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.ABSTRACT 

The urinary oxalate excretion on a twenty-four hour bas is has 

been investigated by three methods. The range of oxalate concentration 

in aqueous solutions studied was 0 to 100 mg/.1. That range defines the 

expected levels of oxalic acid in urine. Each of those methods 

investigated involves direct precipitation of oxalic acid and a 

specific method of detection. 

The first, a colorimetric method, involves the precipitation 

of oxalic acid from urine with calcium sulfate and absolute ethanol. 

The precipitated oxalate anion is reduced to glycolic acid by boiling 

with sulfuric acid in the presence of a zinc pellet. The glycolic acid 

from that reaction step is reacted with chromotropic acid, and the 

absorbance of the resulting chromophore is determined at 570 nm. 

Thirteen subjects were analyze d by this method, and the N.M. V. was 

+ 28.8 - 3.7. mg/24 hr. That N. M.V. is comparable to other rep or ted 

values. 

The second, a spectrofluorimetric method, involves the 

precipitation of urine oxalate with calcium sulfa te in the presence 

of absolute ethanol. The precipitated oxalate is extracted with 

tributyl phosphate to remove the interfering metabolites . The oxalate 

is reacted with Ce (IV), and the fluorescence of the Ce (III) produced 

is determine<l. Seven s ubjects were analyzed by this me thod; the normal 

range of oxalic acid per twenty-four hours was 15.6 to 30 .1 mg with 

a N. M.V. of 21.7 ± 1.4 mg/24 hr. 
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The third, a colorimetric method , involves th e direct 

precipitation of urine oxalate with calcium chloride. The calcium 

oxalate precipitate is reacted with Ce (IV), and the decrease in 

absorbance is determined. This method was applied to urines containing 

known amounts of oxalic acid. The percent recovery of oxalate from 

urine compared to that of the recovery from aqueo us oxalic acid 

solutions was ninety percent. The relative merits of each method 

are discussed, and conclusions about the applicability to a clinical 

laboratory are presented. 
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CHAPTER I 

INTRODUCTION 

Properties of Oxalic Acid 

The presence of kidney stones and oxalate crystals have be en 

identified in urine as early as 1839 by Donn~ . 1 Seve ral attempts 

throughout the years have been made to correlate kidney stone 

formation and oxalic acid excretion with clinical symp toms . 

The term oxaluria was introduced to describe the presence of 

1 

excessive quantities of calcium oxalate crys tals in urine and , by 

implication, an increased excretion of oxalic acid. The te rm oxalaemia 

was also used to describe a high concentration of oxalic acid in 

blood. Oxalaemia has been reported in a varie\y of conditions such as 

diabetes, cirrhosis of the liver and cardiac failure. 2 

Recently, oxalic acid has attracted interest in relation to 

the formation of calcium oxalate stones in the kidney and t o the 

occurrence of calcium oxalate deposits in soft tissues, notab l y in 

patients with primary hyperoxaluria. 3 The purpose of this chapter is 

to bring into focus the current knowled ge of biochemistry and 

physiology of oxalic acid in man. Oxalic acid is a dicarboxylic acid 

(HOOC • COOH) which crystallizes from aqueous so l ution as a white 

dihydra te. It is a relatively strong acid, t he pKa 1 = 1.23 

and pKa 2 = 4.19. Oxalic acid is moderate l y soluble in wa ter 

4 (8.7 g per 100 g of water at 20°C). It is oxidized by ferric 

compounds, potassium permanganate and eerie s ulfate t o ca rbon diox i de 



2 

and water. Oxalic acid forms solub le salts with alkali metal ions 

(Li+, Na+, K+) and ferrous salts. With calcium ion, th e oxalate ion fcrms 

a practically insoluble salt at neutral or alkaline pH; calcium oxalate 

is soluble to the extent of 0.67 mg per 100 g of water at pH 7.0 and 

13°C. 

In aqueous solution the .solubility of calcium oxalate is 

increased by the presence of urea and various ions, particularly 

citrate, magnesium and to a lesser extent by lactate, sodium, 

potassium and sulfate.2 The solubility is also increased by ethylene 

diamine tetra acetic acid (EDTA). 

Clinical Features 

Primary hyperoxaluria is a genetic disorder of oxalate 

metabolism characterized by the early onset of calcium oxalate 

nephrolithiasis and nephrocalcinosis and by progressive renal damage 

to death in uremia. At post-mortem examination, cal cium oxalate 

deposits may be found in renal tissue, a pathological condition termed 

oxalosis. The basic defect is impairment of gl yoxylate me tabolism with 

secondarily increased synthesis and excretion of oxalic and glycolic 

acids. The pattern of inheritance of primary hyperoxaluria suggests 

its transmission as an autosomal recessive trait. 5 Patients with 

primary hyperoxaluria us ually seek medical care because of some symptom 

of urina ry calculi, although in a minority, r enal failure is the 

main symptom. Eventually renal failure deveJ ops unti l uremi.;:i 

becomes established. The uremic phase is usually fairly short. As 

renal failure develops, the urinary excretion of oxalate diminishes and 

may r e turn to a normal level. Diagnosis of primary hyperoxaluria in 



life must be based partially on t l1c demonstration of an elevated 

urinary oxalate excretion. The presence or absence of calcium oxalate 

crystals in the urinary sediment cannot be relied upon as evidence of 

kidney stone formation as those stones may be absent in hyperoxaluria 

1 . 1 . 5 or, converse y, present in norma urine. The twenty-four hour 

urinary oxalate excretion is one of the most important laboratory 

tests in diagnosis of hyperoxaluria with ultimate formation of kidney 

stones. 

Statement of the Problem 

It has been stated that the determination of urinary oxalic 

acid concentration is one of the most important clinical tests in the 

diagnosis of kidney stones. The analytical procedures published until 

now are lengthy and require a multitude of steps to achieve satis­

factory results. Two of the most reliable and best documented 

procedures are to be the object of study in the following work. 

The first is a colorimetric procedure. 6 The determination 

involves 1.0 ml of urine. The oxalic acid is co-precipitated by 

calcium sulfate and aqueous ethanol, reduced to glycolic acid by 

boiling with dilute sulfuric acid and a zinc pellet, then estimated 

colorimetrically with chromotropic acid. Even though this procedure 

is specific in the determination of oxalate by chromotropic acid, one 

of the drawbacks is that the precipitation requires a twenty-four 

hour period for its maximum precipitation. 

The second method is a direct precipitation of oxalic acid. 7 

In this method an aliquot (50 ml) of urine is taken and adjusted to 

pH 5.2. To the urine is added 2.0 ml of five percent calcium chloride 

J 



and calcium oxalate is a llowed to precipitate overnight a t 4°C . The 

calcium oxalate is centrifuged, was hed and titrated with potass ium 

permanganate. The problem here centers around the titration in that 

it is extremely difficult to titrate small quantities. 

It will be the object of this work to analyze the procedures 

discussed above, to improve them and finally to develop a new 

procedure with a new method of detection of oxalic acid. 

The following chapter presents the metaholic pathway by which 

oxalate is produced. Although the oxalic acid levels in urine are 

important in identifying the condition of nephrolithiasis, a better 

correlation of that condition is recognized when the ratio of certain 

electrolytes is also considered. The signif icance of the ratios 

Mg/Oxalic and Mg x Oxal are discussed. 
Ca 



CHAPTER II 

HISTORICAL BACKGROUND 

Metabolism of Oxalate 

Several enzymes which will oxidize oxalic acid to carbon 

dioxide and water have been isolated and identified.
8 

However, no 

catabolism of oxalic acid has been demonstrated in mammalian tissue. 

In man, injected isotopic oxalate is recovered almost quantitatively 

in the urine and none of the isotope can be detected as labele d carbon 

dioxide in expired air. 9 

The basic defect of primary hyperoxaluria is of a continuous 

excessive biosynthesis of oxalate. 5 The major pathways of oxa late 

synthesis in mammalian systems are summarized in Figure 1 . 5 That 

figure clearly shows the glycine and ascorbate are the primary 

precursors in man. 

Ascorbic Acid 

In a study of human subjects, Hockaday et a·l s found t hat 

excreted oxalate is the major urinary metabolite of infused doses of 

L-ascorbate-14c. After two days, about fifty percent of the labeled 

L-ascorbate has appeared as labeled oxalate in the urine. 5 •10 It has 

been estimated that thirty- five to fifty percent of oxalate normally 

excreted is derived from ascorbic acid. 11 

5 
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HOy-COH ~ 

SERINE----~ H ~ 

Jr 

Glycolate ✓ CO 
Jf a-Keto , -Hydroxyglutarate - 2 MALATE 

H Q Q # 
H2 N-C-COH B6 HC - COH 4NAD CO 2 + HCOOH 

R Glyoxylate Glutamate Formate 

j 
(or) 

a-Ketoglutarate 
Glycine 

g g 
ASCORBIC ACID _____ ~HOC-COH 

Oxalate 

Fig. 1. Major pathways in glyoxylate metabolism and oxalate 
synthesis in malllIIlalian systems. 
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The isotopic studies cited above indicate that L- ascorbic 

acid is a major precursor of oxala te. It is anomalous, therefore, tha t 

large ascorbate loads (i.e., four grams) do not materially increase 

urinary oxalate in normal subjects or in patients with primary hype r­

oxaluria.11 Therefore, in control studies, it was shown that the amount 

of oxalate synthesized from isotopic ascorbate in patients with hyper­

oxaluria decreased or remained the same. 11 That study indicates 

that ascorbate (when administered in large quantities) is not a factor 

in excess urinary oxalate excretion. Further, in primary hype roxaluria 

the metabolism of ascorbate to oxalate was unaltered with respect to 

the ascorbate intake (i.e., fifty percent conversion). 12 

Glycine 

Glycine is the other major precursor of urinary oxalate. The 

conversion of glycine to oxalate via glyoxylate was first demonstrated 

by Ratner. 13 The irreversible oxidative deamination of glycine to 

glyoxylate is catalyzed by the enzyme gly cine oxidase which is found 

in the highest concentration in mammalian kidney and liver tissue. 

Isotopic studies have shown that forty percent of urinary oxalate is 

derived from glycine. 13 

Glyoxylate 

Glyoxylate is an immediate precursor of oxalate (Figure 1). 

It is a highly reac tive compound, forming metaboli t es with urea , 

cysteine and certain alpha-keto acids, as well as undergoing non­

enzymatic transamination to form glycine. 14 Glyoxylate has been 

reported present in human urine from the formation of a 

WILLIAM F. MAAG LIBRARY 
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dinitrophenylhydrazone with characte ri s tics simi l a r to those o [ the 

authentic compound . 14 Using isotoµe dilution techniques, it may be 

estimated from the excretion of oxala t e and the proportion of infused 

glyoxylate conver t ed to oxalate tha t 150 to 600 mg of glyoxylate 

is synthesized daily . Glyoxylate has many possible fates (Figure 2). 

1 Glyoxylate + [O] - - - - - Oxalate 

2 Glyoxylate + Glutamate ---B§ ...l.Glycine + a-Ketoglutarate 
\ 

3 Glyoxylate 
+H 

Glycolate 
-H 

4 Glyoxylate + Glutamate 
NAD B4 

'Formylglutamate + CO2 Mn++ 

5 Glyoxylate + o<-Ketoglutarate CO2+? 

6 Glyoxylate + Pyruvate ~ ~-Keto X - Hydroxyglutarate 

7 Glyoxylate + Acetyl-CoA ~Malate 

8 Glyoxylate + Glyoxylate ~Tartronic Semialdehyde + CO2 

9 Glyoxylate + Urea Glyoxylurea 

10 Glyoxylate + Glycine S-Hydroxyasparta te 

Fig . 2. Enzymatic reactions described in the 
metabolism of glyoxylic acid . 

The reactions 7 through 10 have not been demonstrated in 

mammalian systems . Glyoxylate may undergo transamination to glycine 

with pyridoxal phosphate as a co-factor, and, therefore, enter the 

larger number of anabolic and degradative pathways followed by the 

formation of various amino acids. 

,., .. 

P, 

Hocrtaday et al5 have done a complete study of the me t abolism of 

14 glyoxylate- Con control subjects (a parent of the patient) and 

patients with primary hyperoxaluria to establish whether a defect in 



glyoxylate metabolism is respons i bl e for the abnormal oxalate 

excretion. Th 1 h . p· 3 5 ose resu ts ares own 1.n 1. gure . It was found that 

the patients excreted a much larger percent of the l abeled glyoxylate 

(8.7 vs. 0.4 percent) and glycolate (16.4 vs. 3.4 percent) than did 

the parent. Unexpectedly, the parent formed as much glyoxylate-14c 

as did the patient) approximately one-third of the isotope infused 

was recovered as oxalate. The synthesis of glycine from glyoxylate 

was markedly impaired in the patient. An overall conversion of 

glyoxylate to glycine of about two to four percent occurred for the 

patient. The percentage conversion for the parent was thirty to 

sixty percent. Those results from the infusion of isotopic 

glyoxylate clearly established that there is a defect in glyoxylate 

metabolism and its conversion to glycine. That implies expansion of 

the glyoxylate pool with secondarily increased diversion into other 

products such as oxalate and glycolate (see Figure 3). Evidence is 

shown in that glyoxylate is a precursor of oxalic acid, and experi­

mental evidence has been presented in that an expanded glyoxylate pool 

exists in those patients which have hyperoxaluria. The formation of 

calcium oxalate (kidney stones) is a system which involves not only 

the oxalate ion but also other factors (e.g., electrolytes). In the 

next section, statistical data on twenty-four hour excretion of 

oxalic acid are presented, tables of normal and abnormal subjects a re 

analyzed, the influence of electrolytes is discussed and an inter­

pretation of the results is presented. 

<J 
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Urinary Oxal ic Acid Excretion of 
Normal and Abnorma l Subjects 

ll 

Rev~sov1 et al1S have reported a comprehensive study of 

twenty-one healthy people and seventy patients with renal stones. In 

the group of thirty-one patients with calcium oxalate containing renal 

stones, the mean value of urinary oxalate excretion was significantly 

higher than both the normals and the patients without oxalic renal 

stones. Those results are summarized using Figure 4. Figure 4 shows 

that there is a high incidence of increased urinary oxalate excretion 

in the group of patients with calcium oxalate containing renal 

stones (2). The condition hyperoxaluria is associated with an 

increased urinary calcium excretion. 2 In such conditions large 

crystals and aggregates of calcium oxalate dihydrate in freshly voided 

urine are found; however, that condition does not necessarily indicate 

the initial phase of kidney stone formation. 

"O 100 
·M 
u 
C1l 

u . 
•M ,_. ,..., ..c so C1l 

:,<: "" 

DllJl~ 
ON ->.. M ,_. s 
C1l 
i:: 0 •M ,_. 

H 1 2 3 ::::> 

Fig. 4. Urinary oxalate excretion in healthy 
people and in the patients with urolithiasis. (H) healthy 
people; (1) the patients with nonoxalate renal stones; (2) the 
patients with calcium oxalate enal stones; . (3) the patients 
with large radiopaque renal stones with or without nehro­
calcinosis. 

Dempsey et a116 have conducted a similar study and found that in 

twenty normal subjects, forty-seven patients with r enal stones and 
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forty-two patients with other dis ease states, .the oxalate excretion was 15 to 

50 mg per day (average 31 mg per 24 hour). Since oxalate excretion was within 

the normal range in all but three of the forty-seven patients with calcium 

oxalate stones, the correlation between the magnitude of oxalate e xcretion 

and the occurrence of calcium oxalate stones is poor •16 However, the high 

concentration of oxalic acid excreted is indicative that kidney stones 

have been formed. 

An important factor to be considered in the variation of 

urinary oxalate excretion is age. The urinary excretion of oxalate 

increases with age during childhood, and adult values are attained at 

17 the age of about fourteen years. This is presented with a plot of 

urinary oxalate excretion versus age (Figure 5). 
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Fig. 5. Urinary oxalate excretion with age. 

When the urinary oxalate excretion per unit of surface area is 

converted to the corresponding value for the adult standard body surface 

(1. 73 m
2
), the results for children lie in the same range as those obtained 

for adults, and there is no significant difference between the sexes 

(see Figure 6). 
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Gibbs et al 17 show data which is consistent with other 

k 2 , 3,15 ,16 war ers. Their corresponding values lie between 21 . 8 to 

49 . 3 mg per t wenty- four hours with a mean of 33 . 7 mg . 

It is felt that measurement of oxalic acid on a twen t y-four 

hour basis is important in the determination of hype roxaluria . 

l J 

However, it should be clear that there is no direct correl ation between 

urinary oxala t e concentrations and initial formation of kidney stone s . 

A Relationship between Oxa l ic 
Acid and Electrolytes 

Urine is super-saturated with respect to calcium oxala te and 

calcium phosphate . Cal cium and magnesium ions are excreted in urine on 

effect against oxalate urolithiasis since it increases the s olubility 

of calcium oxala te in urine . 2 Takasa ki e t a 118 have done a s tudy of 

a group of normal adult patients with single stones and patients with 



multipl e stones . TI10se a uthors s l1owed a nd s ubs t a n tiated pr evio us 

repo rts that the ur i nary excretion values of calcium, magnesium and 

phosphorus ions increased from norma l values to e levated values fo r 

pa t ients wi th single and multiple stones . Those r esults a r e s ummarized 

in Figure 7 . 
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In figure 8 the same values are plotted to show a r e lat i onship 

of phosphorus versus oxalic acid (Figure 8) . 
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Fig. 8 . Daily phosphorus versus oxalic acid excretion. 

It is found that those patients with multiple stone formation were 

wellabove the normal mean values of oxalic acid and phosphorus . The 

same is true for oxalic acid versus calciumion .
17 

Takasaki18 concluded 

that subjects wtth kidney stones had a higher electrolyte and oxalate 

excretion values than normal subjects. That high values lead to stone 

formation is speculative , since normal subjects also show the random 

sp r ead of values ; Hodgkinson19 pointed out, with a thorough inci dence 

study, that a gro up of normal subjects vs . a group of kidney stone 

formers give similar results . Those results are summarized in Figure 

9 [note the likeness of (a) and. (b)J . 
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and oxalate. (a) Control subjects; (b) stoneformers . (Control 
subjects - normal daily activity . ) 

This can be interpreted to mean that high c~lcium and oxalate concen-

trations in urine do not necessarily correspond to calcium oxalate 

stone formation, the former is not necessarily the cause of the latter 

(stone formation). 

What has been shown is that when magnesium is divided by 

calcium and multiplied by oxalic acid (FigurE; 10), it givf:'s a ratio which is 

indicative of .the condition of renal stone formation.18 • 19 It must be kept 

in mind that there is no concrete data to show conclusively that the 

ratio Mg x Oxal is directly related to whether a subject is going to 
Ca 

form renal stones or not . Hodgkinson19 summarized his findings with 

Figure 10. Those findings as they are represented show that those 

patients with the mos t severe cases of stone formation have the lowest 

values (i.e., Ratio= (Mg / Ca) x Oxalic Acid) . There is strong 

evidence that points toward accepting that ratio [(Mg/Ca) x Oxalic 



t 
........ 
• '--' 

r-i 
co 
:< 

0 -eo 
~ 

4 .0- • A 
• A 

A 
A • 

-3 . 0 

• • A • J::. 
2.0- l * • A 

A 

• 
• 

• • • -• 

A 

A 

A 

A 

A 

A 
A 

-0.03 

-0. 02 

-0.01 

t 
........ 
<l 
'--' 

u 
·r-i 
r-i 
co 
:< 

0 

:< 

• A 
• i -

• 
• A 

A 
H ¾4J 

1.0- • • t • • A 
• !i 
-

Pi P2 P3 

Fig . 10 . The ratio of magnesium excre t ion to oxalic 
excretion (•) . The ratio of (rnagnesium : calci um) x Oxalic 
Acid in the Urine (6). (P i= healthy subjects , P 2 = Patients 
with single stones, P 3 = Patients with multiple s t ones . ) 

4 . 
-...J 



1.8 

Acid] as a meaningful clinical val ue . Three parameters which have been 

defined previously must be kept in mind in order to fully app r eciate 

what the above discussed ratio means. One, higher- calcium concentra­

tions increase the chances of calcium oxalate to precipitate and form 

kidney stones. Two, the concentra tion of oxalic acid is critical in 

order for it to exceed the solubility product. Three, magnesium 

increases the solubility of calcium oxalate in urine. The r a tio 

is a useful value in that a mathematical treatment can be set up to 

maintain a high ratio and, therefore, preven t formation of calcium 

oxalate (e.g., asswning that in a n hypothetical case a subject had the 

following values: 

Mg+ 2 = 30 mg/24 hrs., ca+ 2 = 350 mg/24 hrs., C2 0 4 = 30 mg/24 hrs. (1) 

the Ratio ~ x Oxalate = 
Ca 

30 X 30 
350 

2.6 

The value 2.6 indicates (see Figure 11) that the subject is prone to 

form kidney stones; therefore, the balance of ions can be improved to 

achieve the following ratio: 

Mg+ 2 = 60 mg/24 hrs., Ca+
2 

= 250 mg, C204= = 30 mg ; (2) 

the Ratio = 60 X 3Q = 7.2 
250 

The value 7.2 now indicates that stone formation is not possible. 

The ratio of the electrolytes times oxalic acid has been 

18,19,20 
proposed as a method of interpreting the patient's condition. 

The determination of electrolytes in the laboratory is routine. 

Where the determination of oxalic acid is very difficult clinically, 

Takasaki18 has suggested the possible use of urinary magnesium to 

Phosphorus ratio (Mg7P) as a substitute for the urinary magnes ium to 

oxalic acid ratib (Mg";"Ox.al) because urinary phosphorus output is 

( 



relatively well correlated with oxalic acid output . The possib le use 

of the ratio (MgfP) has been conf i rmed by Hodgkinson, 19 and it is in 

total agreement with an earlier report by Evans et a1 . 20 In the 

present study two methods of analysis to detect oxalic acid a re 

presented. 

19 
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CHAPTER III 

COMPOSITE LIST OF REAGENTS AND INSTRUMENTS 

The aim of the present chapter is to present a detailed, 

composite list of reagents and instruments used throughout the labora­

tory work. 

It is understood that all solutions are prepared and standar tl­

ized by standard analy tical techniques. Therefore, there is no need 

to spell out the techniques. 

The instruments used are again lis t ed , a nd pertinent informa­

tion concerning each instrument is provided only if needed. 

All reagents used in this re search are analy tical reagent grade 

as a minimum for quality standards. 

Reage nts 

1. Calcium Carbonate, 0.025M; CaC0 3 mol. wt. 100.089. In a 

100 ml volumetric flask add 0.249 g of Calcium Carbonate and 2 ml of 

distilled water with several drops of concentrated HCl; dissolve the 

solute and bring to mark (ca+2 = 1,000 mg/1). 

2 . Calcium Oxalate, 0.011 M; CaC204H20 mol . wt.= 146.118. 

In a 100 ml volumetric flask add 0.146 g of CaC 204•H20 dissolve in 

distilled water and bring to mark (ca+~= 455 rng/1, C20 4= = 1,000 

rng/1). 

3. Ceric Ammonium Sulfate, O.OlM; Ce(S04 )2 • 2(NH4)2 S04•2H20 

Mol. wt. 632.59. In a (1) one liter volumetric flask add 50 ml of 

distilled water and 3 ml of concentrated sulfuric acid, with stirring 
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add 6.326 g of Ceric Ammonium Sulfa te, bring to volume with distilled 

water. 21 

4. Iodine Monochloride Catalyst, in a volumetric fla s k, add 

0.058 g of potassium iodate (KI0 3 ) and 0.089 g of potassium iodide 

(KI) to 125 ml of distilled water; mix thoroughly. All at once 125 ml 

of concentrated HCl is added, cool to room temperature and adjust the 

solution as follows (add 5 to 10 ml of chloroform and titrate very 

carefully with either dilute potassium iodate or dilute potassium 

iodide as the case may require until the chloroform layer shows only a 

very faint iodine color after vigorous shakings). 

5. Sodium Hydroxide Solution, 2N; NaOH mol . wt. 39.99. In a 

(1) one liter volumetric flask partially filled with distilled water 

add 79.99 g of sodium hydroxide, mix and bring to volume. 

6. Ceric Ammonium Sulfate, O.lM; Ce(S0 4)2 • 2 (NH 4) 2 S04 • 2H20 

mol. wt. 632.59. In a (1) one liter volumetric flask add 50 ml of 

distilled water and 3 ml of concentrated Sulfuric Acid; with stirring 

add 63.26 g of eerie ammonium sulfate, bring to volume with distilled 

water. 

7. Arsenious Oxide , 0.011 M; As 2 0 3 mol. wt. 197.84. In a 

250 ml Erlenmeyer flask add 0.22 g of pure dry arsenious oxide and add 

15 ml of 2N(NaOH) sodium hydroxide; warm gently to hasten the solution . 

When the sample has completely dissolved, cool to room temperature, and 

add 20 ml of concentrated (HCl) hydrochloric acid; transfer the 

solution to a 100 ml volumetric flask and bring to mark. 

8. Potassium Biphthalate, O.lM; KHC 8 H,.0 4 mol. wt. 201+, 23 . In a (1) 

liter volumetric flask add 20. 42 g of potassium biphthalate and dilute to mark 

With distilled water (Potassium Biphthalate is dried in the oven 



(120°C) for one hour prior to weighing). 

9. Hydrochloric Acid, 12N HCl mol. wt. 36.457 concentrated 

thirty-seven percent. In a (1) liter volumetric flask place 400 to 

500 ml of distilled water; then slowly add 166.67 ml of concentrated 

HCl, mix, bring to mark. 

22 

10. Ferroin Solution, 0.025 M; C12H8 N2 mol. wt. 198.21. In a 

100 ml volumetric flask add 0.695 g of FeS0 4 • 4H 2 0; dissolve with the 

addition of 15 ml of distilled water. While mixing , add 0.495 g of 

1,10-phenanthroline, mix well and bring to mark with distilled water. 

11. Calcium Sulfate Saturated Solution; CaS04 mol. wt. 136.144. 

Enough calcium sulfate is added to one liter of distilled water in an 

Erlenmeyer flask to make a saturated solution. The solution is stirred 

(Magnetic Stirrer) for twenty-four hours. Finally, the solution is 

filtered and the pH adjusted to 7.0. A few grams of CaS0 4 is added to 

the filtered solution and stored in a glass bottle. 

12. Oxalic Acid, 0.139N; H2 C2 0 4 • 2H 2 0 mol. wt. 126.07. In a 

100 ml volumetric flask (1) add 6.30 g of Oxalic Acid and distilled 

water; mix and bring to mark. 

13. Calcium Chloride, 0.025 M; CaCl 2 • 2H 2 0 mol. wt. 147.02. 

In a (1) liter volumetric flask add 3.668 g of calcium chloride and 

bring to mark with distilled water. 

14. Ammonium Hydroxide, 0.5 7, ; mol. wt . 35.0 (SP . Gr . 0 . 9016, 

30% concentration). In a 100 ml volumetric flask add 1.85 ml of 

ammonium hydroxide to approximately 20 ml of distilled water; mix and 



bring to volume with <lis tlllc<l w:1 r. c r . 

15. Calciwn Chloride, 5 percent w/v; CaC1 2 • 21-1 2 0 mol. wt. 

147.02. In a 100 ml volumetric flask add 6 . 624 g of CaC1 2 • 2H 2 0 and 

bring to mark with distilled water. 

16. Electrolytic zinc pellets ueighing approximately 

23 

250 mg. Immediately before use the zinc is cleaned by immersing 

briefly in freshly prepared lON HN0 3 (two volumes of concentrated HN03 

to one volume of water)~ After washing thoroughly in distilled water 

the zinc is ready for use. 

17. Oxalic Acid Standard, 5 mg/ml; dissolve 1.0231 g of 

potassium oxalate monohydrate in 100 ml of water. Store at 4° and 

prepare fresh once a week (this solution contains 5 mg of anhy drous 

oxalic acid per ml). 

18. Chromotropic Acid Solution, one percent; dissolve one 

g of 4,5-dihydrox ynaphthalene - 2 , 7-disulphonic acid (disodium salt) 

in 100 ml of water . Store at 4° and prepare fresh once a week. 

19. Bromo-thymoJ Blu~ 0. 04 percent (scientific name) Dibromo-thy­

rnolsulfonphthalein to a 100 ml volumetric flask add 0.04 g of 

Bromo-thymol Blue and dilute to mark with distilled water. 

Apparatus 

1. A Spectrophotometer (Beckman DU). 

2 . A Spectrophotometer (Beckman DB) with a 100 mV Recorder . 

3. A Fluorescence Spectrophotometer (Turner Model 4 30) 

equipped with a recorder. 



Instr1 rn1c nt Setting 

Recorder--chart speed medium, mV Span 100, Filter 2, variable 

span off. 

Fluorimeter--blank low, sensitivity high, meter damp 2, Range 

varied, Excitation 260, Emission 350. 

4. A Spectrophotometer with visible, Ultra Violet, Infra 

Red capabilities (Ca r.y 14). 

5, A Colorimeter, Spectrophotometer "Spectronic 20," Standa:i:d 

Model (B & L 33-31-21). 

6. A centrifuge (GLC-1 Sorvall). 

7. Analytical Balance (Hettler H33). 

8. Tubes, 50 ml Round bottom, pla in with pennyhead stopper 

(Pyrex brand 8424). 

9. Tubes,conical, 15 ml plain, with stopper (Pyrex brand 

8060A, No. Q). 

10. Separatory funnels, squibb, with teflon® plug, Kimax 

(Kimble 45210F). 

11. Flasks, Volwnetric, Stopper, Class A, Kimax (Kimble 

28014). 

12. Test paper, Acid Alkali, pH indicating. 

13. Burets, Precision Bore, Straight Glass Stopcock with 

teflon® plug, Dust cap, Kimax, Class A (Kimble 17029F). 

14. Hot plate (Thermolyne HPA 1915B). 

15. pH Meter (Analytical). 

16. Pipets, Serological, Color Coded, tempered tip, Van-Lab® 

Pipets, Volwnetric, Glass A, Corex®, Micro Pipetting Syste~, Sampler, 

Oxford (53503-10). 



CHAPTER IV 

COLORIMETRIC ANALYSIS USING CHRONOTROPIC ACID 

Principle 

Hodgkinson and co-workers 6 , 22 , 23 have developed methods for 

detennination of oxalic acid concentrations in urine. Hodkinson 1 s 22 

latest method of oxalate determination has been investigated in the 

present research. 

Urine is supersaturated with respect to calcium and oxalate 

ions. 2 This condition of supersaturation is destroyed by addition of 

excess calcium ions in the fonn of calcium sulfate by the common ion 

effect. Furthermore, the solubility of calcium oxalate is reduced 

by addition of ethanol (salting out). The preGip itated oxalate anion 

is reduced to glycolic acid by boiling with 2N H2 S0 4 in the presence 

of a zinc pellet. The resulting glycolic acid is reacted with 

chromotropic acid and the absorbance of the resulting chromophore 

is determined at 570 nm. 

2.'i 



Reactions 

0 0 
II II 

HO-C-C-OH 

OXALIC ACID 

q V 
H-C-y-OH + 

H 
GLYCOLIC ACID 

2, 7 

9iq 
HO-C-C-H 

GLYOXILIC ACID 

0 H 
H-~-t-OH 

B 

GLYCOLIC ACID 

-----> color development 

disulfonic 4,5 dihydroxy Naphtalene* 
(chromotropic acid) 

*Chromtropic Acid heated with dilute mineral acid and 
glycolic acid will give the corresponding dihydroxynaph t ale ne 
by loss of the sulfonic acid groups; the r esulting dihydroxy­
naphthalene reacts with gl ycolic acid to give a blue to viole t 
color. 24 

Hodkinson's 22 method (Proce dure A) follows. That procedure is 

presented in its original form and the findings presented . 

Procedure A 

Reagents and Apparatus 

1. Reagents are listed in Chapter II. 

2 . Beckman DU Spectrophotometer. 

Collection of Samples 

Urine samples were colle c t e d ~n (1) one gallon brown glass 

bottles with 10 ml of concentrated hydrochlori c acid . The urines 

tested we re fr om normal subjects requesting routine clinical test 

profiles. The subject's sex and age were selected so that a cross 

section of the population could le adequate ly represented. 
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Measure 0.5 ml of urine into a 25 ml graduated, stoppered 
centrifuge tube, followed by 1.5 ml of water and one drop of 0 .04 
percent bromo-thymol blue indicator solution. Adjust the solution to 
pH 7. 0 (&reen) by the addition of dilute NaOH or dilute acetic acid 
solutions. Add 2 ml of saturated aqueous solution of calcium 
sulfate, followed by 14 ml of ethanol, mix gently and allow the 
solution to stand at room temperature overnight. 

'L I 

Centrifuge at 2,000 RPM for ten minutes, carefully decant the 
supernatant fluid and allow the tube to drain for a few minutes on a 
filter paper. Wipe the mouth of the tube with clean tissue and 
dissolve the precipitate in 2 ml of 2N H2S04 solution. Add a piece 
of freshly cleaned zinc and heat in a boiling water bath for thirty '~ 
minutes. (The tube is left unstoppered to· allow evaporation to occur, 
and the final volume should be less than 0.5 ml to ensure full color 
"development.) 

Remove the zinc with a bent glass rod. Wash the zinc with 
0.5 ml of one percent chromotropic acid solution, adding the washings 
to the tube. This operation is most conveniently carried out by 
fixing the tube almost horizontally in a retort clamp and sliding the 
piece of zinc to the mouth of the tube where it can be washed with the 
chromotropic acid solution before final removal. 

Add 5 ml of concentrated H2S0 4 slowly with mixing, and heat in 
a boiling water bath for thirty minutes. (The tubes do not need to be 
stoppered.) Cool, dilute to 20 ml with lON H2S0 4 and determine the 
optical density absorbance at 5 70 nro. The color is stable for several 
hours. 

Standard Curve 

Dilute the stock standard oxalic acid solution (1:100 ratio) to 
give a solution containing 50 mg of oxalic acid per 1. Prepare six 
tubes containing 00,0.2, 0.4, 0.6, 0.8 and 1.0 ml of the dilute 
standard solution (0, 10, 20, 30, 40 and 50 mg of anhydrous oxalic 
acid). Add water to make the final volume 1 ml, followed by 1 ml of 
4N H2S0 4 and a piece of freshly cleaned zinc; then proceed as described 
above. The experimental data for pro·cedure A are given in TABLE 1. 



Sample 

Blank 

STD1 
STD2 
STD3 
STD4 
STD 5 

TABLE 1 

STANDARD CURVE DATA FROM PROCEDURE A 

Absorbance 

0 

0.063 
0.156 
0.225 
0.304 
0.375 

Concentrations 

0 

10 mg 
20" 
30" 
40" 
50 " 

Those data are also displayed in Figure 11. The absorbance versus 

oxalic acid concentration as determined obeys Beer's Law as shown by 

the correlation coefficient (R = 0.997) over the range of oxalic acid 

concentrations investigated (10 to 50 mg/1). Figure 12 summarizes 

procedure A. 

28 

Procedure A has been found to be in good agreement with othe r 

published values of twenty-four hour urinary oxalate excretion. 

However, it is desirable to shorten the time of analysis . That can 

best be done by reducing the time for quantitative precipitation of 

calciwn oxalate. Absolute ethanol has been substituted for seventy­

five percent ethanol to achieve that result, that method (procedur e B) 

follows. 
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F [CURE 12 

SCHEME A 

In a 25 ml graduate½ stoppered centrifuge tub e add: 

Urine (0 . .S ml) 

J + 1.5 ml H20 

j + 1 drop of Bromothymol Blue 

j Adjust to pH 7. 0 

J + 2 ml of (Reagent 11) CaS0,. 

j 
+ 14 ml of Ethanol ( 75 percent) aqueous 

J stand a t room temperature (3 - 24 hours) 

J centrifuge at 2,000 RPM 

Precipitate 

J 2 ml of 2N H2 S0,. 

j 1 piece of zinc 

JO 

~ heat in boiling water bath thirty minutes (until t he volume 
reaches approxima tely 0.5 ml) 

J Remove the zinc 

j Wash with 0 . 5 ml of 1% chromo tropic acid 

J 

j heat in boiling water bath thirty minutes 

J dilute to 20 ml with l0N H2 S0,. 

J 
Read at absorbance at 570 nm. 
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Pro c..:e dure B 

Modified Method of Precipitation 

Measure a 0.5 ml of each urine sample into a 15 ml graduated, 

stoppered centrifuge tube, followed by 1 . 5 ml of water and one drop of 

0 . 04 percent bromothymol blue indicator solution . Adjust the solution 

to pH 7.0 (green) by the addition of dilute NaOH or dilute a ce tic acid 

solutions . Add 2 ml of a saturate d aqueous solution of ca lcium s ul fa te 

followed by 12.5 ml of absolute ethanol (the test tube will fi l l to the 

base of the ground glass neck), invert slowly only- twice and a llow the 

solution to stand at room temperature for exactly 2.5 hours. 

Centrifuge at 2,000 RPM for ten minutes, t hen carefully decant the 

supernatant fluid and allow the t ube to dra in for a few minutes on a 

filter paper . Wipe the mouth of the tube with clean tissue and 

dissolve the precipitate in 2 ml o f 2N H2S0 4 solution. Add a piece of 

freshly cleaned zinc and heat in a boiling water bath for thirty 

minutes. Leave the tube unstoppered to allow evaporation t o occur, 

and the final volume should be less than 0.5 ml to ensure full color 

development. 

Remove the zinc with a bent glass rod . Wash the zirtc with 0.5 

ml of chromotropic aci d solution, adding the washi ngs to the tube. 

This operation is most conveniently carried out by fixing the tube 

almost horizontally in a retort clamp and sliding the piece of zinc 

to the mouth of the tube where it can be washed with the chromotr opic 

acid solution before final removal. 

Add 5 ml of concentrated H2S0 4 slowly with mixing, and heat in 

a boiling water bath for thirty minutes. (The tubes do not need to be 
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stoppered.) Cool, dilute to 20 ml with l0N H2S04 and determine the 

optical density absorbance at 570 nm. The color is stable for several 

hours. Procedure Bis outlined in Figure 13. 

Figure 13 

SCHEME B 

In a 15 ml graduated, stoppered centrifuge tube add: 

Urine (1.0 ml) 

~ + 1.0 ml H20 

J 1 drop of Bromothymol Blue adjust to pH 7.0 

~ + 2 ml of CaS04 

+ 12.5 of ethanol (absolute) 

J Stand at room temperature (2 . 5 hours) 

Centrifuge at 2,000 RPM 

Precipitate 

~+2 ml of 2N H2S04 

~+l piece of zinc 

heat in boiling water bath thirty minutes (until the volume 
reaches 0 . 5 ml) 

J Remove the zinc 

J Wash with 0.5 ml of 1% chromotropic acid 

J + 5 ml of concentrated -lhS04 

~ heat in boiling water bath thirty minutes, cool 

j 

~ 
dilute to 20 ml with l0N H2S0 4 

Read absorbance at 5 70 nm. 
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Comparis on of Methods 

The results for the two methods (A and B) were identicaL 

It was desired to show that similar quantitative results can 

be achieved with urine samples , a correlation study comparing method A 

and B was carried out. A range of twenty-four hour urinary oxalate 

excretion for a limited number of subjects was established using 

procedure A (precipitation time 24 hours). Those results are 

summarized in TABLE 2. The normal range as defined in Appendix B w~s 

18 to 27.8 mg/24 hr., and the N.M.V. was 22.4 ± mg/24 hr. To show the 

effect of using absolute ethanol in the modified procedure (B), thirteen 

subjects were analyzed by both methods (A and B) where the precipita­

tion time was fixed to 2.5 hours. TABLE 3 summarizes those results . 

It was noted that in almost every case the urinary oxalate concentra­

tion determined by procedure B was twice as large as those found by 

procedure A. The normal range is 12.5 to 66.5 mg/24 hr. and the N.M . V. 

was 28.8 ± 2.3 mg/24 hr. To show that maximum recovery was achieved in 

2.5 hours by procedure B, a comparison of three selected urine samples 

were treated by procedure A with a precipitation time of 24 a nd 2.5 

hours in both cases using 75(wfr)percent ethanol. Those res ults are 

summarized in TABLE 4 . It is significant to note that urine oxalate 

concentrations determined by procedure B (2.5 hr. precipitation time 

using absolute ethanol) are equivalent to those determined by procedure 

A (24 hr. precipitation time using 75% ethanol) . It is noted that 

procedure A with a 2.5 hour precipitation period gives incomplete urin­

aryoxalate recovery. It should be noted that previous work by 

Hodkinson23 has shown that by procedure A a seventy-five to ninety­

eight percent recovery with a mean value of 85.6 percent of urinary 
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oxalate was achieved. Within ex1,erimental e rror, procedure B gives the 

same values of urine oxala t e concentrations , and the time required for 

that procedure has been significantly reduced. 

TABLE 2 

URINE OXALATE PER 24 HRS . BY PROCEDURE A 
(PRECIPITATION PERIOD 24 HRS . ) 

Urine Oxalic Acid 
Subjec t s Absor bance Volume (ml) mg/24 hr . 

1. K. E. 0.020 1760 10 . 60 

2. R. R. 0. 365 1720 17 . 20 

3 . D. B. 0 .098 820 21.00 

4 . B. L. 0 . 072 lllO 21. 09 

5 . L.B . 0 . 108 ll20 32 . 85 

6 . B. E. 0.102 970 25.80 

7. K. G. 0.083 1890 41 . 50 

Sample Calculation 

The concentration of oxalic acid in t he original sample of 

urine is given by the fol l owing : 

mg of anhydrous oxalic= Reading from calibration 

curve (mg) x l OO ~ 
0.5 

1 

1000 
acid per 100 ml. 

14.,i~ 

Procedure B gives the same values of urine oxala te concentrations, and 

the time required for that procedure has been signif ican tly r e duced. 



1. 
2 . 
3 . 
4 . 
5 . 
6. 
7. 
8 . 
9 . 

10. 
11. 
12 . 
13 . 

TABLE 3 

URINARY OXALIC AC ID EXCRETION PER 24 HOURS 
BASED ON PROCEDURE A AND B 

Exper imental Res ults 
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(Procedure A)a (Procedure B) b 
Oxalic Acid Oxalic Acid 

Subject Urine (ml) mg/24 hrs. mg/24 hrs . 

K. V. 2260 6 . 1 15.8 
N.W. 1590 14 . 3 28 . 6 
s.c . 1540 9. 8 20 . 0 
P . T. 1330 15 . 4 30.8 
S. R. 1440 11.4 22.7 
H. G. 3100 32.2 55 . 8 
H. K. 1200 14 . 4 16 . 8 
D.A. 1000 26 . 0 29 . 6 
P. S. 1400 33 . 6 36.4 
R. L. 3170 7. 6 25.4 
R. L. 1760 N.AV. 24 . 3 
M. H. 1680 21.8 45 . 4 
F.D. 2350 23 . 5 51. 7 

aProcedure A using aqueous ethanol (75%), where the 
precipitat i on time is 2. 5 hours. 

b Procedure Busi ng absolute ethanol, where the 
precipitation time is ?. .5 hours . 

"•• 



TABLE 4 

COMPARISON OF URINARY OXALIC ACID EXCRETION 
WHERE THE TIME AND ALCOHOL CONCENTRATIONS 

ARE VARIED 

a. Time Allowed for Precipitation 2.5 hrs. 

Oxalic Acid Ethanol 
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Subject Ethanol% Absorbance mg/24 hrs. % 
Oxalic Acid 

Absorbance mg/24 hrs. 

1. N.W. 75 0.035 14.3 100 0.067 28.6 
2. c.s. 75 0.023 9.9 100 0.049 20.0 .,, 

3. K. S. 75 0.014 6 .2 100 0.026 15.8 

b. Time Allowed for Precipitation 24 hrs. 

1. N.W. 75 0.065 27 .0 
2. c.s. 75 0.043 17.3 
3. K. S. 75 0.022 13.6 



CHAPTER V 

SPECTROFLUORIMETRIC ANALYSIS USING 

CERIC ION 

A method of determining urine oxalate concentrations is 

discussed. One is fluorimetric, the other colorimetric; both methods 

are based on the Ce(IV)-Ce(III) couple. The reduction of Ce(IV) 10 

to Ce(III) is a one electron transfer reaction: 
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ce+ 4 + e- ----> ce+
3 

(1) 

The oxidation reduction reaction between oxalate and Ce(IV) can be 

expressed by the following reaction: 

Equation (2) represents the overall reaction. Cerium(IV) is a one 

electron acceptor and oxalate is a two electron donor. 

Spectrofluorimetric 

(2) 

Kirckbright 25 and others have reported the spectrofluorimetric 

detection of oxalate in aqueous solutions by detecting the Ce(III) ion 

produced by reaction (2). In dilute sulfuric acid Ce(III) exhibits a 

characteristic fluorescence with an excitation maximum at 260 nm and 

a fluorescence emission of maximum intensity at 350 nm. In the present 

application reaction (2) is catalyzed using iodine-monochloride. 21 , 25 

Following the procedure of Kirckbright 25 a range (2 to 80 mg/1) 

of aqueous oxalic acid solutions were prepared. The solutions were 



reacted with Cerium (IV) ammonium sulfate in the presence of 10- 5 M 

H2S0 4 with ICl (3x.l0.-4M) at 50°C. The reactions were car::-ied 

out and the fluorescence read at thirty minutes. The details of that 

procedure follow. 

Standard Curve 

To a series of 50 ml test tubes add 47 ml of distilled water 
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and 1 ml of each oxalic acid acid solution, stopper each test tube and 

wait until the solution has reached 50°C. When temperature equilibrium 

has been reached, add 2 ml of eerie solution with catalyst to each test 

tube (include an aqueous blank), stopper, invert several times and 

place in the water bath. At the end of thirty minutes the fluorescence 

is recorded. 

The results are presented in Figure 14. The slope of those 

data is 1.267 1/mg and the correlation coefficient is +0.996. So, it 

is evident that there is a linear relationship between Ce(III) 

fluorescence and oxalic acid concentration. 

It was then desired to adapt this fluorescence technique to the 

determination of urinary oxalic acid concentrations. It is necessary 

to establish that the reagents and procedure used in the extraction of 

calcium oxalate do not interfere with the fluorescence measurements. The 

separation procedure was first carried out with aqueous calcium oxal ate 

solutions. The direct precipitation of procedure B was used to sep a r a te 

oxalic acid as calcium oxalate from aqueous solutions . The cal cium 

oxalate obtained was dissolved in 2N H2S0 4 • The solutions were then 

treated as above. The fluorescence was recorded at JO, 60, 90, 180,300 

minutes to determine when reaction (2) was complete . The summary of 
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that procedure (C) is shown in Fig ure 15, Scheme C. 

Those results are summar i zed in Figure 16. In each case at 

each time interval the observed fluorescence is a linear function of 

oxalic acid concentration. It is noted that fluorescence increases 

with time and reaches a maximum at 300 minutes (not shown in 

Figure 16). Furtheril).ore Figure 14 shows that there is a ninety-five 

percent recovery of oxalic acid by the precipitati.on procedure, and 

there is no evidence of interference from the reagents used. 
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Anomalous results were obtained when direct precipitation was 

employed to determine oxalate concentration. It has been noted that 

other metabolites are co-precipitated with calcium oxalate when 

saturated CaS0 4 is added to urine; those metabolites are uric acid, 

citric acid and others. 27 An organic solvent (tri-butyl phosphate) was 

introduced into the procedure to eliminate the interfering metabolites. 

A preliminary study conducted in the present research has shown that 

tri-butyl phosphate does not interfere with the fluorescence. Since 

the tri-butyl phosphate is effectively removed by back extraction, 

the remaining traces of tributyl phosphate axe removed by petroleum 

ether wash. That procedure (D) follows. 

Procedure D 

Into a series of 25 ml conical centrifuge test tubes with 

ground glass stoppers, add 2 ml of each urine sample and 2 ml of a 

standard solution of oxalic acid (SO mg/1), an aqueous blank solution 

is also prepared. To those solutions add 2 ml of distilled water and 

1 drop of 0.04 percent bromo-thymol blue indicator solution. 
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Figure 15 

SCHEME C 

1 ml of Sample (Standard and Blank) 

~ + 1 ml of CaC1 2 Solution 

~ + 2 ml of CaS04 Solution 

J + 12.5 ml of absolute ethanol 

~ Let it stand for 2.5 hrs. 

~ Centrifuge at 2000 RPM, 10 minutes 

~ Decant supernatant (discard) 

Precipitate 

~ 
+ 2 ml of H2S04 
J 
+ 46 ml of H20 
~ 
Equilibriate temperature (50±2)°C 
~ 
+ 2 ml of Cerium solution 

~ 
Read fluorescence at time intervals (30, 60, 90, 180, 300 minutes). 

Adjust the solution to pH 7. 0 (green) by the addition of dilute sodium hy­

droxide or dilute acetic acid solution. Add 4 ml of a saturatedaqueous 

solution of calcium sulfate followed by 17 ml of absolute e.thanol. The 

test tubes are slowly inverted twice and the solutions are allowed to 

stand for 2.5 hours at room temperature. Centrifuge at 2000 RPM for ten 

minutes; carefully decant the supernatant and allow the tube to drain 

for a few minutes. To each test tube add 2 ml of H2 0, 0.1 ml of 98 

percent formic acid, 0.22 ml of lON HCl and 10 ml of tributyl phosphate, 

stopper each tube immediately. Vortex each test tube for two minutes at 

high speed, then centrifuge at 3000 RPM for fifteen minutes· and disca rd 
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the aqueous phase. To the organj_c: phase add 1.9 ml of 2N NaOH, vortex 

and centrifuge as done previously (discard the organic phase). The 

aqueous phase is washed three times with S ml of light petroleum ether. 

The last few drops of petroleum ether (at the end of the third wash) 

are removed by heating briefly in a water bath. (Each test tube 

contains approximately 2 ml of aqueous solution). To each test tube 

add 0.5 ml of concentrated H2 S0 4 , transfer each solution to a series of 

50 ml test tubes, add 46 ml of distilled water, stopper, mix and place 

in the water bath. Wait till the solutions have reached temperature 

equilibrium (50±2)°C, then add at time intervals 2 ml of eerie 

solution, then stopper and invert each test tube several times and 

return to the water bath. At the ·end of thirty minutes read the 

fluorescence. The procedure is summarized in Figure 17, Scheme D. 

The value of the twenty-four hour urinary excretion are 

calculated as follows: 

Fu x Cs x Urine Volume 
Fs 1000 

Oxalic Acid (mg/24 hr.) 

Where Fu is the fluorescenseof the urine oxalate, Fs is the fluores­

cence of the standard solution and Cs is the standard concentra tion. 

The urinary oxalate excretion was determined for a limited number of 

subjects using procedure D. The results are summarized in TABLE 5. 

The normal range was 15.6 to 30.1 mg/24 hours and the N.M .V. 21.7 ± 1.4 

mg/24 hr. 



Figure 17 

SCHEME D 

2 ml of Sample (Urine, Standard and Blank) 

~ + 2 ml of distilled water 

J Adjust to pH 7.0 bromo-thymol blue 

J 

~ 

+ 4 ml CaS0 4 solution 

+ 17 ml of absolute ethanol 

J Let . it stand for 2.5 hours 

~ Centrifuge at 2000 RPH 10 m:.nutes 

Precipitate [decant supernatant (discard] 

~ + 2 ml dis tilled water 

~ + 0.1 ml of 98 percent Formic Acid 

~ 0.22 of lON HCl 

~ 10 ml of tributyl phosphate 

l St~pper, vortex (high speed for 2 
✓ ~centrifuge (3000 RPH 15 minutes) 

minutes), 

Aqueous phase Ester Phase 
(discard) 

Ester phase 
(discard) • 

+ 1.9 ml of 2N NaOH, vortex, 
centrifuge 

Aqueous washed 3 times with petroleum 
ether 

+ 0.5 ml of concentrated H2S04 

+ 46 ml of distilled water 

Equilibriate at (50±2) °C 

+ 2 ml of cerium solution 

Read f luorescence at time specified 
(30 minutes) 
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Ti\BLE 5 

NORMAL SUBJECT'S URINARY OXALIC ACID EXCRETION 

Urine 
Volume Oxalic Acid 

Sample (ml) Fluorescence (mg/24 hr . ) 

1. 1550 16 . 5 12 . 8 

2. 1720 21.0 18 . 0 

3 . 2420 26 . 0 31.4 

4 . 515 3 7. 0 9 . 5 

5 . 1940 33 . 0 37 . 0 

6. 4570 19 . 0 43.0 

7. 810 49 . 0 19.9 

Standard Solution 1000 100 . 0 50.0 



CHAPTER VI 

COLORIMETRIC ANALYSIS USING CERIC ION 

Principle 

During the titration of oxalate ions with Cerium(IV) the 

yellow color of the solution fades as the colorless Cerium(III) i ons 

21 are produced. That reaction is best carried out at 50°C in the 

presence of iodine monochloride catalyst and sulfuric acid. 

Ohlweiler28 has reported a photometric standardization of Ce(IV) 

solutions with standard sodium oxalate with a 0.01 percent relative 

error. Cerium (IV) has been used to determine urinary oxalate 

concentrations by titration of precipitated calcium oxalate with 

Cerium (IV) by means of an indicator. 

In the present work a spectrophotometric technique is developed 

to .determine twenty-four hour urinary excretion levels. Ohlweiler28 

has shown that excellent results are obtained in a · sp ectrophotometr ic 

determination of Ce (IV) ions by aqueous oxa late standards. In ord e r 

to apply that method of detection to urine oxalate concentrations, it 

was first necessary to determine if that method is applicable to a 

range of concentrations which is expected in urine samples. Various 

concentra tions (Oto 80 mg/1) of aqueous oxa lic acid were .pre par ed. 

The method tha t was emploxed for recovery of ur i ne oxa l a t es wns 

applied to those solutions. That precipitation method follows . 



Procedure E 

Determination of Oxalate in Aqueous Solutions 

To a series of 80 ml test tubes (conical) add 50 ml of each 

standard solution and usinga glass electrode adjust the pH to within 

the range 5.0 to 5.2 with dilute NH 4 0H or dilute HCL. CaCl 2 (2 ml of 
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5 percent w/v solution) was added and mixed thoroughly; the specimen 

was left at room temperature for about sixteen hours. The precipitated 

calcium oxalate was separated by centrifuging at 3,000 RPM for twenty 

minutes. 

0.0004 M 

(50±2) 0 c. 

To a series of 50 ml test tubes add 50 ml of() .005 M Ce (IV) with 

ICl catalyst; let t he solution tempera ture come to 

Transfer the calcium oxalate quantitatively to a 15 ml 

conical centrifuge tube and washed with t wo 4 -ml portions of 

approximately 0. 35N NH 4 0H. The washed precipitate is allowed to 

drain. To each washed test tube transfer the ~eric solution, stopper, 

shake vigorously and again transfer the eerie solution to its 

original 50 ml test tube; place the test tubes back to their original 

position in the water bath. Wait two to five minutes, then read the 

absorbance at 3800 A. It has been previously reported that r ecovery 

of oxalate from aqueous solutions by the above procedure is ninety 

to ninety-two percent. 29 

The results of Procedure (E) a pplied to the photometric 

determination of oxalate in aqueous solutions are displayed in 

Figure 18. From the correlation coefficient (R = 0.996), the re is a 

linear response to the oxalic acid concentration employed in this 

study. 
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It was next desired to do a n oxalate recovery study from 

urine. To insure that urine contained from Oto 100 mg
1
of oxalate, 

calcium oxalate (endogenous) was removed as above (procedure E). 

Specific concentrations of oxalic acid were added to 100 ml aliquots 

of oxalic acid free urine. Afterwards, the oxalic acid present in 

urine aliquots was precipitated and determined as previously described 

in procedure E. Those results are presented in Figure 18. The 

slope is (-)2.196 x10- 2 and the correlation coefficient is 0.989 . The 

recovery was ninety percent. It was desired to show that the photo­

metric method can be applied to procedure Das well, and that there 

were no interfe rences from the organic reagents. At the same time, 

the percent recovery of aqueous oxalic acid concentrations were 

obtained. To do that, a standard curve was set up by reacting a 1 ml 

of various oxalic acid concentrations (Oto 80 mg/1) with Cerium(IV) 

solutions. Then 1 ml of each oxalic acid concentrations were analyzed 

as outlined in procedure D. Those results are presented in Figure 19. 

The slope of the standard curve was (-)1.25 Xl0- 2 with a correlation 

coefficient of 0.999. The slope of the ex tracted standard aqueous 

solutions was (-)1.03 x10- 2 with a correlation coeficient of 0.995. 

The percent recovery of unextracted to extracted oxalic acid was 

82.4 percent. 
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CH/\PTER VII 

SUMMARY AND CONCLUSION 

Several methods for determining urinary oxalate concentrations 

are presented. Each of those methods is based on various modifications 

of a procedure by whi"ch oxalic acid is precipitated from the urine. Two 

of those methods are colorimetric and one is a fluorimetric technique. 

The first of the colorimetric procedure involves a 1 ml urine sample . 

The oxalic acid in that volume is precipitated with 

saturated calcium sulfate in the presence of high ethanol concentration. 

The use of absolute ethanol in the precipitation step results in a 

significant reduction in the time necessary for precipitation of 

oxalic acid . The method is specific for oxalic acid in that oxalic 

acid is first reduced to:·glycolic acid and then reai::t·ed with chromotropic acid 

to develop a purple color . That method is found to be sensitive to 

oxalic acid concentrations in the range of Oto 100 mg/1. In that 

range of oxalic acid concentrations, the absorption at 570 nm obeys 

Beer's law. 

The second colorimetric procedure involves the direct 

precipitation of oxalic acid from 50 ml aliquots. That precipitation 

requires twenty-four hours standing a-t room temperature, and no alcohol 

is used to induce precipitation. The oxalic acid recovered is r eacted 

with excess ·c.e (IV) in the presence of O. SM H2 S0 4 and iodine mono­

chloride catalyst at 50°C. The decrease in absorbance of Ce(IV) i ons 

shows a linear relationship to the oxalic acid concentration range 

(0 to 80 mg/1) employed in the present study . The fluorimetric 



technique is also based on the r e dox reaction be tween Ce(IV) and 

recovered urine oxalate. In this case, the fluorescence of the Ce­

(III) ion produced by reacting the recovered oxalic acid with Ce(IV) 
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in dilute sulfuric acid at 50°C is measured. However by this technique 

it is necessary to extract the oxalic acid precipitate with tri-

butyl phosphate since co-precipitated metabolites which were found to 

interfere with measured fluorescence of Ce(III) must be removed. 

Of the techniques investiga ted in the present research, the 

fluorimetric method is the most susceptible to erroneous results. It 

appears that all the metabolites .which are co-precipitated with calciLilll 

oxalate may be removed by the tributyl phosphate extraction step. 

Good results were obtained with careful laboratory techniques. The 

normal mean values were found to be comparable to the other two methods 

employed herein. However, it is not certain that all interfering 

ions have been elimina ted. 

The time necessary for the determination of urine oxalate by 

chromotropic acid, as previously reported, has been reduced from 

24 hours to 2.5 hours for the precipitation by substituting absolute 

ethanol for seventy-five percent ethanol with no sacrifice of oxalate 

recovery. It has been shown that with aqueous ethanol, complete 

precipitation is achieved only after twenty-four hours. Furthermo re, 

both methods show a normal mean value comparable to previously reported 

urinary oxalate values. Finally, the improved method (procedure B) is 

favored wl1en analysis is conducted by this technique. 

When the time element is of secondary importance to the 

clinical test results, then the second colorimetric method involving 

the direct precipitation is preferred. First of all, both colorimetric 



methods are equally specific for oxalic acid. Howe ve r, a greater 

number of steps are required for the first method, and it is also a 

more hazardous procedure since it involves boiling with 
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sulfuric acid. The second method [using Cerium (IV)] involves very few 

steps, and the results are quite satisfactory. The latter method of 

analysis is felt to be the preferred method since a large number of 

analyses can be done routinely without the involvement of a tedious 

analysis. 



APPENDIX A 

30 
Linear Regression and Simple Linear Correlation 
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The following least squares linear regression is des igned to 

minimi~e the sum of the squares of the devia tions of the actual data 

points from the straight line of best fit. 30 Essentially a plot is 

constructed of the variables (called a scatter diagram) and drawing the 

best straight line which uniformly divides the .data points as shown 

below (Figure 20) . Since the data may not be best represented by a 

straight-line curve, it is desirable to meas ure how well the linear 

curve actually does not fit the data. This measure is called the 

correlation coefficient and may be calculated from the independent 

variables and the linear equation parameters. 

y 

Fig. 20. Scatter diagram 

A linear equation of the form (3) is used to represent the diagram 

Y = mx + b 

It can be shown that the slope and Y - intercept are determined as 

follows: 

(3) 
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N 
EXiYi - X y 

i=l 
m N (4) 

X 

b = y - mX (5) 

N 
L'C i 

X = Average X value = i=l 
N 

N 
EYi 

y = average Y value = i=l 
N 

N 

2 
z::x.2 

- 2 1. 
X = variance of the X values = i=l - X 

N 

After the linear regression curve is determined, there is a 

method to measure the degree of association between the random 

variable (X 1 , Y10 , ••• (Xn, Yn)). This measure is called the 

correlation coefficient. It is usually denoted by Rand is calculated 

using the following expression: 

N 
EXiYi 

i=l - X y (6) 
R = N 

X y 

Where 

y = variance of the y values 

N 
2 

EYj 2 y = i=l y 
N 

by rewriting equation six in terms of equation 4, one may show that 



or 

R 
m X 

y 

R y 
m = -­x 
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( 7) 

(8) 

Using this expression, the linear regression curve, equation 1, may be 

expressed as 

Y=Ry X+b 
X 

(9) 

Equations seven and nine define an e fficient method for both 

determining the best linear curve fit and assessing the degree of 

association between the variable and the linear equation . 

When the values of the constants m and bare known, a best 

fitted Y variable can be calculated as 

Yf are the fitted values for the statistically best straight line (10). 

The estimated absolute standard deviation of Y{ and b will be taken 

equal to S, 

s2 = I:(Y-Yf)2 
N - 2 

(11) 

So that the standard deviation of Yf - b will be~. S. The estimated 

variance of the slope m of the standard curve is given by 

Sa2 (12) 

The estimated standard deviation of X...in percent is accordingly given by 

. equation 13. 

[

2s 2 

100 Sx = 100 °xL 
X a 

J 1/2 
+S a] 

The number of degrees of freedom is two less than the number of Y 

values because two parameters, a and b, have been calculated .• 

(13) 
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Sx, Sa are the estimated s tandard deviations of X and the 

Slope m. 
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APPENDIX B 

NORMAL VALUES 

Theoretical and Practical Aspects 

The first step in determining normal values is the data · 

collection or sampling. Ideally a normal value or range would be 

derived from the entire population to which it is applied.31 Since 

this is impractical, only a few samples are used. The criteria used 

to select the samples of normal subjects are as follows: (1) that the 

real life process -of sampling determines the theoretical meaning of 

normal values and (2) that "normal" is used only as a statistical term 

and does not imply a · deterministic concept, such as the state of 

health. Therefore, random samples have been selected from clinical 

laboratory routine specimens and students in this laboratory. 

To derive a normal range from a small set of data, a statis-

. 1 db T" Jl · d tica treatment suggeste y ie.tz is use. This method requires 

that the values obtained be arranged in order of increasing magnitude. 

Each number is then plotted on the horizontal axis of a linear graph 

paper against the normal equivalent deviate (N.E.D.) 31 on the vertical 

axis. After plotting all values, a straight line is drawn representing 

all points. If the data obtained represents a curve rather than a 

straight line, a logrithmic transformation of all data is made and 

these values are plotted against the N.E.D. If there is a random 

distribution of these values from the straight line, the distribution 

of values is considered to be normal. 
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If the deviation from the straight line is systematic, the data 

probably did not come from a homogenous population. To show the N.E .D. 

method a sample calculation in set up (from TABLE 3, procedure B). 

-Once it has been ascertained that the distribution follows a log normal 

distribution, a mathematical approach (Appendix A) will be used to 

determine the mean and standard deviation (see Figure 21). 

TABLE 6 

THE N.E.D. NORMAL DISTRIBUTION 

N X Log X 
- 2 Log (X - X) Log (X - X) N. E.D. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

15.82 
16.80 
20.02 
27. 75 
24 .30 
25.40 
28.62 
29.60 
30.86 
36.40 
45.40 
51. 70 
55.80 

1.199 
1.225 
1.302 
1.357 
1.386 
1.073 
1.457 
1.471 
1.489 
1.561 
1.657 
1. 714 
1. 750 

0.26 
0.23 
0.157 
0.102 
0.073 
0.054 
0.002 
0.012 
0.029 
0.102 
0.198 
0.255 
0.291 

Sample Calculation$ 

0.0676 
0 .052 9 
0.025 
0.010 
0.005 
0.003 
0.000 
0.000 

: o. 001 
0.010 
0.039 
0.065 
0.085 

X = Oxalic Acid Concentration (Mg/24 hr.) 

HogX 18.97 = 1 _459 log X = N - 13 
S = nog(X - x)

2 = 0.364 = 
- N - 2 11 

log X + + - 2S = 1.459 - 0.364 

-0. 935 
-0.755 
-0.598 
-0.454 
-0.319 
-0.189 
-0.063 
+0.063 
+0.189 
+0.319 
+0.454 
+0.598 
+0.755 

0.182 

Normal Range 1.459 + 0.364 = l.82J and 1.459 - 0 .364 = 1.095 

Normal Mean= 1.459 Standard deviation= 0 . 364 

taken the antilog of the above 

Range= 12.45 to 66.5 Mean 28.77 ± 2.3 
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