high temperature-related work increase risk of dehydration 

leading to urine supersaturation which is the initial step of kidney stone formation (19). Interestingly, 

several mechanisms of chronic metabolic disease have been proposed to relate to kidney stone 

formation. The increased urinary secretion of calcium, uric acid, phosphorus, and oxalate in 

hyperglycemic patients may lead to further stone formation (24). The vascular dysfunction may cause 

the formation of calcium plaque on interstitial tissue of the renal papilla (24). The change in blood 

pressure in hypertension may affect the urinary microbiome and promote kidney stone formation (3).  

Oxidative stress has a vital role in CaOx stone formation (40, 41). Dietary factors that lead to urine 
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supersaturation, hyperoxaluria and hypocitraturia, such as inadequate fluid intake, too much oxalate 

intake, too low citrate intake, and/or low anti-oxidant diet, are the major causes of stone formation and 

recurrence. Our study indicated that consumption of HydroZitLa, which mainly contains citrate and 

antioxidants, can prevent CaOx stone formation in both in vitro and in vivo models (4). 

 

2.4 Citrate and CaOx stone formation 
The best-known inhibitor of CaOx stone formation and recurrence is citrate. Citrate can prevent 

CaOx stone in both pre-crystallization and crystal transformation phases.  

At the pre-crystallization stage, citrate ion competitively binds to free Ca2+ ion, which delays 

oxalate ion (C2O4
2-) binding to Ca2+ ion. Additionally, carboxylate group of citrates can bind to calcium 

at surfaces of CaOx species (such as, CaHC2O4
+ or CaC2O4

0) to form the negatively charged outer 

shell (zeta potential = -39.2± 2.0 mV) of amorphous CaOx (a non-crystalline stage with unclear shape) 

(Figure 6). The citrate shell prevents a transition from CaOx nucleation to aggregation. Without citrate 

CaOx has zeta potential close to zero that promptly leads to aggregation (10). 
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Figure  6 Amorphous CaOx nanoparticle. a) Cryo-ESEM image of shape of CaOx precipitated with 
citrate. b) TEM image CaOx precipitated with citrate. The rounded nanoparticles seem to grow by 
aggregation of smaller nanoparticles. The diamond-shaped of CaOx crystals (COD) are also showed 
(black arrow). Scale bar: 200 nm, 10 nm (inset). c) TEM image of the edge of an amorphous CaOx 
nanoparticle displaying about 20 nm thick rim. d) line-profile of energy-dispersive X-ray spectroscopy 
analysis (along the line A-A’ depicted in the TEM image) showing an increase in C (carbon, from 
carboxylic group) in the outer part of the sphere (10).  
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 Citrate also has an important role to protect renal cell damage by inhibiting COD-to-COM 

transformation. During the CaOx crystal transformation, enough amount of citrate can attract more 

water molecules to facilitate COD formation, and citrate can also stabilize COD and inhibit CaOx 

growth. COD is a precursor of COM transformation, and it is more soluble than COM (33, 42). COD is the 

most commonly CaOx crystals found in healthy urine. In contrast, kidney stone urine contains COM 

more than COD (43). COD shows a lower affinity to renal epithelial cells than COM. Therefore, COD is 

routinely flushed out by the urinary flow. Study showed that the COD exhibits a lower cell toxicity than 

COM with same crystal size (Figure 7) (43). The proposed mechanism is that COD induces expression 

of osteopontin (the crystal adhesion molecule) lower than COM that further causes lesser crystal 

adhesion and lesser cell membrane injury (7, 43). Furthermore, exposure of COM to renal tubular cells 

causes several cellular changes such as, increased production of hyaluronic acid, osteopontin, and 

fibronectin, enhanced cell injury, activated inflammatory response, and increased reactive oxygen 

species production (44). In conclusion, citrate protects renal epithelial cell damage from CaOx crystals 

by stabilizing COD and inhibiting COM growth and aggregation.  
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Figure  7 Effect of COD and COM on Vero cell death (43).  a) Fluorescence microscope observation 
of live cell (green), dying cell (yellow), and dead cell (red). b) Lysosomal integrity in Vero cells, 
detected by red fluorescence, which represented unruptured lysosomes. c) Flow cytometric data of 
mitochondrial membrane potential and d) quantitative histogram of that. 
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 2.5 Measurement of urinary citrate Urinary citrate level is clinically useful for screening, and prediction 

of kidney stone formation. There are many techniques used to measure urine citrate such as high-

performance liquid chromatography (HPLC), proton nuclear magnetic resonance (1H-NMR) 

spectroscopy, enzymatic assay, or liquid chromatography with tandem mass spectrometry (LC-

MS/MS). However, these methods are time-consuming, and require qualified operation skill, expensive 

kits and sophisticated instruments. The new method that is simple, time-and-cost-effective, and highly 

specific to citrate must be developed. HPLC has been widely used for urinary citrate measurement 

with high specificity and high sensitivity (45-47). However, there are complicated steps for sample 

preparation and derivatization such as addition of barium hydroxide, tri-n-octylamine-

chloroform/phosphoric acid, and sulfuric acid. In our experience, the urinary citrate levels in kidney 

stone urine samples are very low. It needs to spiked with known concentration of citrate to be able to 

detect, and it is not much practical.  1H-NMR spectroscopy can measure profile of organic compounds 

with rapid, specific, and nondestructive measurement. It has been used to measure urine citrate and 

other compounds in several studies (48-52). However, urinary citrate was analyzed together with other 

metabolites, such as hippurate, which is a derivative from citrate cycle. Therefore, the amount of urinary 

citrate may be disturbed from other metabolites, especially those metabolites related to gut microbiota 
(48, 52). 1H-NMR spectroscopy also needs qualified operation skill, and sophisticated instruments. 

However, 1H-NMR is claimed that it needs lesser sample preparation and has a lower operating cost 

than the LC-MS/MS (48). 

Urine citrate level have been measured by coupled enzymatic assay (53, 54). The citrate is first 

converted to oxalacetate by citrate lyase. The coupling enzymes, e.g., L-malate dehydrogenase, 

oxaloacetate decarboxylate, and L-lactate dehydrogenase, further convert oxalacetate into other 

products, in parallel with a use of NADH. The level of NADH consumption is used to calculate the level 

of citrate. The reference value of urinary citrate level determined by enzymatic assay was <1.2 mM/12-

h (55). The enzymatic test is highly specific, but it is still expensive (45, 56). Furthermore, it yields a low 

recovery rates, because it is interfered by phosphate and sulphates (45).  

LC-MS/MS has been developed to measure urine citrate and oxalate (57, 58). However, LC-MS/MS 

is still time-consuming (59). Accuracy and reproducibility of LC-MS/MS are less than 3% (45). It is reliable 

but very expensive. Summary of methods for urinary citrate measurement is shown in Table 1.  
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Table  1. Comparison of urine citrate measurement among various methods. 

 

Directly 

measurement 

to urinary 

citrate 

Purified 

citrate from 

sample 

urine 

Time 

consuming 

Cost 

consuming 

Sophisticated 

instruments 

Need 

qualified 

operation 

skill 

HPLC 

No, added up 

by many 

chemicals or 

citrate spike 

No High High Yes Yes 

1H-NMR Yes No High High Yes Yes 

Enzymatic assay No No High 
Extremely 

high 
Probably, no Yes 

LC-MS/MS Yes No High / low High Yes Yes 

Mrx IDA in this 

study (expected 

benefit) 

Yes Yes Low Low No No 
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2.6 Measurement of citrate3- in the form of CalCit by colorimetric assay. 
There is a study that detect urinary citrate by the production of Fe3+-citrate complex (56). 

However, that study had a limitation that the reaction must be maintained at pH 2 while the three pKa 

of citrate are at 3.13, 4.76, and 6.40 (60, 61). There is another colorimetric method that measure citrate3- 

in the HEPES buffer, pH 8. That is Mrx IDA, detecting citrate3- based on indicator displacement assay. 

Mrx or murexide is also called ammonium purpurate, ammonium salt of purpuric acid (ammonium 2, 

6-dioxo-5-[(2, 4, 6-trioxo-5-hexahydropyrimidinylidene)amino]-3H-pyrimidin-4-olate). Mrx acts as the 

purple indicator. When combined with Cu2+, it generates a yellow Mrx-Cu2+ complex (Figure 7). Citrate3- 

used its chelating activity to bind to Cu2+ in HEPES buffer, pH 8. The purple Mrx was replaced by 

citrate3- in dose-dependent manner. The citrate3--Cu2+ complex was stable and the reaction was very 

rapid, within less than 1 minute (13). In an early study by Graffmun et al. in 1974, Mrx was used as an 

indicator of Cu2+-citrate3- titration procedure (62). Later, Mrx was utilized as an indicator in the Mrx-Ni2+-

based IDA for detecting histidine in the study by Sun et al. (63). Mrx-Cu2+-based IDA had been used as 

the tool to measure citrate esterification property (14, 15), calcium level (16, 17), and phenolic acid levels (18) 

in food studies. This Mrx IDA has a low detection limit at 19.1 nM, and operating range between 0.2 

and 8.2 µM. The purple signal of displaced Mrx was detected at 522 nm, while the yellow Mrx-Cu2+ 

complex was measured at 457 nm. The specificity of Mrx IDA to citrate was tested among several urine 

co-existing minerals (cations), including K+, Mg2+, Fe3+, Ca2+, Zn2+, Na+ (13). However, the effect of 

phenolic compounds to interfere the Mrx IDA have not been explored. The phenolic compound was 

reported in human urine, such as gallic acid (64). Many phenolic compounds, including catechin, gallic 

acid, epigallocatechin-3-gallet (Figure 11) had suggested that they have a benefit in preventing of 

kidney stone development (65-67).  

According to our preliminary study, phenolic compounds (gallic acid and catechin) can also 

displace Mrx from the Mrx-Cu2+ complex, acting as interfering substance in the CalCit measurement 

by Mrx IDA.  

The Mrx IDA was applied in the part of microfluidic paper-based analysis for detecting citrate3- 

in kidney stone urine (68). The urine sample was not modified and was directly dropped on analytic 

paper. The interference from co-existing phenolic acid may be not concerned and excluded in that 

study.  
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Figure  8. Principle of citrate detection by Mrx IDA (13). The Mrx was combined with Cu(NO3)2, in 10 
mM, HEPES buffer, pH 8. Citrate3- in basic buffer chelated Cu2+ from the yellow Mrx-Cu2+ complex 
(maximum absorbance at 457 nm). The purple color of displaced Mrx was proportioned to the 
concentration of citrate (maximum absorbance at 522 nm).
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 2.7 Calcium citrate precipitation 
Citrate3- in the urine sample was extracted by precipitation of calcium citrate (CalCit) crystal 

(Figure 8). FTIR spectrum of CalCit is shown in Figure 9. Citric acid is the well-known organic chemical 

in Kreb’s cycle. It also had a wide application in food additives, cosmetics, buffering, chelating agents, 

pharmaceuticals (69). The various method to extract citrate3- and/or citric acid from liquid were reviewed, 

for example: extracting by 1-octanol/n-heptane solutions of trialkylamine (70), tri-n-octylamine which 

associated with chloroform, or methyl isobutyl ketone (71). However, the simplest way seemed 

precipitation citrate with calcium.  

In citric acid fermentation industry processing, citric acid was precipitated into CalCit through 

calcium carbonate in base conditions (69, 72). The traditional method to re-dissolve CalCit was the use 

of H2SO4. The harmful byproduct such as calcium sulfate, was produced. In addition, the process was 

costly and complex. CalCit was also used as a calcium source for bone grafting. In biomaterial studies, 

CalCit was precipitated by EtOH (72, 73). EtOH can change the free energy of reaction and establish 

supersaturation of solution that leaded to CalCit nucleation and further growth. The ratio of EtOH per 

water was critical for the shape and amount of CalCit precipitates (72, 74). The EtOH was extensively 

used as a desolvating agent in nanoparticle fabrication studies (75, 76). The desolvation procedure was 

based on the same principle described above. EtOH generated supersaturation condition and leaded 

to initiation of nanoparticle formation. The study by Chalermnon et al. fabricated CalCit nanoparticle by 

EtOH desolvation to be used for encapsulating metformin derivatives (77). In this study, we expected 

that urinary CalCit was extracted by excessive Ca2+ challenging and EtOH precipitation. By doing so, 

interfering effect of phenolic compounds in Mrx IDA can be avoided. 

Taken together, this is the first study to measure urinary CalCit precipitation by Mrx IDA, and 

this method could be used to indirectly detect urine citrate3- level indirectly, which indicates CaOx 

stone prevention indicator.  
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Figure  9 Structure of citric acid and Calcit. a) citric acid (78) and b) CalCit (79). 

 

 

 

 

 

 

 

 

 

 

Figure  10 FTIR of CalCit.  left) The FTIR of CalCit standard (a) and tablet (b) (80). right) The FTIR 

(black line) and RAMAN (blue line) spectrum of CalCit precipitated by EtOH (72). The specific 

absorption of Ca-O bond (bonding between Ca and carboxylic groups of citrates) was indicated by 

the peak range of 1439-1443 cm-1 (symmetric stretching vibration) and of 1578-1619 cm-1 (anti-

symmetric stretching vibration). 
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Figure  11 Structure of phenolic acid.  a) gallic acid (81), b) catechin (82), c) epigallocatechin-3-gallet 
(83) 
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Chapter 3 Research methodology 

3.1 Study design 
This study was divided into three parts. Part 1 was involved development of method for 

measuring precipitated CalCit in urine sample based on IDA principle. Part 2 was a method validation 

study to evaluate whether the newly developed analytical method was suitable for the intended use. 

Part 3 was a cross-sectional study to measure precipitated CalCit in 24-h urine samples from non-

stone forming individuals and urolithiasis patients. The IDA-based method for measurement of 

precipitated CalCit in urine developed in this study used Mrx dye as an indicator. Therefore, it was 

called Mrx IDA test. In part 3, the clinical performance of the Mrx IDA for separating CaOx urolithiasis 

from non-stone subjects was investigated. 

 

3.2 Urine specimen collection 
The 24-h urine samples used in this study were from our previous project, entitled “Test 

accuracy of urinary calcium oxalate crystallization index (COCI) for diagnosis of urolithiasis, and 

development of an innovative quantum dot nanoparticle-based method for determination of urinary 

oxalate” (IRB:286/59). The urine samples had been stored at -20°C until testing. The 24-h urine 

samples were collected from non-stone forming healthy individuals (n = 122) who resided in the 

Kaedam District, Mahasarakham province and urolithiasis patients (n = 141) who admitted to 

Mahasarakham Hospital, during 2017 and 2018. The stone condition was confirmed by computed 

tomography (CT) scan. The stone type was identified by Fourier-transform infrared spectroscopy 

(FTIR). Forty-five stone patients were diagnosed with CaOx stone.  
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3.3 24-h urine sample preparation 
The frozen 24-h urine samples were thawed and filtered through the 0.22 µm membrane before 

testing.  

Part 1: Development of Mrx IDA method for measuring precipitated CalCit in urine samples 

3.4 CalCit precipitation 
For the experiment, 800 µl of urine sample or artificial urine (AU) with a known concentration at 

0.6 and 1.2 mM of Ca3Cit2 (positive control/ control material) was placed into a 1.5-ml tube. The positive 

control was prepared from stock Ca3Cit2 solution (20 mM, dissolved in HCl, and diluted with HEPES 

buffer). The AU was prepared from chemicals shown in table 2, and the pH was adjusted to 6.2. Citrate 

has 3 pKa, and the third pKa (pKa3) were 6.4 (60, 61).Therefore, if the urine sample pH was below 6.4(84), 

citrate will be in the protonated form, and it would not be completely combined with calcium ions and 

it would not be completely precipitated. In our precipitation procedure, urine samples with pH below 

6.4 were added with 16 µl of 1 N NaOH in order to increase the pH of urine samples. To induce CalCit 

precipitation, 50 µl of 1M CaCl2 solution was added to the sample, 800 µl). The first sediment 

(potentially contained CaOx) was formed, and it was removed through centrifugation at 14,000 xg for 

5 minutes at room temperature. The first supernatant (contained soluble CalCit) was transferred to a 

15-ml tube pre-filled with 3.4 ml of 100% ethanol (EtOH). The final concentration of EtOH was 80% (v/v) 

that caused CalCit in the solution precipitated. This second sediment (contained CalCit crystals) was 

collected by centrifugation at 20,000 xg for 10 minutes at 4°C. The second supernatant (contained 

EtOH) was discarded. The remaining EtOH in the 2nd precipitate was removed by heating at 90°C for 

10 minutes. The dried CalCit-containing sediment was kept at -20°C for further testing. Since the 

precipitated CalCit sediment was not soluble in water, but dissolved well in acid solution pH <2 (85),  it 

was re-dissolved in 0.04 N HCl (100 µl, pH <1) and then diluted with DI water to the original volume of 

urine sample (800 µl). To be completely dissolved, the re-dissolved CalCit was sonicated using the 

water bath sonicator (Elmasonic S30H, 37kHz) for 1-5 minutes at room temperature. 
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Table  2. Formula of artificial urine is modified from the AU-siriraj (86). Citrate and oxalate were not 

added. The pH of the AU was adjusted to 6.2. 

Composition Chemical used concentration 

Urea Urea 200 mM 

Uric acid Uric acid 1 mM 

Creatinine Creatinine 4 mM 

NaCl Sodium chloride 54 mM 

KCl Potassium chloride 30 mM 

NH4Cl Ammonium chloride 15 mM 

CaCl2 Calcium chloride dihydrate 3 mM 

MgSO4 Magnesium sulfate heptahydrate 2 mM 

NaHCO3 Sodium carbonate 2 mM 

Na2SO4 Sodium sulfate anhydrous 9 mM 

NaH2PO4 Sodium dihydrogen phosphate monohydrate 3.6 mM 

Na2HPO4 Disodium hydrogen phosphate anhydrous 0.4 mM 
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3.5 Mrx IDA and Ca3Cit2 standard preparation 
The Mrx-Cu2+ solution was freshly prepared. It consisted of Mrx dye and Cu(NO3)2 dissolved in 

10 mM HEPES buffer. This HEPES buffer was identified as the most suitable buffer for citrate 

measurement using the Mrx IDA (13, 87). The Mrx-to-Cu2+ concentration ratio was set at 1:1 (13). The 

concentration of both Mrx and Cu2+ solution was 2.22 mM. Calcium citrate (Ca3Cit2) was used as 

standard material to generate the standard curve. The concentrations were ranged from 0.2 to 2 mM. 

The Ca3Cit2 standard material of each concentration was prepared by diluting a stock of 20 mM Ca3Cit2 

solution with HEPES buffer. The final pH of the standard Ca3Cit2 were fallen between 3 and 7.  

The Mrx IDA reaction was performed in a microplate wells. 20 µl of standard Ca3Cit2 (or 

precipitated CalCit sample) was mixed with 180 µl of Mrx-Cu2+ solution. The final concentrations of 

both Mrx and Cu2+ after adding the sample were 2 mM, and the total reaction volume was 200 µl. The 

reaction was finished within 1 minute. The maximum absorption of displaced Mrx dye (purple) was 

measured at 522 nm by the UV-vis spectrometer (Multiskan™ GO Microplate Spectrophotometer, 

Skanit Software 4.1 Research Edition). The measurement was done in 5 replicates. The HEPES buffer 

was used as the blank control. The standard curve of Ca3Cit2 is shown in Figure 11. Ca3Cit2 

concentrations over 1.4 mM reached the plateau phase because their OD at 522 nm were not 

significantly increased.    
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Figure  12. Standard curve of Mrx IDA using Ca3Cit2 (0.2-2.0 mM) as standard material.  Ca3Cit2 

concentrations over 1.4 mM reached the plateau phase because their OD at 522 nm were not 

significantly (ns) changed. The graph displays in mean. Error bars indicate standard deviation.  
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Part 2: method validation study 

3.6 Method validation 
Principally, once a new analytical test was developed or established, method validation must 

be performed to show the test suitability. This involved assessing the accuracy, uncertainty, and 

traceability of the measurement assay. The method validation of the Mrx IDA for determining the 

precipitated CalCit level had be performed, including: (88, 89) 

 

1) Precision: repeatability (within-day precision) and reproducibility (within-laboratory precision) 

The standard Ca3Cit2 solutions (11 concentrations: 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 

2.0 mM) were prepared in HEPES buffer, and then tested by Mrx IDA.  The five replicates of each 

Ca3Cit2 concentration were prepared, and performed with Mrx IDA for 5 days. The mean of OD522 of 

Mrx detection, mean with blank subtraction, standard deviation, % of relative standard deviation (RSD) 

was documented. The RSD is the absolute value of the % coefficient of variation (%CV) (90). The 

standard curve was plotted and the linear phase was defined, through regression equation, slope, y-

axis intercepts, and coefficient of determination (R2) which this value was ≥ 0.99 (91). The repeatability 

(or within-day precision), and reproducibility (or within-laboratory) precision were determined by %CV 

was acceptable at <5% and <10%, respectively (91). 

 

2) Accuracy and %yield of precipitation test 

The two concentrations of Ca3Cit2 within the linear range were prepared at 0.6, 1.2 mM as the 

material controls, as well as positive control. The 2 concentrations of Ca3Cit2 in HEPES buffer were 

directly measurement. Parallelly, these concentrations of Ca3Cit2 in artificial urine, which underwent pH 

adjustment to pH 8, followed by precipitation before measurement. The Mrx IDA measurement of 

control materials was carried out. The observed values of Ca3Cit2 were calculated based on the Ca3Cit2 

standard curve to obtain %CV, and %recovery. The acceptable criteria was %recovery within the range 

of 90-110% of the expected Ca3Cit2 concentration (91). Parallelly, the observed values of direct 

measurement of Ca3Cit2 in HEPES and precipitated CalCit from AU were compared, to test %yield of 

precipitation. 
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3) Linearity: detection capability & sensitivity, including limit of blank (LoB), limit of detection 

(LoD), limit of quantitation (LoQ) 

The detection capability and sensitivity were calculated from the accumulated data of the 

linearity test of Ca3Cit2, with 5 replications for each standard concentration over 5 days as a dataset. 

The LoB, LoD, and LoQ were then calculated from this whole dataset. The LoB, the highest 

concentration of standard Ca2Cit3 which was determined as a blank, was calculated using the following 

equation (92): 

 LoB = meanblank + 1.645 * (SDblank)  

 

The LoD, the lowest concentration of standard Ca2Cit3 which was clearly distinguish from concentration 

of LoB and practically detected, was calculated using the following equation (92): 

  

 LoD = LoB + 1.645 * (SDlow concentration sample) 

 

The LoQ, the lowest concentration of standard Ca2Cit3, which its %CV was below 20%(92). 

 

 

 

 

 

 

 

 

Figure  13. Relationship between Limit of Blank (LoB), Limit of Detection (LoD), Limit of Quantitation 

(LoQ), original image by Armbruster et al. (92). Probability of false positive result (α) was 0.05. 

Probability of false negative result (𝛽) was 0.05. SD: standard deviation.  
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4) Selectivity 

The selectivity of Mrx IDA indicated the specificity of its detection for Ca3Cit2 (or CalCit). Mrx 

IDA was performed in the direct measurement of a 1 mM Ca3Cit2 solution, and pellet of 2nd precipitated 

CalCit from a 1 mM Ca3Cit2 solution, which were considered as control. Both controls were prepared 

with and without potential interfering substances (including common urinary ions, oxalate, catechin, 

gallic acid, lactic acid, tartaric acid, malic acid, bilirubin, and hemoglobin) within the physiological 

range of these interferences. The list of interferences was shown in Table 3. Most of chemicals were 

prepared in DI water. Uric acid was firstly prepared in 50 mM, KOH solution, then diluted by DI water. 

Bilirubin was firstly prepared in dimethyl sulfoxide (DMSO), then diluted by DI water. Catechin was 

firstly prepared in absolute EtOH, then diluted by DI water. Hemoglobin was lysed from bovine RBC 

by DI water. Its protein debris was filtered. Hemoglobin concentration was measured by bicinchoninic 

acid (BCA) assay, according to manufactural recommended protocol.  

Additionally, to ensure that CalCit was truly precipitated at 2nd pellet of precipitation, the 

precipitated 2nd pellet from a urine sample of ST group was dried and subjected to FTIR analysis to 

identify mineral composition. For sample preparation, the 2nd precipitate sample was mixed and well-

grounded with dried KBr powder (avoid wetness). The mixed powder was pressed into tablet for FTIR 

analysis. FTIR was performed at the absorbance spectrum of mid-infrared range (4000-400 cm-1) (93). 

FTIR analysis of the chemicals (AR grade) including Ca3Cit2, CaOx, and K2HPO4 were also performed 

to compare their spectra with the spectrum of the urinary 2nd precipitate pellet, as control. 
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Table  3. Potential urine interference, within Mrx IDA reaction. 
Chemicals Physiological range in urine Prepared concentration 

(for adding to CalCit control) 

Urea 167 – 583 mM (94) 50, 100, 200, 400, 800 mM 

Uric acid 1.79 – 4.17 mM (94) 1, 2, 3, 4, 5 mM 

Creatinine 0 - 1.33 mM (94) 0.15, 0.3, 0.6, 1.2, 2.4 mM 

NH4
+ (from NH4Cl) 10 – 105 mM (94) 7, 14, 28, 56, 112 mM 

SO4
2-

 (from Na2SO4) 1.7 – 10 mM (94) 1, 2, 4, 8, 16 mM 

HCO3
-
 (from 

NaHCO3) 

artificial urine: 2 mM (86) 0.5, 1, 2, 4, 8 mM 

PO4
3-

 (from K2HPO4) 8.9 – 28.9 mM (95) 8, 30, 32 mM 

Ox2- (from Na2Ox) normal: 0.07 – 0.3 mM 

hyperoxaluria: 0.67 – 2.67 mM (96) 

0.25, 0.5, 1, 2, 4 mM 

catechin 0.008 mM from ingestion (97) 0.001, 0.01, 0.1, 1, 10 mM 

Gallic acid 0.05 mM from ingestion (98, 99) 0.001, 0.01, 0.1, 1, 10 mM 

Lactic acid 0-0.6 mmol/mmol creatinine (100) 0.001, 0.01, 0.1, 1, 10 mM 

Tartaric acid 0.04-0.11 mmol/mmol creatinine 
(101, 102) 

0.001, 0.01, 0.1, 1, 10 mM 

Malic acid 0.112 mM (103) 0.001, 0.01, 0.1, 1, 10 mM 

Bilirubin (6 mg/dL) 0.103 mM (104) 0.025, 0.05, 0.1, 0.2, 0.4 mM 

Hemoglobin (from 

lysed bovine RBC) 

13.02 – 18.63 mg/ml (105) 2, 4, 8, 16, 32 mg/ml 
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Part 3: clinical validation study 

3.7 Diagnostic accuracy validation 
The established Mrx IDA was used to measure precipitated CalCit in 24-hour urine samples 

from the NS group (n = 122) and the kidney stone (ST) group (n = 141). Receiver Operating 

Characteristic (ROC) curve analysis was performed to assess the overall diagnostic performance of 

Mrx IDA for total urolithiasis cases. Following the selection of an appropriate cut-off value, a 2x2 table 

was created, and diagnostic values were calculated (106).  

Basically, the ROC curve was a functional curve between “1-specificity” (or false positive rate) 

as the x-axis and “sensitivity” as the y-axis, at all cut-off values (Figure 13). The specificity was the 

proportion of the urine samples that did not have stone, which were tested negative (higher CalCit 

level). The sensitivity was the proportion of urine samples that had stone, which were tested positive 

(lower CalCit level). The area under the ROC curve (AUC) were determined as the diagnostic accuracy 

of the Mrx IDA. The ideal AUC was = 1, when sensitivity = 1, and specificity = 1 (false positive rate = 

0), which was the best diagnostic performance. Practically, AUC of the meaningful (good or 

acceptable) diagnostic assay was over 0.8, as shown in Table 4.  

 

 

 

 

 

 

 

 

Figure  14. A ROC curve  connected coordinates point between “1-specificity” (false positive rate) 

and “sensitivity” at all cut-off values, which were measured from the test. Point A represents the more 

inflexible cut-off value than that of point B. The 45° diagonal line was the reference line of condition, 

when true negative and true positive groups had normal distribution and considerable overlap (106) 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 33 

Table  4. The interpretation of the AUC from ROC analysis (106). 

 

 

 

 

 

 

 

Considering that kidney stone disease is not highly serious in terms of mortality and the cost of 

the Mrx IDA procedure is not expensive, the optimal cut-off value was determined based on a greater 

importance of sensitivity than specificity(106). After selecting optimal cut-off value, the decision matrix, 

which was the 2x2 table of predicted stone condition (tested positive or negative, determined from 

citrate level by Mrx IDA) and true stone condition (stone positive or negative, determined by CT 

scanning) was generated. A CT scan result was used as a gold standard reference. The diagnostic 

accuracy parameters which were including: sensitivity (or positive percent agreement, PPA), 

specificity (or negative percent agreement, NPA), accuracy (or overall rates of agreement, ORA), 

positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LH+), and 

negative likelihood ratio (LH-) were calculated using the following formulas: 

 

• % sensitivity = (true positive tested number / total CT positive number) * 100 

• % specificity = (true negative tested number / total CT negative number) * 100 

• % accuracy = [(true positive + true negative tested number) / total number] * 100 

• % positive predictive value = (true tested positive number / total Mrx IDA positive number) 

*100 

• % negative predictive value = (true tested negative number / total Mrx IDA negative 

number) *100 

• positive likelihood ratio = sensitivity / (1-specificity) 

• negative likelihood ratio = (1-sensitivity) / specificity 
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Figure  15. The decision matrix (2x2 Table) for diagnosing stone condition by the test result of Mrx 

IDA using CT scan result as gold standard method.  

 

 

3.8 Statistical analysis 
The method validation of Mrx IDA for measurement of urinary precipitated CalCit was performed 

and the parameters including selectivity, linearity, LoB, LoD, LoQ, accuracy, within-day and within-

laboratory precision were reported. Data of CalCit level was reported as mean ± standard error of 

mean (SEM). The difference of CalCit level between NS and ST groups was tested by two-sample t-

test. ROC analysis was performed to evaluate how well the Mrx IDA could be used for urolithiasis 

screening, and the diagnostic values including sensitivity, specificity, accuracy, PPV, NPV, LH+, and 

LH- were calculated. The GraphPad Prism Software version 9.0 (GraphPad Software, Inc, California) 

was used for all statistical calculations. P-value <0.05 was considered statistically significant. 
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3.9 Ethical consideration 
The 24-h urine samples of healthy individuals and kidney stone patients were collected from 

Kaedam District and Mahasarakham Hospital, during 2017 and 2018, from our previous project “Test 

accuracy of urinary calcium oxalate crystallization index (COCI) for diagnosis of urolithiasis, and 

development of an innovative quantum dot nanoparticle-based method for determination of urinary 

oxalate” (IRB:286/59). These urine samples had been kept at -20oC. The personal information including 

consent form was confidentiality by using code. There were clear inclusion and exclusion criteria. This 

project did not seek benefit from any individual. This study aimed to provide new knowledge about the 

benefit of calcium citrate precipitation for implementing in CaOx stone screening. When the results of 

the research were published, the information of participants was always concealed. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 36 

Chapter 4 Results 

4.1 Scanning spectrum of displaced Mrx in Ca3Cit2 concentration-dependent manner 
To confirm the concentration-dependent of citrate3- displacement of the Mrx-Cu2+ complex, the 

Ca3Cit2 standard at 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 mM (20 µl) were introduced to the 

Mrx-Cu2+ complex (180 µl) (set at 2 mM ratio).  After incubation for 1 min, the absorbance spectrum 

(400-600 nm) of the yielding product (Mrx-Cu2+ complex and the displaced Mrx dye) was scanned, 

and the result is shown in Figure 16 (left panel). The maximum absorption of the Mrx-Cu2+ complex 

was at around 470 nm, while the maximum absorption of the displaced Mrx dye was at around 510 

nm. A gradual decrease in OD470 and increase in OD510 were well corresponded with the Ca3Cit2 

concentration. In this work, we opted to measure the reaction product (displaced Mrx dye) at 522 nm 
(13). The scatter plot of Ca3Cit2 concentrations against OD522 was created from mean and SD of 5 

replicate measurements for 5 days (Figure 16, right panel). The plateau phase was observed at 

concentration of 1.6, 1.8, 2.0 mM, indicated by a non-significant change in their absorbance (p-value 

>0.07) (Table 5).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure  16. The absorbance of Ca3Cit2 Std by Mrx IDA. (left) The absorbance spectrum obtained 

from the reaction of Ca3Cit2 standard at 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 mM within Mrx-

Cu2+ complex (n = 5). (right) The scatter plot between Ca3Cit2 concentrations and OD522. Error bars 

indicate standard deviation. 
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Table  5. Comparison of absorbance of each Ca2Cit3 standard with the previous concentration. 
 

Ca3Cit2 OD522 

(mean-background) 

SD comparison OD 

between 

p-value 

0 mM 0.000 0.005     

0.2 mM 0.106 0.027 0 mM to 0.2 mM <0.0001 

0.4 mM 0.207 0.025 0.2 mM to 0.4 mM <0.0001 

0.6 mM 0.355 0.030 0.4 mM to 0.6 mM <0.0001 

0.8 mM 0.500 0.036 0.6 mM to 0.8 mM <0.0001 

1.0 mM 0.644 0.036 0.8 mM to 1.0 mM <0.0001 

1.2 mM 0.726 0.049 1.0 mM to 1.2 mM <0.0001 

1.4 mM 0.791 0.040 1.2 mM to 1.4 mM <0.0001 

1.6 mM 0.821 0.040 1.4 mM to 1.6 mM 0.0770 

1.8 mM 0.845 0.030 1.6 mM to 1.8 mM 0.3543 

2.0 mM 0.857 0.039 1.8 mM to 2.0 mM 0.9723 

 

 

4.2 Linearity, LoB, LoD, LoQ 
To determine the linearity of Ca3Cit2 standard, the absorbance of Ca3Cit2 was plotted for further defining 

the regression equation and slope. The y-axis intercept was set at 0 mM (pass through origin). The 

mean, SD, %CV, and %recovery of Ca3Cit2 level is shown in Table 6. The LoD, LoD, and were 

determined, as previously mentioned in section 3. The linear range that was practical for measurement 

precipitated CalCit form urine was defined through lower limit of LoQ (LLoQ) and upper limit of LoQ 

(ULoQ). These parameters are shown in Table 7. In this study, the linear range of Ca3Cit2 standard was 

between 0.4 and 1.4 mM. 
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Table  6. Comparison of Ca2Cit3 level of each Ca2Cit3 standard and their %CV and %recovery values 
used for calculating LoB, LoD, and LoQ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table  7. The formulas and values of LoB, LoD, and LoQ of Ca2Cit3 standard  (96). 

 
definition equation or criteria 

determined 

value (mM) 

LoB limit of blank meanblank + (1.645 * SDblank) 0.018 

LoD limit of detection LoB + (1.645 * SDlow concentration sample) 0.08 

LLoQ lower limit of quantiation lowest concentration that %CV <15% 0.4 

ULoQ upper limit of quantiation highest concentration that %recovery >90% 1.4 

 

  

targeted 

Ca3Cit2 level 

 mean of Ca3Cit2 

observed level (mM) SD %CV %recovery 

0 mM 0.00 0.01     

0.2 mM 0.18 0.04 21.3 89 

0.4 mM 0.35 0.04 11.8 87 

0.6 mM 0.60 0.04 6.4 100 

0.8 mM 0.84 0.05 5.4 105 

1.0 mM 1.08 0.03 3.2 108 

1.2 mM 1.22 0.03 2.2 102 

1.4 mM 1.33 0.03 2.2 95 

1.6 mM 1.38 0.03 2.0 86 

1.8 mM 1.42 0.03 2.4 79 

2.0 mM 1.44 0.03 2.0 72 
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4.3 Precision and accuracy test 
The linear range of Ca3Cit2 standard was in the range of 0.4-1.4 mM. Therefore, Ca3Cit2 level of 

control material should be within this range. The Ca3Cit2 concentrations of control materials were 0.6 

and 1.2 mM, and their %recovery of >90% were obtained (Table 8). The precisions test, including 

repeatability (within-run precision) and reproducibility (within-laboratory precision) was indicated 

by %CV, whereas the accuracy of test was indicated by %recovery. The acceptable %CV of 

repeatability and reproducibility were <5% and <10%, respectively. The acceptable %recovery was 

within 90-110%. The precision and accuracy data of the Mrx IDA test are shown in Table 8. Our findings 

indicated that the Mrx IDA test is well precise and accurate.  

 

Table  8. The observed Ca3Cit2 values of control material and their %CV and %recovery.  

 

 

  

    precision test accuracy test 

targeted Ca3Cit2  

value (mM) 

mean of observed  

  Ca3Cit2 value (mM) 

repeatability 

(within day) 

(%CV) 

reproducibility 

(within laboratory) 

(%CV) %recovery 

0.6 0.60 4.53 6.85 99.57 

1.2 1.22 1.85 2.36 101.63 

acceptable value: <5 <10 90-110 
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4.4 %yield of Ca3Cit2 precipitation 
The positive control material of Ca3Cit2 at 0.6 and 1.2 mM were prepared in HEPES for Mrx IDA 

direct measurement. The other set of positive control material was parallelly prepared in AU for CalCit 

precipitation. The pH of AU after adding Ca3Cit2 was at around 4-5, and they were adjusted to pH 8-9 

by adding 1N NaOH (16 µl). The precipitation procedure was performed like precipitation of CalCit in 

urine sample. The pellet of first precipitation by adding excessive calcium chloride was clearly visible, 

and then it was removed. The supernatant (potentially consisted of CalCit) was transferred to new tube 

that contained 80% EtOH to precipitate CalCit. This pellet was collected and dried, then was re-

dissolved by 0.04N HCl (100 µl), followed by adding HEPES buffer (700 µl) to get the original sample 

volume of 800 µl. These precipitated CalCit of 0.6 and 1.2 mM control material, were measured for 5 

replications for 5 days. The observed concentrations were compared with the targeted Ca3Cit2 value, 

and %yield of CalCit precipitation was calculated, as shown in Table 9. The %yield showed that CalCit 

precipitation process constantly pellet CalCit at around 70-80% of the targeted Ca3Cit2 concentrations. 

The %CV for repeatability was found at <5%, and for reproducibility was at <10%, indicated that the 

method had a good precision. 

 

Table  9. The observed Ca3Cit2 values of control material and %recovery after CalCit precipitation 
(%yield of CalCit precipitation).

    precision test %yield test 

targeted Ca3Cit2  

value (mM) 

mean of observed  

Ca3Cit2 value (mM) 

repeatability 

(within-day) 

(%CV) 

reproducibility 

(within-laboratory) 

(%CV) %yield %loss 

0.6 0.48 4.75 7.79 79.79 20.21 

1.2 0.89 1.59 5.64 74.28 25.72 

acceptable value:                        <5 <10 
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4.5 Selectivity of Mrx IDA 
Selectivity of the Mrx IDA was tested by comparing the signal of 1 mM Ca3Cit2 with interferences 

at various concentrations with the signal of Ca3Cit2 control without interferences (n =3). In both direct 

and post-precipitation measurements, common urinary ions (NH4
-, urea, SO4

2-, HCO3
-), creatinine, and 

bilirubin did not interfere with the Mrx signal for CalCit detection (Figure 17a-f). However, oxalate at 

high concentration tended to increase the Mrx signal, but it was not statistically significant (Figure 18a). 

In contrast, malic acid and tartaric acid exhibit significant interfering signal in the direct measurement. 

However, in post-precipitation measurement, the Mrx signal of 2nd pellet sample were decreased for 

both malic acid and tartaric acid at high concentration, and this phenomenon was also observed in 

from the case of lactic acid (Figure 18b-d). Hemoglobin at high concentration (13-18.6 mg/L) also 

showed a significant interfering effect in both direct measurement and post-precipitation measurement 

(Figure 18e). Perhaps, it was due to the high opacity at high hemoglobin concentration and might be 

from the denaturation of hemoglobin during the drying process. For uric acid, it significantly interfered 

the Mrx signal of the 2nd pellet sample, especially at the high concentration. It was possibly due to the 

formation of calcium urate in the CalCit precipitation process (Figure 18f). The interference signal from 

PO4
3- was not significant in direct measurement. However, it significantly decreased the CalCit signal 

in the 2nd pellet sample at high concentration of PO4
3- (Figure 19a). Furthermore, the signal of citrate 

was detected significantly higher in 1st pellet of precipitation, when CalCit was mixed with PO4
3- (Figure 

19b). This signal could be from CaP, which also formed during precipitation process. The citrate3- may 

be entrapped within CaP or coated on the CaP crystals. To ensure this, the dry weight of 1st pellet of 

precipitation of PO4
3- was performed with presence or absence of CalCit. The result showed that dry 

weight of 1st pellet of precipitation of PO4
3 was significantly increased, with presence of CalCit (Figure 

19c, right panel). The volume of pellet also was remarkable noticed (Figure 19c, left panel).  

For phenolic compounds, the interferences from both gallic acid and catechin were highly 

significant, especially at high concentrations (Figure 20, 21). However, these interfering signals were 

eliminated through the EtOH precipitation step. The signal from both gallic acid and catechin were 

detected within supernatant of 2nd precipitation, but not in the 2nd pellet (Figure 20, 21). 
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Figure  17 Selectivity of the Mrx IDA reaction (part 1).  The % relative Mrx signal of 1 mM Ca3Cit2 with 

a) NH4
-, b) urea, c) SO4

2-, d) HCO3
-, e) creatinine, and f) bilirubin at various concentrations, which 

compared to their control without interferences (light blue bars: direct measurement control, dark 

blue bars: precipitated control) was presented as the mean with SEM (n =3).  
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Figure  18. Selectivity of the Mrx IDA reaction (part 2).  The % relative Mrx signal of 1 mM Ca3Cit2 

with a) oxalate, b) malic acid, c) lactic acid, d) tartaric acid, e) hemoglobin, and f) uric acid at various 

concentrations, which compared to their control without interferences (light blue bars: direct 

measurement control, dark blue bars: precipitated control) was presented as the mean with SEM (n 

=3).  
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Figure  19. Selectivity of the Mrx IDA reaction (part 3).  a, b) The % relative Mrx signal of 1 mM 

Ca3Cit2 with PO4
3- at various concentrations, which compared to their control without interferences 

(light blue bars: direct measurement control, dark blue bars: precipitated control) was presented as 

the mean with SEM (n =3). a) PO4
3- interference was demonstrated in 2nd pellet of CalCit precipitation. 

b) PO4
3- interference was demonstrated in 1st pellet of CalCit precipitation. c) (left) images of 1st pellet 

of CalCit precipitation and (right) bar graph, demonstrating the dry weight (mg) of 1st pellet of CalCit 

precipitation with PO4
3-.  

c) 

a) b) 
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Figure  20. Selectivity of the Mrx IDA reaction (part 4).  The % relative Mrx signal of 1 mM Ca3Cit2 with 

gallic acid at various concentrations, which compared to their control without interferences (light blue 

bar: direct measurement control in DI water, grey bar: direct measurement control in EtOH, dark 

blue bar: precipitated control) was presented as the mean with SEM (n =3). The bar graph 

demonstrated all fractions during precipitation procedure. 
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Figure  21. Selectivity of the Mrx IDA reaction (part 5).  The % relative Mrx signal of 1 mM Ca3Cit2 

with catechin at various concentrations, which compared to their control without interferences (light 

blue bar: direct measurement control in DI water, grey bar: direct measurement control in EtOH, 

dark blue bar: precipitated control) was presented as the mean with SEM (n =3). The bar graph 

demonstrated all fractions during precipitation procedure. 
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4.6 FTIR analysis of the 2nd pellet sample precipitated urine sample of urolithiasis patients 
FTIR analysis of CalCit pellet sample (the 2nd precipitate) from urine sample of ST patients was 

performed. It exhibited the presence of CalCit, as indicated by the peak range of 1439-to-1443 cm-1 

and of 1578-to-1619 cm-1 similar to the peaks observed in Ca3Cit2 control (Figure 22a, b). There was 

also another peak at 1096 cm-1 that which was similar to the specific absorption of K2HPO4 control 

(Figure 22a, c). These specific absorption peaks indicated that the 2nd precipitate from ST urine sample 

was not a pure CalCit composition. There was CaP co-precipitated together with CalCit in the excessive 

calcium condition. Therefore, PO4
3- could be precipitated as CaP in both 1st and 2nd pellet during the 

CalCit precipitation process (Figure 18, 20).  
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Figure  22. FTIR analysis of precipitated CalCit. a) CalCit pellet sample (2nd precipitate) from urine 

sample of ST patients, b) Ca3Cit2 standard chemical, and c) K2HPO4 standard chemical.  
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4.7 Clinical validation: ROC curve analysis and its parameters 
The method validation of the Mrx IDA test for measuring precipitated CalCit in urine samples was 

completely conducted. The LoD of the test was 0.08 mM, and the reliable quantitative linear was 

ranged between 0.4 (LLoQ) and 1.4 mM (ULoQ). The % yield of CalCit precipitation was >70%. The 

precision and accuracy of the Mrx IDA test was well acceptable.  

Clinical validation was conducted. The Mrx IDA test was performed in real 24-h urine samples 

obtained from healthy subjects (non-stone, NS, n = 122) and kidney stone patients (ST, n = 141). In 

urine samples with pH <6.4 (n = 34), their pH was adjusted to 7-12 with 1N NaOH before testing. After 

precipitation, the pH of redissolved CalCit solutions were at around pH 2-7, and pH adjustment before 

performing Mrx IDA reaction was not required. The data of pH of urine samples, OD522 from Mrx IDA, 

observed CalCit value, and 24-h urine volume are shown in supplementary table S19. The number of 

cases that the detected OD522 were or were not fallen within the range of linearity (0.4-1.4 mM) are 

displayed in supplementary table S21. 

The precipitated CalCit concentrations (values) were reported in 4 units including µM, mg/L, µmol 

per day, and mg per day. They result showed that the precipitated CalCit values in ST group was 

significantly lower than NS groups for all 4 units (p-value <0.0001).  

Based on ROC analysis result, CalCit value in the unit of µM demonstrated the highest AUC value 

(0.7879, 95%CI: 0.7325-0.8433), indicated that the test had a fair diagnostic accuracy for 

distinguishing stone cases (all stone type) from non-stone cases.  

Of 141 stone patients, 45 were diagnosed with CaOx stone (CaOx stone (n = 17), CaOx mixed 

with CaP stone (n =17), and CaP mixed with CaOx stone (n = 11). The level of urinary precipitated 

CalCit in the ST group was significantly lower than in the NS group. ROC analysis revealed an AUC of 

0.8227 (95% CI: 0.7522-0.8931). This indicated that the Mrx IDA test had a good diagnostic accuracy 

for separating CaOx stone cases from non-stone cases (Figure 23, Table 10). 
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Figure  23  Levels of precipitated CalCit measured by the Mrx IDA method compared between stone 
(ST) and non-stone (NS) groups.  The precipitated CalCit levels were expressed in the units of µM, 

mg/L, µmol per day, and mg per day.  a) Precipitated CalCit levels compared between 122 NS 

subjects and 141 stone patients. b) Precipitated CalCit levels compared between 122 NS subjects 

and 45 CaOx urolithiasis patients. c) ROC curves for separating NS subjects from all ST patients. d) 

ROC curves for distinguishing NS subjects from CaOx stone formers. Bars indicate means and 

SEMs. 
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Table  10. Comparison of precipitated CalCit values between NS group and ST groups. 

  NS group 

ST group,  

all stone types 

ST group,  

CaOx type 

n 122 141 45 

CalCit values: mean (SD)       

µM  717 (239) 445 (243) 404 (239) 

mg/L 409 (136) 254 (139) 230 (131) 

µmol per day 873 (364) 616 (415) 621 (440) 

mg per day 498 (208) 352 (237) 354 (251) 

compare to NS group 

t-test: p-value       

µM    <0.0001 <0.0001 

mg/L   <0.0001 <0.0001 

µmol per day   <0.0001 0.0002 

mg per day   <0.0001 0.0002 

compare to NS group 

ROC curve:  

AUC (95%CI)       

µM  
0.7879 

(0.7325-0.8433) 

0.8227 

(0.7522-0.8931) 

mg/L  
0.7880 

(0.7326-0.8433) 

0.8228 

(0.7524-0.8932) 

µmol per day  
0.7092 

(0.6470-0.7713) 

0.7053 

(0.6089-0.8017) 

mg per day  
0.7091 

(0.6470-0.7713) 

0.7054 

(0.6090-0.8018) 
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The cutoff value of the precipitated CalCit level in the unit of µM was selected, because the µM 

unit provided the best diagnostic performance according to the ROC analysis (Figure 23d). The cutoff 

values for overall stone and CaOx cases were 663.5 and 632.0 µM, respectively. The 2x2 table was 

created and the diagnostic values including: sensitivity (or PPA), specificity (or NPA), accuracy (or 

ORA), PPV, NPV, LH+, and LH- were calculated. These calculated diagnostic values are showed in 

Table 11. 

 

Table  11. Cutoff values of urinary precipitated CalCit and diagnostic values for separating NS 
subjects from ST patients. 

  

NS group vs ST group,  

overall stone types 

NS group vs CaOx ST 

group,  

CaOx and CaP types 

CalCit (µM) 

ROC curve: AUC  0.7879 0.8227 

95% CI 0.7325 to 0.8433 0.7522 to 0.8931 

Cutoff value 663.5 µM 632.0 µM 

sensitivity (or positive percent 

agreement) 82.98% 84.44% 

specificity (or negative percent 

agreement) 65.57% 70.49% 

accuracy (or overall rates of 

agreement) 74.90% 74.25% 

positive predictive value  73.58% 51.35% 

negative predictive value 76.92% 92.47% 

positive likelihood ratio  2.41 2.86 

negative likelihood ratio  0.26 0.22 

 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 53 

Chapter 5 Discussion  
Urinary stones are heterogeneous, primarily they composed of CaOx. The most frequent 

component mixed with CaOx is CaP. CaOx crystal formation is an initial step of CaOx stone formation. 

Citrate3- is the best-known CaOx stone inhibitor. Mechanistically, citrate inhibits CaOx formation 

through 3 main mechanisms: 1) it competes oxalate to bind to Ca2- ion, and hence reducing the 

saturation of CaOx, 2) it prevents CaOx aggregation and growth by forming the citrate shell on CaOx 

crystals and keeping the crystal surface high zeta negative potential (10), and 3) it prevents the adhering 

of CaOx crystals onto kidney epithelium by promoting the formation of COD instead of COM(11). 

Therefore, measurement of urinary citrate level is beneficial for estimating the risk of CaOx stone 

formation. However, routine measurement of urinary citrate is not common. In the past, methods like 

HPLC, 1H-NMR, LC-MS/MS, or enzymatic assays were recommended for directly determining urinary 

citrate levels. Nevertheless, these approaches have numerous limitations, involving multiple steps in 

urine preparation, complex instrumentation, and high operating cost. To overcome these issues, we 

proposed to use the Mrx IDA method for measuring CalCit precipitated in the supersaturated urine. It 

is a simple colorimetric assay measuring citrate3- in the form of CalCit that can indirectly be a reflective 

of urinary citrate level.  

Our newly developed Mrx IDA method measured precipitated CalCit from supersaturated urine 

samples instead of directly determining urinary citrate content. The urine sample was induced to be at 

the state of supersaturation by challenging with excessive calcium chloride. Under the supersaturated 

condition, both CalCit and CaOx were formed simultaneously. The CalCit complexes were separated 

by precipitation with ethanol, and the content of citrate was determined by the Mrx IDA. The higher 

level of CalCit found in urine could be interpreted as the preventive factor against the formation of 

CaOx stone, as citrate competed with oxalate to react with calcium forming more soluble CalCit 

compounds. To date, the measurement of urinary CalCit have not been investigated. In this study, we 

aimed to develop the Mrx IDA method for measurement the urinary CalCit and sked if it had a clinical 

potential for screening CaOx urolithiasis. 

Recently, an index for screening CaOx stone formation, called urinary iCOCI test, was developed 
(107). The urinary Mrx IDA for precipitated CalCit measurement developed in this study shares a similar 

concept with iCOCI that involves an addition of excessive Ca2+ ion to induce crystallization. In the 

process of urine sample preparation, it was possible to obtain both the urinary CaOx and CalCit pellets. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 54 

The CaOx pellet could be collected during the first precipitation in water, while the CalCit was still 

soluble in the supernatant. Subsequently, CalCit was precipitated by ethanol to yield the second 

pellet,(72, 74). Beneficially, the precipitation of CalCit by ethanol enabled the elimination of potential 

urinary phenolic acids, such as catechin and gallic acid, that interfered with the detection of CalCit by 

Mrx IDA (18). However, the CalCit obtained in the second precipitate was not solely pure. Based on the 

present findings, some urine components, such as bilirubin was also precipitated together with CalCit 

as well as CaP. Our FTIR result demonstrated the presence of specific spectrum of PO4
3- in the 2nd 

pellet of urine samples. The occurrence of CalCit in the precipitation process could enhance the 

precipitation of CaP (108). We found that the 1st precipitate contained CaP, and the precipitation was 

more pronounced in the presence of CalCit. Moreover, the Mrx signal of the 1st precipitate was faultily 

high in the presence of PO4
3-. Although CaP or PO4

3- ion could not displace the Mrx dye like the CalCit 

or citrate3- did, CaP might have the ability to entrap some of the citrate3-. As shown in our finding, the 

precipitation of CalCit consistently yielded around 70-80%, rather than reaching a full 100%.  

CalCit was precipitated by forming a complex with Ca2+ ion, and citrate could displace the Mrx 

dye from the Mrx-Cu2+ complex. This occurs only under the condition that the pH of urine or CalCit 

solution is around 6-7, which corresponded to the pKa3 (6.4) of citric acid (60, 61). At pH 7, citrate3- ion 

exists about 75%(61) among other citrate ions (citrate- or citrate2-). At pH 7.5, citrate3- exists more than 

90% (61). In the process of CalCit precipitation from urine or AU, pH was always checked and adjusted 

to be basic by 1 N NaOH. The HEPES buffer, pH 8 was highly recommended to prepare the Mrx-Cu2+ 

solution (26) because it had buffer capacity to maintain the pH of the precipitated CalCit solution or 

Ca3Cit2 standard material within the range of 7-8. These basic conditions ensured that citrate3- in urine 

sample was mostly precipitated and Mrx was always clearly displaced by citrate3-. 

Citrate3- effectively displaces the Mrx dye from Mrx-Cu2+ complex due to the higher affinity and 

stability of Cu2+-citrate3- complex compared to the Mrx-Cu2+ complex (13). The absorbance of displaced 

Mrx (maximum absorbance at 522 nm) was gradually increased after adding citrate, together with a 

gradual decrease in absorbance of Mrx-Cu2+ complex (maximum absorbance at 457 nm). The signal 

increased in the dose-dependent manner. This was similar to the study of Tavallai et al. in 2019 (13) 

(Figure 23). 
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Figure  24. The dynamic changing of absorbance after adding citrate. It indicated the transformation 

of Mrx-Cu2+ complex into Cu2+-Cit3- complex and the displaced Mrx was released into the solution. 

(left) form work of Tavallai et al (13). (right) from this study. 
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The measurement of urinary CalCit precipitate levels could be carried out using the Mrx IDA 

method. Based on method validation and clinical validation data, it was suggested that the urinary Mrx 

IDA test could be the screening test for ruling out the CaOx urolithiasis. The method validation of the 

Mrx IDA was proved that the test did not only have a good precision (repeatability at <5% CV and 

reproducibility at <10% CV), but it also had a good accuracy (achieving 90-110% recovery). The 

analytical measurement interval was determined at the range between LLoQ and ULoQ (linear range 

of 0.4-1.4 mM) that had covered most urinary CalCit level in both NS and ST groups. In the ST group, 

the urinary CalCit level was lower than that in the NS group, as expected. The urinary CalCit level of 

some cases in ST group was lower than 0.4 mM or lower than the LLoQ (about 15% of total stone case, 

Table S3). According to this limitation, the accurate measurement of urinary precipitated CalCit, was 

not clearly achievable. Consequently, the practical application of the Mrx IDA test was recommended 

for the use as a qualitative test (positive or negative) rather than as a quantitative method. The cutoff 

value for urinary precipitated CalCit was established based on the ROC analysis. Urine samples with 

precipitated CalCit levels below this cutoff were classified as a positive test result. Urine samples with 

CalCit levels above the cutoff were tagged as negative test result. 

 

The clinical validation of the Mrx IDA test demonstrated the potential of the test to screen the CaOx 

urolithiasis with a good diagnostic accuracy (an AUC of 0.8277 (95%CI: 0.7522-0.8931) (106). The 

diagnostic performance of the Mrx IDA test for all stone types was only fair. The cutoff value of CalCit 

level for screening CaOx risk urine was 632 µM, provided the sensitivity (or PPA) and specificity (or 

NPA) of 84.44% and 70.49%, respectively. This indicated that there were an 84% probability to get the 

positive test result (urinary CalCit level below 632 µM) in CaOx stone cases. However, there was an 

16% possibility that patients with CaOx stone might be undetected by the Mrx IDA test. The PPV of the 

test was 51.35%, suggested that individuals with positive test result (CalCit levels below 632 µM) has 

about 51% chance of getting CaOx stone condition. Additional confirmation tests, such as CT scan, 

should be recommended for further testing.  

On the other side, the Mrx IDA test provided a specificity of 70.49%. This means that people who 

have no stone condition have about 70% chance to be tested negative, and about 30% probability to 

be faultily tested positive.  
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Interestingly, the NPV of the Mrx IDA test was 92.47%. This means that people who tested negative 

have about 92% of chance to be healthy or free of CaOx stone condition. Therefore, the Mrx IDA test 

developed in this study had a clinical potential to be used as a urinary screening test for ruling out 

CaOx urolithiasis. 

Likelihood ratios serve as alternative statistics to summarize diagnostic accuracy, predict the risk 

of disease, and offer clinical guidance to either confirm or exclude the disease, regardless of the 

disease prevalence (109). It is widely acknowledged that an LH+ of 10 or higher and an LH- of 0.1 or 

lower indicates an excellently informative screening test (110). In this study, we obtained an LH- of 0.22 

for predicting CaOx stone. This implies that individuals with a negative result (their CalCit level was 

higher than 632 µM) have a 4.5-fold (1/0.22) decrease in the odds of developing CaOx stones. For 

preventing CaOx stone development, ensuring adequate water intake, reducing high-oxalate food 

consumption, and increasing high-citrate food intake (such as HydroZitla (4)), are strongly 

recommended. 

The limitations of the study should be mentioned. The studied cohort in this study was known non-

stone and stone cases. It is worthwhile to further conduct the diagnostic accuracy study in urine 

samples taken before diagnosis in order to minimize the bias and to obtain the more realistic diagnostic 

values. Collection of 24-h urine specimens is complicated and relatively hard. It is interesting to further 

investigate whether this Mrx IDA test can be applied to spot urine or first morning urine samples.  

Conclusions, we successfully developed the Mrx IDA test for measurement of precipitated CalCit 

in 24-h urine samples. The test had a clinical potential to be used as a screening test for ruling out the 

CaOx stone disease. This Mrx IDA test is quick, simple, and robust that does not require a special 

training skill to perform the test. Based on our current data, it is recommended to implement this test 

in the real clinical setting. 
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Supplement data 
 
Table  12. (supplement S1). List of chemicals used in this study. 

Chemical Full name Company Country 

BCA assay Pierce™ BCA protein assay Thermo Scientific Ohio, USA 

Bilirubin bilirubin TCI Tokyo, Japan 

Ca3Cit2*4H2O calcium citrate tetrahydrate Sigma aldrich Damstadt, Germany 

CaCl2*2H2O calcium chloride dihydrate Merck Damstadt, Germany 

CaOx*xH2O calcium oxalate hydrate Sigma aldrich UK 

Catechin (+)-catechin hydrate TCI Tokyo, Japan 

Creatinine creatinine anhydrous Sigma aldrich Damstadt, Germany 

Cu(NO3)2*2.5H2O copper (II) nitrate hemi(pentahydrate) Sigma aldrich Damstadt, Germany 

DMSO dimethyl sulfoxide Merck Damstadt, Germany 

EtOH ethyl alcohol 99.9% QRëC New Zealand 

Gallic acid gallic acid hydrate TCI Tokyo, Japan 

HCl hydrochloric acid fuming 37% Merck Damstadt, Germany 

HEPES 2-[4-(2-hydroxyethyl)-1-
piperazinyl]ethanesulfonic acid 

TCI Shanghai, China 

K2HPO4 potassium phosphate (dibasic, 
anhydrous) 

Bio basic Ontario, Canada 

KCl potassium chloride Bio basic Ontario, Canada 

KOH potassium hydroxide Merck Damstadt, Germany 

Lactic acid lactic acid 88% LOBA chemie Maharashita, India 

Malic acid malic acid Chemipan Thailand 

MgSO4*7H2O magnesium sulfate heptahydrate Merck Massachusetts, USA 

Murexide murexide TCI Tokyo, Japan 

Na2HPO4 di-sodium hydrogen phosphate Merck Damstadt, Germany 

Na2SO4 sodium sulfate anhydrous RCI Labscan Thailand 

Na3Ox sodium oxalate Sigma aldrich Missouri, USA 

NaCl sodium chloride Merck Damstadt, Germany 

NaH2PO4*H2O sodium dihydrogen phosphate 
monohydrate 

Merck Damstadt, Germany 
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NaHCO3 sodium carbonate Merck Damstadt, Germany 

NaOH sodium hydroxide Merck Damstadt, Germany 

NH4Cl ammonium chloride Merck Damstadt, Germany 

Tartaric acid tartaric acid Chemipan Thailand 

Urea urea Bio basic Ontario, Canada 

Uric acid uric acid Acros organics New Jersey, USA 
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Table  13. (supplement S2) List of equipment used in this study. 
Equipment Model Company Country 

96-well plate 96-well microtitre plate, flat 
bottom, non sterile 

Thermo Scientific Ohio, USA 

Autoclave HICLAVE HVA-110 Hirayama Saitama, Japan 

Autopipette  10, 100, 200, 1000 µl Axygen California, USA 

Autopipette  multi channel, 300 µl Cleaver Scientific Warwickshire, UK 

Beaker  50, 200, 1000 ml BOECO Germany 

Centrifuge mini spin plus (eppendorf) Marshall scientific New Hampshire, 
USA 

Centrifuge (refrigerated) Centrifuge 5910 R (eppendorf) Marshall scientific New Hampshire, 
USA 

Distrilled water maker MicroPure Thermo Scientific Ohio, USA 

Four decimal analytical 
balances 

ME Precision ME303 Balance Mettler Toledo  Switzerland 

Freezer  -20°C, -80°C Sanyo Electric Osaka, Japan 

Freezer  4°C Panasonic Japan 

FTIR FT-IR Nicolet iS50 Thermo Scientific Ohio, USA 

Heat block ELITE DRY BATH INCUBATOR, 
dual unit 

Major science Taoyuan, Taiwan 

Hot air oven 
 

Memmert Germany 

Magnetic stirrer IKA big-squid IKA Baden-Württemberg, 
Germany 

Microcentrifuge tubes  1.5, 2 ml Axygen California, USA 

Microcentrifuge tubes  15 ml TARSONS Kolkata, India 

Microcentrifuge tubes  50 ml GenFollwer Biotech Zhejiang, China 

pH meter edge HI2002  Hanna Instrument UK 

pH-indicator strips  pH 0-14 universal indicator Merck Damstadt, Germany 

Pipette controller S1 pipet filler Thermo Scientific Ohio, USA 

Sero pipette  BRAND® graduated pipette 
serological, 10 ml 

Merck Damstadt, Germany 

Syring filter  nylon 13 mm., 0.22 µm Ageia Technologies USA 

UV-vis spectrophotometer Multiskan™ GO Microplate 
Spectrophotometer 

Thermo Scientific Ohio, USA 

Vortex mixer VORTEX-2 GENIE Scientific Industries USA 
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Water bath sonicator Elmasonic S30H, 37kHz Distrelec Germany 
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Table  14. (supplement S3) Artificial urine recipe  which is modified from the AU-siriraj (86). Citrate 
and oxalate are not added. 

Chemicals MW. 
Concentration 

 (mM) 
mg 

Urea 60.06 200 12,000 

Uric acid 168.11 1 168 

Creatinine 113.2 4 452 

NaCl 58.4 54 3,156 

KCl 74.55 30 2,236 

NH4Cl 53.49 15 802 

CaCl2*2H2O 147.01 3 442 

MgSO4*7H2O 246.48 2 496 

NaHCO3 84.0 2 168 

Na2SO4 142.04 9 1,278 

NaH2PO4*H2O 137.99 3.6 496 

Na2HPO4 141.96 0.4 56 

DI water     up to 1L* 

total     1L 

Note. *adjust pH to 6.2 by NaOH or HCl solution, keep at -4°C. 
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Table  15. (supplement S4) 2 N HCl solution recipe. 

Chemicals ml 

hydrochloric acid fuming 37% (12N) 10 

DI water 50 

total 60 

 
Table  16. (supplement S5) 0.04 N HCl solution recipe. 

Chemicals ml 

2 N HCl solution 1 

DI water 49 

total 50 

 
Table  17. (supplement S6) 10 mM, HEPES buffer recipe. 

Chemicals MW. mg 

HEPES (2-[4-(2-hydroxyethyl)-1-
piperazinyl]ethanesulfonic acid) 

238.3 2,383 

DI water   up to 1L* 

total   1L 

Note. *adjust pH to 8 by NaOH or HCl solution. 
 
Table  18. (supplement S7) 10 mM, Mrx solution recipe, fresh preparation before measuring. 

Chemicals MW. mg 

murexide dye 284.19 2.84 

10 mM, HEPES buffer   1 ml 

total   1 ml 
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Table  19. (supplement S8) 10 mM, 10 mM, Cu2+ solution recipe, fresh preparation before 
measuring. 

Chemicals MW. mg 

Cu(NO3)2*2.5H2O 232.69 2.32 

10 mM, HEPES buffer   1 ml 

total   1 ml 
 
Table  20. (supplement S9) 4.44 mM, Mrx solution, fresh preparation before measuring. 

Chemicals ml 

10 mM, Mrx solution 0.888 

10 mM, HEPES buffer 19.112 

total 20* 

Note. *the absorbance of solution at OD522 must be set at ~3.25, 200 µl. 
 
Table  21. (supplement S10) 4.44 mM, Cu2+ solution, fresh preparation before measuring. 

Chemicals ml 

10 mM, Cu2+ solution 0.888 

10 mM, HEPES buffer 19.112 

total 20 
 
Table  22. (supplement S11) 2.22 mM Mrx-Cu2+ solution recipe ( for measuring at 2 mM, about 100 
reactions), fresh preparation before measuring. 

Chemicals ml 

4.44 mM, Mrx solution 10* 

4.44 mM, Cu2+ solution 10* 

total 20 

Note. *the ratio of Mrx solution-to-Cu2+ solution must be adjusted; such as at 1:1, 0.9:1, or 0.85:1 
ratio to give linear curve of Ca3Cit2 standard at R2 of ≥0.99 
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Table  23. (supplement S12) 200 mM, Ca3Cit2 solution recipe. 

Chemicals MW. mg 

Ca3Cit2*4H2O 570.49 5,704 

2N, HCl solution   50 ml 

total   50 ml 

Note. keep at -4°C. 
 
Table  24 . (supplement S13) 20 mM, Ca3Cit2 solution recipe. 

Chemicals ml 

200 mM, Ca3Cit2 solution 5 

10 mM, HEPES buffer 45 

total 50 

Note. aliquot and keep at -4°C. 
 
Table  25. (supplement S14) 20 mM, Ca3Cit2 solution recipe, fresh preparation before measuring. 

Ca3Cit2 Standard  
solution (mM) 

20 mM,  
Ca3Cit2 solution 

10 mM,  
HEPES buffer 

0.2 5 µl 495 µl 

0.4 10 µl 490 µl 

0.6 15 µl 485 µl 

0.8 20 µl 480 µl 

1.0 25 µl 475 µl 

1.2 30 µl 470 µl 

1.4 35 µl 465 µl 

1.6 40 µl 460 µl 

1.8 45 µl 455 µl 

2.0 50 µl 450 µl 
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 Table  26. (supplement S15) CaCl2, 1 M solution. 

Chemicals MW. mg 

CaCl2*2H2O 147.01 7,350 

DI water   50 ml 

total   50 ml 

 
Table  27. (supplement S16) NaOH, 1 N solution. 

Chemicals MW. mg 

NaOH 40.0 2,000 

DI water   50 ml 

total   50 ml 

 
Table  28 (supplement S17) KOH, 50 mM solution. 

Chemicals MW. mg 

KOH 56.1 140.25 

DI water   50 ml 

total   50 ml 
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Table  29. (supplement S18.) Working solution recipe of potential interferences of Mrx IDA. 

Chemicals MW. 
Working 

concentration  
mg Diluent, ml 

Designed 
concentration for 

testing* 

Urea 60.06 1,600 mM 960 DI water, 10 ml 
50, 100, 200,  
400, 800 mM 

Uric acid 168.11 24 mM 40.32 50 mM, KOH, 10 ml 1, 2, 3, 4, 5 mM 

Creatinine 113.2 4.8 mM 5.424 DI water, 10 ml 
0.15, 0.3, 0.6,  
1.2, 2.4 mM 

NH4
+ (from NH4Cl) 53.49 224 mM 118.72 DI water, 10 ml 

7, 14, 28,  
56, 112 mM 

SO4
2-

 (from 
Na2SO4) 

142.04 32 mM 45.44 DI water, 10 ml 1, 2, 4, 8, 16 mM 

HCO3
-
 (from 

NaHCO3) 
84.0 16 mM 13.44 DI water, 10 ml 0.5, 1, 2, 4, 8 mM 

PO4
3-

 (from 
K2HPO4) 

174.2 64 mM 111.36 DI water, 10 ml 8, 30, 32 mM 

Ox2- (from Na2Ox) 134.0 8 mM 10.72 DI water, 10 ml 
0.25, 0.5, 1,  

2, 4 mM 

Catechin 290.26 20 mM 58.05 EtOH, 10 ml 
0.001, 0.01,  

0.1, 1, 10 mM 

Gallic acid 170.12 20 mM 34.0 DI water, 10 ml 
0.001, 0.01,  

0.1, 1, 10 mM 
Lactic acid 88% 
(11.7 M) 

- 20 mM 
0.017 

ml 
DI water, up to 10 

ml 
0.001, 0.01,  

0.1, 1, 10 mM 

Tartaric acid 150.087 20 mM 30.0 DI water, 10 ml 
0.001, 0.01,  

0.1, 1, 10 mM 

Malic acid 134.087 20 mM 26.8 DI water, 10 ml 
0.001, 0.01,  

0.1, 1, 10 mM 

Bilirubin 584.66 0.8 mM 1.8 DMSO, 4 ml 
0.025, 0.05,  

0.1, 0.2, 0.4 mM 
Hemoglobin (from 
lysed bovine red 
blood cell) 

- 100 mg/ml - DI water 
2, 4, 8,  

16, 32 mg/ml 

Note. *diluted from working solution to designed concentrations by DI water 
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Figure  25. (supplement S1) FTIR analysis (part 1). demonstrating spectra peak of a, b) 2nd pellet of 
precipitation from 2 urine samples, c) Ca3Cit2, d) K2HPO4, e) CaOx chemicals. 
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Figure  26. (supplement S2) FTIR analysis (part 2). Demonstrating spectra peak of precipitated 
CalCit from citrate3-  in DI water (red line) and CalCit from citrate3- in artificial urine (blue line).  
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Table  30 (supplement S19) Data of urine samples.  Note that non-stone urine (0) and stone urine (1) 
were collected from diagnosed individuals by CT scanning.   

          observed CalCit value 

No. 
NS 
or 
ST 

Stone  
Type 

urine 
volumn 

(ml) 
urine pH  

urine pH,  
after pH  

adjustment 
by 1N, NaOH 

pH of 
precipitated  

CalCit solution 
before Mrx IDA 

R2 

slope 
(range:  
0.4-1.4  
mM) 

OD-blank  
(sample) 

µM mg/L 
µmol  

per day 

mg 
per 
day 

1 0   870 7.08   5 0.9980 0.5691 0.492 864 493 751 429 

2 0   780 7.01   5 0.9980 0.5691 0.389 684 390 533 304 

3 0   3800 7.62   4 0.9980 0.5691 0.224 393 224 1492 851 

4 0   720 6.25   5 0.9980 0.5691 0.361 634 362 457 261 

5 0   1100 7.38   5 0.9980 0.5691 0.285 500 285 550 314 

6 0   460 6.48   6 0.9980 0.5691 0.673 1182 674 544 310 

7 0   730 6.75   5-to-6 0.9980 0.5691 0.539 946 540 691 394 

8 0   1800 6.82   5 0.9980 0.5691 0.334 587 335 1056 603 

9 0   430 6.58   5-to-6 0.9980 0.5691 0.476 836 477 360 205 

10 0   1610 5.58 9 4 0.9980 0.5691 0.443 778 444 1253 715 

11 0   1690 7.60   5 0.9980 0.5691 0.348 611 348 1032 589 

12 0   500 6.06 10 5 0.9980 0.5691 0.667 1171 668 586 334 

13 0   2570 5.84 10 3 0.9980 0.5691 0.277 487 278 1251 714 

14 0   2640 6.34   3 0.9980 0.5691 0.065 115 66 304 173 

15 0   800 6.20   5 0.9980 0.5691 0.363 638 364 510 291 

16 1   700 6.08 10 3 0.9980 0.5691 0.190 333 190 233 133 

17 0   460 6.73   5 0.9980 0.5691 0.548 963 549 443 253 

18 0   1240 7.03   5 0.9980 0.5691 0.493 865 494 1073 612 

19 0   2400 6.68   4 0.9980 0.5691 0.130 228 130 546 312 

20 0   1300 9.03   8 0.9980 0.5691 0.433 761 434 989 564 

21 0   1010 4.67 10 5 0.9980 0.5691 0.487 855 488 863 493 

22 0   1280 6.23   5 0.9980 0.5691 0.280 491 280 629 359 

23 1   440 5.29 10 5 0.9980 0.5691 0.689 1211 691 533 304 

24 0   750 6.95   5 0.9980 0.5691 0.446 783 447 587 335 

25 0   700 5.94 7 3 0.9980 0.5691 0.455 800 456 560 319 

26 0   630 7.41   5 0.9980 0.5691 0.398 699 399 441 251 

27 0   990 7.27   6 0.9980 0.5691 0.557 978 558 968 552 

28 0   1220 8.83   6 0.9980 0.5691 0.415 729 416 890 508 

29 1   560 7.86   5 0.9980 0.5691 0.297 521 297 292 166 

30 1   810 7.14   5 0.9980 0.5691 0.374 656 374 532 303 

32 1   410 8.29   3 0.9980 0.5691 0.185 325 185 133 76 

33 1   2210 7.85   4 0.9980 0.5691 0.354 621 354 1373 783 

34 1   950 5.16 9 4 0.9980 0.5691 0.539 947 540 900 513 

35 1   2010 6.25   5 0.9980 0.5691 0.374 656 374 1319 753 

36 1   820 5.67 9 2 0.9980 0.5691 0.098 172 98 141 81 

37 1   2050 9.02   6 0.9980 0.5691 0.059 103 59 211 120 

38 1   1300 7.47   3 0.9980 0.5691 0.093 163 93 211 121 

39 1   850 6.45   3 0.9980 0.5691 0.118 207 118 176 101 

40 1   1480 6.38   4 0.9980 0.5691 0.219 384 219 568 324 

41 1   
600 

6.80   5 0.9980 0.5691 0.417 732 418 439 251 
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42 1   
650 

6.94   5 0.9980 0.5691 0.255 447 255 291 166 

43 1   
1870 

7.35   4 0.9980 0.5691 0.209 367 210 687 392 

44 1   
2400 

7.60   3 0.9980 0.5691 0.131 230 131 552 315 

45 1   
880 

6.77   5 0.9980 0.5691 0.228 401 229 353 201 

46 1   
620 

5.57 8 3 0.9980 0.5691 0.351 616 351 382 218 

47 1   
850 

8.36   4 0.9980 0.5691 0.159 279 159 237 135 

48 1   
2200 

8.06   3 0.9980 0.5691 0.329 577 329 1270 724 

49 1   
980 

4.60 9 3 0.9980 0.5691 0.575 1010 576 990 565 

50 1   
1450 

6.30   5 0.9980 0.5691 0.279 489 279 710 405 

51 1   
1700 

8.20   3 0.9980 0.5691 0.166 292 166 496 283 

52 1   
2700 

7.32   3 0.9980 0.5691 0.110 193 110 522 298 

53 1   
1600 

8.40   3 0.9980 0.5691 0.060 105 60 167 95 

54 1   
1550 

8.11   3 0.9980 0.5691 0.130 228 130 354 202 

55 1   
2400 

7.48   4 0.9980 0.5691 0.120 211 120 506 289 

56 1   
1200 

8.98   6 0.9980 0.5691 0.372 653 372 783 447 

57 1   
400 

7.33   5-to-6 0.9980 0.5691 0.382 671 383 268 153 

58 1   
1850 

8.84   6 0.9980 0.5691 0.180 316 180 585 334 

59 1   
1880 

7.46   5 0.9980 0.5691 0.248 436 249 819 467 

60 1   
2600 

6.27   5-to-6 0.9980 0.5691 0.477 837 478 2177 1242 

61 1   
1400 

6.74   5-to-6 0.9980 0.5691 0.427 750 428 1050 599 

62 1   1950 8.84   6 0.9980 0.5691 0.262 459 262 896 511 

64 1   800 5.66 9 4 0.9980 0.5691 0.549 965 550 772 440 

65 1   850 7.13   5-to-6 0.9980 0.5691 0.432 759 433 645 368 

66 1   1300 8.36   3 0.9980 0.5691 0.162 284 162 369 210 

67 1   1300 8.65   6 0.9980 0.5691 0.153 268 153 348 199 

68 1   900 6.28   5-to-6 0.9980 0.5691 0.378 663 378 597 341 

69 1   850 8.52   6 0.9980 0.5691 0.267 469 268 399 228 

70 1   720 8.82   6 0.9980 0.5691 0.403 708 404 510 291 

71 1   3300 8.47   5 0.9980 0.5691 0.173 304 173 1003 572 

72 1   1250 8.93   6 0.9980 0.5691 0.129 227 129 283 162 

73 1   730 8.56   6 0.9980 0.5691 0.251 440 251 321 183 

74 1   920 8.67   6 0.9980 0.5691 0.298 523 298 481 274 

75 1   770 9.08   6 0.9980 0.5691 0.066 116 66 89 51 

76 1   1100 8.69   6 0.9980 0.5691 0.352 619 353 680 388 

77 1   1940 8.80   6 0.9980 0.5691 0.372 654 373 1268 723 

78 1   2290 9.15   6 0.9980 0.5691 0.261 458 261 1048 598 

79 1   750 8.75   5-to-6 0.9980 0.5691 0.204 358 204 269 153 

80 1   420 8.39   5 0.9980 0.5691 0.504 886 505 372 212 

81 1   1300 8.66   6 0.9980 0.5691 0.212 373 213 484 276 

83 1   580 8.56   5 0.9980 0.5691 0.311 546 311 316 181 

84 1   1350 9.00   6 0.9980 0.5691 0.068 119 68 161 92 

86 1   2350 9.12   6 0.9980 0.5691 0.287 503 287 1183 675 

87 1   900 9.02   3 0.9980 0.5691 0.136 239 136 215 123 

88 1   850 9.18   6 0.9980 0.5691 0.176 308 176 262 150 

90 1 Uric acid 1800 8.81   6 0.9980 0.5691 0.108 190 108 342 195 

91 1 CaP+CaOX 2000 8.83   6 0.9980 0.5691 0.102 178 102 357 203 
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92 1 CaOx+CaP 2100 8.64   6 0.9980 0.5691 0.168 295 168 620 354 

93 1   1720 6.45   3 0.9980 0.5691 0.116 204 116 351 200 

94 1   1200 6.96   5 0.9980 0.5691 0.347 610 348 732 417 

96 1   1240 9.16   6 0.9980 0.5691 0.104 183 104 227 129 

97 1 CaOx 700 8.45   5 0.9980 0.5691 0.232 408 233 285 163 

98 1 CaOx+CaP 800 8.87   6 0.9980 0.5691 0.199 350 199 280 160 

100 1   1440 9.14   6 0.9980 0.5691 0.171 300 171 431 246 

102 1   2850 4.55 9 3 0.9980 0.5691 0.320 561 320 1600 913 

103 1   610 8.77   6 0.9980 0.5691 0.201 353 201 215 123 

104 1   1900 7.31   3 0.9980 0.5691 0.109 191 109 362 207 

107 1   2410 8.98   6 0.9980 0.5691 0.170 299 170 720 411 

108 1   1620 8.36   6 0.9980 0.5691 0.306 537 306 870 496 

110 0   1820 9.00   6 0.9980 0.5691 0.139 243 139 443 253 

111 0   2150 7.42   4 0.9980 0.5691 0.416 731 417 1572 897 

112 1   1800 4.70 9 5 0.9980 0.5691 0.438 770 439 1385 790 

113 0   1900 6.93   5 0.9980 0.5691 0.450 790 451 1501 856 

114 0   780 6.97   5-to-6 0.9980 0.5691 0.639 1122 640 875 499 

115 0   1260 6.89   6 0.9980 0.5691 0.408 716 408 902 515 

116 0   1500 6.11 9 6 0.9980 0.5691 0.363 638 364 957 546 

117 0   770 7.08   5-to-6 0.9980 0.5691 0.656 1152 657 887 506 

118 0   840 6.05 10 3 0.9980 0.5691 0.315 554 316 465 265 

119 0   1080 7.30   5-to-6 0.9980 0.5691 0.600 1053 601 1138 649 

120 0   1580 7.32   5 0.9980 0.5691 0.299 525 300 830 474 

121 0   1650 7.86   5 0.9980 0.5691 0.545 958 546 1580 901 

122 0   1740 7.34   5-to-6 0.9980 0.5691 0.514 903 515 1572 897 

123 0   2090 5.96 9 3 0.9980 0.5691 0.187 329 187 687 392 

124 0   2310 5.27 9 3 0.9980 0.5691 0.292 512 292 1183 675 

125 0   1300 8.21   5 0.9980 0.5691 0.528 927 529 1205 687 

126 0   1900 4.89 10 4 0.9980 0.5691 0.421 739 422 1404 801 

127 0   1440 6.28   5-to-6 0.9980 0.5691 0.323 567 323 816 466 

128 0   1090 5.76 10 6 0.9934 0.5529 0.551 996 568 1086 619 

129 0   780 7.27   6 0.9934 0.5529 0.485 877 500 684 390 

130 0   1010 6.07 9 3 0.9934 0.5529 0.384 694 396 701 400 

131 0   1700 8.34   6 0.9934 0.5529 0.283 512 292 871 497 

132 1   3030 6.62   5 0.9934 0.5529 0.259 468 267 1418 809 

133 0   2160 6.55   6 0.9934 0.5529 0.454 821 469 1774 1012 

134 0   1410 5.70 10 3 0.9934 0.5529 0.249 450 257 634 362 

135 0   1100 7.31   6 0.9934 0.5529 0.476 860 491 946 540 

136 0   1060 7.37   6 0.9934 0.5529 0.505 913 521 968 552 

137 0   890 6.09 9 4 0.9934 0.5529 0.336 607 346 540 308 

138 1   900 5.76 7 6 0.9934 0.5529 0.494 893 509 804 458 

139 0   950 8.26   5 0.9934 0.5529 0.420 760 434 722 412 

140 1   1610 6.88   3 0.9934 0.5529 0.103 187 106 301 171 

141 1   1270 7.07   5 0.9934 0.5529 0.344 622 355 789 450 

142 0   800 6.17 9 5 0.9934 0.5529 0.470 850 485 680 388 

143 0   2030 7.24   5 0.9934 0.5529 0.379 686 391 1392 794 
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144 1   1000 6.72   5 0.9934 0.5529 0.365 660 376 660 376 

145 0   1170 6.54   6 0.9934 0.5529 0.613 1109 633 1298 740 

146 0   1620 7.17   5 0.9934 0.5529 0.216 391 223 633 361 

147 0   1550 6.83   6 0.9934 0.5529 0.391 708 404 1097 626 

148 0   1500 6.29   5-to-6 0.9934 0.5529 0.551 996 568 1494 852 

149 0   2870 6.94   5 0.9934 0.5529 0.149 270 154 774 442 

150 0   1620 8.07   5 0.9934 0.5529 0.438 793 452 1284 732 

151 1   2060 7.90   3 0.9934 0.5529 0.215 388 222 800 456 

152 
0   

670 5.62 8 5-to-6 0.9934 0.5529 0.448 811 462 543 310 

153 
0   

1460 7.25   5-to-6 0.9934 0.5529 0.533 964 550 1408 803 

154 
0   

1890 5.90 12 5 0.9934 0.5529 0.231 417 238 789 450 

155 
0   

1590 6.87   3 0.9934 0.5529 0.065 118 67 187 107 

156 
0   

850 6.32   5 0.9934 0.5529 0.322 582 332 495 282 

157 
0   

850 6.84   3 0.9934 0.5529 0.096 174 99 148 84 

158 
0   

1670 8.87   7 0.9934 0.5529 0.401 726 414 1212 691 

159 
0   

1290 7.25   5-to-6 0.9934 0.5529 0.375 679 387 875 499 

161 0   1490 7.32   5 0.9934 0.5529 0.227 411 234 612 349 

162 0   2240 7.17   4 0.9934 0.5529 0.162 293 167 657 375 

163 1   810 7.31   5-to-6 0.9934 0.5529 0.327 592 338 479 273 

164 0   970 6.08 10 3 0.9934 0.5529 0.256 463 264 449 256 

165 0   950 6.15 10 4 0.9934 0.5529 0.358 648 370 615 351 

166 0   760 6.54   5 0.9934 0.5529 0.372 673 384 512 292 

167 0   660 6.55   5-to-6 0.9934 0.5529 0.512 926 528 611 349 

168 0   780 6.99   5-to-6 0.9934 0.5529 0.557 1007 574 785 448 

169 0   540 5.78 8 5-to-6 0.9934 0.5529 0.478 864 493 467 266 

170 1   1250 6.87   5-to-6 0.9934 0.5529 0.509 920 525 1150 656 

171 0   960 7.17   5-to-6 0.9934 0.5529 0.543 982 560 943 538 

172 0   1060 8.28   5 0.9934 0.5529 0.382 691 394 733 418 

173 0   2130 5.40 10 3 0.9934 0.5529 0.307 555 316 1182 674 

174 0   920 8.67   5 0.9934 0.5529 0.287 519 296 477 272 

175 0   1360 6.75   5 0.9934 0.5529 0.433 783 446 1064 607 

176 0   1130 8.74   4 0.9934 0.5529 0.307 555 316 627 358 

177 0   1430 7.02   5-to-6 0.9934 0.5529 0.492 889 507 1272 726 

178 0   870 7.03   5-to-6 0.9934 0.5529 0.390 705 402 613 350 

179 0   940 7.34   5 0.9934 0.5529 0.448 811 462 762 435 

180 0   1570 6.45   5-to-6 0.9934 0.5529 0.536 969 553 1521 868 

181 0   320 5.92 8 5-to-6 0.9934 0.5529 0.498 901 514 288 164 

182 0   1180 7.26   5 0.9934 0.5529 0.355 642 366 757 432 

183 0   670 6.69   5-to-6 0.9934 0.5529 0.528 955 545 640 365 

184 0   930 6.65   5 0.9934 0.5529 0.576 1041 594 968 552 

185 0   1260 6.74   5 0.9934 0.5529 0.466 842 481 1061 605 

186 0   1010 6.64   5-to-6 0.9934 0.5529 0.489 884 504 893 509 

187 0   1000 8.43   4 0.9934 0.5529 0.360 651 371 651 371 

188 0   1600 7.47   3 0.9934 0.5529 0.201 364 208 582 332 

189 0   970 6.76   5-to-6 0.9934 0.5529 0.433 783 446 759 433 

190 0   750 6.50   5-to-6 0.9934 0.5529 0.596 1077 615 808 461 
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191 0   2200 7.14   4 0.9934 0.5529 0.121 219 125 482 275 

192 0   1670 8.00   4 0.9934 0.5529 0.478 865 493 1444 824 

193 1   800 6.45   3 0.9934 0.5529 0.212 383 218 306 175 

194 0   740 6.99   5-to-6 0.9934 0.5529 0.418 755 431 559 319 

195 0   4130 7.49   3 0.9934 0.5529 0.129 233 133 961 548 

196 0   950 8.70   4 0.9934 0.5529 0.376 680 388 646 368 

197 0   860 5.87 7 5 0.9934 0.5529 0.410 741 423 637 364 

198 1   1360 7.70   3 0.9934 0.5529 0.104 188 108 256 146 

199 0   1290     4 0.9934 0.5529 0.194 350 200 452 258 

200 0   1000 6.24   5-to-6 0.9934 0.5529 0.435 787 449 787 449 

201 0   880 6.58   5-to-6 0.9934 0.5529 0.445 805 459 709 404 

202 0   1150 6.01 9 4 0.9934 0.5529 0.323 585 333 672 384 

203 0   1850 7.54   4 0.9934 0.5529 0.367 664 379 1229 701 

204 0   1090 7.33   5-to-6 0.9934 0.5529 0.525 949 541 1034 590 

205 0   1700 7.86   4 0.9934 0.5529 0.389 704 402 1197 683 

206 0   1440 7.16   5-to-6 0.9934 0.5529 0.239 433 247 623 355 

207 1   1600 6.94   5-to-6 0.9934 0.5529 0.433 783 446 1252 714 

208 0   2430 6.63   5-to-6 0.9934 0.5529 0.424 766 437 1862 1062 

209 0   2160 7.97   4 0.9934 0.5529 0.427 773 441 1669 952 

210 0   1610 8.23   4 0.9934 0.5529 0.404 731 417 1177 671 

211 0   1560 7.77   5-to-6 0.9934 0.5529 0.474 857 489 1337 762 

212 0   790 6.87   5-to-6 0.9934 0.5529 0.538 973 555 769 439 

213 0   1280 6.55   5-to-6 0.9934 0.5529 0.531 961 548 1230 702 

214 0   1130 6.33   5-to-6 0.9934 0.5529 0.593 1073 612 1212 692 

215 0   760 6.61   5-to-6 0.9934 0.5529 0.516 933 532 709 404 

216 1   1470 7.74   5 0.9934 0.5529 0.490 886 505 1302 743 

217 0   2000 7.89   4 0.9934 0.5529 0.433 783 446 1565 893 

218 0   2350 7.97   3 0.9934 0.5529 0.230 416 238 978 558 

219 0   760 7.68   5 0.9934 0.5529 0.449 812 463 617 352 

220 1 CaP+CaOX 800 7.72   3 0.9934 0.5529 0.188 340 194 272 155 

221 1 CaOx+CaP 2750 7.62   5-to-6 0.9934 0.5529 0.485 878 501 2413 1377 

223 1 CaOx 1800 8.73   5 0.9934 0.5529 0.233 422 241 759 433 

224 1 CaOx 2100 7.30   5 0.9934 0.5529 0.244 441 251 926 528 

225 1 CaOx 1300 8.51   5-to-6 0.9934 0.5529 0.070 126 72 164 93 

226 1 Uric acid 1000 6.88   4 0.9934 0.5529 0.276 499 284 499 284 

227 1 CaOx+CaP 2000 8.40   5 0.9934 0.5529 0.359 649 370 1298 740 

228 1 Uric acid 1500 6.40   5 0.9934 0.5529 0.191 345 197 517 295 

229 1 CaP 1350 7.59   4 0.9934 0.5529 0.198 358 205 484 276 

230 1 Uric acid 1200 8.05   4 0.9934 0.5529 0.186 337 192 404 231 

231 1 CaOx+CaP 1450 7.39   4 0.9934 0.5529 0.205 370 211 537 306 

232 1 CaOx 1410 ?   5 0.9934 0.5529 0.470 850 485 1198 683 

233 1 CaOx+CaP 1850 8.71   7 0.9934 0.5529 0.348 630 359 1165 665 

234 1 CaP 1380 8.05   3 0.9934 0.5529 0.208 377 215 520 296 

235 1 CaP 1230 7.64   4 0.9934 0.5529 0.467 845 482 1039 593 

236 1 CaP+CaOX 1680 9.19   6 0.9934 0.5529 0.199 359 205 604 344 

237 1 CaOx 1400 8.43   6 0.9934 0.5529 0.191 345 197 483 275 
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238 1 CaOx+CaP 1550 6.63   5 0.9934 0.5529 0.347 627 358 972 554 

239 1 CaOx+CaP 1880 8.40   5-to-6 0.9934 0.5529 0.100 181 103 341 194 

240 1 CaP 2700 8.31   3 0.9934 0.5529 0.120 217 124 587 335 

241 1 CaOx+CaP 1760 6.38   5 0.9934 0.5529 0.308 557 318 981 560 

242 1 Uric acid 2270 7.20   4 0.9934 0.5529 0.126 227 130 516 294 

243 1 CaOx 1750 6.21   5 0.9934 0.5529 0.327 591 337 1034 590 

244 1 CaOx 1520 6.69   5 0.9934 0.5529 0.415 751 428 1141 651 

245 1 Uric acid 1950 6.06 9 3 0.9934 0.5529 0.191 346 197 674 385 

246 1 CaOx+CaP 1800 6.82   4 0.9934 0.5529 0.117 211 120 380 217 

247 1 Uric acid 1850 8.04   2 0.9934 0.5529 0.056 102 58 188 107 

248 1 CaOx 1700 8.16   3 0.9934 0.5529 0.050 90 51 153 87 

249 1 CaOx 1350 8.79   6 0.9934 0.5529 0.219 396 226 534 305 

250 1 CaOx 1760 8.22   3 0.9934 0.5529 0.062 112 64 196 112 

251 1 CaOx+CaP 1530 6.77   5-to-6 0.9934 0.5529 0.379 685 391 1048 598 

252 1 CaP+CaOX 1760 8.85   4 0.9934 0.5529 0.171 309 176 543 310 

254 1 CaOx 550 8.73   7 0.9934 0.5529 0.145 262 149 144 82 

255 1 CaOx+CaP 1130 6.86   5 0.9934 0.5529 0.293 530 303 599 342 

257 1 CaOx 2500 8.03   3 0.9934 0.5529 0.145 262 149 654 373 

259 1 CaP+CaOX 1480 8.80   6 0.9934 0.5529 0.218 395 225 584 333 

260 1 CaP+CaOX 1060 9.06   6 0.9934 0.5529 0.037 66 38 70 40 

261 1 CaOx 1250 8.90   6 0.9934 0.5529 0.198 358 204 447 255 

262 1 CaP+CaOX 1320 9.20   6 0.9934 0.5529 0.041 75 43 98 56 

263 1 CaOx+CaP 1100 6.64   5-to-6 0.9934 0.5529 0.466 843 481 928 529 

264 1 CaP+CaOX 1400 8.99   6 0.9934 0.5529 0.162 292 167 409 234 

265 1 CaP+CaOX 650 6.44   5 0.9934 0.5529 0.561 1015 579 660 376 

266 1 Uric acid 1550 8.11   5 0.9934 0.5529 0.253 457 261 708 404 

267 1 CaP+CaOX 1230 8.17   4 0.9934 0.5529 0.333 603 344 741 423 

268 1 CaOx+CaP 1000 9.21   7 0.9934 0.5529 0.161 292 166 292 166 

269 1 Uric acid 2000 5.76 9 3 0.9934 0.5529 0.280 506 289 1012 577 

270 1 CaP+CaOX 1350 6.99   5-to-6 0.9934 0.5529 0.521 943 538 1273 726 

272 1 CaOx+CaP 1300 6.81   5 0.9934 0.5529 0.485 878 501 1141 651 

273 1 CaOx+CaP 1650 5.12 10 4 0.9934 0.5529 0.260 471 268 777 443 

274 1 CaOx+CaP 2300 8.64   6 0.9934 0.5529 0.114 207 118 475 271 

275 1 CaP+CaOX 2060 8.26   6 0.9934 0.5529 0.085 154 88 317 181 

276 1 Uric acid 350 8.33   3 0.9934 0.5529 0.101 182 104 64 36 

277 1 CaOx 870 7.35   3 0.9934 0.5529 0.100 181 103 158 90 

278 1 Uric acid 550 7.24   4 0.9934 0.5529 0.196 354 202 195 111 

279 1 CaOx 1520 7.76   4 0.9934 0.5529 0.301 544 310 827 472 

280 1 CaP+CaOX 880 8.40   5 0.9934 0.5529 0.287 519 296 456 260 

281 1 CaOx 1340 8.05   3 0.9934 0.5529 0.055 99 56 133 76 

282 1   1720 6.68   5-to-6 0.9934 0.5529 0.505 913 521 1570 896 
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Table  31 (supplement S20) Number of cases and percentage of non-stone and stone group. 
urine sample n % 

non-stone cases 122   

stone cases, stone types: 141 100 
CaOx  17 12 

mixed of CaOx, CaP (CaOx is more than CaP) 17 12 
mixed of CaP, CaOx (CaP is more than CaOx) 11 9 

CaP 4 3 
Uric acid 11 8 

 
 
Table  32 (supplement S21) Number of cases and percentage, representing their urinary 
precipitated CalCit level, corresponding to LoD and LoQ of Mrx IDA. 
 

  NS group ST group 
CalCit level of sample n % n % 

between LoD to LLoQ (0.08 - 0.4 mM) 2 1.64 21 14.89 
between LLoQ to ULoQ (0.4 - 1.4 mM), 

within linearity 120 98.36 120 85.11 
higher than ULoQ (>1.4 mM) 0 0 0 0 

total 122 100 141 100 
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Table  33 (supplement S22) Frequency distribution of urinary precipitated CalCit level from non-
stone and stone group. 

  NS group ST group 
range of CalCit (uM) n % n % 
0-99 0 0.0 4 2.8 
100-299 9 7.4 41 29.1 
300-499 13 10.7 43 30.5 
500-699 29 23.8 31 22.0 
700-899 42 34.4 16 11.3 
900-1099 24 19.7 5 3.5 
1100-1299 5 4.1 1 0.7 
1300-1499 0 0.0 0 0.0 

total 122 100.0 141 100.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  27. (supplement S3) Histogram, demonstrating urinary precipitated CalCit level from non-
stone and stone group. left) number of cases, right) percentage. 
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