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ABSTRACT

CRGANC AODS IN FRU T JU CES FOR THE PRCPHYLACTI C
TREATMENT CF RENAL CALCULI

Scott M Erne
Mast er of Science

Youngstown State University, 1987

Cal ci um conposes up to approxi mately 90% of all ki dney
stones, with the remai ning 10% bei ng nmade up by oxal at e,
phosphate, or a mxture of various urinary ions. An increase in
the level ot ionized calciumcan increase the risk of stone
formation. A common problemis a deficiency in the excretion of
natural inhibitors in the urine of individuals plagued with
recurrent stone formation. Qganic acids can reduce the risk of
stone formation by conplexing ionized calciumin urine. This
study has denonstrated that citric, nmalic, and quinic acids reduce
the level ot ionized calciumin vitro. Based on this observation
an attenpt was nmade to duplicate this effect in vivo. The juices
chosen were cranberry juice cocktail and grapefruit juice, since
both of these fruit juices are known to contain high

concentrations of organic acids. It was concluded fromthis study

EXEE R



that the ingestion of 10 ounces of these fruit juices has no
significant effect in increasing the level of organic acids in

urine of nonstoneform ng individuals over a 6 hour tinme period

conpared to the ingestion of 10 ounces of water.
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CHAPTER |

I NTROCDUCT! ON

Calciumis a major constituent of 90%of all renal cal cul
(kpstein, 1968), occuring as a conplex of either cal cium oxalate
or cal ci um phosphate. Cal ci um oxalate i S the nost preval ent type
of cal cium stone, constituting two-thirds of all types of kidney
stones fornmed (Dent et al., 1971). Cal ciumcontaining stones can
be prevented, or at |east nmanaged, by certain dietary
nodi fications. Robertson et al. (1978, 1983) reported that the
dietary intake of certain risk factors such as cal cium oxal at e,
gl ycosam nogl ycans, fluids and urinary pH influence the
physi ochem cal environnment of urine necessary for the pathogenesis
of stones.

Two nai n theories have been proposed to explain cal cul
formation: the saturation/crystrallization theory and the natriXx

t heory.

Saturation/crystallization theory

The concentration of ions which saturate urine is inportant

in the initiation ot cal ciumstone fornmation. In vitro studies




have shown that when the products of free ionized cal ci umand
oxalate (free ion activity product or FI AP) are bal anced by one
another, an equilibriumsolubility product (ESP) is forned. The
degree of urinary saturation is determned by the activity product
rati o (APR) ot FIAP/ESP (Coe and Favus, 1984). ©Urine is

consi dered oversaturated it the APRis greater than 1 and
undersaturated it the APRis less than 1 (Robertson et al., 1968).

Any disturbance in the FI AP attects crystal formation in one
of two ways. A decrease in the FlI AP produces an under sat ur at ed
urine where existing crystals will be solubilized. An increased
FI AP i ncreases the saturation of urine and crystal formation wl |
occur. In other words, any increase or decrease in urinary
saturation directly affects the FIAP resulting in an increase
(crystal formation) or decrease (solubilization of crystals) in
t he APR.

Urine is normal |y supersaturated with respect to cal ci umand
oxalate ions but spontaneous crystal formati on does not occur,
Spont aneous nucl eation of crystals will occur, however, if the
amount ot cal cium(or other substances) increases beyond the point
at which urine is no longer able to keep it in solution. The area
of supersaturation between the activity product and spont aneous
crystal formation is the nmetastabl e zone of supersaturation. It
iswthinthis nmetastable zone that the precipitation and
aggregation of crystals will occur if preexisting nuclei are
present in urine. Precipitation of crystals continues as |ong as

urine remnai ns supersaturated. The upper limts of the netastable



zone where the mni numconcentration of the APR produces

spont aneous crystallization is called the formation product (FP).
'he APR/FP is called the formation product ratio (FPR), and it is
in this zone where the nost rapid growth ot stones occurs.

Nucl eation ot calciumcrystals depends prinarily on the
degree of urinary saturation. A study of cal cium oxalate
crystalluria by Robertson, Peacock, and Nordin (1969) reported
that urine obtained from nonst oneforners (peopl e who have never
passed a stone) and stoneforners (peopl e who have passed at | east
one stone) is usually saturated with cal ciumand oxalate ions, and
that there is no significant difference between the two groups
(Pak et al., 1969, 1976).

Two types of nucl eation can occur dependi ng on the zone of
supersaturation. Honobgeneous (spontaneous) nucl eati on appears
when the concentration of ionic species increases above the
formati on product. A though this type of nucleation is uncommon
(Hol zbach et al., 1974) it is the nmethod by which cal ci um oxalate
nonohydrate stones are forned. Heterogeneous nucl eati on can occur
t hroughout the netastabl e zone and requires a particle or "seed" ,
such as hydroxyapatite or sodiumurate, which serves as a site of
attachnent for a crystal (Pak et al., 1975). Heterogeneous
nucl eation is the usual node of formation for cal ci um oxalate

di hydrat e and cal ci um phosphat e stones.



Matri x theory

Anot her theory for kidney stone formation is the matrix
theory. Al kidney stones contain a protein-like matrix of
approximately 2 to 3% of the total stone weight. Studies
concerning the role of matrix in the genesis of stones has
produced conflicting results.

Wonucoid is the najor nmacronol ecul e present in urine and is
simlar in chemcal conposition to stone nmatrix, except uronucoid
contains sialic acid whereas matri x does not. Hallson and Rose
(1979) added uronucoids in vitro to crystal-free whol e urine and
found that the added uromnucoi ds i nvoked cal ci um oxalate crystal
formation in 85% of the urine sanples. Hallson and Rose
hypot hesi zed that the uronucoi ds pronoted stone formati on by
acting as nuclea which attracted and "gl ued" cal ci um oxalate
crystals. They al so suggest that atter the uronucoid is
precipitated in urine the sialic acid portion is cleaved by the
renal enzyne sialidase, thus converting it to stone matrix (Ml ek
and Boyce, 1977).

In 1982 Rose and Sul ai man preci pitated a uronucoid, the
Tamm Horsfal |l (T-H) gl ycoprotein, from nonstoneformng urine and
added it to ultrafiltered crystal -free nonstoneformng urine.
Their results showed that the addition ot the T-H gl ycoprotein to
the ultrfiltrate significantly increased cal cium oxalate crystal
formation in 73% ot the sanples. Contradictory evidence for the
T-H gl ycoprotein acting as a stone pronoter was reported in a

study by Kitamura and Pak (1982). Kitanura and Pak precipitated



the T-H gl ycoprotein fromthe urine of nonstoneforners and
stoneforners and added the gl ycoprotein to a synthetic urine

medi um cont ai ni ng cal ci um oxalate seeds. Their results showed
that the addition of the T-H gl ycoprotein exerted a slight

I nhibitory effect by increasing the FPR in both nonstoneforners
and stoneforners urine. The study also reported that as the
concentration of the added T-H gl ycoprotein increased, the rate of
crystal formation decreased. Therefore, T-H glycoprotein has a
significantly greater inhibitory effect in the stoneformng group.
Thi s evidence presented by Kitanura and Pak refutes the study of
Rose and Sul ai man, but the results could be expl ained by the

di fferent met hodol ogy used by each research group. Wether the
matrix acts as a pronoter or inhibitor still requires further

i nvestigations, but it unquestionably influences stone formation

in some way.

| nhi bitors of stone formati on

Once crystal nucleationis initiated, growh continues as
long as the urine renai ns supersaturated. However, this |evel of
supersaturation is usually exceeded in heal thy individuals wthout
the formati on ot a kidney stone. The question arises, why do sone
peopl e form ki dney stones while others do not? This can be
expl ained by the concentration of inhibitors in urine.

Winary inhibitors affect the crystallization, aggregation,
and growm h of calciumstones by altering the ionic activity of

urine. Wien these urinary inhibitors are present they raise the



FPR, allowi ng for greater concentrations of cal ciumand oxalate
ions without increasing the risk of stone formation. Dent et al.
(1971) and robertson (Peacock, Marshall et al., 1976) conpared the
| evel s ot urinary inhibitors in nonstoneformers and stonefornmners
and found that the inhibitor concentration was | ower in
stoneforners. Another study (Smth et a., 1980) reported no
significant difference betwen the two groups.

The inhibitory activity can occur by several processes. The
i nhibitor may chelate the free urinary ionized cal ciumor oxalate
to prevent crystal fornation. Another possibility is for the
inhibitor to bind to the surface ot a crystal, thus disrupting the
surface lattice and thereby preventing any further adsorption of
other ions onto the crystal. O the inhibitor can bind cal ci umor
oxalate in the intestinal lunen to forman insoluble conpl ex, thus
preventing its absorption and excretion.

A variety of inhibitors have been identified and are known to
prevent crystal formation, aggregation or both. One of the first
inhibitors identified used rat cartilage as a substrate (Howard et
a., 1Y67/; robertson, Hanbl eton, and Hodgki nson, 1969). This |ow
nol ecul ar anionic inhibitor was isolated (but not conpletely
identified) fromurine and found to prevent the in vitro
calcification of rat cartilage. Stoneformers are known to be
significantly deficient inthis urinary inhibitor. A though this
I nhi bi tor has been suggested to prevent cal ci um phosphate
crystallization, its role in cal ciumoxalate inhibition is obscure

and further investigation is needed.



Many natural ly occurring inhibitors have been proven
effective against calciumlithiasis in vitro. Gtric acidis a
| ow nol ecul ar wei ght organic acid inhibitor of cal cium oxalate
preci pitation and growth (Fl ei sch, 1978) which forns sol ubl e
conpl exes with urinary calcium Many stoneforners who are
di agnosed as hypocitraturic (urinary citrate §400 mg/day in men
and 200 mg/day in wonmen) (Rudman et al., 1982, N car et a., 1983)
have normal concentrations of urinary calcium The deficiency in
urinary organi c aci ds has been suggested as an additional risk
factor in stone di sease (Vogel et a., 1984). Qher organic
aci ds, such as hippuric and lactic acids, also increase the Ln
vitro solubility of calciumoxalate, while glucuronic and pyruvic
acids are ineffective (Elliot and Eusebi o, 1965).

Pyrophosphat e (-P-0-P-) inhibits cal ci um oxalate
crystallization (Welshman et al., 1972,) and growth (Meyer and
Smith, 1975). However, it is generally believed that the
concentration of urinary pyrophosphate is insufficient to create
the sane inhibitory effect found in vitro (Fleisch, 1978, and
Ryall et al., 1981). Magnesiumions retard crystal precipitation
(Desmars and Tawashi, 1973) by chelating urinary oxal ate, thereby
i ncreasing the YPR of calciumoxalate. GCershoff and Prien (1967)
reported no new stone formation in 83% (30 out of 36) of recurrent
stoneforners during a five year treatnent plan consisting of
dietary suppl ements of 100 ng Mgo and 10 ng vitamn By
(pyroxidine) daily.

There is a general consensus that urine from both



stonef ornmers and nonstoneforners is normal |y supersaturated with
cal ci um oxalate crystals. It is thus becomng apparent that the
nore inportant focus of activity is to determne whether there is
a deficiency in aggregation inhibitors that distinguishes the two
groups. d ycosam nogl ycans, such as heparin and chondroitin
sulfate, are known to inhibit the Ln vitro aggregation of cal ci um
oxalate crystal s (Robertson, Know es, Peacock, 1976, Ryall et al.,
1981), however, heparin is present in such mnute amounts in urine
that it has limted applicability in viva (Gol dberg and Cotlier,
1972). Ryall and associ ates (1981) reported that urinary nagnesi um
posesses the ability to inhibit crystal aggregation at a

3

concentration of 5X10 ~ mol/1l, which is well within the

concentration range of nornal urinary magnesi um of 1.5-5.8%1073

mol/1 (Sutor et al., 1979).

TREATMENT CF CALA UM OXALATE LI TH ASI S

Medi cal managenent

Peopl e who have passed at | east one stone are usually at risk
to formone or nore additional stones at sone tine during their
lifetine. Medical intervention is usually the first nethod of
treat nent upon di scovery ot stone formation because of its broad
specificity of action. Mst treatnent plans are inplenented
wi t hout taking into consideration the causation of the stone, and
may actually increase the risk of formng rather than preventing a

stone. Some consi derations when treating a stone patient shoul d



be to return the physiochem cal nature of urine to normal, to
avoi d any adverse side effects, and to overcone any physi ol ogi cal
deficiencies (i.e., inhibitors or pronoters) in the urine.

One type of nedical interventionis the oral admnistration
of phosphates. Phosphate is given as a neans of reducing urinary
pH and to decrease hypercal ciuria by chelating calciumw thin the
intestine or urine. Pak et al. (1974) orally admnistered 10 to
15 mg/day of sodi um cel | ul ose phosphate to stonefornmers havi ng
absorptive hypercalciuria. Cellul ose phosphate is a
non- absor babl e salt which strongly binds divalent cations in the
Intestine and prevents their absorption fromthe intestine. This
treatment significantly reduced the level of urinary cal ci um bel ow
200 mg/day in all 16 patients w thout producing a negative cal ci um
bal ance. A few of the consequences using this therapy are a
reduction of urinary nagnesiumand an increase in urinary oxalate
acconpani ed by di arr hea.

Ot hophosphate is also given orally (1-2 gns) in patients
di agnosed with absorptive hypercalciuriain an effort to reduce
urinary calcium but its actions differ from cell ul ose phosphat e.
Ot hophosphate is a sol ubl e absorbabl e salt, and when ingested it
reduces urinary calciumbut to a | esser degree. Because it is
absorbabl e, it increases urinary phosphates, thus increasing the
ri sk of cal ci um phosphate stones. This risk is offset by the
reduction of urinary cal ciumconbined with a two- to three-fold
I ncrease of pyrophosphates in the urine (Lewis et al., 1966).

Thiazide diuretics are often admnistered to reduce cal cium
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excretion in stonefornmers sutfering from absorpti ve and renal
hypercal ciuria, In 1978, Yendt and associ ates significantly
reduced the recurrence of cal cium oxalate stones in 90% of
stoneforners by the admnistration of 50 ng of hydrochl orot hi azi de
twice a day. Post-treatnment anal ysis al so reported a decrease in
urinary oxal ate, presunmably by increasing fecal calcium a
reduction in urinary citrate, and an increase in magnesi um
excretion without any significant change in urinary pH

Al though the main effect of diuretics is to reduce urinary
saturation and increase urinary output, not all diuretic
medi cati on has this hypocal ciuric property. Chlorthalidone and
nmet ol azone, two thiazide-related drugs, have no significant effect
on reduci ng cal ciumexcretion and nay actually increase urinary
calcium(Yendt et al., 1978). Many idiopathic stoneforners are
di agnosed as nornocal ciuric yet are still plagued with stones, and
the use ot these hypocal ciuric drugs is ineffective.

Anot her method of treatnent is to increase the anount of

urinary inhibitors. An increase in urinary inhibitors has been
reported during phosphate or thiazide treatnent and is attributed
as a secondary effect to the reduction in cal cium excretion.
Pak and associates (1986) have extensively studied the effects of
potassiumcitrate therapy in stonefornmers with absorptive and
renal hypercal ciuria and idiopathic (nornocal ciuric) stoneforners
di agnosed with hypocitraturi a,

Potassiumcitrate was given to nonstoneforners and

stoneforners in oral doses ranging from 30 to 300 mEqg/day for nore



than 2 years. In all three types of hypercalciuriathe
stoneforners had a significant sustained increase in urinary pH
and restoration of urinary citrate levels to normal with no
significant alteration in calciumexcretion (Pak et al., 1986).
In 86% (21/25) of these patients no new stone fornmati on was
observed during the long termtreatnent. The physi ochem cal
effects of potassiumcitrate treatnment appear to be greater than
ei ther phosphate or thiazide therapy. Potassiumcitrate therapy
effectively reduces urinary saturation with respect to cal cium
oxalate crystals because of the ability of the increased citrate
to chelate ionized urinary cal ciumand increase urinary out put

(Pak et al., 1985, 1986).

D etary nodifications

D etary nodifications are inportant in the causation and
treatnent of urolithiasis by altering or correcting any netabolic
abnormalities in the urine. However, dietary restrictions are
often inposed on a stone patient without taking into consideration
t he pat hophysi ol ogi cal processes involved in stone formation. The
dietary intake ot calciumis vital to stone fornmati on. The
greatest anount of body calciumis found in bones and teeth. The
aver age Kecommended Daily Al owance (RDA) of calciumfor adults is
800 mg/day on a 1400 calorie diet (Nutrition in Health and
D sease, 1982). The main sources of calciumare frommlk and
other dairy products. Approximnmately 40% of dietary calciumis

utilized by the body and the remaining 60%is excreted primarily



In the urine.

Urine anal ysis provides a good determ nation of the cal cium
excretion. Twelve or twenty-four hour urine specinens are
col l ected and anal yzed to detect hypercalciuria. Al though
nunerous tests to detect hypercal ciuria have been devel oped, the
different nethods used and the different tines of urine collection
have nade it difficult to establish a definite level of calcium
excretion. Many studies use the upper limts of cal cium excretion
consi dered to produce hypercalciuria to be 300 mg/day for men
(Smth et a., 1978, and Coe, 1981), 250 mg/day in wonen
(WIllians, 1974, and Coe, 19Y81), or 4 mg/kg body wei ght per day on
a dietary intake of 1000 ng of cal cium(Food and Nutrition in D et
Ther apy, 1984).

Once a person is determned to be hypercal ciuric, the next
step is to determne the cause of the hypercalciuria. Three types
of hypercal ciuria have been identified.

1) Absorptive hypercalciuria, in which there is an
I ncreased hyperabsorption of intestinal calcium
due to an increase in the renal filtered |oad of
cal cium and reduced renal tubul ar absorption of
calcium This group can be further subdivided
into Type | (hypercalciuria on a | ow cal ci um
diet), Type II (hypercal ciuria on a normal calcium
diet), and Type I1I1I, (hypercal ciuria associ ated
wi t h hypophosphat em a),

2) Resorptive hypercal ciuria, which involves the



renmoval of cal ci umfrom bone due to
hyper par at hyr oi di sm Paget's disease, Or
tunors, and
3) Renal hypercalciura, a defect in the reabsorption
of calciumby renal tubular cells resulting in a
| eakage of calciuminto urine.
The nethod of treatnent differs for each type of hypercal ciuria.
Detary restrictions can be used effectively to treat absorptive
hypercal ciuria but are ineffective agai nst resorptive or renal
hypercal ciuria (Loening et al., 1980). There are nany instances of
stoneforners who have an increase in cal ciumexcretion yet do not
show any of the causes associated with the ditterent types of
hypercal ciuria' s. These types of people are considered to be
"idiopathic" stoneforners because the cause of the hypercal ciuria
I's not known.
Restriction of dietary calciumeffectively reduces the |eve
of urinary calciumresulting in lower APR Extrene caution shoul d
be taken when dietary calciumrestrictions are inposed so that the
cal ci um bal ance within the body is not inpaired. Calcium
restriction |ower than 400 mg/day produces a negative cal ci um
bal ance whi ch depl etes bone cal ci um and nmay i nduce osteoporosis
(Lindergard et al.,1983). A noderate calciumrestriction in the
range of 400-600 mg/day is recomrended for absorptive
hypercal ciuria (Pak et al., 1984).
A | ow oxalate di et should be inposed during dietary cal cium

restrictions because there is an inverse relationship between the



anount ot calciumingested and the anount of oxalate excreted
(Bataille, 1983). Calciumis predomnantly absorbed by the
duodenum ot the small intestine and oxalate is absorbed in both the
ileumand jejunum A severe reduction in dietary cal ciumreduces
the amount ot calciumin the intestinal lumen. Wthout any free
calciumions to bind to the intestinal oxal ate, the oxalate renains
Iinits soluble formand is freely absorbed fromthe intestine.

Once it is absorbed fromthe intestine it binds to the ionized
urinary calciumwthin the kidney, formng an insol ubl e conpl ex,
and the formation of a stone begins. Al though a | ow concentration
of urinary calciumis advantageous in the prevention of stone
formation, the anount of urinary oxalate is 10 to 15 tines nore
important in determning the precipitation ot cal ci umoxalate
crystals than either urinary cal ciumor phosphate (Finlayson,

1974) .

An inportant aspect of calciumlithiasis involves the urinary
excretion ot oxal ate. Calcium oxalate stones are the nost common
type of kidney stones and a greater enphasis should be placed on
their treatnent. xalic acid is an organic acid that is a
nmet abol i ¢ end product excreted primarily in urine. No evidence of
oxalate catabolismhas been found (Hagler et a., 1973). |In hunmans
It is synthesized endogenously fromtwo precursors, glyoxylic acid
and ascorbic acid, or obtained fromthe ingestion of foods and
liquids in the diet. Approxinmately 85%of urinary oxalate IS
produced endogenously, with the netabolismot glyoxylic acid

responsi bl e for 40-60% and ascorbic acid accounting for 40% Only



2-5% ot dietary oxalate IS absorbed fromthe intestine, and Ln
vitro studies using the small intestine of rats indicate that
this is a passive process occurring nost readily in the jejunum
(Bi nder, 1974, and Madorsky et al., 1977). This is considered to
be the reason for the increase in oxalate excretion in people who
have had il eal bypass surgery (Drach, 1986).

Many diets prescribed to nmanage cal ci um oxalate stones stress
t he avoi dance of such oxal ate-rich foods as spi nhach, cocoa,
rhubarb, leafy tea, and fruit juices. The daily dietary oxalate
I ntake can vary fromas little as 70 ng to 920 ng (Hodgki nson,
1977) . ror cal cium oxalate stonefornmers this anmount is reduced to
40-50 mg/day (Food and Nutrition in D et Therapy, 1984) in
conjunction with a lowcalciumdiet, for the reasons previously
descri bed.

The anmount of oxalate ingested is not reflected in the anount
ot oxalate that appears in urine. Oxalate in foods is often (or
will be) found as an insoluble salt which prevents its absorption
fromthe intestine. The bioavailability, or the percent of the
total anount of ingested oxalate that is absorbed fromthe
I ntestine, does not always correlate wth the oxalate content of
foods and |iquids considered to be oxalate-rich. O the seven
oxal ate-rich foods tested ,only spinach (1236 mg) was determned to
cause hyperoxaluria (Brinkley, 1981). The investigations in
oxalate bioavailability are few and the avoi dance of foods and
l'i qui ds having a high oxalate content is still recommended.

Even though the bioavailability of ingested oxalate iS lowit



can have a dranatic effect on stone formati on as previously
mentioned. D etary restriction of oxalate is encouraged to
decrease the concentration of oxalate in urine to prevent
hyperoxal uria (urinay oxalate greater than 44 mg/day).
Hyper oxal uri a can occur either by an increase in the endogenous
producti on ot oxalate or by hyperabsorption of intestinal oxal ate.
An increase in the endogenous production of oxalate is
associ ated with a aysfunction in gl yoxyl ate nmetabolismand nay
occur in several ways. First, an increase in a dietary precursor,
such as glycine or serine, leads to an increased production of
oxal ate. Secondly, there are the prinmary hyperoxaluria types | and
II. Both are congenital illnesses caused by a genetic defect of an
enzyne inportant in the synthesis of glyoxylate. Pyridoxine
(vitamn Be) admnistration is effective in treating type |
patients by significantly reducing urinary oxalate because of its
ability to transam nate gl yoxal ate to glycine instead of to oxalate
(Bal cke et al., 1983).
| ncreased absorption ot oxalate (or enteric hyperoxaluria) is
caused by the nal absorption of intestinal fat (Chadwi ck et al.,
1973, Earnest et al., 1974, Smth et al., 1978). Unabsorbed fats
bind calciumin the intestinal lunmen, thus allow ng for a greater
amount of oxalate to be absorbed fromthe intestine and excreted.
One universally recommended treatnment is increasing the
I ngestion of fluids. A high fluid intake dilutes urine, lowers the
urinary concentration ot stone-formng i ons, and decreases the

saturation | evel of calciumsalts. A recommended m ni nrum uri ne



output of 2 liters/day i s achieved by drinking approxi mately 3
liters of fluid per day (Pak et al., 1984), or 8 ounces (240 ml) of
tluid hourly whil e awake (Hosking et al., 1983). A |east 50% of
the fluid intake should be water and the other half can be fluids
of the patient's choosing, as long as the patient does not choose
flui ds contai ning high contents of calciumor oxalate. Fluid
I ntake shoul d be bal anced t hroughout the day to maintain a
consistently high urine flow Hosking and associ ates (1983)
treated 108 idiopathic cal cium stoneforners with a fluid intake of
8 ounces/hour while awake, and reported that 58% ot the patients
had no new stone formation for up to 5 years. Hoski ng concl uded
that drug therapy in patients wth idiopathic calciumlithiasis nay
not be justified it tluid therapy is proven to be effective.
Theoretically, an increase in urine vol une would not only
dilute the saturation of calciumsalts but would al so decrease the
concentration of urinary inhibitors. |In 1980 Pak and associ at es
studied the Ln wivo effects of urinary dilution on cal cium
phosphat e and oxalate supersaturation in patients w th absorptive
hypercal ciuria. Results fromthis study reported that a urine
volune ranging froml to 23 1liters/day (on a fluid intake of 1.8
to 33 1liters/day) significantly increased the formati on product
rati o of calciumoxalate, thus indicating that an increase in fluid
I ntake can inhibit nucleation of cal cium oxalate Stones.
Conversely, the dilution effect did not significantly alter urinary
excretion of stone-formng inhibitors, particularily nmagnesi um

citrate, and pyrophosphate. This indicates that the increase in



tluids was acconpani ed by an increase in inhibitor absorption.

The anount of dietary proteins ingested is also crucial to
cal cium stone formation. Fellstromand associ ates (1984) fed high
and |l ow protein diets to recurrent stoneforners and reported an
Increase in urinary cal cium acconpani ed by a decrease in urinary
citrate on the high protein diet. This evidence suggests that the
effect ot a diet lowin calciumand oxalate nmay be negated if the
diet still contains a high level of protein.

Al t hough nunerous treatnents have been proposed for the
treatnent of ki dney stone disease, it appears that one ot the nost
effective treatnents is to increase the drinking of fluids and to
take sone formof nedication to increase the |evel ot urinary
i nhi bitors and decrease the urinary concentrations of cal ci umand
oxal ate. The purpose of this study is to investigate the rol e of
fruit juices in the treatnment of calciumlithiasis. These juices
contain high levels of organic acids which have the potential to
reduce the level of ionized calciumin the urine, and the ingestion
ot fruit juices would also contribute to increased fluid intake,

which is also very desirable in stoneformng patients.



CHAPTER 11

MATER ALS AND METHCDS

Measur enent of cal ci um

Al gl assware was washed with a 5% sol ution of
et hyl enedi am ne tetraacetic acid (Na,EDTA) and rinsed thoroughly
with deionized water to renmove any extraneous cal ci umthat m ght
interfere wth the analysis ot calciumin the test sanples. Stock
sol utions were prepared fromreagent grade chem cal s purchased
fromthe Signa Chemcal .; distilled, deionized water was used
in their preparation.

A Corning cal ciumspecific electrode (Cat. no. 476041) was
used to neasure the ionized cal ciumagai nst a Corning gl ass
reference el ectrode (Cat. no. 476002). Al sanples were measured
inawater bath at 37° Cwith constant stirring. The calibration
of the electrode was a nodification of the nethod used by Jacobson
et al. (1979). A synthetic urine was prepared contai ni ng
i nternedi ate concentrations of the nitrate salts of the foll ow ng
ions found in urine: wNa*l! (0.16 M), k1
(3.45 x 107° M), zn™? (55 x 107%° N, Fe*? (3.0 x 107° M cu*?

(40 x 107N, and pb*? (5.0 x 1077

(3.35 x 107> N, Mg*?

M) . These concentrations

represent an approxi mate average for these ions found in nornal
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urine. rifty nmh of synthetic urine was added to 50 ml of 2 MKC1.
A calibration curve was then generated by the addition of five
aliquots ot differing anounts of cal cium concentrati ons. Because

L and c17t

the nobilities of kx* in solution are nearly equal, KCl
Is added to the synthetic urine to act as a supporting
electrolyte. This ensures that the potential difference at the
liquid junction of the ion-specific electrode is at a m ni numso
as not tointerfere with the calciumconcentration reading. The
final cal ciumconcentrations were 25 x 10-4 M, 50 x 107% M 25
x 1073 M 50 x 1073 M and 2.44 x 1002 M A standard curve was
generated by plotting the electrode reading in mllivolts on the
ordinate and the cal ciumconcentration on the abscissa. A
representative exanpl e of a standard curve for ionized calciumis
presented in Figure 1. lon-selective electrodes give a

| ogarithm c response to the activities ot ions rather than to
their concentrations. Therefore the calibration was consi dered
conpl ete when a straight line was plotted on three cycle semilog
paper. The el ectrode was calibrated at the begi nning of each day
prior to sanple analysis. A stabilization period of two m nutes
was used before the final reading of the el ectrode was taken for

t he sanpl e bei ng anal yzed

Ettect of organic acids in vitro

3 Min the

The cal ci um concentration was adjusted to 1x10~
synthetic urine (Garti et al., 1980) and a test solution was

prepared containing equal parts of synthetic urine and 2 M KC1.



Onhe mh ot 1mg/ml solution ot malic, citric, and quinic acid was
then added to 100 mi of the test solution. One ml of deionized
water served as a control. The pH ot the test sol utions was

adj usted by the addition ot either NaOH or H,SO,. The decrease in
the level ot ionized calciumin the test solution was then
nmeasured over a period of 10 mnutes (Sarig et al., 1982). Each

organic acid was tested at a pH ot 4, 5, and 6

Anal ysi s of urine sanpl es

WUrine sanpl es were collected at 2 hour intervals up to and
including 6 hours thereafter. There was no specific time of day
i n which the sanpl e was obtai ned from each test subject. The pH
was neasured in each fresh sanple using a glass el ectrode. Total
cal ciumwas neasured by a Signma diagnostic kit (No. 586). The
basis of this test is the reaction of total calciumin the sanple
with o-cresol phthal einto produce an intense purple color which is
proportional to the cal ciumconcentration. The sanples were
quantified spectrophotonetrically at 575 nm usi ng a Bausch and
Lonb Spectronic 20. xalate, citric, malic, and quinic acids were
anal yzed usi ng hi gh-performance |iquid chromat ography (HPLO. Al
subj ects were on an unrestricted di et, except for cautioning them
not to ingest an extraordi nary amount of liquid. Al urine
sanpl es were coll ected, the pH was nmeasured, and each sanpl e was
i medi ately stored at -20° Cif further analysis was not

per f or med.



H gh perfornmance |iquid chronat ogr aphy

Chr omat ogr aphy was perforned at roomtenperature with a
B 0- Rad Aminex HPX- 87H cati on-exchange col umm (300 X 7.8 mm) with
a Bio-rad guard columm (55 mm) attached. Ten mcroliters of
prepared organi c acid standards (1 mg/dl) and each urine sanple
were injected into the colum and run for 30 mnutes at a fl ow
rate of 0.4 ml/min delivered by a Perkin-H mer | SS 100
aut oanal yzer sol vent delivery system H uting conpounds were
detected at 210 nmw th a Perkin-H nmer W spectrophotonetric
detector. The nobil e phase used to separate the sanples into
their conponents was 0.1 M H2s04 (Coppola et al., 1986) (5.6 nh
doubly distilled Velcor n2s04 in 1 liter deionized water). e
mg/ml standards of citric acid, nalic acid, oxalic acid, quinic
acid were injected and their retention tinmes were used as
ref erence points on the chromatogramfor the appearance of the
organic acids in the urine sanples. Wine sanples were syringe
filtered through a 0.45 mcron MIlipore ultrafilter. Ganberry
juice and grapefruit juice were centrifuged tw ce at 10,000 RPM
for 10 mn. each tine to renove any pignent or pulp fromthe juice
and ultrafiltered. 'The presence of urinary organi c aci ds was
determ ned by conparison of their retention tinmes wth those of
the standards. The anount of urinary organic acids was cal cul at ed
by dividing the area under the curve for each urinary organic acid
and dividing by the area under the curve of the correspondi ng
standard and nultiplied by the concentration of the standard

(mg/dl).



Test subj ects

E ght subjects were used, 4 wonen and 4 nen. None of the
participants had any previous history ot kidney stones or urinary
tract infection. A zero tine urine sanple was collected and on
three different days, the subjects were then asked to drink 10
ounces of water, cranberry juice cocktail, and grapefruit juice.
Wine sanples were then collected at 2, 4, and 6 hours
post-ingestion. Total calcium ionized calcium and pH were
neasured inmmedi ately follow ng the coll ection of each sanpl e.

Oxal ate, citric acid, malic acid, and quinic acid were neasured in

each sanpl e as previously described above.

Statistical anal ysis

Twenty-five runs of each Ln vitro organic acid addition and
the controls were performed. The one way anNova (anal ysis of
vari ance) was used to verify the significance between test sanpl es
and controls in both the in vitro and Ln vivo studies at the p §

0.05 |evel.



CHAPTER 111

RESULTS

Ef fect of pH on the cal ciumconpl exing ability of three organic
acl ds

Onem of al mg/ml solution of either citric, malic, or
quinic acid was added to 100 ml of synthetic urine containing L0
nM ca*?. ne ml ot deionized water served as a control . Aliquots
of each solution were then brought to a pHof 4, 5, and 6, and the
amount of free calciumin each solution was determned atter 10
mnutes with a cal ci um ion-selective el ectrode.

It can be observed fromthe Table 1 that the addition of 1 ml
of water to the synthetic urine increased the |evel of ionized
calcium at all three pHs. It can also be observed that as the pH
increases, there is also an increase in the level of ionized
calcium The addition of 1 ml ot citric acid to the synthetic
urine results in a decrease of ionized cal cium the greatest
decrease occurried at pH 4 with a | esser decrease at pH 5 and 6.
Malic acid al so decreased the concentration of ionized calciumin

the solution with the greatest decrease occurring at the | owest

pH However, in contrast to citric acid, the snallest decrease



occurred at pH5 For quinic acid, the greatest decrease in
cal cium concentration occurred at pH5, with a snaller decrease at
pH 4 and only a slight decrease at pH 6.

Al three organic acids, at each ot the three pH s,
significantly reduced the anmount of ionized calciumin the
synthetic urine when conpared to the control. A pH 4 the
decrease in ionized calciumafter the addition of citric and nmalic
acids was significantly different fromquinic acid but not from
each other, A pH 5 the decrease in the level of ionized cal cium
caused by the organic acids was significantly different fromthe
control but not fromeach other. A pH 6 the decrease in ionized
cal cium caused by citric and nalic acids was significantly
different fromquinic acid but not from each other.

HPLC anal ysis of organic acids, cranberry juice cocktail, and
grapefrult julce

Ten mcroliters of 1 mg/ml standards of citric, malic,
qui nic, and oxalic acids were anal yzed by high perfornance |iquid
chromat ography. The resulting chromatograns are presented in
Figures 2 thru 5, S ngle peaks were detected for citric acid at
14.78 rnn, nalic acid at 16.69 mn., and oxalic acid at 15.68
min. Two peaks were detected for quinic acid at 15.81 and 17.03
mn. (Figure 2).

Cranberry juice cocktail was al so anal yzed by HLC  The
resulting chromatogramis presented in Figure 3. The foll ow ng
organic acids were identified in the chromatographs: citric acid

at 14.72 mn., and nalic acid at 16.64 mn. Based on the



chromat ographi c results the concentrations of citric and malic
acids in cranberry juice cocktail were quantified to be 2.4 and

26 mg/ml respectively. Chromatographic results for grapefruit
juice (rigure 4) denonstrated a concentration ot 9.75 mg/ml of
citric acid and 5.75 mg/ml of quinic acid. A typical chronatogram
of a urine sanple is presented in Figure 55 Qdtric acid was
identified at 14.80 mn. and nalic acid at 16.68 mn. Due to poor
col umm separation, quinic acid and oxalic acid could not be
quantified in either of the juices or in the urine sanples.

Ef fect of ingestion of ten ounces water, cranberry jui ce cocktail,
and grapefruit jurce on the level of 1onized calciumin urlne.

A total of 8 subjects participated in the Ln viva study.
WUrine sanples were collected prior to and 2, 4, and 6 hours after
each subject had ingested 10 ounces of tap water, grapefruit
juice, or cranberry juice cocktail. Changes in pH total and
ionic calcium and citric and nalic acids are presented in Tabl es
2, 3, and 4, respectively.

It can be observed from Table 2 that there is no significant
difference in the urinary pH at tine zero, having a nean pH of
5 34 In the control group a steady increase in urinary pH was
observed, ranging fromb5.35 at time zero to 6.23 at 6 hours. This
was a significant increase in urinary pH at 6 hours conpared to
zero hour. |In contrast, when these sanme subjects drank either
grapefruit juice or cranberry juice cocktail, a significant
increase in urinary pHoccurred up to 4 hours followed by a

decrease in pH



The concentration of ionic calciumafter drinking water was
qui te variaple, showi ng a decrease after 2 hours, increasing after
4 hours, followed by another decrease at 6 hours. However, none
ot these increases or decreases was significant. Total calcium
followed this sane trend. The ratio ot ionic to total calcium
remai ned relatively stable, ranging from31.7 to 36.6% (Table 3),
and show ng significant increase at 2 hours.

The change in total and ionic calciumafter drinking
grapefruit juice can al so be observed fromTable 3. The overal
trend was simlar to that observed after drinking water, al so
showi ng no significant changes in cal ciumconcentration. A
decrease in both total and ionized cal ci umwas observed at two
hours, followed by an increase in both values at 4 hours and very
little change occurring at 6 hours. The ratio of total cal cium
was again relatively stable at 0O, 2, 4 hours, ranging from3L2 at
2 hours to 34.7% at four hours but decreased to 33.8% at 6 hours.

The data after drinking cranberry juice cocktail shows the
greatest variability (Table 3). In this group there was a
relatively large increase in both ionized and total calciumafter
2 hours, followed by a decrease to control values at 4 hours and
further decreasing at 6 hours. The ratio of ionic to tota
calciumranged froma low of 34.9% at 6 hours to a high of 40.8%
at 4 hours. As can be observed fromthe data, the val ues for
these rati os were generally higher than those observed for either
the control or the grapefruit juice groups. None of these changes

was significant.

27



The values for citric and malic acids were also quite
vari abl e, apparently showi ng no particular trends during the
course of the time study (Tables 4 and 5, respectively). The
anount of citric acid increased after drinking water and renai ned
relatively constant at 4 and 6 hours. Malic acid decreased at 2
hours followed by an increase at 4 and 6 hours. |ngestion of
grapefruit juice resulted in a slight increase incitric acid at 2
hours, decreasing at 4 hours, and increasing again at 6 hours.
Malic acid followed this same pattern. Drinking cranberry juice
cocktail resulted in an decrease in citric acid after 2 hours
followed by a slight increase at 4 hours and a |large increase at 6
hours. Malic acid showed a decrease at 2 and 4 hours, followed by

an i ncrease at 6 hours.



CHAPTER |V

D SQUSSI ON

Calciumis a najor constituent of up to 90% of all renal
calculi. +rhe concentration ot ionized calciumin the urine has
been determned to be a major risk factor in inducing
precipitation and growt h of cal ci um contai ni ng ki dney stones
(Robertson et al., 1978). An additional risk factor that appears
to intluence stone formation is the occurrence of naturally found
inhibitors in urine. Studies have denonstrated that urine from
normal individuals has an increased ability to inhibit the
crystallization of calciumsalts, whereas urine fromurolithiasis
pati ents shows a reduced capacity to prevent crystallization
(Fleisch, 1978). The identity of these inhibitors has not been
firmy established, but a study by Vogel et al. (1984) suggests
that a dimnished excretion of organic acids may contribute to the
overall inhibitory potential of urine because ot their ability to
i nactivate ionized cal ciumand other divalent cations by the
formati on ot conplexes or ion pairs. Their study reported that
urolithiais patients have |lower |evels ot urinary organic acids
when conpared to urine from normal persons, which nay contribute

to the causation of stones in these patients. These findings



support an earlier study by Elliot and Eusebi o (1965) that
determned that urinary organic acids increase the solubility of
cal ci um oxalate stones.

Gtric acid appears to possess the greatest inhibitory
activity ot all the organic acids found in urine, accounting for
10 to 11% ot the total organic acids excreted (Canary et al.,
1961). It has been shown to contribute up to 50% of the total
i nhibitory activity against the precipitation of cal ci um phosphate
crystals in nornmal urine (Bisaz et a., 1978). From 19 to 63% of
urolithiasis patients have been reported to be hypocitraturic
(Rudman et al., 1980).

Thus it has becone apparent that it would be desirable to
i ncrease the level of organic acids in urine, especially in stone-
formng individuals. This study was undertaken to first
denonstrate the potential of organic acids to conplex cal ciumions
invitro, and secondly to determne if the in vitro effect could
be observed in vivo.

The first aspect of this problemto be exam ned was the
conpl exing ability of various organic acids in vitro. Previous
I nvesti gati ons have denonstrated that organic acids have the
ability to conplex calciumions in various solutions (Eliot and
Eusebi o, 1965, Vogel et al., 1984). These studies were extended
in this investigation by examning the conplexing ability of
citric, malic, and quinic acids in a simulated urine environnent.
In addition, it has been denonstrated that pH can affect the

conpl exing ability of organic acids, and since the physi ol ogi cal



pH of urine can vary from45 to 80 (Mdern Wine Chemstry,
1982), the conplexing ability of various organic acids was
examned at three different pH val ues.

This study denonstrates that citric, malic, and qui nic acids
significantly reduce the concentration ot ionized calciumin a
synthetic urine at pH4, 5, and 6 Gdtric and malic acids have
the greatest ability to chelate ionized calcium with quinic acid
having | ess than one-half ot the ability of these two acids. In
addition, it was found that both citric and malic acid | ost
approxi mately 30% ot their ability as the pHincreased from4 to
6, thus having their greatest ability at lower pHs. This
observation is in contrast to an investigation by HIliot and
Eusebio (1365), who reported that citric acid had a greater
ability to conplex calciumions at pH 7 than at pH5 This
di screpancy nay be accounted for by the fact that Eliot and
Eusebi o performed their investigation with organic acids in sinple
salt solutions rather than in a synthetic urine. Wine consists
ot a conplex ionic environnent. The presence or absence of ions
that are present in urine can interfere with the conpl exi ng power
of the organic acid if these ions are not accounted for in
solution. Based on these in vitro results, it would appear that
all three organic acids possess the ability to reduce the |evel of
ionized calciumin urine and decrease the potential for
crystallization. It would followthat it would be beneficial to
increase the level ot organic acids in the urine, especially in

the urine of stoneforners, in order to reduce the risk of stone



formati on.

There have been several investigations suggesting the use of
organic acids, in particular citric acid, for the treatnment of
urolithiasis. A recent investigation by Pak et al. (1984)
reported that the oral ingestion of 60 mEgq/day (3840 mg) of
pot assi um citrate increased the level ot urinary citrate by
approxi mately 30% whil e decreasing the level of urinary cal cium by
40%. GCranberry juice cocktail contains approxinmately 720 ng of
citric acid and a total of 2460 ng of organic acids per 10 ounces
of juice. Therefore 10 ounces of cranberry juice 2 tinmes a day
shoul d provide nore than enough organic acids in the diet.

G apefruit juice contains 2925 ng of citric acid and 1725 ng of
quinic acid, for a total of 4650 ng of organic acids per 10 ounces
of juice, and should also be able to increase the I evel ot organic
acids in the urine. Fromthis evidence it was concl uded t hat
either cranberry juice cocktail or grapefruit juice should provide
sufficient dietary organic acids which would result in a

nmeasur abl e increase in the excretion of organic acids.

sased on the work by Pak and others, and on the in vitro
observations of this study, an investigation was undertaken to
determne it organic acids could be supplied in the diet from
cranberry juice cocktail and grapefruit juice. Both fruit juices
are known to contain appreci abl e anmounts of organic acids,
particularily citric acid.

Results fromthis 1n vivo study were quite variable. Winary

pH i ncreased steadily during the time study for all three groups,



peaking at 6.23 atter 6 hours for the group drinking water, and
6.31 and 6.63 for grapefruit and cranberry juice, respectively, at
4 hours and then declining at 6 hours. This increase in pH can
not be expl ai ned and i s unexpected, since the organic acids should
decrease urinary pH Excretion of ionic and total cal ciumalso
showed w de variances. In the control group ionic calcium
decreased by 19.4% atter 2 hours and then increased by 20.2% after
4 hours, followed by a decrease of 17%after 6 hours. Tota

cal cium showed a simlar trend. For the subjects drinking
grapefruit juice, there was a 43.4% decrease in ionic cal cium
after 2 hours, increasing by 28% at 4 hours, followed by a 4%
decrease at 6 hours. Again total calciumfollowed a simlar
trend. The study in which cranberry juice cocktail was ingested
showed the same variability as the other two groups with the m nor
exception that an increase of approximately 27.1% in ionic cal ci um
occurred after 2 hours. Several factors probably contributed to
the variability of these results. First, there was no attenpt to
control the diet of the individuals participating in the study.
Because the in vivo study was initiated in the norning, it was
assunmed that nost individuals consunmed at | east one neal during
the 6-hour tine period which would contribute to the variability
ot dietary calciumintake. Al so, the nagjority ot studies

I nvestigating urolithiasis performurine anal ysis using 24 hour
sanples (Light et al., 1973, Menon and Mahl e, 1983) rather than
col l ecting sanples at 2-hour intervals. |In defense of the

protocol used in the in vivo study, the short sanpling period is



justified based on a previous observation by Sobota (1984), who
reported that antiadherence effects associated with cranberry
juice cocktail could be observed in urine within a 2- to 4- hour
period. Because the antiadherance effects are due at least in
part to the excretion of organic acids, it was hypot hesi zed t hat
the potential effects ot the organic acids on ionized cal cium
woul d al so be observed within 2 to 6 hours after drinking the
juice. It is also nore practical to nmeasure sanples in intervals
rat her than 24-hour sanpl es because sudden i ncreases in urinary
saturation ot cal ciumconpl exing salts increase the risk of

crystal formation. Analysis of a 24 hour urine sanple provides an
overvi ew of the physiochem cal environment of urine but does not
take into consideration the effect of treatnment over short peri ods
ot tine.

An additional factor which nmay have contributed to the
variation in urinary calciumis the fact that the urine sanples
were not corrected for dilution effects. In this regard it mght
be expected that the sanples taken at later tinme periods woul d
exhibit the greatest variation due to a dilution eftect. This did
not prove to be the case. Nornmally a correction for dilutionis
nmade by observing the creatini ne cl earance (Menon and Mahl e,

1983). In this study, as in previous studies that have anal yzed
total and ionized urinary calcium a different nethod was used

(Light et al., 1973). A ratio ot ionic to total cal ciumwas used
as an indicator that would take into account any dilution effect,

since this study is concerned with the relative concentration of



the ionic species of calcium |In this regard, the ratio of the
control sanple was very stable, ranging wthin three percentage
points. This indicates that while there nay be variability in
terns of total calciumover short periods of tinme, the relative
concentration of ionic species is stable, having an average val ue
of 34.1% The ratio ot ionic to total calciumis also quite
stable after drinking grapefruit juice, ranging from31.2 to 34.7%
with an average value of 33.1% This value is quite close to the
rati o observed in the control group. In contrast, the ratio
observed after drinking cranberry juice cocktail showed the
greatest variability, ranging from 34.9 to 40.8%, wth an average
val ue of 38.2% for the 6-hour tine period. Fromthe Ln vivo
results it appears that neither cranberry juice nor grapefruit
juice reduces the level ot calciumions (Table 3C) in the urine of
normal people, at least in short term This is in agreenent with
Light et al. (1973), who denonstrated that nonstoneform ng

subj ects had no significant change in the level ot ionized cal cium
after drinking cranberry juice cocktail.

In conclusion, the foll ow ng observati ons were nade: 1)
Qrganic acids have the ability, in vitro, to conplex ionized
calcium 2) Fruit juices such as cranberry juice cocktail and
grapefruit juice contain sufficient anounts ot organic acids to
theoretically increase the |evel of organic acids excreted in
urine. However, the results indicate that these acids are not
excreted in any significant anounts. And 3) Drinking 10 ounces of

fruit juice did not increase the level of organic acids in the
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urine ot nonstoneformng patients nor did it significantly alter
urinary ionized calciumin these subjects. However, based on the
reports of Pak et al. (1984) and Light et al. (1973), and the
results presented here, it mght be expected that drinking fruit
juices should increase the level of organic acids excreted in the
urine of stoneformng patients and thus provide sone protection

agai nst the formati on of cal ci um contai ni ng stones.
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TABLE 1

comparison ot the effect of organic acids on cal cium
ion concentration at pH 4, 5 and 6, in vitro

I pH 4 | pH 5 | pH 6 |
CONTROL 05 2010 mm 11,06 <010 mM | 110 = 019 mm
CITRIC ACID | -73.2 = 0.05% »| -20.0 = 0.048% | -16.2 = 0.208%
MALIC ACID | -25.4 % 0.13% *[ - 15.'7";632;1_T:-: 19.6 + 0.158% _
QUNIC ACID | -10.7 = 0.10% *| -14.9 + 0.06%* | -2.92 + 0.30%*

Val ues expressed in nmean + sem
*

significantly different fromcontrol (p§0.05)



Wat er
CJC

TABLE 2

Urinary pH after drinking water, cranberry juice
cocktail (CJC), and grapefruit juice (GQJ)

‘____9_?92[__ 2 Hour 4 Hour 6 Hour

| 535 +0.20 | 59 %024 | 613 + 0.38 | 623 + 0.35%]
I 5,36 + 0.27 5.88 + 0.19 | 6.63 + 0.30% H 5.59 + 0.37

} 5.31 0.14 I 591 + 0.19%* I 6.31 + 0.34* I 6.07 + 0.35 i

Val ues expressed in nmean + sem
*

significantly different from 0 Hour (p§0.05)
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TABLE 3

Winary calciumafter drinking water, cranberry juice
cocktail (CJQ, and grapefruit juice (Q)

—— T ————— T ——— —— 0T S T . o ———— i G T S o Y —— —

| 0 Hour 2 Hour 4 Hour 6 hour
Witer | 063 + 123 | 7.76 = 3.05 | 933 243 | 7.74 £195 |
cc ! 9.68 + 1.92 } 12.3 + 3.49 ! 9.47 + 1.58 } 7.03 + 1.51 ’
GJ i 12.3 + 3.46 ’ 6.95 + 1.45 ! 8.89 + 1.32 ! 8.54 + 1.26 I

| 0 Hour 2 Hour 4 Hour 6 Hour
Vater | 20.4 + 265 | 212 +9.73 | 261 665 | 244 %55
cic I 25.4 + 3.91 i 3.6 + 8.65 l 23.2 + 4.30 } 20.1 + 4.15
GJ I 3.5 + 6.68 !22.3 + 5,34 I 25.6 + 4.83 ! 25.2 + 4.58

31.7 + 0.35% |

| | |

| I I I I

cJC | 38.1 +0.49% | 389 +0.40% | 40.8 + 0.37% | 349 + 0.36% |
| I I
| | I

1) Val ues expressed in mg/dl

2) Val ues expressed in mean + sem
*

Significantly different from 0 Hour
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TABLE 4

Urinary citric acid after drinking water, cranberry
juice cocktail (CJC), and grapefruit juice (GJ)

| 0 Hour | 2 Hour | 4 Hour | 6 Hour
i ———— et [ ittt et (R
Wat er | 35.6 £ 17.4 | 54,9 + 22.6 49.3 £ 20.4 48.1 £ 14.9
| | | |
clcC | 59.1 £+ 29.5 440 £ 16.0 47.2 + 18.9 I 86.8 £ 35.9
| |
GJ | 65.7 £ 24.4 I 68.8 £ 26.2 | 41.9 4+ 13.9 I 76.8 £ 23.4
n = 8

Val ues expressed in mg/dl

Val ues expressed in mean + sem

40
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TABLE 5

Urinary malic acid after drinking water, cranberry
juice cocktail (CJC), and grapefruit juice (QJ)

0 Hour l 2 Hour # 4 Hour {____@_t@gL____l

Wat er 16.0 + 6.48 | 15.3 £+ 7.37 | 21.2 + 8.45 | 26.2 + 7.32 |

| | | |

clC 23.9 £ 12.1 l 12.8 + 6.21 | 8.78 + 4.56 | 19.3 + 9.72 |

| | |

& 20.0 £ 7.98 | 14.1 + 6.41 10.8 + 4.51 | 16.2 + 7.98 |
n =8

Val ues expressed in mg/dl

Val ues expressed in nean + sem
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Calibration curve for ionized calcium in synthetic urine
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FIGURE 2

Organic acid chromatograms
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FIGURE 4

Chromatogram of grapefruit juice
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