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Summary.

The metabolic processes involved in the production of
oxalate from its major preéursors were reviewed, and the
analytical techniques used for the analysis of oxalate in
biological material examined.

An automated enzYmic procedure for urinary oxalate
utilising oxalate decarboxylase and formate dehydrogenase
was developed and evaluated using the refgrence method.
The - chosen procedure was sﬁbsequently employed for the
determination of oxalate in urine obtained from a group of
volunteers free of a history éf stone formation énd other
disorders. A wide variation of oxalate excretion both
within and between individuals was noted.

-The refefence‘proceduré was used for urine oxalate
analyses of 24 hour collections from 3 groups of stone
formers ascribed one.caf two therapies; allopurinolvor
. bendrofluazide.’ Biochemicall tests of serum (calcium,
magnesium, " zinc and urate concentratibns)k'ahd ~urine
(calcium, magnesium creatinine and urate excretion) were

also undertaken.
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Efficacy of the above therapies in reéucing stone
recurfence rates was implied in this study although the
- reasons for these effects were not clear.

The use of allopurinol and bendrofluazide "as
effective agents in reducing urinary oxalate was not

confirmed by this work.

(18)



CHAPTER 1. GENERAL INTRODUCTION.

1. UPPER URINARY TRACT STONE DISEASE.

l.l.Significance -

Uppef urinaty_ tract  stone disease which'occuts
within the kidney and ureter‘ has apparently been known
‘since the times of the Anc1ent Egyptlans and Hlppocrates.
| Currently, in the western countrles, some 2 - 38 of‘
people will develope a urlnary tract stone ‘at some. time in
“their lives (Nordin and Hodgklnson 1972). It has been
suggested that stones cccnr» equally in both  the sexes_
(Lonsdale 1968)1 although most workers,'have found that‘
symptomatic ,stones‘vareebetween.Z'and 5 times as common in
men as in women (Hodgkinson 1977, Robéttsdn et al l98@a).

vThe' appearance of concretions Within the'urinaty
“tract' may not 1n themselves be life threatenlng' However
loss ofl kidney functlon may ‘occur due to damage to the
' kidney caused by *chtonic.>obstruction, infection or
surgical intervention; ‘ﬁbfeﬁér 'although':tne disease
iteelf - may | be managed ‘snccessfully, the treatmentf'
‘neceSSary; ‘such as surglcal removal of a stone, may carry
serious‘rieks. | |

The pain aseociated with kidney ‘stOnes,r'renal
coiic' is »extteme}r'in~all of clinical practiCe thete is
no worse pa1n encountered' (Coe 1980).

The peak age for the occurrence of stones has been

(19)



shown to be 35 -<years in men. In:womenva double peak hés‘
been observed. ét 30 and ‘55 Years; thére was a low
incidence of stones in the élderly_and invchildfen, in
developed societies (Robertson et'al}l98ﬂé); |

| The’iaiséase is:of a recurreht nature: some.lS % of
stone fofmers were seen‘ to have had é second stone
incident within a‘year of the firstAepisode, 42 - 48 % of

the same group within 4 years and within 9 years 61 - 67

o0

~were found to have had a recurrence (Coe 1980).
Stone disease  1is therefore likely to afflict a
small “but 1e§onomically important_‘group of society. An
active thérapeutic scheme to reduce the Co-
recurrence  of this condition must be considered' as

wbrthwhile.

1.2. Types of stone.

In_:abjﬁeview éf clinical stone disease by Coe
(19849) 4 types of stone were recognised, containing -
predominantly éalcigm,  struvite ~ (magnesium émmonium
vpho‘sphate,Mgﬁnépoé.slizp) ’ uric “acid or cystine.. The
peréentsv‘occurrence of each type from  a total of 1879
Stones primérily »from‘~£he ‘United‘ Stateé énd EUropé are
Shown iﬁ'tablevl.l. Although these‘are‘nof absoluﬁe values
they are.inigéneral agreement with the values suggested by
Nérdin 'and’ Hodgkinson (1972) from‘a study of 700 calculi
and Hodgkinsoq‘(1977) from‘a study of 157 caléuii.

The calcium stones may be further subdiVided into

(20)
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those  that cbntéin :predominantly calcium oxélaﬁe;' a
mixture of calcium .oxaléte "and calcium phosphate, and
predominantly calcium ‘phosphate ~stones. ‘The percéntsv
 occurrénce Aof tﬁeséf stone types, displayed in table 1.2.
(Coe  1980) show_that,:next Eoléalcium, oxalate iSAthe most
'freQuentiy. occurring componént of,renél'stone and may be
’expeéted to be seénlin over 60 % of all célculi. |
Xanthine stones and 2,8, dihydroxyadenine stones
have also beenvrecognised'but the occurrence rate of these

types was less than 1 % (Silcock 1980).

1.3. Major causes of renal stone.

The underlyihg cause of all urinary tract stone
formation is Supersafuration of the urine with a poorly
~soluble méterial vmodified, in the case of éaléiuﬁ stones,
by  the presehce or absence:of'crystallisatioﬁ'inhibitofs
and Sources of ‘seed-crystals and in thevéasé of sttﬁvitev
stones by - the preSence or . absence ofi'évhrinary‘tract
inﬁectidn (Coe'1980); |
TheImre2,8,dihydr0xyadenine» sfohes occur due : to. a
congenitél :enzymatic abﬁotmaiity in whicﬁ there'vis- a
: coﬁplete ‘lack of édenine'phosphériboéyltransferase (E.C.
2;4.2.7.); In ‘this diéorde:'adeniné is convértéd to 2,8,
dihydroxyadenine by xanthine oxidase (E.C. 1.2.3.2.). The
‘éongenital ‘enzymatic deficiency'of xanthine oxidase leads
to xanthinuria  and subsequent xanthine stone formation

(Silcock 1986). - A congenital disorder of cystine, 

(21) .
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arginine, lysine . and ornithine  transport affecting thé
epithelial - cells of thé ‘_renal: tubules - and = the
gastréintestihél tract leads to 'eystinuria' and the
formation of cystiﬁe containing stones‘(Héiperén and Thier
1989). | |
| Uric ‘acid ‘stones Qccdr ‘when there is - . over—
isaturaﬁion of 'the  uriné with urate due fo disorders of
uric acid metébélism;‘ reduced ﬁrine volume or a low
'urinary PH. | | -
Sﬁruvite' or 'infection’ “stones are considered to
‘be the result of ,urinéry infection with bacte:ia that
 possess urease (E.C. 3.5.1.5.). ThiSVénZYmic_éplitting of.
urea leaas to a ‘combination of high wurinary pH . and
ammonium  concentration. . Such stones also Co.rnfairir calcium
_phosphate (Silcock 1986, Coe 1980) . |
Calcium phosphate stones tend “to occur in urine
which is abnormally alkaline due to an“ééidificatién
~defect or a urinary .tract; ihfectidn.(silcock 1980).
calcium oxalate stonés,' in the pure or’mixed‘forms,mayimﬂi
, dﬁe ~to distugbanceskin calciﬁm and‘/ or oxalate metabolism’
1eéding - to hypercaiciurié and  hyperoxaluiia with
Sﬁbseqﬁent stone-,formationf Asvﬁmixed.stonesnmay chtaih
significant’AamQunts> of uﬁate,. hjpeturicoéuria may also

induce calcium stbnes'(silcock 1980, Coe 1980).

1.4._Idiopathic:stbne disease.

" When 'thére is - no recognisable clinical pathologyA

(22)



to. account for the formation of renal stones, as is the
case ‘fpr the ‘majority ‘of calcihm stbnei formers, sﬁch -
subjects have been described,as"idiopafhicirstone formers
'kSilcdck, 1986); 'Howéver,b é numbef. of 'risk”factbrs'
téléting to ufinary composiﬁion; Which'prediépose éubjects
to form stones,:have.béen_recogniséd.

‘Rbbertson ’ét ’al,(1980a); deécribing‘calcium stohe
formation as a mﬁltifaétorial diSdrder,. recognised six
main. urina:y risk factors: low volume, high pH, increased
excretion of calcium, iﬁcreaseduiexcretion of  oxa1ate,
increased excreﬁion ofk uric écid and the decreééed
excretiohT of calcium oxalate‘crystélliSation‘inhibitors,»'
particularly - ' A glycésaminogl?can57' ’ S (acid'
mucopolysacchariaes); | |

These factors iﬁfluéhcedi the relatiVe saturafion_
of ‘urine with 'stone forming éonétituents(vénd the,majdr
risk factor was éonsidered.to be the éaturation df'uii;e
with oxélate (Rdbertébn etv‘all 1980a, Robertson et al
l980b,. Robertson = et aiv 1981), as a_smail chahge ih the
urinary oxalate  onld be 'respdnsible ‘for',a'relatively‘

large change in the overall 'risk"of fbrming Stohes.*

2. SOURCES OF OXALATE IN MAN.

Oxalic acid is the simplest of the dicarboxyli¢
acids (figure 1.1.).. ‘ID, nature, itvrarely occurs as the
free acid, but is more often'seen as some form of oxalate

salt. In this work, the term "oxalate" will be used
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generally to . describe the acid ahd its salts, unless a
more specific”'name is required to differerentiate a
pérticular form of oxalate. . |

The exctefion of oxalate from the.animal body hés
been recognised | to ‘be impbrtant in a number of
pathological conditions, but in general, studies have been
hindered by the lack of a suitable routine éxalateAéssay;
| There are  two sources‘ of oxalate in man, direct
diétafyv~intake, and endogenous sYnthesis.. Each will be

described separately.

2.1. Direct dietary intake.

2.1.1. Oxalate in the diet.

Se&eral estimates haQé_'been made ofithe oxéiate
_content of the diet (Kohmann_1939,'Andrews andbvisét 1951,
Zarembski and Hodgkinson 1962, Kasidas and Rbsé 198¢9). The -
values are in general aggreément with eacb other, althoughk
the use of a more recent ﬁethod of‘analYSis employing‘the =
v enzyme  oxglate decérboinése‘ (E,C.4.l,l;2;) (Kasidas and
Roée 1989) @ produced results which were generally higher
than those in the.earlief reporﬁs. Particular foodstuffs,
such as spinach, parsley, beetroot;.rhubafb and chocoléte
may be éonsidéred' rich in'o#alate, whilst meat and dairy

products contain only low concentrations. Tea, with
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moderately elevated levei§ of oxalate, has been considered
to be a -ﬁajor source of dietary oxaléte'for the English
(Hodgkinson 1977) énd  the speéific'oxalate’canentration:
for a -particular' tea‘hasbbeen shown to increaseiwith the
time‘Qf infusion‘(Kasidés and Rése.i9éﬂ).

' Oxalate occurs in plants in two main forms; the
water~‘ solubie fraction, prédominantly the sodiuﬁ and
potassium salts ‘with some as the ammonium salt, and the
water. insoluble  ftactiéﬁ, rmainly the calcium salt'with-
small amounts as the ;maghésium .éalt, The ffee acid, as
suéh,’ rarely  occurs in,—piants,, and vthen dnly in trace
amounts. The oxalatekbcontent gof 7alparticu1ar plént has
been shown to depend oh the,variety,,age, climaté,.soil
conditions.and the‘parts analeed'(le l96§).‘
| The Aaveragé oxalate ICOnEeht of the Englishkdiet
“has been éstimatedvté be logOImml/d~(rangeﬁgo-16701mbl/®
predominantly from  tea with ‘bread énd poﬁatoeé as‘othér

major.souﬁces (Zarembski'and Hodgkinson 1962). 

2.1.2. Intestinal'absorption.

f;g»giggg ‘studiesvofirabbit.intestinaljmhcésa'and

evefted  gut ;éacs 'frbm the rat, have shown oxalatevuptéké'

.to be a passive; npn  energy dependaht,,non satufatable
:process (Binder 1974). | | |

For absorption'tdvoccu:,.the bxélate must be in an

' availabléf ie. éqlﬁble,:_form, but Aiﬁ the normal subject

this 1is not generally the case. Absorption of oxalate from
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the inteStine ‘has’been shown to be boor,'Somé's‘%’o: less
of dietafy oxalate beingvexcretedVin»thevurine ofvnormal
subjects following. a. normal diet .(Hégler‘ andv Hermann
l973b). Under normal conditions, a high'propbrtion of thé.'
“dietary oxalate is précipi;ated in'the-lumeh by diétary
célcium,, bﬁt‘ if calcium 1intakerkiévvrestricted thén]the
bxéléte excretion in the urine has been'shown to rise in:
man (Zafembski‘ and‘Hodgkinéoh 1962, Hodgkihéon 1977); and
in rats ’(Ribayévahd Gershoff 1982).»Aftef‘an oral»dose of
vsolublé sodium oxaiate,_fsubjéctsifollowing a normal diet
demonstrated a rise in urinary oxaléte-0f 2.3 —‘4;5 $ of
-the administered dose: (Archer ;ét'al 1957, Zarembski and
'Hodgkinson l962)v‘whereas Subjeéts ,who5 had been fasted
overnight ‘showea an ‘increasé of ‘13;6.'i. 5.9 % of the
administered 'dOSe: (Tiseliu§ et al 1981). The vmarked
difference betweén7 the two - studies was explained by the
‘inhibitoryv‘effeCt of ‘dietary -calcium dn oxalate uptaké,
which 6CCuired’.due. ﬁd ~ the preciéitation:\of insoluble
calcium oxalate atnlpH  above 3.9 (Oke 1969) under which
" condititions iboth the‘calcium:and oxalate were unévailable
for :absdrption. Further_evidence‘6f~this effectbwas éhown
by,-Chadwick,» Modhé  and';Déwling' (1973) who demonStrated

that  non fasted human subjecfs absorbed 6.0 i 8.9 % of an
oralv supplement_ of'[i4—Cjvlébelled>oxalate whereaé‘faéted
subjects absorbed 28.0 1  3.2 $. This may,explainbthe
observation of a ﬁegative correlation (r = -0.6) betwéen
.fhe frequency of ufolifhiasis énd vthe’ hardness of_thé‘

water shown in a number of-regions in the United States

(26)



(Dobson and Finlayson, 1973);

In man, the ingestion of oxalate rich foods impaired
the intestinal absorption of calcium from other dietary
sources, presumably due to the information of insolublé
calcium oxalate (Pingle and Ramasastri, 1978). vIn the rats
on high dietary oxalate intake mortality was significantly.
increased.' The observed softening of the bones and reduced
calcifiéétion of'teéth suggested évharked bone resofptioﬁ.
No bone changes were noted in thé control group  (Kohman
1939).

In patients with ileocecal resection, abéorption of
‘an oxalate supplement has been show to be raised to
18.3 + 7.0% and to 36.8 + 14.0% in those with Jjejunoileal
bypass. In the control group the absorption was 13.6 + 5.9%‘
‘of the admin}stered dose (Tiselius et al 1981{.' Thé»reason-
for such an increase may be the.préSence of additional Sites'
of oxalate absorption along the inteétinal tract. Long

chain
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fétty acids’,have,been shown to inc;eése the absorption Of
oxélatev poésibly by chelating calcium (Bindet_l974).-The
calcium was  therefére no 1ongér"free to complex with
,oxaiate ‘and the. free, soluble pxalate waé thereforé

available for passive absorption.

2.2, Endogenous synthesis,

A» number of ‘okalate' precﬁrsors have beeﬁ
reéognised in man and in animalé; Coméqunds such as
glycine; gelatin, glyoxylic acid, gljcollic,acid; ethylene
glycol, ascorbic écid, vcertain'.amino acids (tryptophan,
‘hydroxyproline, - phenylalanine, tyrosine, thréonine,
aépartic acid,‘. and asparagine), creatinine, puriﬁés;
glucose and other carbohydtaﬁes have all beén suggested aS
precursors of bxalate (Hagler andeerman;1973a, Hodgkinson
1977) . | - | )

HoWeVex, only two routesvof productibn appear td_

"be of significant importance .in the . human; these
aiev_the .oxidativei'metabolism of ascorbic acid ahdvthé

direct oxidation of glyoxylic acid.

2.2.1. From ascorbate.

Oxalate has been shown .to be a metabolite of
LL-ascorbic acid (vitamin C), in the rat (Curtin and King
1955, Gamberdella and Richardson 1977, Hodgkinson 1978),

guineapig‘ (Banay and Dimant 1962), monkey (Tillotson and
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'McGQwh 1981), and maé (Hellman and Bdrns‘l958, Baker'et al_
1962, Abt, von Schuching and Enns 1963,»Atkiﬁs et al 1964;v
Baker et al 1966a). Some 17 to 40 % of labelled L-ascorbic
acid_bwas excfeted aé labelled urinary oxaiate, accounting
for vsome 4¢ to 50 % of the totaIvurinary-oxalaﬁé excretidn
in normél ;édults (Baker et al 1962, Atkins et>al 1964,
Baker, Saari and Télbert 1966b) . . | |
Radiotracer = studies usiﬁg"’[l4—c] and [13-C]
1abelled ‘ascofbate,haVe éhown that the dxaléte Qés derived
ffom' carbon.’atoms one .and twb of;the ascorbate molecule
(Banay “and Dimant l962),,presumably by the cleavage of the
carbon~,nuﬁber’two to‘the'carbon ndmber three bond, but the
pathway by which this»wasfreéchéd is ﬁot»fullyvunderstood,
‘énd may varyk betweeﬁ »animal,:species;(Hellman andeurns
1958). | |
The .two isomers  of ascorbic acid haverbeeﬁ Shdwn
to behavevdiffetently in the animal body. The reﬁention of
intraperitoneally‘ administered 'D—ascorbicr aéid, has_been:
. shown to be considerably 1ess thén tha£ of_the L—isomer in
‘thef.guineapig~ and ‘£he- rat (Dayton and‘éurns'i958).‘This
'bfinding_ mayu expléin.fthe ‘lack of vitamih C_"activity“-of‘
thea'Dsisomér. The~ §itamin C “activity" 6f certain‘othet'
r,analogués 6f L-ascorbic, acid . in >the‘guineépig has beeﬁ
shown to‘be;dependent‘upon £heir reténtion:(ZilQa 1935);'. 
| ~The  oxidation 1'6f iabelled ~carboﬁ -atéms in
L—éscorbic acid ‘fo‘ reépiratory carbon ‘dioxide'haskbeen
demonstrated in the guinéapig. and the rat (Dayﬁon and

AABurns 1958, 'Hellman and Burns 1958, Dayton, Eisenberg and

(29)



Burns 1959, Gambardella and Riéhardson 1977) . A similar -
finding has been shown in man (Abt et al i963),Abut on
further 'investigatibn was not reproduced . (Hellman and
Burns 1958, Baker et al 1966a). Baker et al (1966a)
_ attributed these contradicfory findings of Carbén dioxide
_production from ascorbate by Abt et al  (1963) to
impufities‘ in ’the éséorbic acid used by'the.latter.,Baket
et al (1966a) further proposed that £he ﬁechanism for the
'b:eakdown of ascorbic acid in maﬁ‘was as shown in figure
1.2., where the  ascorbate was enéymatiéally reduced, ‘in
fthe presence of oxygen, to dehydroascorbié :acid which
remained bound = to the enzyme;f.the‘carbon number two to
- carbon number threé 'cleavage occurred whilst éhe‘lactone
ring was still intact. It has beén shown in rats that
neither glycollate. nor. ’glyb%ylate was  invo1Vedf in the_
breakdown of ascorbiér acid (Gambérdella and Richardson
1977), and in man that,diketogulonic acid, an»intermediaée
“in  the non-enzfmic.voxidative..decomposiﬁion .of ascorbic
acid ‘ih aqdeous solutibn, was not a Urinaryrmetabolite 

(Baker et al 1971).

2.2.2. From glyoxylate.

Glyoxyléte may be‘ metaﬁolised‘ &ia a ﬁumber}of'
,pathWays, to a _number  of intermediates / products.
Howevef, it is ﬁhe metébolism - of glyoxylate to oxalate
that will be reviwed here.

Glyoxylate has been shown to be a precursor of
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oxalate in the rat (Weinhouse and Freidman 1951, Nakada
and Weinhouse 1953, _Hodgkinsbn 1978, Gambardel}a and
_Richardsdni,l978) and “in man (Déan, Watfs and Westwick
1968, _Kihg - and FWainer ~ 1968) ,ﬁsihg radiolabelled
~glyoxylate. The céntributién"of,glyoxy1éte metabolism to
the totai ~oxalate excretion will vary depending on the
présence of -av"number fof‘ glyqulate precursérs and
glyoxylate forming reactions, bﬁt has been estimated~t§
account for some 60 % of the’urinary oxalate in a normal
subject receiving‘ a'nﬁrmal diet (Hbagkinson'and Zarembski
1968). | | |
Three . enzymes, ‘léctété ' ,‘dehydrogenase
(E,c;l.l.l.zi.), glycollate oxidase (E.C.1.1.3.1.) and
‘xanthine .oxidasé (E.c.l.z.é.z.),' isolated ffom'human aﬁd
animal tissues,_haVe been sho@n tc'betabié to cataiyse_the
oxidation of glyoxylate to oxalate. | |
Léétaté B dehydrogenase appears '  tb' ;b;,
quantitatiVely,i thé mdst iﬁportantg A prepératioh from pig
heart has been shown to ,¢a£a1ysé the reduction of
" glyoxylaté. to ’glycollate; vréquifing NADHVat.a'pH o?ﬁimum.
of 6.9, and the o%idé£i§n  of leOxylate ‘t¢, qxalate)
vrequi;ing, ﬁAb at a pH,thimum of 9.3. Okaiate itself was a -
vnon—cbmpetitivei‘ihhibitof of the'giyoxylate.reduéﬁion, and
 37 competitive vinhibifor"of.rthe o#idatibn‘(Warren 197%);,
The activity of lactate dehydrogénase from the soluble
fraction bf-.iiver"tissues,‘,hasbbeen shown to be 100,090
times greater in affecting ‘the oxidation of glyoxylate

than "that of either xanthine oxidase or glycollate oxidase
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from similar preparations‘of humah'liver and heart tissue
(Gibbs 1971).

Glycollate oxidase, a fiavoprdtein, catalyées the
conversion of giYcollate to glyoxylate by‘mdlecular oxygen
‘(Kun, Dechary and Pitot 1954), as well as the oﬁidatign of
giyoxylate to okalate. Again, there was pfoduct inhibition
of this oxidation by the oxalate (Richardson and Tolbért
‘1961). Although in the human system, lactate dehydrogenése
was considered to be the most important enzymé,‘it‘has
been éhown, in isolated perfused rat liver, using specific
ihhibitoré, thét' glycollafe oxidase was of greater
significance in this system, as well as being inVolVed in
the synthésis' of }oxélate. frbm.ethyiene glycol, glycine,
serine, and ethanolémine (Liao ahd Richardson 1973).

Xanthine oxidase, 'anotherb flaVoprétein, also
catalyses the conversion of glyoxylate to ‘oxalate; lgyb-
vitro studiesr have shownlinhibition of oxalate production
by' the xanthine oxidase inhibitor allopurinol; although:
this inhibition ‘was more extenéive in enzyme‘préparations.
from milk than in thoSé from the supernatant fraction dfi
humen livef, (Gibbs and Watts 1966). Hdwéver, thérig Xigg
.administrétionA‘ofv éilopurinoi over a twokweekvperiod éf
time did not ieduce‘ thevoxa;ate excretion in four adultb
- male stone formers (King ’and' Wainer 1968), hor'ih‘two;
gouty subjects, and>oxala£e excrefion was still evident in
patients B whére- the - xanthine oxidase énzyme was
congenitally absent. Itv:theréforeb appears' that in the

‘human subject xanthine oxidase plays‘a minor role
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(Gibbs and Watts 1966),_
| More ’recently  a fourth 'enzyme, L-2-hydroxy acid .
oxidase (E.C. 1.1.3.15.)_ from rat kidney, has been shown
to utilise a number of thiol glydxylate adducts as
-substfates to produce oxalYi thioesters. These thiocesters
'may eventually be broken down to produce oxalate, and this
may be another pathway - of oxélaté formation from
‘glyoxylate- (Brush and Hamilton 1981). |
The férmati6n7 of oxalate from glyoxylate is not
Ehe major.'pathwéy, qfi glyoxylate»’metabolism in normal
FSubﬁects  (Ring and . Wainer: 1968),> and the alternate
pathways ‘afev important, - as ﬁhey’_point to possible
mechanisms for vthe ;igl vivo accumulation.ofvglyoxylate_'
(Williams and Smith 1978). | |
" The reléyant metabolic ‘pathways involved in the
synthesis of' oxalaté and the métabolism of‘giyoxylafe in

man are shown in figure 1.3.

2.3.Increased endogenous synthesis.

2.3.1.Primary hyperoxaluria.

?rimary,.hyperoxaluﬁia  is a »general'térm for £w6:
genetic disoféens’ éf élyokylate 'ﬁetabolismv whi§h  éref
'chafactérised by ' recdrrent - calcium: nephrolithiasis,‘
chronic: renai"‘failufe‘ and  early death from uraemia
.(Williamsv and Smith»l§78){ The two discrete disorders have

been classified as primary hyperoxaluria type I and type
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II.

PiimaryA'hyperbkaluria type I (glycolié aciduria)
has been shown to  be due td an inherited 'defect of
cytoplasmic »2—oxog1utarate:carboiigaée : activity,i which
cbnverts 'glyoxylate to keto- " =hydroxy adipatev(figure
11.3). ‘This 1leads to an'paécumulation.‘of glyoxylate and
.secondarily, to an inc:eased biosynthesis of oxalate and  
glycollate (Hodgkinson 1977, Williams.and Smith 1978).

Piimary | hyperdxaluria‘ . type 11 (Lfglyceric
aéiduria) is  also ant inherited disorder. The metabolic
lesion has been leés well defined, but it'was_suggested
that a deficiency of D—giycerafe _déhydrogenaée, which
catalyses  the interconveréion of ﬁydrokypyruvate and '
D—leceraﬁe, as-‘fbund‘ in the leucocytes:of patients with
L—glyceric"aciduria,. was .responéible forv an increased
hydroxypyruvate - level  and its ‘SUbSequent' increased
reduction tor L;g1yceric - acid (Williams and Smith 19785.'
The inqréase‘ in the oxalate excretion was less clear, but
,,ALiaOV and Richardson (1972) havé shown tha£ hydroxypyruvate.v
may be converted to oxalafé fherefore an increased level
of ‘hYdroxypyruvate was respbnsible for an increased:level
of oxalate V(Liao and Richardson 1978); Wiiliams andrsﬁith‘
(1978) ‘suggested‘that this increased’oxalate synthesis.was
a result of the non specific reacti&ity of Ceitain enzymes
such as‘:lactate dehydrogenase with hydroxypyruVate éna
.glyoxylate; : the ’ reductioﬁ of'_ hydroxypyrdvate to
 L—g1ycerate' by 1actate‘ dehydrégenase with the production

of NAD favoured the oxidation of glyoxylate to oxalate-
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with the productién of NADH by the samé enzyme. However,
more recently, hydroxypyruvaté has beeﬁ shbwn to inhibit
,the. p:éduction- of oxalate frém glyoxylate by iactéte
dehydrogenase in vitro (Raghavan and Riéhardson 1983b);
The nohenzymic auto-oxidation of hydroxypyruvate.
~ ,hasv been i sugested  as another mechanism ‘of Qxalate
 fqrmétioﬁ (Raghévan }énd "Richardson ’1983a), as has the
observatidn that 'hydroxypyruvaté may  bring about the
'decarboxylation of - giyoxylate' td’ voxalate‘ Lby ‘two

non-enzymic mechanisms (Raghavan and'Richardson 1983b).

2.3.2.Acquired hyperoxaluiia. |

Acquired | hyperoxaluria may  be } rega:ded_ as
"secondary', to a ‘'primary’ abnormai_ nutritionai state
(Williams .and vSmith 1 1978). As stated earliei,:bxalate'
'”excretion " may rbe increased . by' the 'inéestidn: ét
v'hyperabsorption of oxalate. Similariy,'-vendogenousv
- synthesis may  be increased ?by " the ,‘ingestion or
hyperabsorption of oxalate precursbis,  |

In section 2.2.1., ascorbate  has ‘been shown tbk
giVe- rise to ‘oxalate.  However, ethyiene gljcol, an
énti—freeée‘ agent (Pérry and Wallach-1974,’Gambardella and.
Riéhardsbn 1978) and methoxyflurane, a généféi} anaesthetic
(Fréscino, Vanamee“and' Rosen 1971, McIntyre, Russell and
 Chambers 1973;) héve also been shown to be_métabolised to
oxalate, S

Vitamin'vBG f(pyriddxine)' has been. showq}'to be
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required for the- transamination of glyoxylate to glycine‘
(Hodgkinsoﬁ 1977) and pyridoxine deficiency has been shown
to lead to hyperoxaluria in animals (Gershoff et al 1959)

~and man (Faber et al 1963).

~ 3.ANALYTICAL METHODS.

Many - procedures héve” been described forv the
analysis of>‘oxaléte, involving ‘a variety 6f analytical
techniques. Most of thésé pfodedures required preliminary
separation 6f: the oxaiate from interfering substances:
labelled oxalic acid has 4been‘ ffequentiy used as a’
recovefy marker. This hés increasea the cbmélexity»of many

of the procedures.

3.1. Atomic absorption.

Ménaéhe, (1979) described"a ~pf6cedure ‘in 'which
. o#alate, was‘ vpre¢ipitated with  célciﬁm chlqride;> the
calcium temaining in ° the supérnatant"was'determined by .
'atémic. absorption spectrophotometry.vThe'amount Of'bxaiate‘
 in thevv précipitaté v'was then calculated ‘indireétly,=
alloWing for endogenous - urinary célcium, obtained from
;reference‘ samples.‘ The pfocedure was further optimised

by_Kdehl and Abecassis (1976).A
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"3.2. Colorimetric procedures

For colorimetric estimation of oxalate in urine it
is necessary to separate the oxalate from interfering
substances prior to analysis.

Separation has been affected by ion exchange

' chxomatdgraphy t (Dagneux;' Ehlhorst and Olthius 1976,

Olthius et al 1977), by precipitation as the calcium salt

‘with ~calcium sulphate (Hodgkinson and Williams 1972) or

calcium chloride ,(Hodgkinsoh énd " Zarembski 1961) and by
extractih§ fher uriné withv ether (Dempsey 'ét a1>196ﬁ,
Hodgkinson and Zarembski 1961). The oxalic acid is then
reduced to glycdlic acid = and isr furthéri reduced to

formaldehyde which on addition of chromotropic acid forms

a violet coloured p-quinoidal compound Vwith a peak

absorbance at 570 nm. Formaldehyde may also be reacted

 with 2,7, dihYdroxynabthalene' to give a  red compouhd

absorbing at 53¢ nm. This hasv been suggested as an

~alternative method for the estimation of oxalic acid

(Calkins 1943, Snell and Snell 1953).

~Hausman et -al '(1956)‘Adescribed :abvpfoéedure in
which, after precipitétion aé ﬁhe calcium sait ‘with -
calcium .Chloride; 'oxalate was decarﬁoxYlaEed‘to formate
which _ then reacted with  indole to form
indylindolidinemethane which babsorbs at 540 nm. The
Prééipitation §f A oxalate .as cerium oxalate and its

subséquent' ~oxidation by  hydrogen peroxide to form a

A'brown-cdloured compound"may also be used (Snell and Snell
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1953).

Indifect colorimetry, in whioh oxalate reduoedvthe
colour intensity of the complek formed between ferric ion
and"7-iodo—8—hydroxyquinoline~5-suiphonic.?acid'or redoced
" the absorbance at 515 nm of 'the uranyl-4
(pyridyl—Z—azo);reSOrcin complek (Neas ‘and Guyon 1972,
Baadenhuijsen and Janseo'l9751 Preoen et al 1983) has been

described.

3.3.'Titretion.

The estimation of oxalatejby direct titration’with
potassium petmanganate efter precipitation from urine as-
the calcium salt has been ~described by Archer et al
(1957).  After an  ether  extraction = and calcium
precipitation, ‘Powers and Levatin (l944)-baok titrated an
excess vof potassium'permanganate with sodium thiosulphatev
and after subtractiohr of a reagent blankbcalculated'the

voxalate concentratlon. | |

',Cerate titration  with nit:oferroioi as  the
indioator has been épplied'>to the ‘enalysie of urinary
oxalate, (Koch and “Strongv 1969) by the modlflcatlon of a
procedure. originally proposed for  the estlmatlon ‘of
‘oxalate in beer (Koch and Strong 1965)

More ‘recently Giterson, Sloof and Schoufer (197G)
precipitated oxalate from urine as the calcium salt with a
known quantlty of calcium chloride and ‘Subsequently

estlmated 'the calcium remaining in the tsuperﬁatant‘by_
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titration with EDTA using 'murexide' as an indicator. The
urinary oxalate was indirectly calculated from this
calcium estimatioh 1éfter‘ subtraction of a 'blank'

estimation of urinary calcium.

3.4. Enzymic methods.

>Oxélate decarboxylase. (E.C. 4;1.1.2.) énd oxalate
oxidase v(E.C; 1.2.3.4.) have both been employed in the
estimation Qfl.dxalate‘ in urine. The reaction schemes for
both.enzymés are shown in figufekl.4." | |
| FInf ‘the = oxalate o#idasév_syétem, ‘the COé
produced has been,quantifiea by following-the pH change of

the system_causéd by’the diffusion of the CO into an

2

élkaline buffer - (Kohlbecker, Richter 'and Butz 1979,

Kohlbecker and Butz 1979, Boer, Leersum and Endeman-l984),

and after ‘immobilisation of the enzyme in an acrylamide
2

(Sheldon et al 1983).

gel over a CO. sensor to form an‘oxalaté‘eleétrode

The hydrogen péroxide _ﬁas ‘beeﬁ_ quantified
,colqrimetrically} using _‘é vpéro#ida#e (E.C.v‘l.il;l.7.)
enzYme sYstem  to bring about the formatioﬁ of an indamine
dye (Sagiura‘ et al'i979} Laker,‘Hofmanﬁ'and‘Meeuse 1984,
Sagiura et al 1987, BﬁttéryA'et* al 1983, Crider 1983,
‘Obzansky. énd Richardson 1983, Potezny et al 1983) as shown
in figure _1.5.,  or 'by using a catalase (E.C. 1.11.1.6.)
linked  with an NADP—requiringialdehydé deﬁydrogenase‘(E.C.'

'1.2.1.5.) system to produce NADPH (Kohlbecker and Butz

(39)
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1979, Kohlbecker ahd éutz 1981) as shown in;figure 1.6.

In the oxalate decarboxylase sYstem, the COZ,‘
'evolyed has been measured manometricallyrvin Warburg
systems (Shimazoﬁo and Hayaishi' 1957,'Mayer; Markow and
Karp 1963, Ribeiio ahd Elliot'l964), by following tﬁe PH
change_ of an alkaline bufferv(Hallson and Rose 1974 Ackay
and Rose 1979), by folléwing the chanée inbconductivity of
a ‘solution of‘strontium hydroxide_(Bishop et al 1982) and
-after immobilisation of  the enzyme in an aérylamide gel
dverv a Cbz sensor td form- an - oxalate ,elecﬁxode |
_(Sheldon et al 1983).

The forméte has ‘beenvquantified.colorimetrically
'using an 'NAD;réqﬁiring 'fdrmaté - dehydrogenase (E.C.
1.2.1.2.) System to produce  NADH' (Céstello, " Hatch ahd.
Bourke 1976, Hatch, Bourke and Costello 1977,'Chalmers
1979, Beutler et al 1980, vyriberri énvaosen:l98@) as

shown in figure 1.7.

3.5. Fluorimetric analysis.

The flﬁorimétric determination df,oxalafe in urine
has been described in'_which “the oxalate ‘was fi;st
éxtfacted‘ with tri-n—butyl phoéphaﬁe ’and éubsequently
precipitated' as the calcium ‘salt'withﬁcalcium sulphate;
The oxalate was then ’reduced to glyoxylic acid which
formed a fluoregcent complex with resofcinol, probably by
the  formation X of . a lactone - of 2,2',4,4°"

tetrahydrodeipheny1acetic"acid which had an excitation

(49)
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wavelength of_ 49¢ nm and an emission wavelength of 530 nm
f(ZarembSki 'and Hodgkinéon 1965a,'Zarembski and Hodgkinson
1965b) . : Lo

’ Alternétively, the-oxidative power of oxalic acid,
after p;ecipitation ‘with"caléium chlpridé, has been used
to reduce cérium (IV) to fiuo;escent cerium (III) which,
has an ’exéitationv.waveiéﬁgth of»r266 nm and én emiﬁsion

wavelength of 350 nm. (Meola et al 1983).

3.6. Gas chromatographic methods.

'Gas chromatégrapﬁy is a_éepa:étion techniqﬁe_with'
~ which  the compounds' to be separated are  pértitibned
between a mobile éhase (thé cérrier gés) and é gtationary‘
phase (the  liquid ’phase or~ads§rbent). The'differenceiih
partitioning of the componehts,bétween thé_stétionary.énd
the mobile phase affects the'separation.> )

The requirements for compbuhds‘ﬁd bé»analysea by
gas chromatogtéphy; arer such that they are suffiéiently
volatile at temperatures beib&, 4QQ' oC’énd'will not
':deéompose at ithei~wo£king‘ tempetétures}'flf tﬁe’compound
 itse1f does not;fulfill theéé criterié, it ﬁay‘be,pOSSible,
to synthésise a $£éble volatile'derivativé.- |

The methods ‘described for the analysisvof éxaléte
all - require,»_initialvuderivétisation and usually some
séparatidh of the - oxalate 'b: »its detivatiﬁé from other
" interfering components of urine. |

Columns packed with silicone (Tanaka et al 1988a,



Tanaka et _al' 1980b, Moye'et‘él’1981, Moye et a1v1983) or
polyethylehe glycol (Di-Corcia et ;a1  1982) stationary
‘éhéses,ﬂ porous polymer péckings’ (Chambefs and Russell
1972, ' Charransol et al 1978, park et al 1980) and
capillary columns (Dosch 1979, Wolfhers,and Héyef 1982)
have-all been dfilised in the analysis of oxalate.

‘ Flame' ionisation detectors vhave ‘been used to
détect, the diethyl ester _(Cha;ranéol_ 1978, . Offner and
Uring ,1979) the'dimethylvester’(Chambers_ahd Russelll972,
Farrington et él »1979, Park etial,l986, bi—Coréia et al
1982,‘»Yanagawa, Ohkawa énd Téda-1982), the dipropyl ester
(Gelot et al 1979) and the trimethylsilyl derivative
" (Tanaka et al  1980a; Tanaka; et a1‘198ﬁb,‘Woitﬁers and
Hayer 1982):u§ing a variety of supports énd”liquid phases.
The eléctrén céptuxe- detection of the bis-é—chlo:oethyl'
ester (Tocco et al 1979, Moye et al 1981, Moye et al 1983)
has - also beén reported. A Capillary gaS’chrométOgraphic'
method using a | £lame ionisaﬁiQn detector for the
trimethyiéilyl derivative has béen described‘by,wdlthers
~and Hayer (1982) ‘and 4fo: thé»_diethyl ester by Dosch
Coaerey. | |
o Duggaﬁ eﬁ ‘al k1979) »‘deécribéd .a’  gas
chromatogfaphic ‘mass Spééﬁé;gﬁégr@hﬁs)procedufe fdr thé
ahalysis ’ofv oxaiaté as _the. di—n—éfépyl ester. A known .
'amount‘;of’[l,z, 13C] okalate'was added,tovthe sample prior
to precipitation‘vas ‘theb calcium salt and subsequent
derivatisation. By the use"bf selective ion.monitoring,

the ratio.'of [12C] to [13C] ‘and hence the initial

(42)



concentratiqn'of:oxalate in the eample was determined.

| , The'vfime of analyeis for each sample has been as
much as 80 mihutes'.(Gelot 'etA’al 1979) but with more
specific extraction prior to chromatography or by a
technique known as "backflushing' ‘the analysis time has
been reduced . td betweene6 and 8 minutes ( Di-Corcia et al
1982, Dosch 1979).

‘ " The reqdirement for the formation of Volatilev
deriVati§es, the extraction of either the oxalate or the
oxalateilderivatiVeh and the iimited nuﬁbet of saméies that
may . be runvper dey, make gas chromatography poorly suited

for the routine estimation of oxalate.

3.7. High performance liquid chromatography. (HPLC) .

HPLC ie‘ a eeparation' teehnique similar »to:gas'
chromatography in  which the compounds to be separaﬁed'are
parfitioned between ea; mebile phase (the eluant) endva
stationary phasevv(the .coiumn packing or‘eqlumn packingr
coating).e " The degiee of ~paftitiening hetween the
stationary' phase and the"mobile. phase affects the
separatioh{ The use of smeller-’particleV’siées of the
’paeking r(eg 5 vand 1@_umf results in increased effieiency
err:clessical 1iquid Ch:omatography.

| ‘Ion;pai:'v‘revetsedphase chromatography'isva form
of partition ’chromatograthAWhieh may be used to separate
. charged species, and as such may be used ae ah alternative .

“to _ion"exchange chromatography. Counter ions are added to



the ,mobile phase ‘to‘ neutralise the charge of the solute
ions and thus regulate their retention. The use of_
U{V.-absorbing or fluorescent counter 1ons may permlt more
‘convenient, detect1on of the eluted solute and counter ‘ion
palr than of the solute alone.»‘ |

‘Direct chromatography of oxalate using a‘reversed
phaser.octasilyl column w1th a tetrabutylammon1um hydrogen
sulphate .ion palr, which both increases the retentlon of
oxalate on the column,',and allows detectlon of the ion
pair at a wavelength_of 22@ nm hasvbeen descrlbed (L1bert
198l, Larsson, Libert and Asperud 1982). When the method
was applled to the analysis;of urlnary oxalate (Larsson_et'
al 1982) initial 'sample preparation_was‘required and the}*‘
analysis time for each samplerwas 20 minutes.

Imaoko et al (1983) descrlbed a procedure in which
oxalate, after extractlon with tri-n- butyl phosphate, was
" esterified  with - 9- anthryldlazomethane to - form 'fay
fluorescent - derlvatlve ‘ which  was 'v‘subsequently_
}chromatographed on -a reversed phase octadecylsllyl column
‘and detected fluorometrlcally. Although the retent1on t1me
‘for the oxalate derlvatlve was only 15 m1nutes, the need,
-_t¢u allow for later elutlng endogenous components 1ncreased,
, thev analy51s time to 40 mlnutes.per sample..Hughes, Hager
and = Sutton (19825 ‘extracted ‘loxalate. with 1,2,
diaminobenzene,’to'form 2;3,»dihydroxyquinoxaline which was
subsequently ‘chromatographed on a reversed phase octasilyl
column with ultraviolet - detection at 312 nm. A solvent

program was used which included a gradient‘elution step to
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vrapidly clear thercolumn of later éluting”componénts; this
- reduced the analysis time to 21 minutes. -

| Anion éxchange’HPLC with electrbchemicél deﬁection
has‘, been  Vdescribed . using tétrabutylammonium

tetrafluoroborafé ion  pair with isocratic elution {(Mayer
et al 1979%9a, Mayer etva1v1979b)'and with no ion pair agent
bibﬁt withv gradient elution (Asper and{Schmucki 1979). Seta
(1980) described an ‘anion  éxchange procedure utilising
stopped flow ultraviolet‘ scan detécﬁion “with gradiénﬁ

elution.

3.8, IOn’chromatography.

Ion chromatograbhy‘ was first descfibed_by Small,
Stevens and 'Béuman':(l975)."It is a form of HéLC which
utilises a lbw  ' surfabe capacity ion exchéngew
'chromatographic’ or:"separétor"-coiumn tO'Faffect the ”
,vseparation Hboupled vwith a high ,capacity‘ ion‘.exchénge
v?suppressor;, of 'striéper' goiﬁmn to reduce the backgrohnd
conductivity of the éiuaﬁt ]by ioh, ekchange‘aétion and
therefore allow‘ éonductimetric ’detection of“the eluted
bionéf - |
For ,oxalate Vanéiysis  the"separat6r? column is a:
‘lqw éapacity “anion éxchangef, and the 'stfipper"column a’
high capacity’éation exchaﬁger (H+ form). | |
| The fééhnique héé been app1ied to the analysis of
oxalate in unprocessed urine fMahle and Menon 1982, Dionex

1982, Menon. and Mahle:‘l983). Although the procedure has

1(45)7



been claimed to be accurate and précise (Mahle and Menon

1983) a single ’samplébtequiféd 30 minutes aﬁalysisltime
and"due to the need,td‘reéeneraté the ‘stﬁipper'icolumn
aftét '2.5 ‘hours of use the number of samples_that'ﬁay be

analysed per day was limited.

3.9. Ion specific electrodes.

"Fe.rrel, Blackburn and Vosburgh (1948) described a
' siivér - siiver oxa1ate and a merchry - mercurous oxalate
'eieétrode. The silver o#alate eleCtrode System Was furtﬁer'
’investigated by ‘Mathur and Naqui'(1968) who.obsérﬁed thét
>the 'eieCtrdde system was not sensitive to wide,variations

iﬁ .éither temperaturé or electrolyte éonceﬁtraﬁion énd
they .suggested its wuse as a reference electrode. As such
~ the application ‘of this system to the estimation_ of

‘oxalate.was‘limited.

3.10. Isotachophbresis.

Isotachophdresis ‘is' an elecrophoretic = technique

which ‘tequiresl two elecfrolytes, the 'leading
béleétrolyté',:, which  contains an  ion ‘with  highest
electrophoretié N mbbility; and the 'terminatihg 
eléctrolyte', which containsA an ion with thé lowest

electtdphoretic mobility'in comparison to the intermediaté~
mobilities of  the sample ions. The theory of

elecromigration methods of .separation haé‘been described
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by Prusik (1979).

'Av,capillary.'isotachophdfetic -proceduré fqr the
estimation of vaaléte 'in unproéessed ‘ﬁrinev has been
describedv by Tschope, Bremen.and»Riﬁz (1981) in which the

time for each analysis was between 2¢ and 60 minutes.

3.11;‘isotope Dilution.

To overcome ‘the problem of incbmpieﬁe recovery brv
incompleté' derivétisation bf _oxalate a number of'workers”
have used isotdpe‘dilutibh techniques. |

| In the GC/MS methbdbof_Duégan ét al (1979) a knbwh»
.amount of 13 C]‘lébelled oxalaté was added to the sample.
and, aftef de:ivatisation,A the ratio of [12 C].to’[137Cl
was measured ’by-véélecﬁive- ion  monitoring and the totél
oxalate in the sample calculated by the d»i'lutio‘n of the
[1'3_C].' | o R
| [14 C] 1labelled _o%alate ‘has been used wheie'the'
total rédioactiﬁity-iadded waé‘known.andbafter convérsiohr
f to glydollate».(Hbckaday et'éi l965jvqr repiécipitation as
the calcium sal£, (Gibbs and  Watts_'1§69);,the Séééific '
activity Cof fhe ’product  was 'eStimatéd,'ané' Ehe totalv

- oxalate content of the sample‘calculated.

3.12. Discussion. -

The majority of the procedures so far described

were not suited to the routine analysis of urinary
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oxalate. Chromatographic iprocedures have been shown to‘be
limiﬁed not ‘dnly by the length of time required for each
Vanalysis“ but also by the need for initial,lsample,
preparation or derivaﬁisation.

-Spectrpphotbmetric ~and :oxidométric ‘analyses were
also .restriéééd;‘by thé requifément-for sample>preparation
‘and élthough recoveries may be monitored by the use of
_labelied oxaiate-‘ahd isotope dilution, this increases the
compleXity of the procedures. |

| ‘Ion specifi¢  elec£r6des, although theofetically,
possible have not been appiied to the direct estimation of‘
6xalaté in urine. | | | |

Of 'fhe procedures outlined‘ in this-secﬁion,'the’
vﬁse of ,specific enzymes has attractedrthe greatest aﬁd
ﬁmqst recent attention in the liﬁerature for the rapid and
specific analysis of oxalate in unprdcessed urine.

Table 1.3. -shows = the perforﬁance ’figu:eS' 6f"a‘ 
number of methods‘ of urinary oxalate analysis,'as §uoted
by the authérs, | | . |

| The"lower limits 7Qf thel cited:réference'ranges
Vary from 0 to 352{@&ﬁ/53 and the upper limits vary from
255 - lQZQE&mﬂ)dL. This wide variation of reférenée:rangej
indiéateS"theidiffiéultiesfthat the_analyéis,of'oxalate in
’uriné has posed. |

‘Methods ,Which claim. a ”lower reference limit of
less than '1ﬂﬂ‘ gﬁ&ﬂ%ﬂ rbr an upper limit'éf less than 400
} FmoLm¥ ',brbbably 'uhderestimatei>the ~oxalate content of

urine, and methods which claim a lower reference limit of

(48)
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over 300 :}mwl/d . and an upper reference limit of over 700

- umol/q ' probably overestimate - the urinary‘okalate; Nearly

half--df the methods cited in table 1. have reference
ranges outwith these criteria.. |

| From all of the above cohsiderations,.the need for
an urinary oxalate assay which is simple to perform,

rapid, precise and accurate is evident.

4. AIMS OF THE PRESENT STUDY.

4.1. Analytical.

In a}.recént study which compared six ﬁethods of
vurinary- oxalate estimation, no single technique was fotnd:
to be superior to-,the“othefs. The methods investigated
were colorimetric, - enzymic, ion chromatdgraéhic, highv
performance liquid chromatographic and gas chromatographic
procedures (Zerwekh et al 1983).

One of the aims of-thev?resent study hés beeﬁitq
develop a iprocedure which was 'suitablevfor'thé routine

analysis of a large series of samples.

4.2. Clinical.

The clinical aim of this study was to assess the
 effects of two prophylactic therapiés; 300 mg allopurinol
/ day and 5 mg bendrofluazide / day, on the progress of

stone forming patients presenting on an out patient basis

(43)



to the Urélogy Depaétment‘bf fhé Giasgow'Royal Ihfirmary,,:
both clihically.iby the. inﬁe:pretatioﬁ ofvsubjécts? case
notes 'and biochemically bby, thé éstimatioh of'bléod énd" 
urinary .constifuents, ”inClhdingb~ﬁrinary  oka1ate,ibefore

and ddring therapy (table 3.1.). !
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'CHAPTER 2. METHODS.

1. REFERENCE URINARY OXALATE PROCEDURE.

 The réference method ~of analyéis used in this
,.étudy wés ~a colorimetric pfocedﬁre based on‘the ﬁéthod
described by Hodgkihson and williams (1972), a development
of two eérlier prqcedurésvdeveloped in the same iaboratoryr
(Hodgkinson and Zarembski 1961, Zarembski and Hodgkinsbn
1965) with some modifications SQggeéted later by Husdan et
al (1976). The method had been used in previous studies in
the Urology- Departmeﬁt i(Scott ét al l978a, Scott et al
1978b) . R |

The ;method teliesx on the sepératioh of oxalate
‘from interfering ‘substancesv in urine by co-precipitation
of oxalate from urine with caicium 'sulphaﬁe ~at pH 7.;:
Subéequent teddction of the 6xa1ate to glycollate ,gy
 nascent hydrogen;;‘is brought »éb§ut by boiling the
<précipitate with dilute sulphuric acid and a zinc éellet._
»~The_ glycolic ’aéid iérthen réduéedvfo formaldehyde, which‘
ié 'believed to‘fofm a violet coloured p¥quihdidal'compound
with chromotropic écid,v(Féigl 1966), Dby boiliﬁg with
chromotrbpic_ acid"énd' concentratéd suiphuric  acid. A
- similar :eacﬁion procedﬁre has been deSciibed by.Snellﬁand
- Snell (1953).-The,probabie reactioh séheme is described in

figure 2.1.

- (51)
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1.1. Sample Collection.

Twenty' fOuﬁg'hout vﬁrine' samples were‘:collected
direCtlyv ipto flpothhene':botties qohtaihing‘ 5 ml of
‘conéentratéd: hydrochloric acid which lowers the pH of the -
utihé to between l.band'3, with the-object of preventiﬁg
the bxalate precipitatihg before analysis. The éblubility

of calcium oxalate in aqueous solution has been shown to-

increase with increased "acid concentration (Hodgkinson

1981).

The ,volumeskof the urine cqllectiohé'weré measured
6n_ receipt bqueighing; 20 ml aliéuots’f:om the well,mixed»
collections | we:e'.taken,.for the vanalyéis ‘éf' caiciﬁm,
magnesium, creatiniﬁe,'urate and oxaléte.‘

The - aliquoﬁs_fqr oxalate estimation were‘étoréd at
+4 C until analysis, which was generallybpérformed within

one week of receipt. After analeis, the aliQhots were

stored at -20 °C to preserve the samples.

“1.2. Méterials.-

 Unless otherwise ‘stated} all materials were of

'AnalaR grade, supplied by;B;D.H. (England).

Centrifuge,tubes

'M.S.E. straight walled 112 x 28 x 20 mm internal diameter,

scored at 20 mI level with a diamond.

" T e
ean volume 19.98 m1l (CV = 1.32 % n = 42),

(52)



1l % chromotropic acid

1 g 4,5-dihydroxynapthalene " 2,7-disulphonic acid (Sigma
Chemical Compahy) dissolved in 100 ml distilled water,

stored at +4'C.vPrepared fresh each week.

Stock standard oxalate. 60 mM.

2.7636 'g'>Potassium.Oxalateé K;€,0,-H,0 ‘made up to 250

ml with distilled water, stored at +4 C. Prepared fresh-

- each month.

‘Working oxalate standard. 600 uM

"1 ml  of the stock standard okalaﬁe‘diluted to 10¢ ml with

distilled water. prepared for each assay.

Zinc pellets

3.2 mm diameter 'zinc_Wire (Pierxce and Warriner, England)
cut into 5 mm lengths (300 mg) washed immediately before
use in fresh 1¢ M nitric acid and rinsed in distilled

water.

Calcium sulphate

- Saturated aqueous solution‘prepared'as required.

g M nitric acid

158 ml of 76 % HNO, (m.wt.= 63.01) solution of
specific gravity 1.42 made up to 250 ml with distilled

water.

©(53)



g.2 M sodium hydrox1de.

2 g NaOH (m. wt =40. @) dlssolved in 25@ ml distilled water.

g.2 M hydrochioric acid
_ 4,4 ml -of 35‘u% HCl1 (m.wt.= 36 46) solutlon of spec1flc

'grav1ty 1.18 made up to 250 ml ‘'with dlstllled water.

Concentrated sulphuric acid

HZSO4 of specifie'gravity 1;84.

(e}
.
oo

5 ﬂ sulphuric acid

269 ml' of ,concentrated sulphurlc ac1d made up to 1 litre

w1th dlstllled water.

2 M sulphuric acid

400 »mle of 5 M sulphuric acid made up to 1 litre with

distilled water.

1M sulphuric'acid
566 ml of 2 M ;sulphurie acid - made up toil'litrevwith

distilled water.k

Ethanol"

Absolute alcohdlfCZHSOH. 99.7

o\

- 1.3. Procedure.

To 1.5 ml of urine or quality control samples, in



duplicate, was added 9.5 ml of'distilled water. The pH was
then adjusted to pH 7 (6.8 to 7.2) by the dropwise
addition ‘of »6;2 M~ﬁaOH or @.ZbM HCl as necessary, the pH
being moﬁitored using‘ a ‘suitable' pH electrode. 2 ml of
 saturated calcium sulphate was added, followed by 14 ml of
ethanol. After ‘mixing, the tubes were left at room
' temperature overnight. The‘samples were ‘then spun Atf;gooﬂsid
| for 19 . minutes,‘ thei supernatant‘solution carefully
decanted, ’andvvthe tubes allowed to drain, inkan inverted
position; for a fewa minutes. The precipitate was theh
takeh up in 2 ml of 1 M sulphuric acid. | |
Six standards Wete eprepared- by adding 9, ©.125,
>Q.25, g.5, _ﬁ.75~'and'1.ﬂ mi_of the 600 uM working oxalate
standard, to dseparate tubes, ahd makiné the final volume
to 1 ml with distilled water. To each of these tubes was.
added 1 ml of 2 .M~ sulphuric acid to previdedstandard
values of 0,'5Q,A1@0,'2GG,YBQG,'and 460 uyM oxalate. M
A vfresh1y~ cleahed Zinc‘-pellet was theh added to
each _ tube, and- thevtubes placedtin'a boiling water bath,
in‘avfume,cupbeard,vand evaporated to dryness.
"‘After'_being allowed to cool,~the:zihcbpellets‘were
removed ‘and washed with 6.5 ml of 1 % ehtombtrepic acid.
(This was more easilyt.achieved' if the tubeVWas clamped
horizontally in a retort‘stahd, and the ziﬁc.pellet'dtawh‘
towards the mouth of the dtube with . a sealed and bent
~ pasteur pipette, where it was washed with the cﬁromotropic
“acid, and the washings passed into the tube, before final

. removal of the pellet.)
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5 ml of concentrated sulphuric acid was then
‘carefully -added to each tube, with mixing, and thé tubeé
were replaced in the boiiing water bath for a further 3¢
minutes. |

The tubes Were removed and allowed to cool. 5 M
sulphufic acid was addéd ‘to -a final~volume of 20 ml in
each tube and, after mixing, the.absorbénce was measured
at 57G‘hm, using the zéro standard as a blank.

|  The qoncentration  Qf' oxalate in the.éamples and -
.quality_’controls was then calculated from the regression

eqﬁation of the six standards.

'1.4. pH of collected urine samples.

The pHs‘ of 30 urine specimens, chosen at -random,
were -measured. The mean value was 2.46 ( + 8.46) and the
coefficient of . variation was 18.8 %. The pH ranged from

1.70 to 3.80.

'1.5;-Lihearity.-

.AQuebus stahdards up to 4 mmol/l were’prepared.
‘The ‘results ~are shown in figure 2.2. The method was shown
~to be linear to ~a-urinary oxalate concentration of 1500

umol/l. No.specimens were found to be above this level.

(56)
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1.6. Precision.

1.6.1. Within run precision.

:The'.within run precision was‘estimated~using five
’-urine specimens.‘The results are‘shown in table 2il.

| The cuefficienti'of gvariation ranged from 2.13 to
9.62 %, and the mean values of the‘urine samples frcm 49.4

‘to 506 umol/l.

1.6.2. Between run precisicn.

Five urine specimens ‘have neen used as quality
control 'material; preparedias;shown in table 2.2., and to
| estimate the between run precision. The results are_shOWn'
in table 2.3 and figure’2.3.
| Sample‘ :number, 4 was, rin -effect, an external
quality control sampie; and the target range for oxalate
suggested by the manufacturers using a gas chromatographlc
method was 122 to 278 umol/1, and by an atomic absorbtion -
‘vmethod 156 to 222 unol/l (Lyphocheck 1882). A mean value
'of 222 umol/l (+ 26 3) was found in thlS study.

The wide target range, quoted_by,the manufacturer
for the gas chromategraphicsmethod,‘which‘was considerably'
different"from tne'range quoted for the atomic,absorption
method limits tne usefulness of this sample as an externai :
quality centrdl‘ for any cher' method of ahalySis; This

also underlines the overall problem of urinary oxalate

(57)



Table 2.1. Within run precision of the reference

- procedure.
SAMPLE ~  n  MEAN(umol /1) = §.D. C.v.3
1 8  49.4 - 4.75 9.62
2 9 179 - 16.8 . 6.04
3 8 188  3.83 2.13
4 9 374 - 17.9 4.79

‘5 8 506 147 2.90




,Table_2}2.»Preparationvgﬁ quality control samples.

SAMPLE

PREPARATION

o182 Pooled urine specimen aliquoted (5ml)»stofed-at -20cC
- Thawed prior to use.
f3&5 Pooled urine specimen,. aliquoted (5ml) and
lyophilised. Stored —2@C. Reconstituted with 5ml
distilled water'priot to use.
4

'Lyphochéck-Quantitative Control Urine 1 (Human) *. -

- A lyophilised’control,uriné. Supplied by Bio-Rad

Laboratories (England) from Environﬁental Chemicai

Specialities, California.




'~ Table 2.3. Between run precision of the referencé procedure.

SAMPLE ~ n  MEAN (umol /1) S.D. C.V.3
1 34 99.2 16.6 16.8
2 18 131 12.1  9.25
3 3g 177 ©19.2 18.9
4 26 222 ©26.3 11.9

s 12 341 25.4  7.46
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anélysié of accuracy'andvprecision.
The coefficiéﬁt of variation‘raﬁgéd from 9.25 to
- 16.8 %‘ for the quality control spec1mens, and the meén.
values ranged from 99.3 to 345 umol/1. |

The quality control chart for the 2 year perlod of

prll 1982 to April 1984 is shown’ 1n flgure 2. 3.

'1.7.kRecovery.

- 1.7.1. Recovery from agqueous solution. .

VThe’,recovery ~of oxalate from aqueous samples was
estimated at five levels on a between run basis. The

results are shown in table 2.4.

Overall, for 50 samples, the fecovery was 103

" oo
L

+ 9.45).

1.7.2. Recovery from urine.

A  number of'separéte‘ﬁrine specimens were"spiked'
-withv aqueous oxaléte at 3;leVels, and'the.recoveries shown
in téblelz.s.ﬁwere'found; | |

Overall; fbr the 37  urine samples,Athe’re§overy
ranged from 62.0 to'9i.5'%'with a mean value of 75.4 % ( +

"7.91).

- (58)
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‘Table 2.5. Oxalate recovépy from urine ' in the reference -

procedure.

N

74.9

SPIKE(uwmol/l) ~  n X RECOVERYS
100 5 79.9 8.56
200 16 77.4 11.1
300 16 16.1

b



1.7.3. Sample dilution.

‘The effect of sample dilution was investigeted.'A
single urine specimen was diluted with dietilled water and
assayed >6':timesv at the following.dilutions: ﬁndiluted, 1
"in 2, and 1 in 5. Thé results'are shown in table 2.6.‘
eThe mean recovery for all 18 estimations was 105 3

( + 11.1).

1.8. Interferences.

3

Five potentiel precursors'of‘oﬁélate were examinedi
at le§els that might be expected to occur in urine. A
sixth component, glucose, was examined at arleQel which
might be expegted to occur in the ufine from a‘poorly
controlled diabetic subject; corresponding to between +++
(55 mM) and ++++ (>=111 mM) on Ames Muitis.t.:ix‘ (Miles
Laboratories, veEngland). | The mean recoveries and tﬁe
'resultS' of paired t-tests forvS ufines:ate‘shown in table
2.7. |

‘The1vonly significanf iﬁterference'found was due to

glucoSe,'which’produced a-positive-interference (P< 9.01).

1.9. Reference range.

The urinary oxalate excretion of 20 apparently
‘healthy, non fasting adults was found to range from’l9i to

454 umol/volume with Va mean‘value of 318 umol/volume ( +

4
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Table 2.6. Effect of sample dilution in the reference .

procedure.
" DILUTION § CONCENTRATION(UM) S.D. RECOVERY %
Undiluted - 85.7 .- 12.4 100
1 in 2 41.9 5.16 97.8
1in 5 20.2 3.63 118
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68.2).

1.1¢. Discussion.

Hodgkinson’  (1981) hask‘reported errofs in“ the
determination of urinary oxaiate due to sampling errors
caused by the‘_variablé precipitation,of QXa1ate,.related
to pH, and ’adviéed that the pH of the urine shouldvbe
iowered- to»between 1.6 and 1.8, in order to minimiée these
errors. |

These errors were shown to occur in urine samples.
which were taken from the upper layers of 24 hour*urine_"
'speéimehs which 'weré.agitated and subsequently ailbwed‘té
stand. At pH 3.9 the initial ldss-of Qxalate was only 3 %
-per minute; | |

Thé mean pH 'valué of a faﬁdomly chosen group'qf
urine samples in this sEudyVWas 2.46 ( *+ 9.46), and it was
felt that the additional step of adding sufficient acid to
bring the pH of the urine down to the advised?lével was
not Jjustified as the 'voluﬁe. of ‘acid required in,soﬁe
'specimens. ‘was excessive, “leading to sample dilutidn;
‘Hbdgkinson-A(l98l) admitsmihat!these sémpling:efrofs may‘be:

reduced simply ijthmmuﬂlmhdhg.

In.  this study, the reference range for urinary "'

oxalate  was ’fOUnd/ to be 191 to 454 umol/volﬁme} which is .
in agreement with that 'foundiby Hodgkinson and Williams
(1972) of 189 to 478 umol/volume.

The within run precision (C.V;) ranged from 2.13

~ (69)



to 9.62 3% over la concentration range of 49.4 to 506
umol/l,,_and the between run precision (C,V.).ftom 7.46 to
16.8 % over a conceﬁtration range of 99.3 to 341 umol/1.
B Recovery"frdm aqueous sdlution averaged 103 % ( +
'9,45) and £rom ,urine, 75.4 % ( + 7.91), with a range in
urine ofi 62.Q to 91.5:%. This urinary reéerry_was‘lbwerv
than ~thét found by Hodgkinson and Williams (1972),.of a
mean value of'b85.6 % and. a range of 75 tp 98 %. These
higher recoveries were Obtained from an oxalate 'spike' of
555 ;uM, whereaé .the: 'spikes’ used in this study'ranged'
from lﬁ@‘ to 3060 uM, which produced levels that}&ere moré
likely to occur in urine specimens. |

The effeét of sample dilution was minimal, uhtil a
dilution factor of 1 in 5. Byv this stage, the lowest
Stahdard Was .over. twice the concentration of the samples
measured. |

-Of the }substances‘ investigated, only gluéoéé.
caused a sighificant, poSitive, _infefferencé With the
assay. ‘This was fouﬁdvby Hédgkinson and Williamsv(1972),
“and has’ also been'vshown torboccur iﬁ the estimation ofi

‘formaldehydé by chromotropic acid (Pippenger et al 1983).

2 .DEVELOPMENT OF ENZYMIC URINARY OXALATE PROCEDURE.

The method developed in this study was based on
the  double enzyme 5ystem using oxalate decarboxylase and
NAD~requiring.‘formate dehydrogenase,‘ initially described -

by' Beutler et al (1989) and 1ater presented as provisional

(61)



'wdrking 'instructiéné for - a U.V. method for the
determination of oxalate in urine by Bbehringer (1982). In
this method,. oxalate was converted to.fo:maté and 602
at pH 5 by oxalate décarboxylése.»The formate formed Was

- subsequently converted to biéarbohate at pH 7.5 by formate
dehydrogenase with the production 6f'NADH fromvNAD;‘The}
increase in opticai deﬁéitY3at 340 nm was proportional to
the,..amount 6f' oXalate preseﬁt ét the 5start,v.after
subtxactioh of any increaée in optical deﬁsity due to
endogenbﬁs fqrmate iih  the Sample by‘dsing an appropriate

sampie blank. The Qverall“reaction scheme is - shown 'in-

figure 2.4.

2.1; Materials.

All materials were >of AnalaR grade, supplied by

B.D.H. (England), unless otherwise stated.

Cuvettes

Sarsted (W. Germany) No. 67.741. 1 cm path length.

Micro cuvettes

Sarstéd‘(w. Germany) No. 67.742. 1 cm path length.

ASsay tubes

Sarsted (W. Germany) No. 55.484. 3.5 ml, 55 x 12 mm. °

- (62)
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Oxalate decarboxylase

Boehringer Corpdration Ltd (BCL) London. From Aspergillus

niger . 40 U per ml.

Formate dehydrogenase

BCL (London) from yeast. G.4>U per mg of lyophylisate.

NAD

BCL "(Londbn). ‘ Crystallised B;nicoﬁinamide—adenine
dinucleotide as the monolithium = salt. NAD-Li.2H,0
(m.wt.=705.4).

5 mM NAD solution

420 mg NAD dissolved in 12 ml distilled water.

Pyrazole
Sigma Chemical Company, England. No.P2646 (m.wt. = 68.1).x

100 mM stock standard oxalate
9.212 g potassium oxalate (m.wt. = 184.24) dissolved in
5¢¢ ml distilled water, stored at +4 C. Prepared each

‘month.

100 mM stock standard formate

6.801 g sodium formate (m.wt. = 68.01) dissolved in 1

litre distilled water. Prepared each month.
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500 uM working oxaléte»standard

.5 ml of stock standard oxalate made to 100 ml with

distilled water. Ptepared each day.

Buffer 1. (pH 5.0)

,Q.13.M Na2HPQ4 /Q.@?‘M citric acid.‘

18.5 g disodium hydrogen_orthophOSphate dihydrate (m.wt. =
177.99) and 14.7 g cifric_ acid monohydrate (m.wt. =
210.14) diséolved ’in 950 ml distilled water, adjusted,to
‘pH 5.0 with_'S M NaOH or 1 M bfthophosphdric acid as

required. Made up to 1 litre with distilled water.

Buffer 2. (pH 9.5)

0.15 M Na,HPO, . | |

21.2 g disodium hydrogen orthophsphate monohydrate
dissolved in 950 ml distilled water, adjusted to pH 9.5
with 5 M NaOH or 1 M orthophosphoric acid és'required. 200
mg~'pyraéole- added  and maae to.vl-”litre with distilled

water,

Formate dehydrogenase solution
80 U formate ‘dehydrogenase dissolved in 1 ml distilled

"water.

EDTA

. Ethylene diaminetetra—acétic, acid ,disodium salt (m.wt. =

372.24).

- (64)



2.2. Instrumentation.

A Union .Carbidé CentrifiChem sYstem 4@0 analyset
(Union Carbide Corporation, New Yoik) was used for this
assay. I# was a 'centrifugal'épeétrdphotometric analeer
and déta processof, capable of processingvup tO'BQ‘sampies_
simultaneously. |

The vTeflon'.transfer disc had 3¢ radial cavities,
cach contoured tonfo:m‘two'seéaraté_wells for reagent and
sample, as shown in fiéuré 2.5., and,was-re—useable.

When the loaded fransfer. disc,wés,placed in the
‘environméntally contioiled rotor nf'théAanalyser and spun,
thé reagent and sample were mixedband transférred from thev
disc, ‘along thevtransfer cbénnel,}to correspondingvnpticél
_cuvetteé in the rotor and’held,thereaby centrifugal forcé.;"

The optical. Systém‘vof the analyser was such that
absorbance values for;'éacnnof fhe cuvettes wefe obtainéd
as - the rotor spun. The absorbanceuchanges were monitored
visually On; a cathode ray tube on the front of the
analyser, as shown in figure 2.6." o | -

“Thé' déta processor had:two ‘channels':ﬁhat‘storéd
absotbancér values - at. one ‘speéified tihe,vTG, and.at anyiz
'other spécifiéd btime, DT; and the prncessnr calculated
results  based on the aifference bétweén these two valués
fur eacn cuvette. ’7 o | |

‘The‘ réaction conditions were préset  before, an
':analysis, on the :front,of the analyser.’These parameters

were temperature, = wavelength, 'Tg', 'DT', ‘abnormal

(65)



Reagent Sample
Well Well
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Plan

FIGURE 2.5. CROSS SECTIONAL DIAGRAM AND PLAN PHOTOGRAPH
OF THE CENTRIFICHEM TRANSFER DISC.



FIGURE 2.6. CENTRIFICHEM SYSTEM 400 ANALYSER



' absorbancef,' 'blank', ‘'test mode', Yérint outi; 'standard
value', 'number of prints', and 'test code'. |

Ati the‘completion of a test, the tranSfer'disc and
the‘cﬁvettes were cleaned by initiating the 'clear' éycle;

 For ‘holdr blank‘ analyses, it‘ waé necessary tou

process on the‘ analyser a transfer disc ioaded only With 
water. The values of the. 'T@' ~ data channel of the.
prdcéssor were then arbitrarily fixed. |

The other basic component of the CentrifiChem 400
system  was a pipettor; This allowed autoﬁated preparatioh
of ‘the ’tiansfer “disc. with"pre;prbgrammed  amounts'-of
sample, diluent and reagent. The ieagent vblume_was set at
éither} 250 or 350 wul and the sample volume'was variable_
between @ and 75d‘ul.and the‘diluent:volume between @ and

55 ul, in steps of 1 ul.

' 2.3. Basic Aassay procedure.

To a sefies of lncm; éuvettes was added 200 ul>of
sample ‘and ‘2ﬂ9 ul Qf buffer‘I; Tbleach ‘test!' cuvetté was
‘added 20 ul of oxalate deéérb§xylasé- The cuvettes wefé_
mixed. andbballowed to' $tand;Vat .room temperature for 20
minutes. To each cuvette was then added 1.0 ml of buffer
IT and @.5 ml of 50 mM NAD soiution.'To eacﬁ cﬁvetté
assigned . as é 'teét' wés added 1.0 ml df distilled.water;
and to each  cuvette 'assignedf as a ‘'blank’ 1.02 ml of
'fdistilied wéter.‘aThe cﬁVettes were mixed, and after 2

" minutes the optical density at 349 nm was read (El).
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Sﬂ' ulr of the -formate dehydrogenase solution was
_ then‘-added, the 'cuvétteé mixed, and allowed to stand at
‘room rtemperatﬁrev for 20 minutes;iafﬁer which the éptical
density’at-340 nm was read (E2).

:Tﬁe optical ~density difference fqr'each cuvette
was calculatéd from E2-El, and the difference due to
»oxalate; DE, Qas calculated ;by subﬁractihg‘the optical
density diffetence of the 'blank' cuvette from that of thé
cbrespohding 'test' cuvette.

 The oxaiaté concentration in the sémpie was then

,éalculéted from the followihg equation:

where; ¢ = concentration’
Vv = total.volume
v = sample volume:
d = light path
 E = extinction coefficiént of NADH

DE= absorbance due to oxalate
Under the above conditions;

¢ = 2.38.DE mmol/1
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This procedure was not -evaluated, but used as a
basis for the development of an éutomated micro-enzymatic
method fér‘ﬁrinary oxalate analysis.

It was both expensi?e; due to the volumes of
reagent required, and complicated, due to thévnumbet of
pipetting Steps requiredifor each samplé;

A ‘simpler and Cheaper'proceddre was envisaged by
‘reducing thé reagent - and sample volumes; the chbination
of reagents to allow sihgle step réagent addition, and by:
some degree of automation of the formate dehydrogenase

reaction step.

2.4. Reduction in Sample'and reagent volumes.

A single aqueous o#alate sample‘was analysed using
the:sample’andlreagent volumes shown in table 2;8.A |

Asséys 1 and»Z'wéfe carried 6ut in l,cm:disposabie
optical cuvettes and asSay ,3_ was carriea‘ out_in 1 cm
",disﬁosablebmicro cuveftes.

| The results are shown in table 2.9.

A‘ Single 24 hourvuriné‘samplefwas~collected into a
»polythene bottle céntainingVS ml of concentréted HC1; and
~immediately Beforev assay, an aliquot was adjustedzto pPH 5
wifh 5 M NaOH or 1 M orthqphosphoric acid as required.

The bsample .was assayéd for oxalate 4 times as per
assay 3 and a meén V&lue of 124‘uM K i:6.l9%)_was found.

‘The recovery of aqueous".oxalate added = to final.
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Table 2.8. Reagent~and samplevvolumes (in ul) of the enzymic

procedure.

Reagent » . ‘Assay
1 2 3
Buffer 1 200 166 50
sample 200 106 50
Decarboxylase :‘ 20 10 s o
Buffer II. 1000 5@07‘ "2$z
NAD solution = 508 250 100
Wwater 1000 500 250
.deﬁﬁtéwDehydrogenase “ 5®  'v‘u25"" 10

Total Volume ~ 297¢ 1485 715
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concentratidns of +104, +2®Q»and +300 umol/l in urine was
75.3, 86}8 andk'78,5 % respectively. By comparison the
recovery‘vfrom' the aqueous>standardévof 50, 100 and 200 uM
oxalate was 97.9, 97.9 and 97.8 % respectively. |

Thi$~ showed ﬁhat the scaling down of the method
~was at least feasible, and at this stage, thé recovery of
oxalate from urine} was similar vto that found using the

reference method, but still well below 100 %.

-2.5. Reagent combination. :

Iﬁ. order to reduce the;ﬁumber of pipettiné Steps
required ih the assay,'the feagentsvwéré‘combinea,bas,far
as possible. | |

| For the firét reaction; a‘single buffered‘okalate‘
decarboxyiase reagent was prepared containing 4. units of
‘oxalate decarboxylase‘ per‘ ml of buffer I; Adaition'of‘sﬁ
ul ofy_this. reagent  to 50 ul of sample produced the same
ratio of “sample  Vqumé to  enzyme .units,‘and avsimilar}
:sampie voldmev t6' total reaction volume ratio'as in the
 basic‘ assay procedure. For sample'blanks, SQ ui of buffer>
I.was used. | | | L
Due to’ the constraints of‘ the réagent volumes‘
“available on the Centrifichem 400 pipettor;‘and with a
view to automation Vof’the'sécond reagtion procédure;'tﬁe
’formate ’dehydrogenase / NAD reagent'§olume:was restricted
to 250 ul oﬁly. This fepreseﬁtedka reduction in volume by

~a - factor of 1¢.2 in comparison to the basic assay
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‘procedure. - =

A similar reduction in the sample size for tﬁe
first .teaction resulﬁed in va final Volumé of.4l.2 ul. A
more convenient volume_qf 40 ul was sélected.- v -

The  formate dehydrogenase / ‘NAD  reagent . was
prepared by adding 8G'vunits of 1lyophylised formate
'dehYdrogenase and 35@'m§ of NAD to Zﬁjﬁl-of‘buffer II. The
" final voiume was made up to 50 ml with distiiled water.

The saﬁple :vqlume vto totél reaction volume, ﬁhe‘
sample volume to enéyme units, and the Sample yolume to
NAD - ratios were ﬁ.l4, g.1 ,ml/uﬁit and l6‘,ul/ﬁmol
" respectively, 'which were similafk to the ratiés in the

‘basic assay procedure.

2.6. Initial CentrifiChem procedure.

The ~  oxalate deéarboxylase and  formate
dehydrogenase reagents were prepared as - described - in

section 2,5;, and the foilowing method was developed.

2.6.1. Method 1.

‘To a. series of assay tubeéi was added Sﬁul_df‘
sample‘ or_.staﬁdard. Toreaéh tubé aééigned‘as a ftest' Was
édded 50 uly of the oxalate decarboxylase reagent,.and to
eaéh tube assigned - as va ‘blank', Sd ul of buffer I. The
tubes were .mixed and.alloweduto stand at room temperature

for 20 minutes, after which the contents of each tube were
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transferred to  the corresponding sample cup of the
CentrifiChem 4@Q‘ pipéttor. The _féagent‘ boat of the
‘pipettot was filled | with the férmate dehydrégenaée
reagent, o |

The following éarameters were set on the pipettor;
"reagent volume = 25@ ul; sample volumé'; 4¢ ul; sample and
dilueht ‘vo;ume = Qﬂ ul. The pipetting cyclevwas then
started. - |

 Once‘ the transfer disc -had been prepared, the
‘following _parameteré were loaded into the CentrifiChem 4Qﬂ

microprocessor:

Temperature , | 39 °

Fiiter S S 349 nm

TG ; B B . 3 seconds

DT - ' . 2.5 minutes

Abnormal . absorbance 2;@ §]

Blank = - AUTO

Test'mode: = TERM

print out - ABSORBANCE '
- Standard value ‘0660‘
'fNumbefgbf prints 9

Testséode o | g0

The loaded transfer disc was tﬁen plaéed in the
analyser rotér and the analysis'performed. | o

'Thé“change in:kabsorbénce dué to oxalate was then
calculated by -subﬁfacting the change in absorbance of the

'blank' cuvettes from the ~change in absorbance of the
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coresponding 'test' cuvettes, after 15 minutes, and the
-oxalate ~ concentration = calculated from the regression

equation of as series of standards.

2.6.2. Investigatidn'gﬁ method 1.

As it was theygecond reaction.step which was beiné
investigafed;‘ ‘aqueous 'forméte standards rather than
aqueoué oialate stahdards were prepared in ordér'to ;educe
_thé‘ reagent ie. oxalate,decatboXyIase reQuirement-af this
staée.; The inclusion of a standardrcurvé was considered
-approptiate, as this avoided: any errors fhat might'have;

~occurred due to differences in absolu£é volumes in each
sémple if thev results ,weré- calculated from the molar

extinction value of NADH.

2.6.3. Estimation of formate standards.

A series of aéueous formafe standardsvfrom g to
2G6ﬁ uM were preparéd'and assayed as perbmethdd 1.

' Aé “the _absoibanc; values “vmeaéured’.'on the
CenéfifiCheﬁi weré’_printed evéry 2.5 minutes '(DT), the
obtical density aéainsf time for‘thé'foﬁr standardS 294,
735, 1470, ahdi 2069 -uM was 1plo£ted. These resultsbare
displayed in figure 2.7., and show that thé’reactiqh is
complete within 15 minutés. For this'réason the‘print‘out
at 15 mindteé was USed_fot a11 further_calculafioné..

The absorbance values at 15 minutes versus the

(72)



T QOHILAEW "NOILOVIY HSUNIDOUAAHA ILYWHOL FHIL V0L TIWIL SNS¥EA ALISNIQ TVOILIO °L°T FMADIA

(seanuTw) DWTy

14 oz 6T o1 e .

e 1 . ] 1 y —
h X y

T/TOWN 67

~

. T/Toumgel

1/10un 0L

(0¥) wu Opg 3e OPUBGIOSqY

T/T0um. 0902




standard concentratioA are shown iﬁ figure 2.8.

These | results show that fof aqueous formate
étandards “the method waé linear to at least 2060 QM, and
when . the iformate concentration was galculated from thé
éxtibction coefficient of NADH the meah recovery was found

to be 95.8 % ( + 4.11).

o\

A inumber of staﬁdards,weré assayed to éetermine if
,there wés any sample 'cérry-ovet. Between‘ high and iow
' sémples in the pi@ettor system. The'results are shown in
- figure 2.9. From theée‘ fesults sample - carry-over .was
evident. |

A higher .sample to diluent rétio of 35 ul sample
to 55 ul diluent was invésfigated.»ThevreSults, shown in
figure_ 2.10., show that even'at thisvincreased sample to
diluent ratio, sample_carﬁy—éver was still»occurfing.

To overcome this problem, a transfer diéc Qas
' prepared manually by the additiéh of 50 ul of the reagéﬁt
mixture into the sample weli of the disc, wiﬁhout diluent,
and 250 ul of the formate dehydrogenaserreagent to the
réagent well. The . results ére shown in figure 2;11;}>and
' as Wésb expected, nb evidehce of sample-carrY-over was

noted.

2.7. Modified CentrifiChem ptocedure.‘

.~ From the investigations in section 2.6. the
following modifications =~ to the initial CentrifiChem

-procedure were'instigated.

},(73)



at 340 nm (AU)

Absorbance

!

1.05 ™

Number of points‘= 15
: . r = 0.9290 -
Gradient = 5.15 x-10 -

, : Intercept = 2.97 x 10
o LT 2060

Formate concentration (umol/l)

FIGURE 2.6. LINEARITY OF AQUEOUS FORMATE STANDARDS VERSUS

OPTICAL DENSITY AT 340 nm. METHOD L1
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Standard .value=588uM
Mean value=616%22.S%uM
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FIGURE 2.10. DEMONSTRATION OF PIPETTOR CARRY OVER AT
- INCREASED SAMPLE TO DILUENT RATIO. METHOD 1
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2.7.1. Modification of procedure.

Inv'order to ihcreasé the sensitivity of thebassay;
the sample volume for the,oxaiate‘decarboxylase reaction
was  increased  from 50 Vfo 100 ul, and  the oxalate
deéarboxylase reageht volume maintained aﬁ» 50 ul. To
cohpensate for the increased amount'of oxéléte present in 
the réaction miXtuie,- the :incdbation time was increased
~from 20 minutes fo 1 hdﬁr.‘

The  reagent and sample> vplumes for'the formate
iaehydrogenase reaction were aitéred_'té 3¢9 ul and 5¢ ul-
reépectively since these Qoiumes allow a more conVénientA
'manualv preparation of the trénsfer diéc,'while maintaining
~a.similar sample‘to total volume ratio.

In order to further reduce the cost of thefaésay,
the concentraEiOns 6f tﬁe formate dehydrogenase and tﬁé
NAD in the} formate bdéhydrogenase / NAD ;eageht  were '
,tedqced._ . | - | | B

The formate dehydrogenase reagent inrsectioniz,s.
vwas used - such .that, 0.4 units of ~enzyme was added pér .
cuvefte.' A combihatiénA of 8 units  of fOrmate 
dehydrogénase, 20 mg NAD, 3.8 'mi buffer 1I énd 5.6 ml
'distilled'_water produced . a Vreageht that when used‘at:é'
‘rate bof 300 ul per sample delivered'0.31 units of enzfme
pex samplé. VTQVf compensate for ‘the reducéd enzyme
concentration, the: incubation time on ~ the Centrifichém

analyser was increased to '35 minutes. In this instance,
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the time inté:val (DT) 6n the~ ahalyser ‘was set,to'5
minutés. o | | |
| ‘As the initial rate of reaction of the formate
dehydrogenase  reacti6h‘appeared to be rapidA(figure 2.7.))
tﬁe change"in.'absorbance'”that,occurﬁed in the first few
seconds of =thevieaction (T@) was not measured and wés‘not
included' in  the,measurement of'tﬁe end-point absqrbances.
To oVercome this, a separate ‘hold'blaﬁk"valueAwas loaded
intov the CehtrifiChem' data processor as fdeéc;ibed in
section 2.2.,. such that~ the end;point absoﬁbances were
compared to this .preset vélue. As the  initial time
inteval,v T@, was no longer.criticél, it was increased to 5
seconds to ensufe that the mixingvof'ﬁhe reactants was

éomplete before thé first absorbance value was measured.

2.7.2. Investigation of modified procedure.

As the ébsorbanée . values meésured ~on the
Centrifichem wefe pfintédw eveiy 5. minutes, a‘séries of,
‘agueous forméte Stahdards  were run as per the modified
proceauie,_ and»the absorbahce values plotted against'time.
The results,, shown ih figure 2.12., confirmed tha£ the
formate_’dehYGrbgenasé reaction was éfféétively.complete,
‘within‘ 35  mihutes; the absbrbance values at 35 minutes
were used»fdrball further calculations.

A linear responsé of absorbanée to aque0u3~oxalaté
- concentration was found (figuré 2.13.),

Initial incubation - periods for the oxalate

(75)
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_Absorbance. at 340 nm (AU)

A
0.3 _| '
Number of points =
' r = 0.9995 _
Gradient = 5.73 x lO__3
Intercept = 1.65 x 10O
S,
le] T

o ' , » 500

Oxalate concéntration (umol/l)

FIGURE 2.13. LINEARITY OF.AQUEOUS OXALATE STANDARDS VERSUS

OPTICAL DENSITY AT 340 nm. MODIFIED METHCD 1




aecarboxylase reaction | off g.5, 1. and 2 hoﬁrs were
inveétigated using two urine sampléé.

| Immediately prior'to‘estimation,'an aliquot 6f‘the
acidified 24 hour urine collecéion Qas brought to pH 5 by
the addition iof‘ S' M NaOH or 1 M orthQPhOSPhoric acid as
fequired. The résults, shown'invtable 2;10., show that the
oxalate decarboxylaée "reaction 'appéared fo be_incomplefe
at 30 ﬁinutes, but'that>it was completé within 1 héur.

At this stége, the récovery of ,av_300. umol/1
aqueous oxalate »'spike' to 4 uriﬁe sahpies was
inveétigated. The-résults are shown in table 2.11.

The mean ;eéovery was’only)72 %:( i'15.6);’_ =

A number of studies, ‘uéing the’ énzyme 0xalate‘”
decarboxylase ‘fdf the estimation of urinary oxalate;vhave
included in ‘the reagénté éthylenediaminetetra—épetié'acid 
(EDTA) 7 (Mayer et al 1963,1 Rebeiro and Elliot 1964,
' cOstellé ~and Hatch 1976, Hatch et al 1977, Yfiberi-aﬁd |
possen 1980), although only Mayer (1963) has noted that
the EDTA increased the recoVery'of added oﬁalaté. ‘

Mayer' (1963)‘ $uggésted fhat the EDTA acted:upon'
some eﬁzyﬁe< ihhibitbﬁ preSént in the urine; such as
interference from anions; »mainiy »phosphates, df that it
may cbmpete‘ with thé.ox51até for>cati6n§ such as Ca2+
or Mng in the“urine-,thus »incréasing the soluble
oxalate fractidn and imp;ovingrthe recovery.

‘To this eﬁd, to 5 ml aliquqts?of aéidified 24 hour
~urine samples was adaéd 150mg of disbdium EDTA. The pH of

the urines was then adjusted,ﬁo.S as described earlier and
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Table 2.10.Effect of incubation time on oxalate estimation.

SAMPLE INCUBATION TIME
g.5h ~ 1h 2h-
1 122uM l146uM 147uM

2 172uM 195uM 191uM




Table 2.11.0xalate recovery from urine in the enzymic

procedure.

SAMPLE ‘ SPIKE (uM) | RECOVERY %
1 3g0 . 81.3
2 - 30 48.7
3 | 309 S 76.0

4 308 81.3




the samples ‘were piaced in a 60 °C water bath for 2@\
ﬁinutes to ensure dissolution of the EﬁTA.

Four urine specimens . were 'spiked! With aqueous
oxalate, ‘prepared in the aboVevmannér and then aSSayed as
per thé modified proceduré. The results are Shown in table
2.12. '

The mean récovery’was 100 % ( + 6.8).

~2.8. Further modifications.

 From the limited investigations in section 2.7.
the following modifications vweré: made to the procedure
~before a detailed evaluation of the technique was

performed.

2.8.1. Sample preparation.

The addition of EDTA to the urine sample prior to
estimation was found to be necessary to ensure. complete

recovery of oxalate..

2.8.2. Two point standard curve.

" As the‘ méthod‘was sh§wn to-bévlineaf; a ﬁwo point
standatd. curve with zero and ’SQQ' uM ,calibrators was
ﬁequired. Tﬁe»»data processor of the éentrifiChem analysér
~was then be .used< to calculate aﬁd‘priﬁt out the oxalate

concentrations in . each cuvette by reference to these two
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Table 2.12.Recovery of oxalate from urine.Effect gf EDTA in

the enzymic procedure.

SAMPLE ‘ SPIKE (umol / 1) ‘ RECOVERY %
1 500 | 110
2 50 94.6
3 : 500 99.7




values.

2.9. Discussion,

Thé’ vdevélopment “of = an aﬁtomatéd-,microéenzymic

method pf urinary bxalaﬁeyanaiysis‘has been described.
| »Fdr- a singlevurinafy‘oxaléte ahalysis, consisting
of a 'tesﬁ' and a 'blank"éstimatidh;‘an 88 % réduction in
fen2ymé consumptionb and  a 38 % reducfion in the number of

separate-pipéttiﬁg.steésvhas»been aéhieved.

| As .the‘ formétef-dehYdrégenésé reéction ‘has been
'adapted  to 1tun-on the'CeﬁtrifiChém 4ﬁﬁlana1yser, the need
for 6 separaté"optical ’dénsity .meaSﬁrémenté hés -been
reduced and entirely’ adtomated, ;although~the incubatibn’
times with both enéymes‘have been incréased; |
The 6vera11 ‘pro¢edureV andﬁ tﬁé evaiuatidn'of the , -

' assay is described in section 3.

 3.EVALUATION OF THE ENZYMIC URINARY OXALATE PROCEDURE.

' The ‘principle of this method, and the details of
the - instruméntatibn have-been_deséribed7invsection'2. This"

~section is concerned with the eva1dation of the assay.

3.1.'Méterials.

All materials were‘ of AnaléR grade, supplied'by

B.D.H. (England), unless otherwise stated.

o8y '



‘Assay tubes

‘sarsted (W. Germany) No. 55.484. 3.5 ml, 55 x 12 mm.

Oxalate’décarboxylase

Boehringer ‘Corporation,Ltd (BCL) London. From Aspergillus

‘niger . 40 U per ml

Formate dehydrogenase

BCL (London) from yeasé. g.4 U per mg~of lyophilisate.

NAD
BCL (London) . nystaliiséd , B-ﬁicotinamide—adenine' 
dinucleotide . as the monolithium' salt. NAD—Li;Zﬁéo

(m.wt. = 705.4).

- Pyrazole
~Sigma Chemical Company;,Englénd. No;P2646 (m.wt. ; 68;1)-'

100 mM Stock standard oxalate

9.212 g potassium oxalate (m.wt. = 184.24) dissolved in
- 500 ml distilled water, storéd at +4'9C. Prepared eaéh'

month.

500 uM Working oxalate standard

g.5 ml of stock 'standard -oxaléte"made"to 166 ml with

distilled water. Prepared each day.

- (79)



Buffer 1. (pH 5.0)

g.13 M Na2

HPO4f/@.G7 M citric acid. »
18.5 g disodium hydrogeh'orthophosphate aihyd:éte‘(m,wt.

177.99) and 14.7 g -citric acid monohydrate = (m.wt. =
210.14) dissolved in 950 ml distilled water, adjusted to
 pH 5.0 with 5 M NaOH and 1 M orthophosphoric acid as

required. Made up to 1 litre with distilled water.

Buffer 2. (pH 9.5)

2HPO4

21.2 g disodium‘hydrogen orthophsphate dihydrate (m.wt. =

g.15 M Na

177.99) dissolved in 950 ml distilled water, adjusted to
PH 9.5 with 5 M NaOH or 1 M orthophosphoric acid as
required. 200 mg pyrazole added and made to 1 litre with

distilled water.

Working oxalate decarboxylase

100 ul oxalate decarboxylase (40 U/ml) mixed‘with 999 ui

~buffer 1 (pHvS;Q). Prepared immediatély before use.

 Working formate dehydrogenase |

8 vaormate dehydrogenése, 49 mg NAD, 3.8 ml bdffer 2, ahd
5.6 ml distilléd_kwater, Préparéd 1 hour before use and
allowed vto'stand at room temperature to ensure dissoldtion

of the NAD;

EDTA

~Ethylene diaminetetra-acetic acid disodium salt (m.wt. =
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372.24)

3.2. Sample collection.

24 ’hour urine samples were collected as previously
described in section 1.2. Immediately priorftd asséy, as
ml aliquot of the‘urine sample was brought to pH 5 by the
dropwise ~addition of 5 M NaOH or 1 M‘orthophosphoric acid
as required, after‘addition of 150 mg of EDTA; Thersémplés

were then placed in a water bath at 60 C for 20 minutes.

'3.3. Procedure.

To a series of assay tubeé was added 160 ul of‘tﬁe
appropriate standard, quality control, or sample.‘Td eabh
tube assigned as a 'blank' was added 50 ul'Of buffer.l,
and to eaChv'assiéned “as ‘a"test',vSQ ul of the working
oXalate decarboxylase. ’The»'quantity 'of vworking oxalate
‘decarboxylaéé prépafed ~in section 3;1.'was sufficient for
one batch of zero énd SGG’uM.standards,’2 quality control
urines and ll‘vpaﬁient urines plus bianks. The tubes~wére .
vortex. mixed andvallowedrtorstand,ét foom temperatufé for
- 60 minutes. Av;trapsfer disc for ‘the' CenttifiChemK40ﬂ
kUniQn Carbide Corpérétion; New York) was loaded manually
by vpipettiné 50 - ul of - thé reaction’ mi#ture from each
numbered tube . into the.corresponding ‘sample' positibn of
the disc. 300 ﬁl of'the working formate dehydrogenase was

. then added to'feach corresponding  'reagent' position. 300
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ul of distilled vwaéer was ~ placed in reagenﬁ positibn
'zero' and if less than eleven pafient samples were befné
estimatéd; to the-remaining unoccupied reagent positions;
Thé, quantity of working fo:mate‘dehyﬁrogenase'prepared‘ih
sectionv 3.1. wés sufficient for ~one. cohplete transfét
disc.’{ | | | |

| AA‘ 'water ~ blank' ~ was l theh' loaded into the

CentrifiChem using the_folloWing parameters.

- Temperature . . - ,:30’°C
Filter S :34g'nm_
- Tg B .‘Vlif ; :5 seconds
DT , ‘ - :15 seconds
Abnormal Absdrbance o ;Z;GbU'
Blank - o L .:AUTO
Test Mode . :TERM i
Print Out | o o ~:AbS§;bénée
Standard Vvalue ‘ .:QGGG l .
Numbérvof‘Prints ; '. 11

Test Code ~ :00

Once this blénk had been»éﬁééessfﬁlly ioéded,-the
parameter - ;blank'  was changéd 'tq'b'HOLD?, and:thé blank.'
disc. cleared,A 'DT' was then changed‘£0I35 miﬁutes, 'Print B
~ Out' ﬁo 'CONCENTRATION' ‘énd 'Standard Value' to ‘5Q@'.

These pérameters were then loaded, the test disc placed in
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the CentrifiChem rotor, and the anaiysis performed.

The oxalate concentrations in the quality controls
and the patientsf semples were celculated by subtracting
the calculated 'blank’ concentrations from their
respective 'test' ccncentrations on the CentrifiChem print

'Aout.

3.4. Linearity.

Aqueous oxalate rstandards' np to 1 mM and aqueous
formate standards up to 3 ﬁM 'were prepared and run as
described in section 3.3.»The results are Shownvin>figures
'2.14. and 2.15. respectively. The method was shownfto be
linear to at ileast 1 mM for aqueous oxalate and to 2 mM
for aqueous formate. The formate or 'blank' concentration
of 11 urine 'sampies was estimated, and found to range
between 108 and 560 uM (mean= 310 uM + 153).

Overall the method -was shown to‘be linear to a
urinary oxalate value of at least 1 mM. Even. where
: eleveted, levels of endogenous urinary fcrmate_ were
present, ’the results remained within theAlinear range of
the metncd; No ‘urine specimens nere found that exceeded

this range. |
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3.5. Precision.

~3.5.1. Within run precision.

The within run pfeqision AWas éstimated on four
urine specimens. The results are shown in table 2.13.

The coeffidients of’variation‘ ;anged from 3.47 to
7.61 %, and the méan values of tﬁe urine samples from 139
‘to '397 uM. This lével of precision was éomparable tb the

precision found with the reference'mafhod,

3.5.2. Between run precision.

Three ufine speciﬁens 'were‘ used to eétima£é the
beﬁween run precisioh. 'Ali" were acidified pooled
specimens, aliquoted, - 1yophiliséd and . stored at -20
4 °c; recohstitutéd with distilled water prior to use. t
" The results are shownbin'tabie'2.14.  | o
The coefficients of variationf ranged;from'6.23 to

9.47 %, ahd the mean values of tﬁe~urine samples froﬁ 149
~to 348 uM, This‘Was‘ah accebtablé 1evel of precision over

a concentration range likely to}be found in urine. .

3.6. Rééovery.

3.6.1. Recovery from urine.

Nine separate urine samples were 'spiked' with 300
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Table 2.13. Within run precision of the énzymic procedure.

SAMPLE n MEAN (uM) ~ S.Dy C.V.%
1 6 139 16.6 7.6l
2 6 204 . 9.97  4.88
3 6 357 9.86  6.76

4 6 397 ' 13.8 3.47




Table 2.14. Between run precision of the enzymic procedure.

SAMPLE n . MEAN (uM)  s.Du C.v.3
1 22 149 14.1°  9.47
2 12 210 18.6 8.86

3 13 348 21.7  6.23




uM oxalate. The recoveries obtained ranged from 92 to 107

$ (mean = 97.8 % + 5.57).

3.6.2. Sample dilution.

Three urine specimens were assayed undiluted and
 diluted 1 in 2 with disﬁiiled water. The results are shown
in table 2.15. | | |

| ‘The mean recovery frqm all three samples was 104 %

(+2.0). o T S

3.7. Interferences.,

The Sixfpoténtial'ihterféring.compounds-ascorbate,
glucose, glycine,vserine,'and tryptophan were investigateav
by éddition to the assay medium for the enzymic assay. Thé‘
.mean ~recoveries and results of paired t-tests forv4 urinésy
~are shown in table 2.16{ B B | |

No statiéticaily' siénificénf inferferenées‘ wére
vfoﬁnd  although tryptophan tended fo_ptoduce élightly,lower
values for the 'urinary oxalate when compared tov the‘
'uns?iked'a 'sample. " The : mean recévery ini;all',these'

experiments waslfound to be 98.6 % ( i'7.3ﬂ). .

3.8. Correlation of the - enzymic and colorimetric

procedures,

Forty five urine samples were assayed by both the
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Table 2.15. Effect of sample dilution in the enzymic

procedure.

SAMPLE NEAT (uM) - DILUTED (uM) RECOVERY %
1 128 68 106
2 175 89 192

3 318 165 104
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reference method in section 1. and by tﬁevenzymic method
described in this section. The results aie displgyed in
figuré' 2.l6. The ‘cbrrelation‘boefficieht was found to be
0.924. | | . |

A pair diffetencé £—test>of thelfeference'method ;

~the enzymic method gave the following results:

number of points . 145
meaﬁvdifferéﬁce o 1=26.7
standaid'deviation | :55;7 , 
standard er;orfv : 'Vv:8.3b‘

-students t value T :=3.216

The value of the students t-test indicated that
the enzymic method  produced results which were
signifiéantly’ higher ‘than the reference method at a

probability level of P< §.¢1l.

3.9. Reference range.

The “urinary oxalate excretion of 20 healthy non
fasting adults was fbhnd,to“rahge'from 257 toAGGSIumol/vol

(mean = 384 + 22.4 umol/vol).

3.1@.'Dis¢ussion.

The enZymic ’aséay desgribed would seem to provide
~considerable advantages over methods reported earlier. The

recent  introduction of commercially available oxalate
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deearboxylase and fo}mate dehydrogeﬁaSe ensured a constant
supply of standardised enzyme ‘preparatioﬁs. The
preparaﬁion ef' reagentsvwas’therefore simpler.and‘quicker
since no lengthy enzyme preparations Were‘required;‘

No sample extraction befofe assay was required and
' since sample preparation‘ was kept' to a minimum it was
_possible toruse‘small volumes of urine (lesthhane5 ml).

| The lineérity of the‘method.has beeﬁ'shownvtobbe
adequate for ail ufihe'«semples encountered. The between
run'_precision . of this assay was better than the precision
of ' Athe | reference ) method' at compafable oxalate
concentrations, and‘.the ~within iun precision was similar
fof'both methods. |
No significent interference was found frombthe six
components investigatea and the mean recovery of oxalate
from urine wes 97.8 % + 5.57.

The _ cofrelation ' between this method and ,tﬂe :
reference method de3cribed in section 1 was good (r = .
9.924). The 'genefallfi higher resultsv produced'vby"the
eniymic method would be expected due to the increased

recovery of oxalate of  97.8 % compared to that of the

oo

reference method of 75.4 . The referencee range was
accordingly higher when compared to the reference method.
The reagents used in this enzymicr assay . were

considerably less ‘hazardous than those required for the

reference method, and the'procedure was simple. -
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ALLOPURINOL AND OXIPURINOL

4. URINARY SCREEN BY HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY.
~ The procedure for the 'determinationv of urinary
allopurinol and oxipurinol described by Miyazaki et al
(1983) was used.
4.1. Materials.
Unless otherwise stated, all materials = were

AnalaR grade supplied by BDH, England.

20 mM disodium hydrogen

orthophosphate

Na,HPO,.2H,0

3.5 g LHPO, . 2H,

dissolved ih.l litre'Of

C(m. wt. = 177.99)

distilled water.

4 mM disodium hydrogen orthophbsphate

NaZHPO4.2H20

 dissolved in 1 litre of

- @.71 g

20 mM sodlum dlhydrogen

(m.  wt. = 177.99)

distiiled water.

orthophosphate

~.NaHzPO4 2H20

dissdlved in 1 litre of

3.12 g

4 mM

(m. wt., =

distilled water.

sodium dihydrogen orEhophosphate

62 g NaH,PO

2" 74 2

g .2H 0
idlssolved in 1 11tre of

(m,' 'wt; = 156.01)

dlstllled water.

(88)
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Diluent buffer

20 mM phosphate buffer, pH 8.0
20 mM . sodium dlhydrogen orthophosphate added slowly to 2%

»mM dlsodlum hydrogen orthophosphate to reach pH 8.0.

Mobile phase

4 mM phosphate buffer, pH 6. G
4 mM disodium hydrogen orthophosphate added slowly to 4va‘,
-sodium dihydrogen orthophosphate to reach pH 6.4.

Allopurinol / ox1pur1nol standard

27.2 mg allopurinol (Sigma Chemlcal Company) and 30.4. mg
oxipdrinol (Sigma Chemical Company) dlssolved in 1 lltre

of distilled water.

HPLC column

- 25 cm x 4.6 mm stainless steel (Chrompack U;K.).

Stationary phase

"5 u ODS Hypersil (Shandon - Southern Products;'Limited,

5.5

Pump

Gilson model 3@2 (Gilsoh Medical EleCtronicé, U.S.A.).

Pulse dampener / pressure indicator

"Gilson model 802, Manometric Module (Gilson ,Medical

' Electronics, U.S.A;).
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. Automatic sample injector

'WISP' model 7l¢ B (Waters Associates, Cheshire,:England);
Detector
Altex model.>16® variable wavelength UV detector (Beckman,

U.K.).

‘Recorder

Flat bed single pen recorder (Chessei'Limited).

HPLC fittings

All fittings = were of the 'Swagelok' typé and all
connecting tubing was "of 1/16 " stainless steel (Scotiab'~

Instrument Sales Limited, Scotland).

4.2. Procédure{

The mobile - phase Was‘vpumped at é flow rate of 1
ml/minute‘ whicﬁ proddcéd a béck pressure Of 1000 - 1500
psi. The 4aetector sensitivity was'sét to Q.G2 absbtbahce
units full scale at a wavelength of 254 nm, and the
'autbsamplér pfdgrammed’ to inject 25 ul bf sample and tO“‘
allow ‘é run time of  59 iminutes per sample.vThé chart
recorder was run at 1 mm/minute. |
| .2@ﬁ.'ul of,urine sample .or standaid was’added to 2
»ml of the diluent:bufferfin-a sample vial: standards were °

placed~ at intervals of 15 samples. Up to 48 samples and
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standards could be processed in a single run.

The vpresence ‘of allopurinol énd oxipurinol was
deterhined by compafihg »the retention times  6f5 the
standardr alidpurinol and oxipurinbl peaks »with  peaks
observed  in the sampie chromatograms. The’retention time
of oxipurinol.wés 16.4 minutes and of~alldpurinoi was 19.0

minutes.

4.3, Discussion.

The method outlined above was used as a screening
bproceduré to assess. the ,f‘ﬁ preséncevof~alloprinol and
oxipurinol 1in urine samples. Urines>were considered td be
positive 1if 'peaks were noted for either-oxipurinol or
allopurinol or both in the samplevchromatogram.

The procedﬁre was esséntially the same as that
described by ‘Miyazzaki et al (1983) with thé ekéeption of
the column packing méterial thich,> in the original
freférence was 1ﬁ'_uv in diameter. and embloyed in a guard
coldmn, buﬁ in this 'ihstance was 5‘u in’diameter and no
guérd. column was used, This @mdiﬂumtioﬂ dia not-appéa: to
maké ahy difference to the chromatographic system.i |

. Figure 2.17. represehts‘ the  chromatog:ams of an
aqueoﬁs standatd, a “blahk  ﬁriné, and a .standard urine
'respectivély. 'The retention times of 16.4 and 19.0 minutes‘
for oxipurinol,and‘ailopurinol.Were similar to'fhe figures
Quoted:by Miyazaki et al (1983)-of 16.0 and 18.8 minutes.

The use of the autosampler enabled a full sample
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rack to be précesséd over a 4ﬂ,hour'peridd.

5.  URINARY BENDROFLUAZIDE SCREEN BY THIN ~ LAYER

' CHROMATOGRAPHY (TLC) .

~"The. procedure ~ for. the detection of thiazide

~ diuretics described by Sohn et al (1973) was used after

~adaption ~of the column extraction procedure to the 'Prep

I' (Du pont Ihstruments),automated sample processor.

5.1. Materials.

Unless otherwise stated all materials were

AnalaR grade, supplied by BDH, England.'>

TLC Plates

Silica gel 60 F254_precoated onto plastic sheets, 20 x

20 cm. Layer’thiékneSS'G.z mm (E.»Merck, Darmstandt) .

Ethyl acetate

99.0 %ICH3COOC2H5 (m., wt. = 88.11);

Methanol‘

CH3OH (James Bﬁrrough; Ehgland).

Ammonia -

35 % NH,, specific gravity = 0.88, (m. wt. = 17.03).

(92)
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Acetone

99.5 % (CH3)2.CO, (m. wt. = 58.08).

DMAB

Dimethylamino benzaldehyde (m, wt. = 149.19)

Extraction cartridges
'Type W' extraction cartridges, containing 90 mg cross
linked styrenedivinylbenzene macroreticular resin, with ,‘

N

activator (Du Pont Instruments).

Developing solvent

Ethyl acetate : methanol : ammonia, 170 : 20 : 10&:thV:‘

Revealing spray

Alkaline dimethylaminobenzaldehyde
2 g DMAB dissolved in 75 ml of 80 % acetone and 25 ml 6f

ammonia.

. Standard bendrofluazide

10 mg/litre bendrofluazide
One 5 mg bendrofluazide tablet.(Befbk) dissolved in 500 ml

of distilled water.

5.2. Instrumentation.:

Sample preparation was carried out using a Prep I

automated sample processor (figure 2.18.).
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FIGURE 2.18. THE DU PONT 'PREP I' AUTOMATED SAMPLE PROCESSOR



This vinsfrument was able to prepare liquid samples
- for ahalysis- by ektracting and, as a program option,
conéentratihé compbnentg of interest. Up to 12 éampiés
wére able to be processed aﬁ”one time to obtain either weﬁ
or dry extracts dependihg‘on‘thé program»selécted.

E#traction was carried out under centrifugal,force
uéing a 12 position rotor attached to a bi - directional
motor. ~ Changes in rotor ‘rotation. rate énd direction
effécted the required extraction and 'elution _into the
apprdpriate,réceivers; , B |
| - buring clockwise rotation, the exfraction bolumns
aligned with- a waste receiver, the samplés driven throughA
the vcolﬁmns by céntrifugal forcé.and the columnsrwashéd
with solvenf from the first sclvent ‘resérvoir.lln the:
reverse direction; the columns re - aligned vwith the
sampie recovery ‘cﬁpsA and the components were eluted with
the sdlvent from the second solvent reservoir. The samples
were then dried down under a stream of wérm air as the
1rbtor,spun. | | '

The' éxtraction cartridge assembly consiétéd Qf_a
fesin column with réservoir, an efflﬁént cﬁp and a~samp1é 
recévery 1 cup . which were ‘placea ‘in rtheir reéyéctive

positions within the rotor assembly.

5.3. Procedure.

4 ml of the urine sample or standard was added to

the column reservoir and the extraction cartridge assembly
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was placed in the rotor. Program number 15 was selected
and, at .this stage, program step i was selected mahually
and activated. 'After‘3 minutes, the rétor wés stopped and
a further 4 ml of the sample was added to the column
reservoir. To the first solvent réservoir was added 5¢ ml
of distilied water as the column wash solvent, and to the
second solvent reéervoirrwas added 50 ml of ethyl acetate
as the éluting solvent; Progrém number 15 was then réset
and allowed to proceed automatically with the drying
,temperatute set at 60 OC. Details. of the program
steps are shown in téble 2.17.

After completion 'of the‘ extraction program, the
dried residue was redisolved in 50 ul of aéetone. 25 ul of
this solution was then spotted onto a tlc plaﬁe.uA'further
50 ul of acetone was added to the sample cup and a further
25 ul éf this,solution was loaded onto the same spot.

| The tlc plate was then placed in a developing fahkf
coﬁtaining the deveioping solven£ until the solvent front
had progressed af least 1¢ cm from the brigin,after whiéh
tﬁe plate was rembved and éllowed to air>dry.

The spots wefe revealed uhder a UV lamp at 254 nm
» and confirmation of the présehcequ thiazide was cafriéd
}out by -spraying‘ the plate with fhe reveaiing _agent

alkaline DMAB to produce Yellow spots.

5.4, Discussion.

A  urine sample was considered to contain
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Table 2.17. 'Prep I' extraction program.

S‘fEP NUMBER STEP _FUNCTi’ON, DURATION (Minutes) :
1 ‘ Extract - | 3.00
2 Extract | o 1.00
3 '  Continue | - @.30
4 o .Dispenée solvent (wash) 0.30
5.’ ' Coileét{wastej ' ‘  2.66'
6 Spin 1.00
7 Coast | o : @,3@
g | Reverse - .05
9 B ' Reverse vr - 0.10
‘Iﬁ“ - Dispenée solVent(elute)rﬁ.3G
»ii ' , Colleét(sample) _ 2.00
12  Collect(sample)  1.00
13 - v | Evaporate ) ,': “'1é;Q0

14  cool | | .15




bendrofluazide ahd 'therefbre indicate compliance with
therapy . if under ultféviolet light - a' component was
revealed in +the sample which was at arsiéilar RE ahd of a
similar bluel colour as ﬁhat of the standard which on
subsequent spraying with DMAB,produced a yellow colour.

The RE of bépdrofluazide was found to be z.7z and_
all spdts' revealed under  UV ‘produced the‘Yellow colour
‘reaction when sprayed with DMAB. | |

‘ Unaer uv, two other ,coﬁponents noted in the
standard Aat an Rf of 0;82‘and 0.43'respectively,‘thch did
not prbduce av_Yellow colour on spraying, were cobsidered
 to. be compounds  used ?,ihv the formulation of 4thev

~bendrofluazide tablet used to preparerthe standard.

6. ROUTINE LABORATORY ESTIMATIONS.

The  following biochemical tests were performed
thfough the routine biochemistry services at the Glasgow

Royal Infirmary.

6.1. Estimations in blood.

Table 2.18. represents the methods of analysis
used by the routine iaborétory for the analysis of calcium

'(monthly»icv = 1.4 -%i‘at 1.97 mmol / 1litre, n ='22),f

]

magnesium (monthlyr Cv = 2.5 % at ¢.80 mmol / litre, n

24), -zinc, (mqnthly CV =.1.9 % at 19.12 umol / litre, n

22)  and@ urate (monthly CV = 2.2% at 198 umol / litre, n
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18) in serum with the departmental reference ranges.

6.2. Estimations in urine.

\

Table 2.19. representé thé' methods 'of~ana1ysis
used by the routine laboratory for the analysis of calcium

(mohthlyv‘CVvh= 1.3 % at 3.43 mmol -/ litre, n = 21),

oo

magnesium"(monthly Ccv = 2.4‘ at 1.23 mmol / litre, n =

24), creatinine (monthly CV = 1.3 ¢ at .93 mmol / litre,

n = 22) and urate (monthly' CVf‘: 1.8 % at ¢.60 mmol /
;litre, n = 18) .in urine with the departmental reference
‘ranges.
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CHAPTER 3. CLINICAL STUDIES.

1. THE CLINICAL STUDY OF STONE FORMERS.

1.1. Protocbl;

© Patients presenﬁith aﬁ' the outpatient clinié of
théf‘Urology ‘Department With a. proven fétone incident' and
withA'no ’previous’ active therapy for rénal stones were
- considered for this stﬁdy.vA 'stoﬁé’incident'_was defined
as acutevjrenalv colic, spontaneous passage of a stone,
radiological- confirmation of a ‘new_ stone or surgical

removal of a new stone.

1.1.1. Initial patient work up.

Baselihe investigations . for - each patient were'és
follows: . |
| - previous sténetdisease-histofy
‘age |
sex |
: biochemiStry (table 3.1.)
‘bactérioiogy (mid stréam specimen of»uriﬁe-),

radiology (ihtravenous'urography)

1.1.2. Selection of treatment regime.

Patients, who ~on initial investigation, presented
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Table 3.1. Biochemical investigations in stone formers.

‘Specimen ' L Test

. Blood Calcium concentration
Magnesium concentration
Zinc concentration

Urate concentration

24 hour urine Calcium expretion
'Magnesium excretion
ACreatinine excretion
Urate excretion

Oxalate excretion




‘with a 24 houf-urin%ryfcalcium excretion of less than 8.0
mmol / volume were randomly ascribed allopurinol, 300 mg /
day or }bendrofluazide, 5 mg ./ day with potassium.
supplement. These subjectsv Qere ’designated treatment
groups-l énd 2 respectively;. |

Patients, who presented with é urinary excretion
of 'calcium of more than or equal to 8.0 mmol / vol were
ascribed bénd;ofluazide, 5 mg/day with potassium

"supplemeﬁtation. These »subjecté were designated treatment

BEEN

group 3.

1.1.3. Clinical follow up.

Pétients‘ weré' requéstéd t§ éttend théxoufpétient
clinic | on a 3 mopthly_ basis, at which times the
biochemical and . bacteriological vinvestigationsv were;
.repeated; at -yearlyv intervals, where péSsible, a pléin"
abdominal radiograph ‘was_undertakeh, observing;the 1G,déyv

‘rule for female subjects.

» 1l.1.4. Cdmpliancé.

The  compliance of each subject with -their 
reépective' therapy was monitored. ietroSéécﬁively by the
»procedures‘  described in sections 2.4. and 2.5. For
inclusion, in  the  final analyées tﬁé presénce of the
'respectiVen drug .in'.at -least 66 % of the urine samples

~analysed for each subject was required.
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,l.2; Patients.

Eighty eight subjects' wefe considered for = the
. study. However, 8 male>and 4 female subjects were excluded
as shdwn in table 3.2. prior to any clinical follow ﬁp. |

| The previous medical historiesvand the piesenting
conditiohs of thé 50 male and 26 female subjects that
remained are shown in tables.3}3. and “3.4. repectively.
| The mean age of all- subjects'ﬁas 49.4 -+ 12,0
years (n = 76)'and there were no'sigﬁificant differences
-in the 'distfibution' of ‘age between the three'groups and

sexes (unpaited t - test).

1.3. Results: Group 1.

1.3.1. Exélusions.

Thirty two subjects were assigned tb thié group.
However, ‘2 male and é female subjects were excluded dUé to
.noﬁ compliance~ with ‘therapy., A furtﬁer 5 male subjects
were excluded due to failure to attend or prbvide
specimens aﬁ .the'_clihié. ‘24 subjects, 17 vmales and‘7'
females remained in groué i. |

bThe ‘mean age was 51.6 + 11.7 years (n = 24) and

there was no significant difference in the mean age
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Table 3.2. Patients excluded prior to follow up.

Reason » ' , Maie,‘.'Female
Reaction to allopurinol 3 -1
Reéctioh to bendrofluazide g 1
Defaulted from thera@y ’ 2 1
Incompletebwork up | o2 g
’PregnancyA o - 1

Relocation. . A : 1l )

Total S : -8 3




‘Table 3.3. Previous renal stone histories of all subjects.

History ‘ ' Male Female
Nil - 277 14
Renal colic . o | 5 "’_3
'Renal stone S . :13_" TLA7
Operation : |

Ureteroiithqtoﬁy 2 :> g
Nephrectomy o | .vi . 1,1,
Pyelolithotomy 21

Total . sg .26




Table 3.4. Presenting renal stone incident of all subjects

Condition Mélé" Female
Renal colic - ; é - 1
Renal stone . 35 15
Operation | |

Ureterolithoﬁomy 6 _i "5
Nephrectomy | g 1
Pyelolithotomy i 1 4

Total 56 26




between the sexes (unpaired t - test).

1.3.2. Clinical results.

,’Thé‘»mean period - of follow up for this group of
patients was 19.7 4 . 7.26 months (n = 24) whicﬁ
‘represenfed ar total of 39.41 patieht years.'During this
tiﬁe 4 male subjécts (16.7 %)}_one of whdm presented wifh'
a recufrent urinary fract'infectioﬁ; suffered a total of 6
'stone incidents: (table 3.5.) 'with a mean period td“thé
fixst ‘recurrence of 8.75 + 4.53'months (n = 4). a single
female subject presented with  a récﬁrrent-urinary tract -

infection.

1.3.3. Biochemical results.

The mean  urinary excretion deoxalaté; calcium,
‘urate and magnesiﬁm,A pretreatmeﬁt, after 3 months ‘Qf
thérapy and after 9 to 15 months’of therapy aré shownvin
figures 3.1. and 3.2. B |
| | -‘Tﬁe . mean . serum concentfatiod. éf .caléium;
magﬁesiuﬁ,‘ zincv‘and‘ ﬁrate, for thé same periodé of .
therapy, are shown in figures 3;3.,and 3.4. |

The ‘Wiicoxon ‘paired éignéd rank tést of fhe
difference between two medians was applied to  thé '
pretreatment and subsequent - values‘ of the anaiytes

mentioned above, and the following results were found:

i'(lﬂl)-



Table 3.5. Stone incidents in group 1 subjects.

Males Females

Incident free 1137
Single incident>_ 3 e
Multiplé incidents 1 - 9

Total o 17 7
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-a) © There was g'éignifiCAnt‘increése in the urinary
calcium excretioh‘ éfter- 3 months éf thérapy (p < 0.0625 )
as shown in figure 3.1., the mean ' value rising from
4.93 + 1.73 to 6.12 + 2.83 mmol,/‘volume‘(n = 22).

b) The serum zinc concentration was incféased'(p <
0.925) .after 9 .tQ 15 mdnths of‘therapy from a mean value
of 13.2 + 2,43 to 14.2 + 2.01 umol / litre (n = 11).

| c) fhe serum urate concentrétion was significantly
reduced after 3 months and'after 9 to 15 mdnthsAof therapy
-(p < 0.05 in both time intervals)’éé’showh,in fiéure 3.4"'
the mean value falling from 322 + 76.1 to 275 + 102
umol ‘/ litre (n = 13) and from',3357 1  91.8 to 255 +
75,4 umol / lifre (n = 15) réspectively; B

There weré ' no ‘significant cﬁéngeé noted in the
urinary oxalétek and magnesium excretions nor in the serum

calcium and magnesium concentrations.

1.4. Results: Group 2.

1.4.1;:Exclusions.

Thirty one subjects were assigned to this;group.'
However, 3 male and 3 female subjects were excluded due to
non compliance with therapy._A further 1 male and 1 female -

subject were excluded due to failure to attend or to

provide specimens at the clinic.Finally, 23 subjects, 13 males and

10 females remained in group 2.

(192)



The mean agé was 46.0 + 13.3 years (n = 23) and
.there was no significant difference in the mean age of the

sexes (unpaired t - teSt).

1.4.2. Clinical results.

The mean :period of follow up for thié groﬁp was
23.2 i' 6.59 months (n = 23) which represented a total of
44,5v'patient yeérs. During thié time 3 male and>2 feﬁaie
subjects (21.7 %) suffered a total of 18 stone incideﬁts
(table 3.6.) with a mean period tb the first recurrence of:
.'9,4@ + 5.18  months (n = 5). One 6ther female subject.

presented with a recurrent urinary tract infection.

1.4.3. Biochemical results.

'The mean. urinary excfetion of oxalate, calcium,
urate and mégnesium,  pietreatment,  aftef 3 months = of
therapy énd after' 9 to 15 months’of therapy arékshownbinb
figures 3;5.rand 3.6. ‘  | | | ’ |

| 'Tﬁe ‘mean = serum concentraﬁidns of ',calciﬁm,‘
magﬁesium,’ - zinc . and urate, “for  the same periods of
therapy, are shown in figu:es 3.7. and‘3;8,. |

‘When the Wilcoxon pairédA signed rank test was
applied the following results were found:

a) Theré. was ‘avéignificant decreése in the serum

magnesium concentration after 3 months and after 9 to 15

(183)



Table 3.6. Stone incidents in group 2 subjects.

» .'Malés' Femalés

~Incident free "lﬁ_f'f'>'8 -
Single incident 2 1
Multiplé incidenté‘ "l _ fl

Total 13 10
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months = of therapy (é < 0.05 and p < 6.01 respectively) as
shown in figure 3.7., the mean values falling from 6.76 +
0.066 to @.72 + @.946 mmol / litre (n = 7) and from
.78 + 0.077 to 6.71 + 0 '051 mmol / litre (n = 9).

b) There was an increase in the urlnary magnesium
excretion after 9 to 15 months of therapy (p < 0. 05) as
shown in  figure 3.6. the mean value rising from 2.94 + ‘
1.08 to 3.78 + 1.41 mmol / volume (n = 17).

c) The  serum _ urate concentrétion  rose
significantly (p ‘< 0;@1) afterv9 to 15 months of'therapy,
as shown in figure 3.8. from a mean valué'of 37 + 96.2
to 370 + 95.6 umol / litre (n = 12).

There were . no sighificant changeé noted in the
urinary calcium; oxalate; énd urate excretions nor in the

serum calcium and zinc concentrations.

1.5. Results: Group 3.

1.5.1. Exclusions.

Thirteen Subjéctsb-were assigned td~ this ‘group.
HOwever, 5 male and 1 feméle subjects were excluded due to
non compliance with therapy. Finally, 7 s“bJeCtSr E male/and 1
female remained ip group 3.-

The mean age was 42.9 + 9.8-years (n = 7) and

" there was no significant difference in the mean age.

‘between the sekes (unpaired t - test).
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1.5.2. Clinical results.

‘The mean period of follow up fo: this group of
pétientsf was 20.3> .i 6.45 months (n = 7) which
represented a .total of 11.8 vpatieﬁt'yéars; During'this
time 1. mélé subject (14.3 %); whd also pfesented ﬁith a
'récurrent urinary tract”infection, suffered a single stone
incident after 14 months of therapj; The single female in
this group also . pfesénted with a recurrent urinary tfacf

infection.

1.5.3. Biocﬁemical‘results.

The mean urinary excretion of oxalate, calciuﬁ,
urate and magnesiﬁm,‘ pretreaﬁment,. éfter 3 mohths .of
“therapy and after 9 to 15 months of therapy are shown in
figures 3.9. and 3.140. | |

_iTheb‘ mean serum concentrations  of caicium,
.magnesium;f zinc' andv urate,v for the same“ periods of
therapy, are shown ih figures 3.11. and 3.12.

| Wheh the‘ Wilcoxon paired - signed .rank test was
applied, ﬁhe following results were found:

~a) There was a sigﬁificanf ~fall in the urinary
caléium excretion after 3 monthsv_of therapy (p < 6.95)

oL -omE - from a mean value of 10.8 +.
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3.39 to 7.10 ’i' 3.23 mmol / volume (n = 6) as shown in
figure 3.9. | |

b) Thére was ‘a "significant rise in the ﬁrinary
oxalaté 'éxcretion (p < 0.025) after 3 months of therapy,
as shown ;ih figure 3,9. from a mean value of 300 + '95.2
to 354v + 69.2 umol / volume-(n = 6). |

c) There was 'é significant in¢reaée in the serum
urate cdncentraﬁidn  after V9 to 15 ﬁonths of therapy (p <
g.05), as shéwn in figure 3.12., fr6m>é mean value of 354
+ 62.7 to 430 ib 68.9 umol / litré‘(n'=V5).

There wére nb significant chanéesinéﬁed in urinary
magﬁesiumv ahd urate excretioﬁ 'not in serum calcium, -
magnesium and zinC‘concentfations. . |

When an unpaired t - test wésiapplied'to fhe meaﬁ
- values for each analyte ﬁentioned above, from eéch of the
3 groups, the‘following results were found:
| | a)’ The mean urinaryvexcretioh ofjéalcium forvgrdup
3 subjects ofb 9.91 '.i 3.96 mﬁol / volume (n = 7) was
'fsignificantly greétér (unpéired‘ t - test)vthan the'mean 
values for group .1 subﬁécts bf 4.97 i‘ 1.66 mmol / volume

(n = 24) and:for gtoup,2 subjects of 4.84 + 2.02 mmol /

volume - (n = 22, p < 0.001 in both cases). Arsignificant Tb

difference .was observed between the values, after 3 monthé
of therapy, for group'3.éubjects of 7.19 + 3.29 mmol /
volume (n = 6)‘and‘for gioup‘Z»subjects of 4.47 + 2.09
mmol / Qolume (n = 18, p { @.QS).but'not between groups 3
and 1, vand. no significant differences were noted after 9

‘to 15 months of thérapy.

(1@65



b) = The = mean pretreatménf :urinary excretion of
urate for group 3 subjects of 5.04 + 1.84 mmol /'voluﬁe
(n = 7) was significantly greater than the mean value for
éroup 1 subjedts of 3.40 + 1.03 mmol / volume (n - 22, p
< @.05). A significant difference was dbserved'between the
- values after"3~ months of thérapy for group 3 subjects of
3.98° + 6.96 mmol / volume (n = 6)‘and for group 1
subjeéts of 2.86 + .81 mmol / volume (n = 22, p <
@.g1), and after 9 to 15 monthsvof therapy between the
group 3 »méan value of 4.54 i 2.17 mmol / volume (n = 7)
and the grdup 1 mean value of 3.07 + 1.29 mmol / volume

(n = 20, p < 0.05).

1.6. Discussion.

‘The overall ratio }of male to femalelfpatieﬁts
considered for this study was 1.93 to 1.0 thch'wés in
general agreement with other studies; in_vwhich the
incidénce 'of éymptomatic stone disease in males was
‘considered to be greater than in females (Hodgkinson 1977,
Roberféohfet al'l9é0a).

 The bverali éompliance to therapy of the subjects
ascribed allbpurinbl; Was '87;5 % which was aﬁ acceptable -
ilevel for ‘a closely followed group taking a single daily
dose. The overall compliance . of the subjects‘ascribed
bendrofluazide was slightly less, being 72.7 %,'possibly

due. to"the necessity of concurrent therapy with potassium
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supplements which were requirea to be takehYBItimé per
day, and which may, on>occassion; produce gastric upset
(Data Sheet Compéndium 1978a). |

Adverse reactions attributed to bendroflﬁazide and
_hecessitating “withdrawal of thérapy‘were rare and occurred
in ‘only 1 female subject répresenting 2 % of all subjécts
»ascribed to the drug.k’Adverse reactions attributéd‘tq
allopurinolv were more common. and occﬁrred’in 3'male andkl
female Subject, repreéenting'l3 % of all subjecﬁsvascribed'
such thérapy. Bendrofluaéide has beén recoghised as having
1 a iow incidence of side effects (Data Sheet Compendium
»l978b); ‘and av similar  ‘inciaencé ofi reactions to»
allopurinol therapy' of 9.8 $  has béen reportéd.(Scoﬁt,
‘Mathieson and McLelland 1979). | |

When the presenting renal.stoﬁé incidents of all
female subjects' were éonsidered, 38.5 % presehted‘having
~required = surgical intervention Compafed to'14.ﬂ $ of all
males. This implied that clinical stone disease)'although;
rarer 1in females,_ was of a ﬁore severe nature thén that
'_observed in males, althbugh no  reason“ for this 'wés
apparent. | |

Tﬁe inCidence_‘pf urinéry ‘traci infection fouﬁd A
during the present jétudY was 7.7 % in females and 4.@7%
iﬁ males. | | | |

The preéence of a ﬁrinary tféct infection did not
relate = to - fhe-~ requirement  for initial surgical
intervention, f_énd the infection  -rates | were = not

sufficiently different to account for the apparent
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~difference in the tséverity -of symptomatiC‘stone disease
observed between the sexés.
| ~Figure 3.13. represents the percentage of s&bjects
stone-free. versus time, -after‘an‘initial stoné incident,
which was }found  in an uhtreéted group of subjects (Coe
1980). Also piotted‘in this figure are the percéntages of
-subjects - that wefé'stohe - free, at the end of the.study,
"versus the mean time of follow up forieach’group.vFor each
‘'group, the fecurrence of stone was less than was showntfo:
the-ruhtreatedk group But, althoﬁgh'this may have beén the -
‘case and although it maj be ' more  pronounced1after an
incréased periéd of follow up, dnly a generalacomparison
between the treated and‘ untreated groups may be made iﬁ :
this instance.
Allopurindl the;apy has been shown to_reduce the
recurrehce ~of sténe ‘disease in hyperuticaemic or
" hyperuricosuric Stone formers alone (Cbe»and Raisen l97§; -
Smith 1977, Coev 1977)_-and in metabolicaliy norméllstone
forme:s in conjunction‘with tﬁiazide.diuretics (Coe 1977).
The ’ratibnale. behind .tﬁe allopurinolnrééimé was
thét, :as a xanthine oxidase inhibitor, allopurin01 would 
feduce the oxidation éf.xanthine‘and hYpOxénthine to uric
acid and ‘may'aléo reduce the urinary excretioh 6f70xélate 
‘(écott et a171978a,_Sc6£t]et ai'i978b)., |
It has beenb'suggested: that - uric acid ér'sodium
urate crystals réould fpfomote' caléiumVStone formation by
' providing a sgbstraﬁé for - the growth»ofvcalcium oxalate

‘crystals; ie. epitaxy »'(Lonsdale - 1968), therefore a

" (1099)
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reduction in. urinary uric acid would reduce the
probability of”forming stones.

| More recently, Robertsqn et al (1976) suégested
that wurinary urate might interfere with crystailisation
inhibitors "(glycoséminoglycans) in wurine. A decreased
concentration of - urate would therefore favoﬁrably affect
the inhibition of calcium  oxa1ate 'crYStallisation; An
ihctease' in the inhibition of crystal growth in 21359‘
"durinQ ‘treatment with éllopurinol has been shown (Tisélius
'198¢) but  more repently Hallson, Rése'and‘Sulaiman (1982)
have shown that, in wholeihuman urine, an increase in the
urinary ‘urate did not jincreaée‘zthé célcium oxélaﬁe‘
crYstalé formedr and fhese workers did notvsupport the
suggestion that reduciné urinary ufate concentration may
be of value in the treatment of patients with stone
disease.

Urinary oxalate has been consideréd to be the
major. risk factor involved in fenal stone formation
(Robertson et al 1981) and the reduction of urinéry
oxalate excreﬁiﬁnv'during- allopurinol ﬁherapy has been
showh by some (chtt»et>alfl978a, Scott et al 1978b) but
.not other workers ‘(Tiseliusv 19849, Tiselius and Larsson
1982).

Urinafy ,calciumv has  been‘vshown to be unchanged
during allopurinol therapy (Scott'et al l978a) Scottret al
1978b, Tiselius 1980, Tiselius and Larsson 1982) but in *
this study there was a SignifiCant increase in the urinary

excretion of calcium after 3 months of therapy (P <
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¢.0825), the meaﬁ value rising outwith the reference rahge,
‘although .this increase was ’not maintained after 9 to 15
months of therapy. ‘ | | |

The fenal‘;hanaling df,-calcium has beenvshown to
iﬁvolve} almost éomplete.teaBSOrption of filtefed cal¢ium;-
V‘SG to 55 % reabsorbed in ﬁhe proximal tubule, 20 to 30 %
in»‘the- loop of Henle and 12 to 23 % in the distal tubule
(Goldberg, Agus and Géidfarb 1976) . |

As‘vsdme 50 % of calcium is reabsorbgd in;the.
proximal tubule any changes effecting urate, which is also
handled . predominantlyb in the proximal  tubule might bé
.expected to influence ﬁhe final exbretion of caléium.;

Alternatively, a number of varied adverse
réactipns ~attributéd to allopurinol (Data Sheet Compendiﬁm
1983a)' may be humora1 in origin, and such effects may.also
infiuence the renal handling of calcium. |

| The- finding ,thaﬁ the calcium excretion was. not -

significantly different from the baseliné value{after'9 to
15 mbnths of therapy may indicate a chrdnic change in the
" calcium balance of the sdbjécts béing stﬁdied;,
| The effect of seasonal changes iﬁ dietary éalciumA
‘intaké’ Qas unlikeiy‘ to have been - responsible for the
‘obsérved"dafav as allopﬁrinol  therapy was initiéted in
aifferent‘subjects at difféiént fimes of the year.

Serum '>zinc.bvlevels, alﬁhouéh‘ shown to have.
increased after 9 to 15 months of therapy (p < ﬁ;GS) ére
~subject to large v‘diurﬁal variations and should be

estimated on fasting blood samples. Although all blood
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samples’ in this study'were taken between 11.0¢0 amd and mid
-. ‘day, fésting' samples were not spedified and combined
~with the’ 1ow"significance of this finding makes the
intetpretaﬁionb Qf £his'change, if ahy; difficult, although
a chronic change in the serum zinc levels simiiaflto that
of the renal handling of ealcium may have ‘occurred.
Urinary zinc exeretionbﬁas not measured in this study due.
‘to the problem of-eample contaﬁinatioﬂ;

In this study group randomly ascribed allepﬁrfnol
therapy there',was 'akueignificant fall in the blood,dfate
concenttation after“3 months_end after 9 to 15bmonths of
“therapy (p < #.05 in both cases) due to the'ihhibitory'
effect of allopurinel on xanthine oxidase, with the mean
value remainig ;Qithin the referenee range.‘Alfhough there:
was _nq:’significant change ,iﬁ the urinary excretion of
urate inA this groﬁp, which wae a similar finding from
'brevious work ain this fdepartment ‘(Scott et al l978)fa
sijnificant fall during therapy has been ebservedflnrother
| Woﬁ&wé‘(Tiselius 19849, Tieelius‘and Larsson 1982),

The 'renalb hendling of urate in the rat hes“been‘
‘shown  to _involve ,compiete glomeﬁular_ filtration' andi
bidirectional transporﬁ limited to the proxiﬁel»nephron.
Reabsorption was almost complete during tubulat'paesagev,
therefore excreted uiate was aimostAentirely derived from
tubular secretion; (Lang et al 1979).

‘AlthOugh ﬁo significant decrease of ﬁrinary urate
excretioﬁ was shown in ‘this group avreduced’setum urate -

concentration migh be expected to produce a fall in the
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urinafy.urate excretion due to reduced tubular secretion.

Urinary oxélate excretion has Eeen shown to be
reduced in stone formers (Scotﬁbet ai 1978) anduin.normal
male sﬁbjects receiving a high_purinerdiet'(Simmonds et al
1981) during allopurinol therapy,  but no significant
‘differencé; in oxalate excretion was shdwn_in this study'
v.which waé in agreement with other studies (Tiselius 1984,
‘TiSelius and Larsson 1982).

Thé role = of kanthine oxidase in ﬁhe endogehous
synthesisA of oxéiate has‘beeﬁ'showﬁ‘to:be,smail (Gibbs and
‘Watts 1966) so the inhibition of this enzyme by
allopu:inol was unlikel? to havé'had a significant effect
on oxalaté excretion.

The renal haﬁdling of okalate in the ratvhas‘been'
shbwn to be similar to that of urate in that it involved
~virtually complete »glbmerular' filtration with tubular
reabsorption and tubular secreiién,lqcated in the proxiﬁal
néphron (Lang et al 1981). Tubular secretibn was shown to
be inhibitedv by urate .(Gfegervet al 1978)} this'implied
' that the effect of aiiopurinol tﬁerapy, if any, would be
to increase rather than to aecrease' urinary oxalate
exéretiqn. | |

| bThe - lack .of any significant change in uriﬁary
'okalafe  excretiQn,during allopurinbl therapy may therefore
be caused by a combinafion of reducedvendogénous syhthesis
due to xanthine d#iaase'inhibitioh and an increased renal
clearance  due to ‘the reduced inhibition of tﬁbular

secretion of oxalate by urate.
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Bendrofluazide therapy has been successfully'used
té treat stone disease when given Continuously (Baékmén et
al 1979, Ljunghall 1981a), intermittantly (Rundle and
Scott  19809) or in combination with magnesium oxide
(Ahlstrand and Tiseiiqs 1983). Other thiazide diuretics
- such as hydrochlérothiaiide (Klein and Gfiffith 1981,‘
Scholz, Schwille and Sigél 1981,_Cohénim and'Yendt 1981,
‘Maschio et al 1981),v»trichlormethiaZide- (Coe 1977)‘and
chlorthiazide (Klein and Griffith 1981) have also Been
showh ‘to be of benefit in the preVéﬂfion of the recurrence
of kidney stone diséése. However, in a repoft.of.a double
blind controlled élinical trial of bendrofluazide versu$ a
placebo; Brocks, Dahl and Wolf (1981) showed thatvalthough
the thiazide group demonstrated ‘a similar reduction in
stone :ecurrencev to thétv found by other workers, the
‘placebo group - had a‘reductidn of the‘samé‘magnitude, over
a vmeah period.vof folldw up of 1.6 years. In,cbnclusiéﬁ,
Brocks et al (19815 concede that the peﬁiod of follow up
: dﬁring therapy was shortv and a statement. as to thevlong’
term . benefits dfvthiazidertherapy tO'tﬁese‘patients cannqt- 
be made. |

Urinary " calcium has been considetéd to be a
‘significantv’risk factor involVed in,renél stone formation
(Robertson et al l981)-'aﬁd urinéry: magnesium has been
éhown to reduce caicium oxélate crystal formation in human
urine (Hallson, Roée and Sﬁlaimah 1982).

In thé currént study, 2 groups of patients were

~ascribed bendrofluazide with potassium supplements; a
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normocalciutic and a hypercalciﬁric group. In both groups,
the sérum urate concentrationk‘was shd&n to have risen
signifiéantlyb‘after"9 to_‘15vmonths of therépy, aithough
thé mean levels remained within the'réferénée range, and
there wete_ no 'significant"differenées in the ’urinary
excretion:of‘urate duriﬁg thérapy. | | |

.Increaéed serum urate is a documented side,efféct
- of _bendrofluazide' the#apy‘ (Data Sheet Cbmpendium 1978a)
‘andv has been reported ’by a number of workers duiing
: proldnged therapy (JorgénSen and Brunner 1974, Backman et

ai‘ 1979, ,Ljunghall: éﬁval‘l981b) ahdfin this‘instancé was
vprobablyA caused by the ihhibitioh'of‘tubular secfetion of‘
uraté by competition at “the tubula: trénsport stép from
the.diuretic agent (Lang et,ai 1979).

.'Changes ’in_ the serum magnesiﬁm concentration with
énd without chénges in »thé' uriﬁary,magnesium excreﬁioni
during bendrofanzidé therapy have ‘been demonsﬁratéd'
(Jorgensen ‘aﬁd Brunner 1974, Backman et al 1979, Ljunghall
et al 1981b) o | |

In the‘.Vpreéent ~study, during bendfofluazide
therapy, ~'the: normocalciuric subjects"demonstrated é>
’sighificaht rfall"in"thé- serum Vmagnesium ‘conceﬁtration'
éfter 3 mdnths and after 9 to lSrﬁontﬁé of thérapy,2and a
significant, incréase‘in the urinaiy excretion of‘magnesium
after 9 to v15> months >of"therapy. This re?reSented-a
chronic ‘reﬁél ‘loss of.mégnesium duringvtherapy, prqbably
caused by an effect of the bendrofluazide at:the proximal

end- of the distal convoluted tubuleﬂyééémmsing magnesium
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reabsorption.

Although no statistically significant changes on
the éerumb cdncentration nor the urinary excretion of
magnesium were seen in the hypercalciuric subjects during
the presentv study, fhis waé probably due to the limited
Size of the group. | : |

The = reduction :of urinary calcium dufing
bendrofluazide . therapy has been shown in normocalciuric
and in ‘hypercalciuric‘ subjects (Jorgensen and; Bruhnerv
1974, Backman et al 1979, Ljun§ha11‘et al 1981b). A number
.of mechaniéms accounting for this fall have been suggested
inciudingA a decréasea intestinal abSorption' of calcium
(Yendt and Cohaﬁim 1978), humoral effects‘particulary due
to pafathyroid hormone'(Brickﬁan, Massry and Coburn l972)
and a directvrenéibeffect (Costanzo and Weiner 1974);, |

From the currént data, oniy the hypercaiciuric
Subjects shoWed a sfatiétically significant fall 'in,
urinary calcium,»aftér'3 months of therapy to é méan value
which was still outwith the reference range;’HoweVer, no
3 significant ‘differencev was - observed éfterA9 to 15 months
~of therapy probably~due to the limited.number'of Subjecﬁs’
within‘the group. | | ‘

As ‘the__serﬁm calcium concentfation in.thisvstudy
was ,noi significantly changed, the caiéium balance of the
subjects mayv have been changed, although the mechanism by
which thisfwés reached was unclear.

Yendt 'and Cohanim (1978) have shown a significéht

reduction in urinary oxalate excretion during chronic
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'hydrochlorothiazide édministration after at least 1 year
lof therapy,amiitl@srbngSuggésted that this was due to a
decreased . infeétinal absorptionv of calcium cauéed by
‘ chronic hydrochiorothiézide therapy (Yendt, Gagne and
Cohanim 1965). | |

in - the = present stﬁdy, a signifiéaﬁtvincrease in
~ the urinary oxalate  excretion after 3 months of
bendrofluazide' therapy was obsetvedvin the‘hypércalciuric
subjects. Althbdgh this“ was  contradictory  to " the
. observations of Yendt and Cohanim (1978), it has beéﬁ
shown that there was a reduction in the rénal excfetion of
oxalate during ~volume fékpansion  (f&ege;f et al 19785,
DUIing thiazide thetapy a degree of volume contraction
might be expected and this -in turn could produce an
ihcreééed' renal excretion of éxalate - and :théref§re.an
increased urinary excretion.

The hypercalciuric group in the currentbstudy was
selected only on the basis of an elevated urinary'calcium
excretion, aﬁd' as .such ‘the méan pretreatmeht value of
urinary calcium was significantly; higher .in this group"
than'in the other two. : -

| After | 3  months Cof thefapy} due - to "the
hypocalciuric efféct 6f bendrofluazide, there was  h6
significant difference between_the mean calcium excretion
of the initially hyperéalciﬁric group and the allopu:inol~ 
group. Howevet, ‘there was still a significant difference
between the two bendrofluazide groups, due to the limited

reduction ~in  urinary calcium excretion in the
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normocalciuric group.f
As well as an'elévated urinary calcium, there was
a significantly higher urinary urate‘éxcretibn, the mean
value beiné,' outwith the  reference range, in ‘the
hypercalciuric subjects when compared to the other two
normocalciuriC'lﬁgroﬁps. ' Alﬁhough this difference was
resblved between the béndrofluazide'groups during therapy}
'the  mean'urinarykex¢retibn of urate remaiﬁed signifiéantly
- higher vin the initially hypercalciuric group than in the
group - randomly 'ascriﬁed» allopurincdl. This was:due‘to the
reduced excretion .of urate in “the vgroup reaeiving

allopurinol.

2. INVESTIGATION ~OF URINARY OXALATE VARIATION IN NORMAL -

SUBJECTS USING THE ENZYMIC METHOD OF OXALATE ESTIMATION. -

The impOrtanceb'ofv.urinary oxalate .excretion-in
stone disease has aiready been-staﬁed in chapter 1. and
the ’possible :existence of‘ a"diﬁrnai Variation in the
ufinary excretion or urlnary-concentratlon of oxalate has»
rbeén suggested, by ‘some (Hodgkinson - 19740, Tlsellus and
.Almgard 1977, Bach et al 1979, Vahlen81eck Bach and Hesse“
l982)but not all workers. (Tocco et al 1979). .

It has been suggested‘that‘such a diurnal rhythm
might lead to situatiéns vin " which the 'risk' of stone
formation 'mayv,be ihcreased' at. ab‘specific time ofkday
‘(Tiselius and Almgard 1977);

In this study the variation of oxalate excretion,
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oxalate .concenfration and urine flow raté was examined in
healthy volunteers diurnally' and on a daily basis over 3
consecutive days. | |

"The sﬁbjects involvéd were also being followed to
asses the ‘pharmacokinetics ofi a single dose of the
antibiotic 'Tinidazole'. This drugvﬁas not known to have
any,b effect ron the excretion of oxalate (Data Sheet

Compendium 1983b) .

2.1. Subjects and Methods. ..

5 male ;and 3 female laboratdry staff aged befweeﬁ
19 - and . 40 years with no Known patholdgicai condition were
recfuited to the study. |

Subjects were requested té remain _fasted. from
10.00 .pm 'tﬁe pfevious 7eVeﬁing and urine collection wés 
commenced at  9.00 amvon 'day 1' and continued as showh in

table 3.7. until the end of 'day 3°'.
. " The subjects remainéd fasted until 13.00 h on.'day.
1' after which théré~were no dietary rest:ictions. During
- the ~fasting »period;'_free access ito dfinking water was
vpermitted,to‘ensure anvadequate‘urine output;

After sample collection, the volume of urine
passed was noted and an éliquoﬁ of the wéll mixed sample
was acidified by the addition of concentrated HCl to a pPH
of‘iess than 3, and stored at -20 °c until analysis;

The oxalate estimation was performed usiﬁgvthe
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Table 3.7. Sample collection periods.

Sample 7 o , Collection Period
1. 9.00 - 11.00 h
2. | ©11.060 - 13.66 h
3. B 13.66 - 15.006 h
Day 1 4. 15.60 - 17.66 h
5. 17.66 - 19.60 h
6. - 19.90 - 21.9¢ h
7. | 21.6¢ - §9.60 h
Day 2 . ©89.60 - £9.00 h

~ Day 3 . 99.00 - 09.00




enzymatic procedure described and evaluated in chapter 2.

2.2. Results..

2.2.1. Specificity of the Enzymatic Assay.

a2 mM  aqueous _solution of the antibiotic
'Tinidazole' when estimated as per the assay procedure did

not differ from the 'zero standard' value.

PO

2.2.2. Exclusion of Subjects.

Of the 8 subjects recruited to the study 1 male

and 1 female subjéct were >excldded due to incomplete

sample collection. The age range of the remaining 6

subjects was 22 to 40 years.

. 2.2.3. Urinaryrokalate Excretion. -

The diurnal variation of urinary oxalate excretion

rate for the 6 subjects is shown in figure 3.14. The rate
of excretion varied throughout the 24 hour period and was

highest between 5.90 pm and 7.Gﬁkpmland generally,lowegg

during the night through to mid morning (9.00 pm togl.ooam.

.. When a paired t-test was applied to the data no
statistically Significant difference between any of the
time periods -was shown;~The mean excretion rate over the

24 hour period was 13.8 uM/h ( + 2.32).

- (120)
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The variation of thé daily éxalate excretion rate
over = 3 consecutive days is showh‘ in figﬁre 3.15. No
statistically significant differences, uSing a péifed
.t-teét was shown between the days. The‘mean excretion rate
over the‘3 day period was 12.9meﬁ/h( + 4.59).

The _intérindividuai variation of tﬁe daily oxalate.
excretion over the 3 day study peiiod sﬁowh in table 3.8.
ranged ‘ f;omr 6.5 to 64.7 % and the »intréindividual

‘variation'shown in table 3.9. ranged from 17.0 to 33.9 %.

-~

2.2.4. Urinary Oxalate Concentration.

The diurnai ~ variation of urinary oxalate
concentration is shown in - figure 3.16. No statistically
significant difference was found between any of the time
periods using 'a pairéd t-test. However, the general
impression obtained from the ‘histogram ,was_ of a'loﬁér
oxalate concentration ’in the morning through to the'mid”
afternoon (9.0¢ am to13.@@.pm) and a highef concentration
’fromr'the ’mid }afternoon and'fhroughout the night (3.00 pﬁ
to 9.00 am). The mean oxalate concentration Qver the whdle
- day was 245}@bi/ix + 66.G).ff
The variation of the daily oxalate concentration
over - the 3A'dayv'study‘periodbis shbwn in figure 3;17. No
statistically significant difference was found (paired
t~test) and the mean oxalate concentration for all 6
subjects was 244 wol/L( + 91.5).

The coefficient of interindividual variation of the daily urinary

- (121)
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oxalate concentration over the 3 day study period shown in

table 3.19.¢cv ranged  from 4.8  to 68.6 % and the
Sev . ' , - ,

intraindividual ~~variation shown in table 3.11l. ranged from

27.0 to 45.4 %.

2.2.5; Urine Flow Rate.

The diurnal variation of wurinary flow rate is

- shown in figure 3.18. There was a tendancy for urine»flow

rate to be reduced during the evening and night (7.00 pm

to 9.0¢ am) and increased'during the rest of thevday; A

paired. t-test showed a significaht fall in the urine flow
rate betweeh the 7.00 pm to 9.00 pm sample period and the

9.00 pm to ,9.90 am Sample period at the 5 $% prQbability

‘level. The mean urine flow rate over the 24 hour period

‘was 58.5 ml/hour ( + 11.5).

The variation of the daily urine flow rate over:

‘the 3 day period is shown in figure 3.19. Using‘the_paired_

‘t-test, . no statistically significant differences were

noted between the days‘and the mean déily'urine flow réte
was 54.8 ml/hour ( + 13.3);iw'

The - interindividuaigyvariation' of the daily‘uriheiv
flow fate vaer tﬁe '3 day period shown in‘table 3.12.

ranged from 2.3 to 27.0 % and the intraindividual

ivariation,' shown in table 3.13. ranged from 19.7 to 24.9

[
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2.2.6. Correlntion of Results.

Linear Aregression analysis showed that there was a
very highly significant vcorrelationn between the aiurnal
variation ‘of. oxalate concentration and the diurnal
variation of oxalate exd:etion as shown in.figuref3.26. A
coffelation coefficient of 0.6950 was found (n=42,
p<0.901). | | |

A similar correlation was found between the mean.
'daily. oxalate ‘concentration and. ‘the mean'daily.oxalate
excretion rate over +the 3 day study'pe;iod és sthn in
figure 3.21. A correlation coefficient:éf 3.7869 was found
(n=18, p<0.061);

A highly significant négaﬁive‘-corrélation was
found between the' diurnal urine ‘flow“ and the dinrnal
oxalate concentration as . shown‘ in figure 3;22. A
co?relation' »coefficient ;of —0;4653 waé found (n=42;’

p<@.@1l).

2.3. Discussion.

»With the developmentn of the:enzymaticuprocedurev
fqr urinary oxalate eéfimation describéd in chaptér 2.3.
oxalate determinations in 'a large series of samplés.was
possible. | .

No statistically .significant diurnal &ariatidn df
urinary oxalate excretion ’or :»»urinary oxalate

concentration was found due to the wide range of values
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from individuals 'for each time period as Shown by the
large error bars, »représenting 1 standard deviation, in
figureé 3.14 and 3.16. However, general diurnal trends in
oxélate excretioh, concentration and urine flow rate Were
evident in figures 3.14, 3.16 and 3.18.

As subjécts»were fasted from_lﬂ;dﬁ‘pm‘the previoué
‘eveningr,qntil 1.0 pm on the day of the study, the
'generally low mean bxélaterexcretioﬁ rate QbServed between
9.90 am and 1.06 pm ﬁay represent‘the basai‘éndogehous
' eﬁcretioh of o#alate; The mean excﬁéﬁién raté subsequently-
inéreased~runtil 7.0¢ pm and this may be associated with
the dietary *intake and absorpti6n of oxalate and 6xéiate
precursors. Although the sémpling periods were too- long
dﬁring' the hight and early morning tO'providé detailed
fesults;‘ thé fall in oxalatev excretionv rate over this
périod may be related to reduced ‘dietary_ intake ahd
absorption. | |

~Increased urinary oxalate excretion aséoéiaﬁéd
with dietary °intaké‘ has been shoﬁn‘in non stone forming
subjects, as in this instance, and in sﬁonef forming
subjects (Tiselius énd Almgard 1977, Haigreave et a1v1977,; 
Vahlensiéék, Bach and Hésse 1982). | |

ﬁrinafy bxalate concentration Eended to be lower
betweén 69.00 - 15.00 h and higher between 15.08 — §9.00 h
(figure 3.16{)‘ althouﬁh ho statisticaily significaht
differences were shown. Conversely, urine flow rate tended
to be lower Betwéen 21.06 - 09.00 h and higher between

09.0¢ - 21.00 h (figure 3.18.). The fall in urine flow
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rate between the 7:09 pm to 9.0@ pm and the 9.0¢ pm to
9.00 am time periods waé significant at the 5 %
probability level. | |

A highly significant ﬁegative correlaﬁion
(p<@.001) was found Dbetween these two components (figure
3.22,) which was similar fo the relationship found by
‘Tiselius and Almgard (1977). This indicated that ~at
periods of low urine flow rate, rﬁhe urinary> oxalate
concéntration tenaed to be higher. |

A  very highly significant'pésitive correlatiop was
- observed Ibetween thé diurnal oxalate conéentration andvthe
diurnal oxalate excretion rate;(n=42, f=0.695@, p<@.0a1)
~as . shown in figure 3.2@.; and between the mean daiiy‘
oxalate ‘cdhCentration aﬁd the mean daily oxalate excretioﬁ
rate (n=18, r=0.7869, p<G.QGl) as shown in figure 3;21;

Aithough the ﬁrinary concentration of oxalate waé
reléted‘ to the urinary flow raté, these results confirméd
the concept of HargreaVe' et. al (1977) in .which the
~variation of oxalate excretion wasbnot>related directly to
the rate of. utine  fiow’ as had been suggested by dthers'
(Tiséiius éﬁd Almgard 1977, Vahlensieck ét al 1982)Vand
that the uxinaiy oxaiate,excretion was influenced more by
other factors such as dietary: intake and ébsorption._
However,  outwi£h  these ’infldénceé, an increase in the
total oxalate eXérefion' relatéd fo ah increase in.the
urine flow has beén shown vby Zatembski and Hodgkinson
(1969). -

Over the 3 day study period there was no
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‘significant difference between the mean daily excrétion
rate. of “oxalate (figure 3.15.), the mean daily oxélate
concentration (figure  3.17.) or the mean daily‘urihe flow
rate (figure 3.19.). |

| Fbr  all 6 subjects, the mean interindividual
variations of the mean daily wurinary oxalate excretioh

rate, the mean daily oxalate concentration and the mean

\

daily urine flow rate were 28.8 % iv25.81@p¥[h*28.l 5+
23.1 ‘1umol/l and 15.9 % + 1¢.1 ml/h, and the mean
vintraindividual»,variatibns were 30.8 % + 12.5umol/h, 36.3 %
+ 9.2@m9%@7and 23.2 % + 3.G>ml/h iespectively. | |
| In all 3 insténces,¥ the value for the
intérindividual» variation was lower than‘the co:respondiné
value - for the intraindividual variatién, although fhéi
difference was not statistically significant; |
These values, 1in aggreement with those stated by
Tocco et al (1979),, emphasised the‘wide variaﬁions béth_
within andv between subject that were encountéred which
subsequently made ﬁhe clinical interprétation and
" significance of thé results possible in only vgeneral

terms.
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CHAPTER 4. CONCLUSIONS.

N

l; The analysis of urinary oxalate.

The cliniéal interest in ‘Urinaty‘ oxalate is 
increasing, with a number of oxalate kits, - based oh
enzymes, becoming aQailable, ~and a“wide'.variety of
~analytical teéhniques have been applied to the analyéis of
_oxalate.r' | | | |

The analytical procedure ‘developed during the
,current‘ work ‘has been shown to-be precise accurate. and,
compared to the reference ’procéduré,k-safe and easy to -
perform, |

‘Had there been time,'ifurther deveiopment of the
-procédure ‘mightr have 1led to suitable method for fhe
routine estimation of both serum and;urinary oxalate.

The interpretation of urinary oxalate analyses ﬁés'
been shown to be complicated by‘ the large  inter.and
- intraindividual variation of o#alate excretion in normal
subjeCﬁs and ‘thé poséibilify :of‘ a diurnal variation of

oxalate excretion has been confirmed.

2. The effects of therapy in stone formers.

The mechanisms by' which allopurinol mayA,have
reduced the formatidn of stones were obscure but may have
been related to a reduction in the'urinary urate excretion

increasing the érystallisation inhibitory‘ properties of
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urine, or reducing éhe initiation of  calcium oxalate
crYstal growth due to épitaxy.,The novel observation of an
increase in the urinary calcium excretion auring
allopurinol therapy may be considered to have been an
adverse effect . as far_aé stone disease was ¢oncerned, but
the effect was only temporary. . | |

Bendrofluazide therapy 'was ~shown to favourably
-alter " the urinary excretioh of both célcium and magnesium,
with respéct to the risk»of forming renal stone,-although}
in the hypercalciuric ‘group,' the " wurinary -excretion of
“oxalate waS‘increaéed. | |

The mode of action of béndiofluaziae, particularly
the  hypocalciuric effect, is stillv>dbscure, and its
influence on other factors"related' to the formation of
‘Stone was possible.

Although a reaﬁction~in the stone recurrence rate,"
'during therapy with allopurinol and bendrofluaiide has -
' beenb implied; ‘the _pe:iod of follbw up has been too‘Short,
to draw any definite _conclusions- as to ‘the cliniCaL

effects of these therapies.r
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