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MODERrRN T_FiEZCDF?EE—TZI(: BAST O~

EZ_FZICDLQCDGS\K OF URINARNY
L_]:T_F1]:K\SSZ[£S

Modern theories of aetiology of 2alculous Tormation

can be Convenient 1. Separategd into the fo??ow1mg ma i

Categorieg: -
SATURATION: -

If ﬁmcreasimq SMount s of UMD

Lt
"t
Lt
a
8]
1}
in
i)
w
K]
i
N}
b
7,

Crvestaliization are agded to pure water gt 5 Sivern oH ang
temDerature, eventual iy a highn enouah soncentration ig

reached for Crystals +o form. when Trvstals begin rg form,

W&  sav  rhat the o lution nas Cecaomea saturateg w3t The

Substanca There ig 5 ipecific Timir T2 TRe amou - T Solias

or =Iolute that car pe neld in Soclution . Ahen rndqe EMOUNS 5 o

€xceedeqg, Crvstalsg mMUst form. wWhen ruo I Mmore
are combineg Lo form the CrYstal 3 44 Calcium ox s

leve] of Saturation is qovernedg Oy The oroduct o

concemtrations oOFf  the two O more SUbstances The poimr Ar

which Saturation 4g reached ang Crvstallization Deqins  sc

referred rn as the sotubi ity Product (spy Temperatyura EhgTs

PH must pe specific for any CSrystallization Rrocess . Byt dn

case of uwo?ﬂthﬁasfs, it musc DTCUr 3t mogwe temoewature =04

a

or near 370 Srce urine varieg wildel., 4n oH,. ThHAs factor
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must be considereg iy arn, explanatiaon of Jrolithiggic

‘drach 1878 .

Urine nac CLhe apiltit, Lo hold more SOTute 4~ SQlution
than pure water Altrougn 517 elemarts g Mo lazyTa
Urine are SUspended in water Cthe Minture af Ma iy
electrical iy active “ane 4. urire cagsec interscrtiome Cihat
Chnange the SoTupility, ~fF Eheir elemarts IS agadition, mnar .
Sraanic crnemican moleculas suehn 4% urea, yries acid. citrate .
ANd the complew MUcooroteing af Urirne . x93 MULaali s sffant

The Solubility of other Substances {Darch, 1978 .
* SUPERSATUQATIDN:~

The most Sigrnificant and beneficign effect af these
ionic ang erotein elementsd 1nteractioﬂz s ro increasa trhea
o Tupiiie., of saricus SUGSTarces “hat TLrer qne ek Kiahil
crvstallize +in the concentrarionc bresert 4rm  grira Hernca
1F a Jiven amount of  calcium and  oxalate That wou g
Srystailize when Placea in g sclution of water gt g Siven oM
&nd temperature g Clacea +p urine Tt Wwitl ne neld dn
solution. If the amount of Calcium ang Oxalate -<g increazeqg
Drogress1ve7y in the same volume of urine at constant pH and
temperature, the calcium and oxalate w311 sStay N solution
even rhough the SOTubi 1ity Product nas peen exceeged, thyg
creating a State OF SUperzaturatiom. The ares of
supersaturation between tha Sclubil1ity broduct and rhea point

at whieh Spontanecyus Crystallization QCCuUrs  ig called the
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metastabile region for 3 gdiven substance | The point ¢ Wiiom

Spontaneoys nucleation ofF Tryvstals 2CCcurs d= calilaed *tra
formation Rroduct  (FP1 oFfF urine (Finlawvson 1974, A1 T T4 ame
1974 .

Crystad Nucleation:

Crvstan nuc leation SCours wher active Tons

W
3
[}

molecules 4R 2 zolution neo Tongar fiow rangomi., in oa
completel., dissociatea fashiorn pbut Cluster togefrer clozal.
enouan to foprm the eariiest Srvetal structure That will met

Ffssolve

* Crystanl Growth

Once  nucleation has occcurreq. certain  rucled Mav
continue tq Frow 1f the urife remgireg SUDersatyrataeg,  or
2Nlyv will syeh nucled contirue to oW N the zone above t-a

Tormatiom Rroduct,  they .17

T contirue o ACOW Eoec i e

faturation of Urine f£311

L]

inta the mer

]

Stabtle zorme et naan

Solubility Product ang formation Droduct (Finlayvson 1974

The concept of increasﬁmg the urine concentraticn o
the Teve where the formation product is exceeded ig
Critical to certain theorjes of urinary stone formation -<nm
which Nomogeneaoyus nuUCleation 4=z critical event In otrer
Checries Nowever Saturation 4g reauired orni. - the rarge
of metastable Saturation: tr 4z POStulated trat Adequate

Neterogenecus nuc e are zlreagdy Created By biologics]
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brocesses in  the kidney . Stones  +hean Arow on Lhese

pPreformea nuUclei ( Maitek & Bovce, 1973

These LwWo  concepte of NUC Teation may De further
se€paratea into the +ree Particle Theory Efatel the Fixam

particile Theory (Firtlavson, 1974 In trea Dartiz)

o

nucleation, multipie SrvItals are formeag simultareoys .

the uppar drtmaey svstem whern theae formatian Product oF

i

SUbstamce g exceadead . In rhe thear. af 1wy Larticias
nuc leatdion it is suggectaqg that because [al SxCecsive
Concentratiaon af S certair fom ip the Lidney, Brecicitario-

of <crystails 2 spheruijec mav  occur 4o the rermz’ Pamilg
either within the Tubular Timina opr Cenezth tre SUrtace or

the papiilae {Darch & Bovece, 1972} . These Darticieg remsim

fixed ang serve as nuclei for further growrh
Crysta? Aggregation

If multiple nue lesd ang Trvstals are formecd
SDontaneou51y and float freal.. these e ie Decome [kl
Kineticaliw and botnce about +n Uurine., 1f they remadnr small
free., ang independeant within rpe SClution, thaw 411 e

Pass through the urinary tracr within 4 given amounrt of rime

and will be voidedg. Under certain conaditions, however . these

nucTei carn Grow and mav come Close ernough to eachH other ~~

be boung tocgether oy various Shemical forceg. Thereraorea

nucledi of larqge arowing crvstals may fgqaregate to Torm

larger Crvstal masses . Shoula they Cecome large enougn tg
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become Todgea in a Qiven positicn 4n the Urimar., Tract, thew

mayv then CoONTtinuye to IrOW By one af two Lrocessecs . Thes, Man

ada Faditiarai Crvstals to thedr- SUrtaces oy tha Drocaess o~

*

Sgqareqation | 4 they may grow oo Adding riew SPVEStal mass tra

their SUrfaces . It is Tikelw that Leth  brocecces are

importarmt 4n the creation of urinary caleyli {Darcn 1987 .
* Epitaxy

Ir a crystal ras s pattern apF craanization af ions

that +s¢ regular andg credictanie,  sp4- I

ST Ture s oms

T
i

lattice. This surface Tattice may resempie closeqy that of
second put A1 fFfaramt Cyvpe of crvstal Ceperdt rg
Closeness el rezenplance The secorno P =] 2fF Irszrat M-,
Arow upon +tra surface of trhe Firsn Calcium Oxalare WA OOy
2asily upon rhe crevious 7w rformea uries acid cry

dc have Crvetal latticas That zre zimdi .. Srnouar -

this orocess of epitawy (Fintlavson

QELATIONSHIP BETWEEN TIME ALLOWED FORrR

Crystails farm best at the Doirte of areatect
Suoersaturation of urina, Usually the refnal papiliae Ac,

sSoon  ag Thece Crystals form, the- Tan Flow  withdrn i—5

Mminutes intoe renal Pelvis, down the ureter inte the Dlagder
where they remain for 3 period approximate . 3i-n

Pours

(Vermeuien & Lyvon, 1968 .
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The Tumen of the rmephron e smallest at trre Tevel orf

the “ol1lecting duct whera its diametear i 30-zZo0
micrometers Anatomically, thizs portian eccurs in the remna)
papilia If the crvarai does not nawve fime to Arcw Tarqge

enougn to obstruct sn. Tenal tubule. it thern Passes into the

ureter whera the mIrmimum diametrear Tharn ZAn cause
obstruction withdin o minutaes 42 2 millimetarc Clentaonen

1973: Sutor & WoGlew 19751 Aftap The crvstal k3o reachrag
the bLlagder ¢ mav 2tiT1 grow and mas Feacs a3 zize thar
excoeeds mi11ﬁmeterz. SUch & zZrystean Tould =117 e 37 deq

Chrough trhe Urethra withour difficuity (Firlayson, 19743

For a Urotitn o acnieve adequate size to create
SYMDLOME | we must SUbpose that wirthin the criefr pceriog of
time in transit from the kidney to the blzagger . the
sSuUbersaturation of urine iz 3o Great thnat the ocryustad W13

Irow very rapidgi. inte a structure that can Ba&ss no Tongear

through the urinary sustam. TO try to avoidg Thizs problem,
the urinarsy Tracrctc ia anatomicaily CCNSTtructedg Tike an
invertea COne The dYameterc are =smailest 4+ rpe rarig

tubuies ang Decome Proaressivelsy larger in trne Jreter ., the
Bladader ang the urethra. 1+ somehow the crysta] Mass becomes
lodgea 1m 3 renal papilla or o 4n a tubule, 4t 45 1o Tonger
able to move through the svstem - It resides at tnar Doint
and  continues to grow  in supersaturated urine. If ~rhe
cryvstal oreaks Sff or breaks AWay from the ranz) capilla,

when 4t g Emaliler than necessary to obstruct the ureter. +t
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will pass TNroudn the =zystes

=

withoutr Causing swmptomes But

ifF 4 attains a dfameter oY areater than Approx=imatea i

¥]

mﬁ??imetePS, 1t may pass into fthe yreter and create urirae

rF

2bstruction ‘Lonsdaie. 136g o IfF fthe stopne 2euid pass ints

the blagder ang there s placder outiet obstruction, 4t Wii1
remain im the bladder anga corntinue +to TArowWw  andg ma.w attzam 3

Targe ize .

tn

* INHIBITORS OF CRYST?HJ_IZATION:

Some irndividuais wWith =Hbersaturatraed Jrime T

Tapable of hoilding some crvstalilizable urinary cubsrtarces i

/1]

solurttiors This is due to the oresence of E certain

Iubstance «czileg intioditor A Crvoitallization A orelari

i

Tack of crvsztallizattison imrdindirors 4R the Urire af ITONeE

formers was proved by many Thvestigators (Ei7dct. 1a7a;

Inhibiters mav e Classifiag s< oredominanc 1 oraanic
or dnoraanic. of the dnnibicors witmin the organic group
berfnaps trne mosgt famous e tre reptide irnhibiragr IMILr et
al., 196%) . This Tow molecuiar welght peptide 2naples rhe
Jrine to nolda in 20 lution considerably dreater  amourtz o~
calcium thnan g Dossible when it is absent (Barier 2t a7,

1974 .

Most of dinhibitdion that was fourno +n Lrire coulag he

sCcCounted fopr By the FPolvelectrolvte interactivitv oOf  tre

MUitinle 1ons of urine (Finiavson, 14974,
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Qther 2rganie Tnhibitors may oe Bresent. Matpes o g

Nave rtre SDITYey ko inhibdt the fFarmation of Urirary caloyrs
(Kimg, 1971 Bovece and hig CoO-workers inaicatea Trat marei.

may  be important i enhancing the Tormation  of Talocuyii

fBovece et a1 1969) .

Amino acids, 2speciallw alanine, may re imMportant 4
improving rhe 2QTULi Ity of calecium sUpstance in zome Topes
af urimae. Tithitasis (Chow et al., 19753 .

Urirary citrare Appears  to hgue zome  art in cpe
SClubilization of calcium, DOxalate and ohospriate 1 urtre
(Finlayvson, 1974 .

Inorganic inhibitors of crystallization: Whem
magnesium g excreted in urine in sianificant amounts . G
incregses rhea Selubility of Zalcium Dhespchate . amq cernans
Talcium Tralate (Moore and Gowland. 18975 0 4 htan caledium te
magriesium ratio ras Been impliicated as one of the cauces ~f
calcigerous renai calculd tking, 1967 .

Some authors nave imclicates CLrace metsls gl
tnhibdition of Urinary stone formatiaon, €=peclal v stones of

the calcigerous tvpe. Zinc seems o pbe rhe most frequent 1.,

mentioneg of Lhese substances {tET11ot et an. 1973 .

»

It is Tike 1. that calcium stone formers Faees
deficiencies +4n not only one but severa] of the inhipitors

that should pe Present in urine. Thig may be why patienrs
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