10 2 (Tropical and Subtropical

regions) (1) (multifactorial disease)
(ntrinsic risk factors)
(body mess index; BMI) (extrinsic risk factors)

(Metabolic risk factors) (24)

1
(25)
(hyperoxaluria) 3 (free radical)
lipid peroxidation (injury)
(cytoplasmic enzymes)
lipid peroxidation
oxidatively modified biomolecules (lipids, proteins
acid)

(renal tubular epithelial cell, TEC)
(10-22)

(stone  matrix)
Khan

nucleic

(26-29)
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(29)
Marickar
4
3 1000
.. 19%
0.8

abnormalities

(29, %)
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0 (3)

.. 1960-2000
8 1000

.. 1990- 1999

metabolic



(25) Tosukhowong
(metaholic  abnormalities)

(hyperoxaluria)
(hypocitraturia) (hypokaluria)
(32)
2
(Supersaturation)
(stone
inhibitors) :
(Supersaturation) ’
( )
(crystallization modulator) ~ osteopontin -~ bikunin (33, 34) 1
crystal nucléation, growth  aggregation
lipid peroxidation
(35) (crystal  aggregation)
(crystal retention)
renal papillary ~ macrophage
(inflammation response )

( oxidative burst) metalloproteinases
papillary surface
(lesion)  lesion



Randall's plaques lesion  papillary surface type | lesion
collecting duct type Il lesion lesions
stone nidus
(24, 30, 31, 3)

(Stone inhibitors)

(16)
(Stone promoters)
(macrophage)
(Stone promoters)
Nidus

10



(39)

Urinary Supersaturation

A

y

Crystal Formation and
Growth

!

Crystal/Cell Interaction Cellular
Dysfunction and Injury

I

Crystal Aggregation, Adherence

A

Crystal Formation, Growth

No Aggregation

Crystallization
Inhibitors/Modulators

No Crystal Retention

and Retention in the Kidneys in the Kidneys
y
Macrophage Movement to Surround
the Interstitial Crystals
Oxidative Burst of Macrophages, Inflammation, Small Particle
Production of Matrix Metalloproteinases Crystalluria
\ 4
Crystal Erosion to Papillary
Surface, Nidus Formation
Growth to No Stone
Stone Formation
2
(33)
(Stone promoters)
(Stone inhibitors) Barbas

1

11
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(Stone Promoters) (Stone Inhibitors)
* Calcium + (Citrate
*  Oxalate *  Magnesium
o« Urate *  Pyrophosphate
*  Cystine * Nephrocalcin
*  Sodium *  Tamm-Horsfall protein
»  Bacterial Products *  Urinary Prothrombin Fragment |
»  Tamm-Horsfall Protein » Protease Inhibitor
* Low Urine pH »  Clycosaminoglycan
* Low Urine Flow * High Urine flow

«  Low Urine Volume

(macromolecule)

(39

(calcium stone  calcareous stone)
(calcium oxalate)
(calcium phosphate)
1 : (non-
calcium stone) (uric acid stone)
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(Infection  stone struvite magnesium
ammonium phosphate) (cystine stone) (30) el)
10
9 1 (7

(calcium oxalate
monohydrate, COM) (calcium oxalate dehydrate, COD)
(calcium oxalate trihydrate, COT)

com  COD

(mulberry)
(basic calcium hydrogen phosphate)
Apatite
(MgNHZPO46H,0)
(infection stone)
(Struvite)
(metaholic abnormalities) (31)
1 pH

pH 535 pKa



(Hypercalciuria)
200

14

(Hyperuricosuria)



(absorptive  hypercalciuria)
(resorptive  hypercalciuria)
(renal hypercalciuria)

parathyroid
hormone
PTH
calcitriol
PTH
5% (39)
2% (39)

(Supersaturation)

15



(crystallization)

(stone  growth)
basement membrane  thin loaps of Henle

16

papillary tip
(34)
(oxalate) (carboxylic
group, -COOH) 2 (oxalic acid, HOOC-COOH)
2 pKa, =123  pKaz2=38
pH>4

(sodium oxalate)
(potassium oxalate)
(calcium oxalate)
pH 74 ,

(uric  acid)
(purine cataholism)
45 [ (39, 40)

(primary - hyperoxaluria)
(secondary hyperoxaluria)



50

21

autosomal  recessive

(renal failure)

17

90
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(40)

brush horder hasolateral
collecting duct
band 3

alkaline phosphatase  A-acetyl-P-glucosaminidase (NAG)
lysosomal enzyme

(purine  metabolism)

(40)
80 (endogenous source)
800 750
pH 5.5
10%

nidus (40)



80-90

0.9

Tosukhowong

cutoff

(40)
acetazolamide

fluorocitate

200

melanoate

031 - 13

ATP

320
19-63

carbonic anhydrase

19
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60,20 20

80 10
24 3
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High carbohydrate low fatdiet

f

K+depletion

1 tit-acellularacidosis]

IATP citrate |yase activity — 1

] L \

ll I

illtacellular fat | It cellular antioxidants 1

I

——{tflct * fatbivsynthesis

' intracellular citrate y HabrHiNADP+ fcellular antioxidantsj
Iprorimal tabular reabscrption
H ocXatu-ia . - g \ , .
yep - ) j o AMtiflanjation ———1-"jlreactive cccygenspecies
[A 1i \
! I“irinariynfection J 1 4||ka pe.;l:ttidation

A[crystalformation 1

Cryataluria 3o
Crystalgrow ti 1
Crystalaggregation”

Crystalretention H?

(@)

Basolateral Membrane (BLM)

Urinary stasis !! errbracedamge

'|1 -

Urinary stones

Blood Border Membrane (BBM)



ATP citrate lyase (ACL) ~ Acetyl CoA  Oxaloacetate (OAA)
(Citrate transporter)
mitrochondrial aconitase (HY

lumen
TEC TEC

Blood Renal tubular cell Brush border Lumen

High carbohydrate /
low fatdiet — % Low intracellular fat Blosynthesis

Filtered

K* depletion cholesterol citrate

Ht= == 3== = oy H+
Pyruvate ¢——————— Malate

=
o
.‘__----:---"‘-----.

'Cltrate

Nat.~

1
Cithie Basolateral membrane

’Urinary citrate

4 (hypocitraturia)

@)

(intracellular acidosis)



pH

1875-5625

48-110

TEC

2-1

TEC

(800-1000

140-180

(hypomagnesuria)

)

23
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43
(Dehydration)
2 -3
2
(Supersaturation)
5
1. ) Extracorporeal shockwave lithotripsy (SWL)
2. ) Percutaneous nephrolithotomy (PCNL) nephroscope
nephrostomy tract
forceps (ultrasonic lithotripsy) (hallistic

lithotripsy)
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3) Ureterorenoscopic stone removal (URS) Ureteroscope
(basket, forceps)
laser  ballistic lithotripsy
4.) Open stone surgery (OSS)
anatrophic nephrolithotomy (ANL), pyelolithotomy, ureterolithotomy
5.) Laparoscopic ureterolithotomy '
3
non-invasive P

Extracorporeal shockwave lithotripsy (SWL)
(44-46)

STONEMEDICAL TREATMENTS

Potassium citrate
Extracoporal Shock treatment
Wave Lithotripsy (ESWL) \ I
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organic matrices ! (mineralized
tissues) calcifications (47-49)
organic matrix ; 7-14 % , 2-6 % , 12-22%
(enamel) (48) , 9.6 %
102 % (50-52)
calcification crystal nucléation
calcification (27)
(cholesterol) (cholesterol ester) (triacylglyceride)
(free fatty acid) (phospholipid) (53)
gentamicin proximal tubular epithelial cell
(nephrotoxic)  mercuric chloride ethylene glycol
sphingomyelin (54)
(phospholipiduria)
(membranuria) Khan
(free
radical) (oxidative stress)
(injury)

cytokines inflammatory mediators
(mechanical stress)

oxidatively-modified biomolecules (lipids, proteins nucleic
acid) oxidatively-modified
biomolecules Substrate nucléation  aggregation

nidus
(aggregation step) nidus
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/
(growth step)
(stone calculi)!
(26-28)
nucleator (55, 56)
acidic phospholipids, cholesterol glycolipids

Khan
phospholipids, glycolipids, cholesterol, cholesterol ester — triglyceride (27)
anionic molecules  acidic phospholipids  epithelial cell membrane

(57)
neutral phospholipids
(outer leaflet)

acidic phospholipids
(inner  leaflet) (outer leaflet) acidic
phospholipids
nucléation, aggregation  retention
6 (58-59)



6 phospholipids
nucléation (A-D) two-dimensional (a-d) threg-
dimensional (A, a) neutral phospholipids ( )
B, ) acidic phospholipids ( )
(C, c) acidic phospholipids
(O, d) interaction calcium  oxalate ion
nucléation (CaOx)

(free radical)  superoxide anion (02), hydrogen peroxide (HD 2, peroxynitrite
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(free radical)  superoxide anion (02), hydrogen peroxide (HA) 2, peroxynitrite
(ONOQ), hydroxyl radicals (OH) peroxyl radical (ROQ)

( )

( ) 1 (oxidative stress)

Khan (2006)
expression genes
urinary - macromolecules

(nucléation) (growth) (aggregation)
(retention) (33)
.. 2005 Tungsanga
(Renal stone patients) (oxidative stress)
(1) 1 (oxidative stress)
lipid peroxidation
membrane  lipids lipid  peroxidation
phospholipase (15)
(cytoplasmic enzymes)

lipid peroxidation

oxidatively modified biomolecules (lipids, proteins ~ nucleic acid)

Khan
@7)
NAG (enzymuria)
(proteinuria)
malondialdehyde (MDA) 1

(10, 1517, 21) 7



Tubular epithelial cell (TEC) injury
and crystallization promaotion

Oxidative stress
- OXIdAtve S
%%, HD?2
' A Stone formation
Enzymuria

30
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