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Project Code : TRG5780302

Project Title : Urinary glycosaminoglycans excretion in urolithiasis patients and their
descendants & Effect of chondroitin sulfate and hyaluronic acid

supplement in prevention of urolithiasis in hyperoxaluric rats.

Investigator : Dr.Thasinas Dissayabutra M.D. Ph.D. from Chulalongkorn University

Piyaratana Tosukhowong from Chulalongkorn University

E-mail Address : thasinasdr@gmail.com

Project Period : 3 U

Abstract: Urolithiasis is a common disease in Thai people, and family members of
urolithiasis have high risk. Previous studies showed that glycosaminoglycans (GAGs) in
urine have a role in stone formation, and urolithiasis patients have low urinary
sulfated GAGs. Since chondroitin sulfate (CS) and hyaluronic aicd (HA), two of GAGs,
are commonly used as therapeutic drugs recently, we aimed to investigate urinary
GAGs excretion rate in urolithiasis patients and their descendants, as well as the
effect of CS and HA supplement on stone formation in hyperoxaluric urolithic rats.
Our results showed that stone patients and descendants had lower urinary sulfated
GAGs and CS excretion than control, but normal CS per sulfated GAGs ratio obtained.
In addition, high urinary excretion rate of heparan sulfate (HS) per sulfated GAGs was
found, whereas urolithiasis patients also had high HA excretion rate. We found that in
hyperoxaluric urolithic rats induced by ethylene glycol, CS supplement could
prevent stone formation. Although HA supplement had no direct effect on stone
formation, but it may interfere the stone-inhibitory effect of CS. Our results suggested
that CS supplement may benefit in stone prevention in high risk population.
Keywords: Urolithiasis, Chondroitin Sulfate, Hyaluronic Acid,

Glycosaminoglycans, Prevention
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1[2]3[4a[5[6]7]8]010]11]12]13[14[15][16[17[18]19]20]21]22[23[24

Preparation
- Ethical agreement request
- Preparation of chemical substances

Process

- Chondroitin sulfation in human study
- Chondroitin sulfation and stone
prevention in cell culture

- Chondroitin sulfate supplement in
mouse model and the urdlithiasis
prevention

Progession report
Summative data analysis
Data summarization
Manuscript writing

Final report presentation

Literaure writing and publication

=

5. NANU/INT9I599ANNILANUNIUITANTTLAULIUIVIA
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Urolithiasis (1.312), Nephrology (1.864), Pediatric Nephrology
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(HS) GZNL‘U‘L! GAGs wwwaamﬂuﬂaan L‘Uuamﬂimawm matrix Guaaﬂaum "NSJ?"’T?J’]SJL%@

' (%
N v v

1 CS gy Rgugansiindl Tuvaeid HA way HS @uasunisiinil weanaind 64l
MIANYINNUITEAY GAGs Tillndamnlueduszneu (sulfated GAGs) anaslugiUaelsn

7
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Weanndagtu ¢S gnihanldduelunisinulsatedonsgrsunsvaty Tuvaed

HA  gniwldlunissnulsenn  wasdudiudsznevvenaiasdiensdnainaneviin

(%
Y

Uszrnsmluelasuna CS wag HA wniuninlueis dsenvdanananalnnisiinlsaidale

Ya o 13

mewall {39y TanuUssasd

q

[y

frz@inunsediu  sulfated glycosaminoglycans,
chondroitin sulfate, heparan sulfate &y hyaluronic acid Iu{]am’amméﬂwiiﬂﬁa
sufeymsvesithelsainiieAnmmuduiusivmudswomafeis  wWisuifisuiu
Uszansund wagfinwmavesnsiaiunouasesiudailn waznsalaenglsiin densiinialu
myfignnseuliiAniunadeuseneianannnnzesneanluilaanizgs  (hyperoxaluric
urolithic rats) Inen1sl¥ ethylene glycol saufiudnniiu laeeidennnisin seavvesinalas
Tlulnaurudludiaansvesiinelsaihuazynsasisdisaudssioninfalsaiafien

dneveamaiugnssuluaseuaild uasnavesmsiaSuneunsesiu way/visensalaenslsin

wPILdudsnaiinily Jganunsatisantenmanainlsaialuginiaudegale

N15398NNEIVD9

Inalaazilulnaweud (slycosaminoglycans: GAGs) 1duansanslulawmsailinain

' 14 [l
= o I

a a s H & T 5 Aa s aa I3
ﬂ']iLﬂ@IWﬁLﬂaisﬂaﬂu’]@’]ah&aqaﬂ %QLUUH'WH@V]W@;JL@@JU LLazmmawm%%miuaﬂ%ﬂ WU

Y

psdUsznou  viliAnduansluenalugiiuszeaudnaunn  Tngdszaauiinululuana
WeNWeNIENUIINMLASTUDNTTNULE sTuﬁmmw;gj%meﬁQﬂLauaﬂﬂuawdw
NS¥UIUNNTASIT GAGs wuseanlu 2 ngu Ao GAGs ﬁﬁmg%’amm (1 chondroitin sulfate,
heparan sulfate, dermatan sulfate lag keratan sulfate) way GAGs ﬁlﬂﬁﬂg%’amm (U

heparin wag hyaluronic acid) (gﬂﬁ 1)
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Glucuronic acid N-acetyl-galactosamine

COOH CHzOH

Chondroitin sulfate

H HHCOCH:

lduranic or

glucuronic acid N-acetyl-galactosamine

CHzOH

Dermatan sulfate

H HMNCOCH:z

Galactose N-acetyl-glucosamine
CHa0H HOZ50CHz

Keratan sulfate

HNCOCHz

| lduranic Ur.d N-acetyl-glucosamine
glucuronic aci
COOH HOZSOCH:

Heparin and heparan
o- sulfate

H HOz503H H HNS03H

Glucuronic acid
N-acetyl-glucosamine

COOH CHz0H

Hyaluronan

H HNCOCH:

Ui 1 Tassedsiugruesimaluanadifuesdusznevvedinalaasilulnounudusay
A (NTWAIN mmegias.webs.uvigo.es)

Chondroitin sulfate (CS) «lu GAG ﬁﬁﬂizﬁgamﬁ@mﬂmg alcohol waaAa way
MsiAumyFaia (sulfation) ianueusiumisd 2, 4 wag 6 chondroitin 391 4 SULUULUS
muIUdam A non-sulfated, mono-sulfated, di-sulfated, uag tri-sulfated
$1NEEN50a319 chondroitin sulfate lalagodeieulesilungy sulfotransferase Tuns
Famyjdailn (U7 2) wenanil Ssausalddu chondroitin sulfate 91neWNssmANEY

nsqneou uasniivesdn]
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coo HO Q
? NHAc
OH Chondroitin C5-EP CHIOH g
Chondroitin 6-0 sulfotransferase Chondroitin 4-O H ]
sulfotransferase o)
NHAc
| OH Dermatan
CH20S04H o H0H
HO ; COOH 0 ' :
COOH O Dermatan 4-O sulfotransferase
0o NHAc CHaOH |
0 NHAc ] HO3S 0, O
i 18 OH  Chondroitin-4-sulfate
Chondroitin-6-sulfate 2
: 4,6-ST Q oo
Uronyl-2-O sulfotransferase Y 1 OH DS
CH2°5°3*: CH0S03H
HO () HO3S0 ! Uronyl-2-O sulfotransferase
COOH COOH o ' . .
CH20H 1
HO3S (o]
o NHAC 5 NHAC y
I

! 0S03H - OH ” ©
Chondroitin- Chondroitin-
NHAc
2,6-sulfate 4,Gaulfate I SOs;H Dermatan-2,4-sulfate

5UN 2 uansnalnnsiuvadainmues chondroitin

1NNNSANYINDUNLINUIN chondroitin sulfate Wuansdudanisiiatiueadauaan
gwan [1] Ing chondroitin sulfate 383U (adsorb) AULAALTENNIDNANLAALTYL LaLTUadny
NANWARLTENDULILNTU Vinlranunsadudansietuvesnanwaadey vnlvdaldaiusanig

& a

fuwaduimasaln wazgnudnesnynlaangluign (2] egnslstiony anuiifeadunaln

v a a a o o P& ! o @ N v v A 1 a
nsfuganmsiiniiilegreunsesfiudaundiliiluiniednedn Sndideasdeivaivedig e1i
Wz laUSunamasUsyansainvesnisduganisiiaiialay chondroitin sulfate anaslu

A A v @ = ] a
Alvgiillewfiguiuidn [3-5] W3aNaa1INMINAaedlunaoAnAReIuNTIBNUNUTIABUATBURY
Fawn  a1anszAulvinnIsInaznauvedn  [6] wIeLiuANNEsseNSIAnTRawely
madiudaanzla [7)

ARIdeMaNyiigIudn Msdsuulamisifumydaimnes chondroitin sulfate lag
99BINUANFIUADIUTENT UseNI15usn AB $1899UN15ANYT Tamm-Horsfall protein &4
Julusiunfindidudsnsiinda wagwuin Tamm-Horsfall protein fiusg@nSanluns
gusilianasludlvaadneafesiu chondroitin sulfate laenudnUseansnniianasduiug

fuuSunaumy sialic acid Fadunyiiudszgauvedlusiuanas wasdsensniaes fe 589U

nsAnwILansd  Wedmsifuvydamaly  chondroitin  usndnafiy  avinalviinnis
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WasuwUaslunsnauausma growth factor gVBNIIAIUNITENEY WAZNISINUVDULAG
Tuluwawaangsaea (Lahari S, [8-10]) MsfAnwmaunsagdudamnlutlaaieiunisiinalsa
MABIUA NUIAUNUSAUTEAU low sulfated chondroitin 819U Tsalaainuimnu lsale

VA v A

HouFeds msdadeonaiudaan: 11113 lwdesiu  {AdefienutszasdasTnsed
sulfation  vesAeuATEBRY  WiszaugUassaiilianinsoiwuniBnsin  sulfation lne
capillary electrophoresis 161 LLaBGUMLLﬂauQ‘UﬂsaJ mass spectrometry Faldlunsa
sulfation wesnouasesAuleIBumIgIL (14,15 Fwverdsuuvamnsideidunsiasgdu
AouATOBALTaI  LleUwusudamln  uazninleenglsinlutlaanizvesitielsaiuazyms

wiw leganaansAnyineuninasianusedu  sulfated GAGs TulaameiUlglsailinm

N

RemaniTiagnunsanasesseiu sulfated GAGs, CS uay HS TugUqelsatianingiu

e3>

lassnsauiy wazonanudndiuves CS/sulfated GAGs anas p813lsinny AdnaIuves
CS/sulfated GAGs analsiBsuuas vidouiuduld Lﬁmmﬂﬁmqmsﬁﬂmwudwmaa‘waa@
1, (tubular epithelial cells) @nansaadne €S WinTulunneiiad vsalaanizioanganas
[16]

uenanil udhagtiu s cs wldlunsmulsadiutu Tneawzesads eld
Tumssnwlsadeiden (osteoarthritis) Taesinlisiudunglamiiu wasuunlilumsldly
Tsranaiiodfiv neural growth [17] ﬂﬁU%Imﬂaumasjﬁu%’aW\Imawﬁwaﬁugw%daLa%u
madaialussuumadudaanisld

Heparan sulfate (HS) tJu GAGs ﬁwumﬂﬁ?jmﬁﬁ%mﬂﬂ glomerular basement
membrane (GBM) LLaw‘imﬂwﬁué’ﬂiumzmumié]"us‘j’jﬂmi%’waqgﬁ’auﬁﬂuﬂaanz losann
Umusutamniiussgaufuiuwnnimisrmsiulusiu Tasamedayiu Tfedoud
K GBM nduun® nsnwsedu GAGs Tullaanaz wudn Tuussnn GAGs anuwdinfinuyin
fgeludlaans Ae CS, HA uay HS uédh HS azidu GAGs finutiesfianlullaans (AUnd

ImeUszanae  chondroitin sulfate 60% hyaluronic acid 20%, heparan sulfate

10%,dermatan sulfate 7% wag keratin sulfate 3%) [18,19] uRasnudnaILIDS HS LRNTY

[ !
a = )

lunsdififlsavfemmuiinuniifinduils  siluduvednawesdavioyya  laofsreeunis
diudures HS Tulsalimne msfndeiinsumedasny vislunmsvasoneadiiinisifueen
ynanasll 1 Huduy [20,21] %qLs?fa'jflLﬂumauﬁaflﬂﬂWiﬁwaﬁa glomerular w58 tubular
basement membrane iamsasiemientsvids HS Wwtuanisadynaonla nvis HS 1y
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dyﬁLyd J

GAGs inuiiussdusznouves matrix foufisandu HA [1] uwsivdngudnlna i
Hs fnalumstudansiininlidndes Tnedudinszuiumsiindninzivead o anms
vnsurenTadiiinanoensian warenafusisdnmsuiniguredinaniald [6,7,22,23]
9e19l5An1u Oranan M 51897U31 single nucleotide polymorphism yefuiiasne HS 8
WinAnadssnsiiei e [24]

Hyaluronic acid (HA) ¥wiidu adhesion molecule szinsudniiasae vl

\An crystal growth UsNAINUUGINUIT HA 9283 renal tubular epithelium vivliiAnnIs

[
LY

insRnvaandniuwadymasaln iliAn crystal retention [25] @eisaeandunszuiunis

deaslunisiindn Aty nsnduYes HA Tudlaanzazduasunisiinda [1]

o

o/

4. IngUuszasd
A, Wiefinwsediu chondroitin sulfate (CS), heparan sulfate (HS) wazsesu
hyaluronic acid (HA) lullaanzvesiihelsaiuazynsvesiihaSouiioudu

AUUNG

1. WiesAnwUseleviueanisiasy chondroitin sulfate Tusnunistasiunisiinia

5. 52 UEUASIY

5.1 szaulnalaazdilulnauaudnlinydan Asunsasfudamn wuwusugam
auaznsalaenglsinlutaanizdUaelsaliouazyns Weuiunguuszunsun
#195A29819M19BIN N

v o & o v | = = 2 1Y) v o

nMyideasell agldansimegametinmdalutaaie 24 FHlusildaneranadas

o Y a o o 1 o ]
wasusnuliludududmamgll  -80°C lnedegndaaniz 24 Hlustu  fiunnein
p1anadas 4 nay Falaun nqu 1A Ae gUrelsatamadudaanylulsemalvne Aawn
luwaniangiusenidesviievessenalng uasiongaud 30 YUuld lnevinisAnidonuas
FIWTIWNAUAIBEN a0 Lsameuaassnaniuseasd Yminguasvenll ngu 1B fie e
YosUaglsntniinnlasen sty Mletgaws 7 TUull ynau ngu 2A nquasuAugle
oA Ussmnsunanlidlatlesmelsatmasudagne  waslinaaudfdilaiuinaeinisfn
Y v A Yo wa A 9 ¢ Y o o YA v
Wtedu  Tuvasililnaand@niessiuinaeinisdneen  siudedionguasimelnalesiv
UszvnsmeeeUiy (gender- and age-matched) Group 2B A8 NENAIUANNIEN

Yszu1nsUne
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AgdIdy  LadliunseauliRasusssumsidy 91NANENIIUNISTRITUINIS
Anwndeluay  nsumsunndunulnguaznIsuWIMEnIuGen  NIENTINAIEITEY  Lazeg

LWINAITNANTAN

N1IATUIUVUINATDEYN

fAseRnsanlswauiegahiunisideneundhd e nduithelsaiale s
28 AU nguUsEEINTURRA $1uau 44 au nawynsvesiielsatinle S 50 A waznay
yasveslszrnsUnd Swau 41 au fesnmannmifeeunihidanuuandisesad

Y

HedAgy

N15ATIZN

ﬁaasmﬂaanzmaqé’aaemﬁ'wmwgﬂﬁmﬁmeﬁm

- 5¥6U sulfated glycosaminoglycans 1ng35 Dye binding assay [26] laeil
fupou Ao Tngldednetlaamsiidons 2 wh luiufAsendu DMMB
solution (Us¥nausie Glycine, NaOH wag 1, 9-Dimethyl-Methylene Blue) i
NI9438UT08 ﬁ’]’?@ﬁ?ﬂ’]i@ﬂﬂﬁULLﬁﬂﬁmmmﬁﬂgu 620  wluwes  lag
Wisuisuiuansuessinsuaanadudy

- 526U chondroitin sulfate Way heparan sulfate Ialae3s ELISA (MyBioSource,
USA)

- 9%AU hyaluronic acid 1ne73% capillary electrophoresis lagld dnines 50 mM
monosodium phosphate (NaH,PO,) Waz butylamine fpedutiifinnue
40 cm. #Uen fused-silica capillary n119 50 pm @ndlain 15 kv Tonssus

WUU reversed-polarity mode Uawihn13inAIn1sganauuasi 195 nm

5.2 HavaenIsiasuAsuAsTREAudaIn uaznsalaenglsinlunyinsedulininia

'
o a

nyITeyhneuddnineass uninerdeneien laglduy Wistar rats 373U 30 6

Y
wUdu 5 nau
NAuT 1 NFuATUAN U 6 617

'
1o

naun 2 ﬂfjumﬁtﬁuﬁa 175un138n polyethylene glycol Usuneal 0.5 ml 1%

Qe »

Viowilenss waydnniuf 0.1 mcg/dose Wntosiowniudnsaiu 5 Tu [27] waglasuns

Jouansungds 31U 6 67
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ﬂ&jmﬁ 3 mjum&Lﬂuﬁ’gﬁlﬁ%’m@umaﬂ@u%L‘V\Im lasunisda polyethylene glycol
0.5 ml W1Yewias uazdnium 0.1 mcg/dose Wnasvioaniudnsaiu 5 Tu uaglasunis
Usuansazans CS 40 mg/kg/day 911U 6 60

naui 4 ﬂdNMHL%uﬁl’lﬁlﬁ%JUﬂiﬂlﬁm@jiﬁﬂ lasun1sda polyethylene glycol 0.5
ml 1Wgeevas wardniud 0.1 mcg/dose Wgawiamniufasaiy 5 Ju wavlasunisdeu
a1vazany HA 10 mg/kg/day 31UU 6 §17

naudl 5 nauvduihildsuneunsesiudamiauaznialesglsin  l¢sunisia
polyethylene glycol 0.5 ml Weaias waginfiuf 0.1 mcg/dose LH1¥eIRIWNTY
Aamanu 5 Tu uwazlasunisleuaisazans CS 40 mg/kg/day wavarsazany HA 10
mg/kg/day MU 6 F7

mynndagldTunstuiindmiings  ewnswasihiifuussnu sailuafuilaans
Woms19 urine volume, urine creatinine, CS uay HA lufufi 0, 8 waz 15 Sadwh
euthanasia WUl 15 wleifiusiog1adonnsia serum creatinine, ALT wazsogalansia

¥ 6 1
nendesgansalsiely

asinaleazilulnalaudnlolun1snaasd
ADUATOBAU Falne (Hangzhou Hyper Chemicals Limited, China) Nam’mﬂiz(ﬂﬂ
29U

ﬂiaiaaﬁqiiﬁﬂ (Hangzhou Hyper Chemicals Limited, China)

sauiviinsidevan

1. mesgiasiegamaieslfiinng Sufin Aesziuarulana duilunisil ne
Fuall Auzuwemans gnasnsaliminends uazqudidelsaihlauaglsnszuy
madulaandz lsameiuiaguiainsal

2. mM3ATwY Capillary electrophoresis fivesUftiAn1s nedvall Anginenaans
PHIINTUUNTINE Y

3. msnnaedludninnaes nszvhil quidninnass uminendenzien

4. mAenginendonansiml  nshiefiRns  medvmendiver  eue

WHVEAERS RINTAINNNINYIRY

NSAUAITA29E19N19TIN N
1. degradaanny 24 s TdarssegranlavinnisiAiusiusulingl wazAusnw

Yy oo a 0
Lidududsgamgl - 80 C
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2. Uagnzvemyneaes yMaiuniuil 8 uar 15 %a¥9INEEN  chondroitin
sulfate waz/vise hyaluronic acid udd taeiudaany 24 Hlusnuudgn
\deel3lu metabolic cage
=l o @ 9] d' YV A Y] o o

3. wenvewunaaes  imsivluiun 15 Tegldidenainiilanitendai
euthanasia

q. VLGISUENW%J LAUAIN euthanized mice ATUN 15 U&391NLETU chondroitin sulfate

Waz/139 hyaluronic acid a2 1ae¥ing parafinization levinnsAnwisaly
a ¢ %4 a wva
N15AATIEINeRRsUURNS

fregnelladna: 24 daluswesfidsaulasims  vimsieseiuiina sulfated
glycosaminoglycans, chondroitin sulfate, heparan sulfate Wag hyaluronic acid
f]ﬁ’d’]'wmd ATIERTEAU creatinine, chondroitin sulfate Wag hyaluronic acid

Waany Iinserinatinfssseduuazlnanmsli ethylene glycol, CS uaz HA lagns3a
serum creatinine Way ALT

lavy Anwrvsunadislunasale (urolithiasis) uag nephrocalcinosis Tuileln

annnldlun1snaang

va

ARdeldlusungu SPSS version 21.0 (IBM statistics, USA) Tun1siiasievideya Yoya

1%

Ml o dwiindn  USinaemnsuaviiuslaeseu  seduvedlnalaasiilulnauaud
creatinine wag ALT azgnuansluzuved mean + SD lagldn1sinsgiuuy unpaired t-test
Tuvauetoya non-parametric Sulaun seduauguLsessiiailllulels aggnuandly

+ interquartile range laglHn19ilAsIzRMUU  Krukal-Willis  Tunns

U89 median

WIguiilgunnngy wag Mann-Whitney Tun1siSeuiieunseag 2 ngu AAnuuand9ee1

a o [

NdAgyazanAvuaLilon p < 0.05

v Y
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33555 lUNIMAGDY

;:ﬁuasuaayﬁaLﬁa%’maaﬁaﬁisﬂumﬁ%’aﬁ 2 dw duusn Wunsidesedns
P mNEInTINlATINS lpfumsiusesasesssumaindelunyudlagangnssunis
fia1sannsfineideluausumsunmdunulneuasnsunmdniadon  NSURRILINITLINNEY
wrulveuaznIsuUImMMaden nIensIENsITMaY aneaulAsanis 06-2557 waglasuns
$U59993E555UMVNINEIUAN INARRIN  AMENTTUNTITIOUTIUMSIENT wninendy
weien Laafisusedasams 59 01 04 0007 uay AagnITUMIAIRURLANIAB WAy lHHn
AUEIIMEANERS WNaINTalNTINgTdt aiilasanns 011/2560

[

WA UIY

nATeillaSumMsadvayuurdmudmiumsiigdes 90 uiauninidesulng

driinauneamuativayunsie (@n7) wasyuiyaiienaulayl Pnansalunine sy

Usznianadselevinudau

o

Va o a = ¢ v A A a &
AIdeUasnsinausyleviviudoulng Niilun1s3dell
3. WNANIINANAaDY

3.1 sgiulnalaaedilulnawaudniivgdamn  aounsevfudamn eUunusudamn uag

nnlaenglsinlutaaizihelsaiiuaryns Weuiunguussrinsund

nansAnwiaaizvesinelsaiaufioutuauund  (nguilSouliourent) ey
nazlsiunnsinsiy wazymsvedithelsaluusuiitsufuynsvesnuuni (nduSouldioy
yms) wanslumsnedl 1 9enudn A Total sulfated glycosaminoglycans (GAGs) Tungugfiae
Tsafhsniauundinn Geaenadosnsuasnideneunti fiauls Ae ynsvesiihelsain

Aflszeu total sulfated GAGs lutlaanzsninaudnfigunu
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M13199 1 uansszaulnalraziilulnauaududazylinlulaanizveidrsiulasenis

Stone Control Stone Control
patients parents children children
Total sulfated GAGs (mg/day) 12.5+11.8 46.2+40.0% 24.4+10.4 43.8123.1#
Chondroitin sulfate (mg/day) 6.63+4.39 | 30.30+20.11* | 14.5148.35 | 24.77+17.87"
Heparan sulfate (mg/day) 3.67+3.60 6.94+5.53% 597+3.77 6.32+4.20
Hyaluronic acid (mg/day) 15.67+11.51 | 8.65+5.60% 4.41+4.52 3.11+2.56

{ Y] A a . # d 1Y) v
* p < 0.05 Walguiungugtaelsalll (stone patients); " p < 0.05 LlawiguiuynsiUae

T,Sﬂ‘fh (stone children)

125.0

100.07]

75.0

50.04

Sulfated glycosaminoglycans

25.0

g

o

T T
Stone pt Control

T
Stone children

Group

T
Control children

ad o a saa 1w Y v
wnulin 1 uansseaulnalaasiilulnauaudniivydamnludaansvesfidnsulasmis

23




- L]
80.00 °
T °
[ ]
60.00
&
=
]
]
£ o
2
o 40.00
c
o
=
[$]
[ ]
20.009
00 T T T T
Stone pt Control Stone children Control children

Group

WNUAHN 2 uansseRunaunsesAudaalutdaarveiinTIulaTINIg

o °
15.00-] * °
L]
®
2 0.00 =
10.004
&
3
0
c
Id
=
5
-
@
I
5.00-
.00 T T T T
Stone pt Control Stone children Control children

Group

Qd‘ U U Y v !
WNUQIT 3 wansszaulsUnsudamnlutaanizvesidisaulasanig
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40.00

30.00]

20.00 I

o x

10.00]
*
T T T

T
Stone pt Control

Hyaluronic acid

Stone children Control children

Group

Qd‘ L a Y v 1
wNUQHN 4 uansszaunsalaeglsintulaanizveuiinsiulasanis

seRuvdneunsRutams wasisUunusudamnlunguithelsaiialalutaanis o

o w

ninguauUnfedsiifoddy  Tuvasiiynsvesiielsainiflesssiuneunsesiudauiag
Mndyeseulnd  udillefasandnduveseunsesfudamln  uazisUnuIutaLn e
dnanlnalaazilulnauaudiifimdamniomn ndunudt dnduvnsnsunsesfudaiinden
liuwansnafulunnngy  uisunusudauindidndudsdulunguitaslsnty  wasymsves
funelsath Weiflsuiuaulnd (m31e7 2)

Tumandufy  ndunuuTinavemnsalesnglsinfugaiuludaanevesinelsaifios

oA =
NANLAYL (A3 1)

dl U 1 a U U 1 U 1 al
A1519N 2 uansdndIuveIRaUATRERuTan LazeUuniusudams sedadiulnalaazdly

saa

Inauaudninydauanmun ludaaizvesitnsilasenis

Stone Control Stone Control

patients parents children children

%Chondroitin sulfate/Total sGAGs 56.6+24.5 61.7+21.4 56.9+18.2 53.5+423.4
%Heparan sulfate/Total sGAGs 23.2+16.8 15.7+8.0% 22.847.6 15.018,5#

A o Y v a . # A = Y] x
* p < 0.05 WeaiguiunguiUlelsnily (stone patients);  p < 0.05 WealguiuynsgUe

Iﬁﬂﬁ’s (stone children)
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100,00 a0.00 .

80.00
60.004
4000
20.00

3000+

1000

Chondroitin sulfate per sulfated GAGs (%)
Heparan sulfate per sulfated GAGs (%)

i) T

T T T T T T
Stons pt Contral Stone chidren Cortrol chikren Stane pt Contral Saone chikdnen

Group Group
saa

WNUDHN 5 wans (F1e) dndiuvesneunsesiudamndelnalaasilulnawaudniydamnly

T
Corttrol children

Jaany

Jaane

bbeYe

(¥37)

[

naruvaRsUnILsudaasolnalrastlulnawaudniin

3.2 HaveInTsiEsunounsesfudamn waznsnlaenglaintunyiinseduliiinia

1AL
Y

Naly

HANIANYIAUNIMIAETINTDIMYNARDING 5 ngu wudmyieunnngulainiig

wansinslusinunidn ewnsuazihuilan nuiiieanyiignnseAulidulla (stone group)

waznuiignnszduliluiouagldsu CS w@du (CS supplement) winlufifiuntindesndings

AIUAN 8l JuN 15 (M5797 3)

M13197 3 UARIUNNIAYTINVDINUNARDIUARENGY

Body weight (g)

Food intake (g/day)

Water intake (mU/day)

Group Day 0 Day 8 Day 15 Day 0 Day 8 Day 15 Day 0 Day 8 Day 15

Control 272.3426.5 | 317.7+15.7 | 352.5+11.5 | 18.8+3.9 | 22.8+2.0 | 21.542.7 | 31.6+5.6 | 35.6+4.8 | 36.1+3.6
Stone 271.7427.8 | 285.5+32.8 | 317.6+29.4* | 18.4+6.0 | 16.9++6.0 | 21.1+2.8 | 33.2+7.7 | 46.0£15.2 | 37.2+7.2
CS supplement 262.6+239 | 277.3+9.5 | 311.2+10.6* | 18.645.9 | 18.246.2 | 21.0+3.4 | 35548.0 | 50.0+6.7 | 50.5+12.0
HA supplement 265.8+32.3 | 302.4+22.6 | 332.6+13.7 | 16.5+6.6 | 21.243.6 | 20.8+3.5 | 33.0+14.2 | 44.6+15.2 | 37.9+10.3
CS&HA supplement | 266.6+32.4 | 295.6+29.4 | 331.1+229 | 18.2+4.4 | 185+6.3 | 22.7+4.9 | 33.743.6 | 45.4+48.3 | 40.6+12.4

* p < 0.05 Waguiungumiuay (control)
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Body weight

360
340
320
300
280

260
DayO Day 8 Day 15

e Control — StONE e S supplement

HA supplement e S & HA supplement

Qq‘ 901 o U 1 1 % ldl
WKUQHN 5 uansmndveaymeassiaznauluium 0, 8 uay 15
NAN1SANYINEUNINTGOUTDINITIA ethylene glycol, CS uag/¥3e HA #on1s
nuvedtakazdu  linuanuiinundtsnisinauvedawasdulunynaasmnngy (m1519

4)

M19199 4 UAASHA serum creatinine waz ALT Yasvyudaznauluiui 15 ¥09n1aaes

Group Creatinine (mg/dl) | ALT (u/mU)
Control 0.29+0.04 32.245.6
Stone 0.27+0.03 31.0+5.0
CS supplement 0.27+0.03 34.2+46.1
HA supplement 0.28+0.03 30.3+5.5
CS & HA supplement 0.27+0.02 35.7+6.6

fhﬁLﬁm%uiuwﬁmzéjﬂﬁﬁ@kﬂimmiﬁm ethylene slycol Huilwdn calcium
oxalate Fefiansanmsnsazviosuas polarized Wonesiendesganssmi (Ul 3) Fensaify
HanMeTedunounthi 28] uenand Ffedsdnwsedunaiaiilulnvesyusiazngy
Tasrvuamnuguussvesnsifndadu 3 Jods Tdud sefuvesnsfiniviendnueaiden
sonwavluitiadols nAanisgaiuremannln warnnAnieBorsindiuiion tubulo-

interstitium @94
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o a a o = = & A
LAUVDNNTITILNAUINIDNANLLAALYY U DD N LaVlIULu@LfJalm

(nephrocalcinosis/nephrolithiasis grade)

S¥HU 0 Lyififae

LAV 1 fith 1-2 fundseduiendmign

YA 2 fifh 3-5 sumdsderuidendmingn

SEHU 3 i 6-10 Fumisdetuiionimige
SEhU 4 fifhunnnin 10 dundseduiiendmign

ﬂ’liLﬁﬂﬂ'}iqmé‘fu%awaaﬂim (tubular obstruction/occlusion)
AU 0 Lifinsgadiuvemasnle

JEAU 1 fimsgadurewmanln

5L NALLBLE WINATIUSLIEY tubule-interstitium (tubulointerstitial fibrosis)

AU 0 Tifiiladianailn
SypU 1 AitlaLgonaiin

UM 3 uanslly caldum oxalate luilleigelnvemyiignnszduliinlsaiinninanigeene
wnas  dnudilegn1sdn ethylene glycol uwagdanfiudiinlulugesios  (hyperoxaluric

urolithic rats induced by ethylene glycol and vitamin D intraperitoneal injection)
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NansANINIIERY CS uaz/3e HA unyfignnseduliAadmadulaa: wui
nsiEsuRouAsesiudamn Snadudsnniadilunaiulaansvemmyldednedusyaninm
TagannsnaniAadalddninsliety ¢S (gumyiduily) Ifegniideddny luvasiing
unsnlesnglsinluifinalunisdudmiedaadunniniauseddladlafioutuninaiy HA
(nguyfduih) wenaindu Smud1 maasuiireuasesfudamnuaznanleenglsingae

(%
v v a

fudsnmaiaialumaduilaanylddefioutunmaaiuasiaes  (nguyfiduiy)  egad
ffodny wilifvirdumsisiuneunsesiudainfivsenafen Wesnvyuszanudmils
Hanamsranuiialel (m3edl 5)

SogsrdunnusuusweInsiniy sgnuimsaiy CS issegafiey azdivan
P wguussesnsAnilaffian (p = 0.002) Tuwadinsiadu CS $ufu HA ausaan
AnuguLssvesmsiAnihldegiidudfyisuietu (p = 0.009) usinsiady HA ilgsoens

Weallaunsaananusuusveansiiniald (p = 0.310) (113799 6)

M50 5 wansrreunsesRutanuaznalenglsinludaaie wagatinsainisiieia

YBINUYNGUAG
Group Urine CS (mg/g creatinine) Urine HA (mg/g creatinine) Stone
Day 0 Day 8 Day 15 Day 0 Day 8 Day 15 (cases/total)
Control 0.97+0.21 | 0.95£0.20 | 1.37+£0.45 | 0.13+£0.12 | 0.11+0.10 0.12+0.06 0/6
Stone 1.31+0.44 | 1.30+0.42 | 1.65+0.68 | 0.10+0.08 | 0.12+0.12 0.17+0.14 6/6
CS supplement 1.34+0.48 | 3.31+1.44* | 4.86+0.78% | 0.13+£0.10 | 0.14+0.13 0.17+0.11 0/6#
HA supplement 1.1140.35 | 1.65+0.74 | 1.67+0.74 | 0.12+0.10 | 0.79+0.32* | 0.88+0.22* 6/6
CS&HA supplement | 1.39+0.38 | 3.08+1.63* | 4.53+0.60* | 0.12+0.06 | 0.77+0.15* | 1.058+0.42* 3/6#

q Y i # Y o i i v 1y
* p < 0.05 Wawluiunguanuau (control);  p < 0.05 awfisuiunquuyiignnssAulindu

ﬁa (Stone)
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M19199 6 UARIAIINTULITIVBINTSIARTIIVEIILUNGUA1T)

Group Nephrolithiasis Tubular Tubulo-interstitial
grade obstruction fibrosis
Median Range
Control 0 0 0 0
Stone 4 2-4 0 0
CS supplement o 0 0 0
HA supplement 2.5 1-4 0 0
CS & HA supplement | 0.5" 0-2 0 0

# A = o ] N v v a
b < 0.05 Waeuiungunyiignnszdulnduila (Stone)

Nephrolithiasis degree
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WNUNEN 6 uansszRuNsiinilllurunaaenguengg
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JUN 4 wananensanmvadladlouasinendagansseay a1 A waz B iludnuwazaetlaund
am C uag D Wunmlandnisavanvemdnuaadeueengianauduiouis wilinunisen

AUVDWUNTDUNSDNITAANINA (fibrosis) NUSLInd interstitium

4. a7UuazIasalNanImMAADY

a]mmamﬁmeﬁﬁaanwaqﬁﬂwkﬂﬁa WU Q’ﬂaaisﬂﬁamqLauﬁaanzﬁizé’u
sulfated  glycosaminoglycans (Wasiu98d  GAGs ﬁﬁwg%’aLWmﬁuaqﬁﬂszﬂau laun
chondroitin sulfate, dermatan sulfate, heparan sulfate uwag keratan sulfate) Gi;’mﬁ’mu
Unfetnafitfodey aenndesiunanisinnneunth wavatuayudeauuigiuiimydams
984 GAGs Slunumilunistiudamsiaiialumaiulaany

wamsanudulufaiaansalidath  Ae  wudiiihelsaihledsziureunse
iuFamialullaanzanas uideiuaulede sysuvesmeunsesfiutauintuanasfudadiu
REINUTEAU total sulfated GAGs Lummﬂﬂaumaammaw\ImﬂLﬁuaw,ﬂumsaummﬁl,ﬂm
o p:ﬁ”&J?NmmmimmNU'JsJIiﬂmaummmaumaﬂmwdaLWWamaaa&mmmulummﬁa
Joatunmaindals Fereunseviudamminezanfiosasiion Hewnasdu Wy e
wuandauln waztaesusutamn liiunumlunistestudy mnnszuaunisdudanisiin
ldrounseviudamlnuazylinounsesiivanas  dndiuvesnounsesiudamn  se
sulfated glycosaminoglycans U19zanas miamawaﬂﬂy’maumaﬂau%’aLWG}LLaz sulfated
GAGs egnadudndureuinsasil vinlmdeldiiielsathenaiimnuiaunfivesnisairevie
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msiumydamaliiulnalaazilulnauaud  wnndeuiaundfiisanmsaisanamie
myvhaneaouasesudamiaissesnafiey  deenallammgnannvatedsenns 01 n1s
UNNTa3veIn1sinuvateulel sulfotransferase NFUNNTBIVBINTFUIUNNTAI
proteoglycan 1nABUATOEALTAA WU NSIde elongation WseINsYINAEVILTALNMIN
ansReunivsalouleiiaunilutaans udu nsfnudanalnanuauyiigiu S1udusedld
wadafiannsonsaiavydaimnvesnounsesiu vie Aounsesdunin low-sulfated @
ffesmnaUsraunsaiuasedosdio liannsovaaouldluned Wumeliausdidodonh
nsUSuAsumamsiiluannildvesydalinoundhi

mﬂam@gmﬁ’h mMsanases sulfated GAGs LJunaainanuRaunfvenIsasns
wsensunddamnliiulnalasedlulnawaud  azaunsaeSuienisanadveuauniugy
Fauln udndulidnduvesenmnusudamase sulfated GAGs Tvualdl (flesarnnisifiaiy
vougumusudamalulaansinamduiusiunisiinisuiniiursenisimaneves
glomerular basement membrane #38 tubular basement membrane Faanunsanulaly
Tspdu 017 lselenne Iﬁﬂﬁﬁmié’mamaﬂﬂamagé’a #391N15YNa18989  glomerular
basement membrane waglsanszimnzdaanzdniay ulsaih vnumvsasUmusuTain
selsaingsliduiiuida dninermansvasaudod Hs vhwdhiigudinainda udfiny
winguIneUmusutamnuaznsnleonglsindussdusznevves  matrix  eglufouin
suzilinunsunsoufudamnee nmsdnull wiliaunsovenléinsfiuluresding
mstuisumusudamilutaanyduiadodemessifnin  vioduwaniainlsadoiili
Annssniauluszuumaduilaan: egndlsinu fdefitnala Ao Tuymsvestaendsll
Fulsadh ndunumaifindunissanmsduisunusudasinldicuiy iliAnauyfgudu
dowszms Ao mafuturensuniusudauinoradudnasiitenaanistugnssly
asountaielsaihdonnidutuiiade wumusudamminsdiunumdenisiiadaunn i
msuiulutiogty Snauigiu Ao mneumusudamndunannnmssnauiifatulu
ooy uanshluyasveshelsafifidsifsaduioty  Fosdnsdnaulum
visouey Feoradunamnainlsafidreneamsiugnssy veerainannsifandndadng 7
Liswsiududoutn wadldannsamzdatuiveseadyvasnlaldanmsiivuadnuas
219 adhesion molecule (W nsaleenglsiin) MsAnwReriuunumvseUmusUTALIN
Tullaanzfunalnnsifnindadudeiimsldsunmsigadseluiieliidlasssumvesninie
fnnnty

uif total sulfated GAGs azanaslugithelsafy lunsnduiu ndunusedu nsnle

gglsinlulaanizvesgilelsaiiaiivanniu - aenndesiunan1sAnwineuntiiinuIglley

lsafiaaziinisuanseanvesnsalaeglsiniiuduniuwadynaeals Wedwihlinandaneiu
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Auwadunaantalanvy vnlniansanswedninlumaiulaanis (crystal retention) 8n
vedadu matrix Anuldvesludoudh dlu maisturesnsalaeglsiintulaanzdiaelsa
Thazutladvdaasulmina

nsnseiulvvyinillulaaiunsanseyileanaieds Tunsveaeniises {idedentd

a % | % ~ & a =~ | v a
N133n  ethylene glycol Lsuﬂusuawaqsuaqmét,wmmqme [29] eann1sAalAinAINM
NIUUMANUNARDY  UinuINsangdvesioniisansadeilianunsansedulinuiniiala
JwpslsuTsnsnseulvnininlagdn ethylene glycol saufudmiiud [30] wuin3sd
anusanseiulvivuyinialdegedivsed@nsam nalnvesnisiniiain ethylene glycol fig
dl' (v 1 = ¥ [ a" v <3
WeansAsnagnaeduiingsianeavgnideulinatelu glyoxalate  war  oxalate
ANUAIAU %qaaﬂsmLamsgﬂsﬁ’uaaﬂmﬂﬂaanzﬁﬂﬁmlﬁmmwaaﬂmmﬂuﬂaqua
(hyperoxaluric urolithic rats) wen Nl N1sAAIANTUG  ALiuNIAATULARLBYNNEN LE
(hyperabsortion of calcium) vihliuaa@esludongawastueannislaanis Jsawnsadu
o v = =~ a A ) | v A4 a )
fupsnaaniiluNdnwealdeussnaaniuldaane d9msdesnant) o i As Uade
d' a QI & 1 1 a = 4" L% % U 6
deosvasmsiiaiiluuywddnlng  Ranansueaeslulaazigs Falnduiusiunie
IR I AANITERgLARTENINNTEAN LLazafﬂms@mﬂé’mmal,%auﬁlm Y30 IUAY
Inednduiusiunmsi@msaludaanzin Tusasiinisteonvianluaaizasduladeiing
Tatupunvlemelsaiiuseann 20-30% Wity A9ty we1SAiaveIniIsiinlsatiwaaLde
= 1 Y & ¥

ganwanlunumeasteRiinuuansaInluiyudldiandes

NsANwIRATRINISIESUABUATREAUTAL A lunuNgnNsEAUlAAATY WUl nsiEsy
AounseeRutamnieduginsiinillumadulaanizldensdivssd@nsam Tnglinunysi
TanlasunsLasuAaUnSaERUTANALAAT LAY LﬁuﬁmtﬁﬂmaﬁQﬁ%’ahimmmﬁwmiﬁﬂm
seaunddannlupeunsesiudamnniasuliuivunaass wasiUSeuiiguiunaunsosiu
Fainlulaanzvunaaes ienaaeuauyAgiuini aeuasesfudaunluldaangnynduis
fuunddamnanaiseld vselanuuaniavedundavialunsunsesAudanly
Uaanewyivlugmasuvsely egnlsinnn nalnanisdinlsaiinlunyAnainnisnsedume
amgeenyuaniutaaizge Feerauandrantuiielsally Aulunis@nuseaunydamn
Tulaanizvemunaasanaiienalilvinaiuiesiunsfnuluayed

nswsunInteenglsiinlunyngnnseduliiniliiinadentsiinils Ineldiiunisiin

a ] a a I3 v v a a Y
17 warlidugimsiiedy odumsgnalnnisnseulvmuiniilagld ethylene glycol
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LaEInNIUATANNTULTIINAUNE  AUNTENINsNTuYeInsalaeglsintulaaniglivinla
9INTLIATULSITY  MiseAUTULTadlsATAnTullatnsanTIanulamen IS T ILIY
LY} ] d' dy 1 @ 1 a 5 a o
segeildlunisnaaestl egrelsfinig wud mnESunsraunsesfudamen uazninlaegls
Jnnseauiuy  ANnuaILIsalun1sEudINIsiininvesnsunsasRudamnazanadlawisuiung
Tinaunseefudamaiivegiandey  Judululidnsalasnglsindauinenisviuvesaeu
asagRudanlunIsTudINIsAnt AinnsAnwravesesaasallluauims

QI d‘v a = = QAI ¥ Y a QI U 1 a

dadesdnta Ao lunuinsedulmant ndulinunisanasvesreunseeiy wazn1s
dinguvesnsnleeglsintulaansmliouduinuludiegadaazgelsaiy wniarsan

| = | va a & a o | a S

agvaeldunIznud withuaaleueenynanduiainulesianluay wazlunisvaaesil
ﬁwmiﬂssﬁuﬁlﬁwﬁmﬁaLmaL%sJaJaaﬂmLawziuﬁ’u LANALNYBINISAATNINAULANANTY
\Antioy Inevylunisnaaesiiiinuaaideuesnenanainmtiindures endogenous oxalate
Pas197uNN ethylene glycol Wundn wazlasusmeniig absorptive hypercalcemia 71911
TiAn hypercalciuria 9n3nndiud Feanansanluauldganuindadslunsifnlsaiinuvos
I3 v o o a a & a ° | o = =
Wunvanamzaasduginisiiainlutlaanne fe fwmselutaanizen srufunisiinaade
Tudaaniziiinduain bone resorption WaEEIANUNILINTUALUABAAITINAEY MIEUAT]
15 UA0ULUAIBIBNTINTTUABUATBYAUTALNA LLa8ﬂi®1881@1’3ﬁﬂ1uﬂﬁmwﬂaﬂr;:I‘U'?EIIiﬂ
e FWAINAINNTLETUAIIEDIRDNALNNTANTID1998N VBN ONANTTNUNIUNIS
Mures@msaLazaaen SlUtnTuALagfsuIanndiug (vitamin D receptor) fag

a3y NaWATeH uwansliiun1e sulfated glycosaminoglycans LazAdUAIaERU
Faailugiaelsadn  Wwdeadumsfinwneundil  wasfunuidbwsniuansliiuin

F 2N Q' r.:; (v [~ Yl Q{' 1 a QI a
ynsveiielsaily Fednugiianudessianisiiaiig qnny sulfated
glycosaminoglycans wazpauasagiudamniadendaiuglie wae Sulldndiuvaasun
Lsutanme  sulfated GAGs qﬁumﬁauﬁ’u FeoradunuRaUNANa1LNsa e R
aseuaTielsaily wenanil luddrelsaihidmunisiinauvesnsalasglsintudaany
nsfnwlunuinseduliiieds  wudhiniseSureunsesiudamnaiunsadugainisiiniale
pgliUseansan  luvariinsaSunsalaenglsinudldiiumsiinls  wienadavinenaln
ANSTUEINISAATIVDIADUATDUAUT AL G

Wesrmnmsneiilufissnsfnendewu  wazdesnisnisfinenlunywdifiedudu
UszdnSnmuasnounsesiudauialunisdudinisiiniy saudamsanwinalnlusgauluana
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Thaulne  wazmaaSureunsosRutamninazivsslevilumstestunisiinlsaialugis
Pudesge el ynsmseanAlndiavesiihelsai viedihefldiumssnvuduiietesiu
nsnduiduiih Gsneunsosfudaanuldluameialy o1fi nsegndouvesdnisngg 1wy
sy 1 Uan un Seansnsamlgialulnelaisududosdondndusiasuemfifiaiun Suas
FrwanaunnivsiuesEtienisatasaldnenvassaauladudiuiuuin

5. dawuauusdmiuauidgluaunnn

5.1 A9 low sulfated chondroitin Siununlunalamsifndaeesls

5.2 Anwinavesnstlestunisiniialaeniaiaia chondroitin sulfate Tusywe

5.3 Ainwnalnmstestunisiiaiizves chondroitin sulfate Tuszduluana

5.4 Anwinalnnisanadves high sulfated chondroitin Tugasene
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Abstract

Background Evidence has indicated that immediate family members of nephrolithiasis patients had high opportunity to develop
stones. However, they are usually not regarded to be at risk, since it is unclear if there are any lithogenic abnormalities found in
non-stone-forming nephrolithiasis relatives. Our aim was to investigate urinary metabolic abnormalities in the children of
nephrolithiasis patients, compared with the general population.

Methods The 24-h urinary metabolic profile was studied for 28 calcium oxalate nephrolithiasis patients (NL) and 46 of their
descendants (ND), as well as 40 non-stone-forming volunteers (V) and 34 of their descendants (VD).

Results There was no difference between age, gender, and serum creatinine between NL vs. V (parental groups) and ND vs. VD
(descendant groups). High urinary oxalate in nephrolithiasis and urinary calcium in their descendants was detected. In addition,
an elevated urinary excretion rate of calcium, phosphate, protein, and albumin, along with low citrate excretion and high urinary
supersaturation was observed in both the nephrolithiasis patients and their descendants. Approximate 17.8-24.4% of the
nephrolithiasis descendants had a urinary supersaturation higher than the nephrolithiasis level, but none was found in VD
group. The level of urinary supersaturation index was correlated with urinary protein and albumin excretion in nephrolithiasis
family.

Conclusion It was demonstrated that nephrolithiasis offspring carried several urinary metabolic risks predisposing to stone
formation which are similar to their parents, and about one in every five nephrolithiasis children had nephrolithiasis level urinary
supersaturation.

Keywords Nephrolithiasis - Family - Urinary supersaturation - Hypercalciuria - Hypocitraturia - Heritability

Introduction

Nephrolithiasis is a common urinary disease in middle age
and elderly. Currently, the incidence of nephrolithiasis is es-
calating, and affecting in younger adults. This is a result of
extrinsic factors, such as climate warming and diets, and

P4 Thasinas Dissayabutra
Thasinas.D@chula.ac.th

Department of Biochemistry, Faculty of Medicine, Chulalongkorn
University, Bangkok 10150, Thailand

Department of Chemistry, Faculty of Science, Chulalongkorn
University, Bangkok, Thailand

Division of Urology, Department of Surgery, Sunpasitthiprasong
Hospital, Ubon Ratchathani, Thailand

Published online: 28 March 2018

intrinsic factors such as underlying obesity, insulin resistance,
urinary tract infection, malabsorption syndrome, and genetic
susceptibility [1, 2].

The most common type of urinary stone found in
humans worldwide is calcium oxalate (CaOx). The impor-
tant risk factors of CaOx stone formation are urinary su-
persaturation, increased urinary stone promotors, such as
calcium and oxalate, and depleted urinary stone inhibitors
such as citrate and magnesium [3-5]. Urinary supersatura-
tion is a state that the concentration of solutes in urine
exceeds the saturation point, causing spontaneous precipi-
tation of solutes, with the inadequacy of stone inhibitors
and urinary alkalization, calcium from a water-insoluble
complex with oxalate. These crystals will aggregate and
adhere to the renal tubular epithelium with the presence
of urinary adhesion molecules. Then Randall’s plague
formed by CaOx crystal deposits in interstitial tissue is a
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nidus for urinary stone formation. In addition, some uri-
nary glycoproteins such as prothrombin fragment-1 and
osteopontin exert stone-inhibiting property, while certain
proteins such as osteocalcin promote crystal aggregation
[6]. Tamm-Horsfall protein, the most abundant glycopro-
tein in urine, is considered to be both stone promoter and
inhibitor depending on different conditions.

Evidence has indicated that CaOx nephrolithiasis may
be inheritable. Several studies reviewed that the close rel-
atives of nephrolithiasis patients had high risk of stone
formation than general population [7-9]. In Thailand,
Sritippayawan S (2009) studied family histories and found
that the family members of stone patients had a relative
risk 3.18 times higher than general population [10].
Previous studies elucidated the pathogenesis of increased
risk of nephrolithiasis in CaOx stone families. Bergsland
KJ (2012) demonstrated the higher urinary calcium excre-
tion and supersaturation but a reduced metastability-free
range in stone-forming siblings [11]. Sdez-Torres (2013)
revealed that healthy children with a positive family histo-
ry of urinary stone disease had higher urinary calcium ex-
cretion and calcium/citrate ratio than children without fam-
ily history of stone disease [12]. Park C (2010) claimed
that stone patients who have a family history of stone dis-
ease had higher calcium excretion than patients without
any family history [13]. Kinder JM (2002) reported that
female siblings of stone formers tended to have a high
urinary pH and calcium excretion, while male siblings
had only high urinary calcium and a low potassium excre-
tion [14]. The most discrete study was performed by
Kristin J (2006), which found that urinary citrate excretion
was only lowered in the male first relatives of calcium
stone formers, compared with their non-stone-forming
counterparts [15].

Regarding these, genetic susceptibility in a family with
nephrolithiasis may play an important role in pathogenesis
of stone formation than our current awareness. Evidence
reported that stone disease occurred at a younger age and
higher frequency in any population with nephrolithiasis pa-
tients in the family [16]. Since urinary stone disease causes
urinary tract obstruction, infection, and impaired renal
function, prevention of stone formation could reduce fur-
ther kidney damage in familial members of nephrolithiasis.
This study aimed to elucidate the abnormal urinary electro-
lyte and protein excretion that might be inherited in
nephrolithiasis family members by comparing between
nephrolithiasis patients and their children, and a group of
healthy volunteers and their descendants. We also evaluated
the urinary supersaturation and total antioxidant status
among these groups. Knowing these inheritable metabolic
abnormalities is a basis to investigate the pathophysiology
of familial nephrolithiasis and is a key to prevent the stone
formation in the relatives of nephrolithiasis patients.

@ Springer

Methods
Study design

A cross-sectional analytic study was conducted on four groups
of participants: nephrolithiasis patients (NL group) who re-
ceived kidney stone removal surgery during January 1,
2013-December 30, 2014 at the Sunpasitthiprasong
Hospital, Ubon Ratchathani Province, Thailand. The inclu-
sion criteria for the NL subjects were idiopathic
nephrolithiasis patients who underwent stone removal surgery
for 1 month, and their stones contained calcium oxalate in
composition. Plain KUB radiography or ultrasonography
was taken to confirm no stone remnants larger than 0.4 cm
remained, and any child or children admitted to the study
participated freely. The exclusion criteria included (a) having
a medical record of chronic kidney disease stage three or
higher, or an estimated glomerular filtration rate less than
60 ml/min/1.73 m%; (b) a urinary tract infection; (c) or a doc-
umented genetic disease correlating to stone formation, such
as complete renal tubular acidosis, Dent’s disease, or cystin-
uria; (d) receiving any medication that alters urinary element
excretion, such as diuretics, calcium or alkaline salt supple-
ments. The healthy control group (V) was non-stone-forming
volunteers who lived in the local community near the hospital
area in August 2013. Further groups included were the direct
descendants of nephrolithiasis patients (ND), and the descen-
dants of volunteers (VD). The exclusion criteria of V, ND, and
VD subjects were those who had any history of or existing
nephrolithiasis or other diseases related to nephrolithiasis, a
eGFR lower than 60 ml/min, a urinary tract infection or re-
ceiving any kind of drugs that affected their urinary element
excretion.

Inadequate 24-h urine exclusion criteria were also applied
in this study. Subjects with urine amount less than 0.5 ml/kg/
day in children, or 500 ml/day in adults, and creatinine excre-
tion less than 11 mg/kg/day in < 13-year-old boys, 13 mg/kg/
day in 13- to 18-year-old male adolescents, or < 13-year-old
girls, and 14 mg/kg/day in 13- to 18-year-old female adoles-
cents were excluded from this study as an inadequate 24-h
urine collection [17].

Among 172 recruits, 26 were excluded from this study
according to these exclusion criteria, and 146 were eligible
to participate, including 28 nephrolithiasis patients (NL), 40
non-stone-forming volunteers (V), 45 nephrolithiasis descen-
dants (ND), and 33 volunteer descendants (VD).

The 24-h urine collection

The participants were asked to collect their whole urine in a
disposable sterile plastic vehicle. Participants were asked to
void their first urine at 8.00 AM and then collect whole urine
through to 8.00 AM of the next day. Thymol was used as a
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preservative. The volume and urine pH was measured, and a
urine strip was tested within 2 h. The sample was incubated in
ice during transport and kept in a — 80 °C freezer.

Urinary electrolyte, protein and albumin excretion
rate, and antioxidant status

Urinary pH was measured by a pH meter (Mettler Toledo,
Ohio, USA) within 2 h after a complete 24-h of urine was
collected. Urine creatinine was measured by an enzymatic
colorimetric method (COBAS INTEGRA 400, Roche
Diagnostic, and Indianapolis, USA). Urinary calcium, magne-
sium, sodium, potassium, chloride, and phosphate were mea-
sured by inductively coupled a plasma optical emission spec-
troscopy (ICP-OES) method (OPTIMA™ 2100DV, Perkin-
Elmer, USA).

Urinary citrate and oxalate were measured by high-
performance capillary electrophoresis (P/ACE™ MDQ,
Beckman Coulter, USA). In brief, 1 ml of urine sample was
passed into a 75-pm diameter silica capillary coated with
mixed 40 mM borate 10 ml, 100 mM phosphate 5 ml, and
0.5 mM tetradecyl-trimethyl-ammonium bromide (TTAB)
2.5 ml buffer, with an adjustment to pH 3.0. This measure-
ment was done under a — 15 kV electric voltage, at a 25 °C
room temperature and ultraviolet light at a wavelength of
195 nm.

Urinary sulfate and uric acid were measured by a color-
imetric method. Sulfate was measured by adding 200 pl
urine into 100 pl trichloroacetic acid and centrifuged to
remove any precipitation. The supernatant was mixed with
a working reagent (an acidic barium chloride solution with
sodium carbonate solution) for 10 min, then measuring the
absorbance at a 600-nm wavelength. Urinary uric acid
levels were determined by mixing 20 pl of urine and
2 ml of phosphotungstic acid for 15 min, adding 2 ml of
10% sodium carbonate and incubating at room temperature
for 15 min. The absorbance detection was performed at a
660 nm wavelength.

Since there was some variation in age for each group, uri-
nary elements were reported as excretion rate per body surface
area per day. Terms used to describe abnormal urinary excre-
tion rates in the present study were shown in Table 1. Terms
were divided into adults and children below 18 years old,
since the urinary excretion of elements varied between ages
[18-21]. The terminology of abnormal urinary electrolyte ex-
cretion was described in Table 1 [22].

Urinary total antioxidant status (TAS) was measured by
2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid
(ABTS) method. In brief, 20 pl of urine was mixed with
ABTS 980 pl, and incubated in the dark at a 37 °C tempera-
ture for 10 min. Spectrophotometric results were obtained by
detecting the absorbance at a 734 nm wavelength, reported as
a percentage of the standard vitamin C curve.

Urinary supersaturation indices

We used two indices to determine urinary supersaturation
(USS). Tiselius equation for calcium oxalate stone (Tiselius
AP(CaOx)) developed by Arne Tiselius was commonly used
to evaluate the risk of CaOx stone formation, which was cal-
culated by the following Eq. [23];

Tiselius AP(CaOx) index = 1.9 x Ca’%* x Ox

% Mg70'12>< Cit0.22

% volume %3

The other equation was the Ogawa index, which was mod-
ified from the EQUIL2 program. An Ogawa index can be
calculated by the following equation [24];

)0.78

Ogawa index =1 .496 x (Ca/volume

X (Ox/volume)™!

X (Cit/volume) ™"

X (Mg/volume) *?

In addition, we used data binning to determine the cutoff
point of high urinary supersaturation or nephrolithiasis level
of supersaturation indices between the NL and V groups.
These cutoff values would be studied for sensitivity, specific-
ity, predictive values, and odds ratio. The nephrolithiasis
levels will be used to identify children at risk.

Subsequently, we performed a correlation analysis between
the urinary supersaturation Tiselius index and the urinary ex-
cretion rate of protein, albumin and minerals. These were
compared between stone-forming family members and non-
stone-forming counterparts to identify associated factors with
urinary supersaturation in each family.

Statistical analyses

Continuous variables were expressed as mean and standard
deviation and categorical variables as frequencies and per-
centage. All data was analyzed by SPSS v 16.0 (IBM,
USA). Valuables were analyzed with a student ¢ test or
ANOVA and Bonferrini post-hoc analysis for data greater
than two groups. Categorical variables were analyzed with
a chi-square test. Data binning was used to identify the
cutoff value for urinary supersaturation indices between
nephrolithiasis patients and controls. A bivariate correla-
tion analysis was performed to investigate associated fac-
tors with supersaturation index. Statistical significance was
determined as p value <0.05.

@ Springer
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Table 1 Terminology of

abnormal urinary excretion of Adult (age > 18 years old) Pediatric (age < 18 year old)

minerals associated with

nephrolithiasis Stone promoting factors
Hypercalciuria >4 mg/kg/day >4 mg/kg/day
Hyperoxaluria >45 mg/1.73 m*/day >45 mg/1.73 m*/day
Hyperphosphaturia > 1100 mg/day >1.47 mg/mg creatinine
Hyperuricosuria >700 mg/day > (.76 mg/mg creatinine
Stone-inhibiting factors
Hypocitraturia <365 mg/1.73 m?/day (male) <365 mg/1.73m%/day (male)

<310 mg/1.73 m*/day (female) <310 mg/1.73m*/day (female)

Hypomagnesiruria <0.8 mg/kg/day <0.8 mg/kg/day
Protein and albumin excretion
Proteinuria > 150 mg/day > 100 mg/m*/day
Albuminuria >30 mg/day >30 mg/day

Results Urinary characteristics and the excretion rate

Baseline data

All of the participant baseline characteristics are presented
in Table 2. The average age of parental groups was be-
tween 44 and 46 years old, while in the descendant groups
was 19 to 20 years old. There was no difference in gender,
age, body mass index, smoking, alcohol consumption and
underlying conditions between each parental and descen-
dant group. About one-quarter of parents were smokers
and consumed alcohol, while approximate 20% of them
had one or more underlying conditions such as diabetes
mellitus, hypertension or hyperlipidemia. On the other
hand, fewer numbers in the descendant groups were
smokers or drinkers, and none of them had any underlying
chronic diseases.

of protein and albumin

The 24-h urine characteristics are indicated in Table 3. Urine
volume was higher in adults than in descendant groups.
Urinary pH was not markedly different between each group.
The excretion rates of urinary creatinine, protein, and albumin
were markedly elevated in nephrolithiasis patients compared
with the control. Similarly, ND had a higher albumin excretion
rate than VD groups, even though their excretion was within
the normal range (< 30 mg/day).

Urinary excretion rate of electrolytes
NL participants had higher urinary calcium, oxalate, and phos-

phate, but lower urinary citrate excretion than the volunteers
(Table 3). Higher urinary calcium and phosphate excretion but

Table 2 Demographic data of

subjects in the present study. Data Baseline characteristics NL v pvalue ND VD p value
was expressed in mean + SD
n 28 40 45 33
Gender (% male) 64.3% 52.5% 0.171 48.9% 45.5% 0.764
Age (years) 46.1+9.8 44.6+9.2 0.520 19.1+7.9 20.2+7.5 0.547
(32-69) (26-62) (9-28) (7-30)
Height (cm) 158.4+7.7 1579+6.8 0.797 157.9+12.3  157.1+132 0.773
Weight (kg) 60.6+£10.0 60.9+89 0.875 49.8+13.9 51.9+12.9 0.484
Body mass index (kg/m?) ~ 24.1+3.6 245+38 0.676 19.6+3.8 20.8+3.7 0.181
Waist circumference (cm)  79.0+7.0 81.6+11.6 0.284 70.4+£10.7 73.5+£10.5 0.206
Smoking (%) 21.4% 25.0% 0.733 13.3% 12.1% 0.874
Underlying disease
Diabetes mellitus (%) 17.9% 12.5% 0.539 0.0% 0.0% N/A
Hypertension (%) 14.3% 17.5% 0.723 0.0% 0.0% N/A
Hyperlipidemia (%) 7.1% 2.5% 0.359 0.0% 0.0% N/A

NL nephrolithiasis, V volunteer, ND nephrolithiasis descendant, VD volunteer descendant, N/A data not available
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Table 3 Urinary pH and the excretion rates of protein, albumin, and minerals. Data was expressed in median (interquartile range)

NL \% ND VD
n 28 40 45 33
Volume (liters/day) 1.75 (0.97-2.01) 0.90 (0.59-1.23)* 1.79 (1.01-2.08) 0.89 (0.58-1.39)*
Urine pH 6.5 (6.0-7.0) 6.03+0.65* 6.78 £0.90 6.46+0.91
Urinary protein and albumin excretion rate
Protein (mg/day) 258.2 (86.2-504.7) 59.1 (28.0-86.2)* 23.0 (13.4-45.5)* 20.4 (10.7-38.4)*"
Albumin (mg/day) 84.5 (10.2-287.5) 0.52 (0.01-4.13)* 0.0 (0.0-1.25)* 0.0 (0.0-0.38)**

Excretion rate of urinary electrolytes
Calcium (mg/kg/day)

Oxalate (mg/1.73 m*/day)
Citrate (mg/1.73 m*/day)
Magnesium (mg/kg/day)
Sodium (g/1.73 m*/day)
Potassium (g/1.73 m*/day)
Chloride (g/1.73 m*/day)
Phosphate (mg/1.73 m?/day)
Sulfate (g/1.73 m*/day)

Uric acid (mg/1.73 m*/day)
Urinary total antioxidant status

1.3 (0.6-3.5)
42.3 (26.0-66.8)
57.8 (30-90)
0.73 (0.25-1.38)
2.18 (1.56-3.19)
1.03 (0.74-1.39)
4.07 (2.62-5.90)
315 (250-441)
1.03 (0.44-1.52)
375 (266-532)
0.67 (0.46-0.80)

1.0 (0.5-1.7)%
8.9 (6.6-22.5)*
127.8 (61-184)*
1.07 (0.71-1.36)
2.63 (1.67-3.68)
0.90 (0.67-1.30)
425 (2.41-5.48)
274 (194-387)%
0.81 (0.51-1.40)
255 (179-368)
0.59 (0.47-0.79)

1.2 (0.9-1.8)*

10.3 (6.1-16.7)*
124.3 (93-231)*
0.96 (0.59-1.42)
2.18 (1.63-2.83)
1.12 (0.89-1.45)
2.93 (2.33-4.32)
178 (125-262)*
1.12 (0.78-1.67)
396 (276-518)

0.63 (0.50-0.79)

0.4 (0.2-0.6)**
9.5 (7.2-15.6)*
167 (77-360)**
1.09 (0.67-1.6)
233 (1.69-2.81)
1.15 (0.68-1.58)
3.62 (2.23-5.49)
122.5 (95-177)**
0.98 (0.82-1.82)
333.7 (247-450)
0.70 (0.51-0.95)

NL nephrolithiasis, ND nephrolithiasis descendant, V volunteer, VD volunteer descendant
#p < 0.05 compared with NL; # p <0.05 compared with ND; ¥ p < 0.05 compared with V

lower urinary citrate excretion were similarly observed in
nephrolithiasis descendants comparing with volunteer descen-
dants. The urinary total antioxidant status was not distin-
guished between each group.

Regarding abnormal urinary excretion, we found that
nephrolithiasis patients had a higher prevalence of hypercal-
ciuria, hyperoxaluria, hypocitraturia, proteinuria, and albu-
minuria than the normal population. Likewise, hypocitraturia
was more common in ND than their healthy counterparts,
while hyperoxaluria and proteinuria tended to be increased
in ND as well (Table 4).

There was no significant difference between urinary excre-
tion of magnesium, sodium, potassium, chloride, sulfate, and
uric acid among each group.

Urinary total antioxidant status

In the present study, we could not observe the difference of
urinary total antioxidant status between each group.

Urinary supersaturation indices

For urinary supersaturation calculated by Tiselius equation and
Ogawa index (Table 5), NL subjects had noticeably higher su-
persaturation than V. Similarly, the supersaturation of the ND
group was higher than VD. Data binning was performed to
determine the cutoff point between nephrolithiasis and the nor-
mal USS level (Table 6). The Tiselius AP(CaOx) equation

cutoff was 0.16 (sensitivity 89.29%, specificity 77.50%, accu-
racy 82.35%, positive predictive value: PPV 73.53% and nega-
tive predictive value: NPV 91.18%), with an adjusted odds ratio
(OR) 0f 28.70 (7.0-117.4). On the other hand, the Ogawa index
cutoff was 9.49 x 107> (sensitivity 74.19%, specificity 86.49%,
accuracy 80.88%, PPV 82.14%, and NPV 80.00%), with an
adjusted OR of 18.40 (5.3—63.5). Regarding the nephrolithiasis
level of USS in descendant groups, none of the VD subjects had
a urinary supersaturation index higher than the cutoffs, while 8
out of the 45 (17.8%) ND urine supersaturation exceeded the
nephrolithiasis limit in the Tiselius and 11 out of 45 (24.4%) in

Table 4  Prevalence of urinary metabolic disorders in 24-h urine

NL v ND VD
n 28 40 45 33
Stone promoting factors
Hypercalciuria 10.7% 0.0%* 7.5% 0.0%*
Hyperoxaluria 42.9% 11.1%* 2.5%* 6.1%*
Hyperuricosuria 3.6% 2.5% 2.2% 9.1%
Hypocitraturia 96.4% 93.3% 85.0% 72.7%*
75.0% 33.3% 45.0% 30.3%
Hypomagnesi-
uria
Protein excretion
Proteinuria 67.9% 2.5%* 6.7%* 0.0%*
Albuminuria 67.9% 0.0%* 4.4%%* 0.0%*

NL nephrolithiasis, V volunteer, ND nephrolithiasis descendant, VD vol-
unteer descendant, N/A data not available

*p < 0.05 compared with NL, # p < 0.05 compared with ND
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Table 5 Urinary supersaturation

obtained from 24-h urine Urinary supersaturation ~ NL v p value ND VD p value
n 28 40 45 33
Tiselius AP(CaOx) 0.57+0.54  0.16+0.19  <0.001 0.15+0.18  0.05+0.02  0.002
10° x Ogawa index 2574244  83+9.6 0.001 9.5+122 29+13 0.002

NL nephrolithiasis, V volunteer, ND nephrolithiasis descendant, VD volunteer descendant, CaOx calcium oxalate

the Ogawa indices. Our results demonstrate that nephrolithiasis
descendants had a significantly increased prevalence of high
urinary supersaturation than the healthy controls.

Correlation between urinary supersaturation
and urinary excretion rate

A correlation analysis between the Tiselius supersaturation
index and urinary excretion rate of protein, albumin, and min-
erals was performed in the nephrolithiasis family members.
We found that Tiselius index was strongly correlated with a
urinary excretion of daily protein and albumin excretion (=
0.571, p<0.001, and r=0.433, p<0.001, respectively)
(Fig. 1a, b). There was no correlation between the Tiselius
index and urinary excretion rate of protein, albumin, nor elec-
trolytes in the non-stone-forming family members (Fig. 1c, d).

Discussion

Our results indicate that nephrolithiasis descendants bear
some anomalies that causes urinary metabolic disorders asso-
ciated with renal stone disease. Moreover, these abnormalities
were likely observed in their predecessors. Even though uri-
nary metabolic profiles in the NL subjects were the most ec-
centric, their descendants appeared to have slightly unusual
levels. The present study clearly demonstrates that ND sub-
jects had a higher urinary excretion rate for calcium, phos-
phate, and albumin, but lower a citrate excretion than the
VD subjects. Increased urinary calcium and albumin excretion
are consistent with some previous research [25, 26].
Hypercalciuria is the most common risk of nephrolithiasis.
Calcium excretion rate in parental subjects higher than their

corresponding child could be explained by an increased bone
turnover rate and negative calcium balance in adults [27, 28].
Our study revealed a high variation of the calcium excretion
level in the nephrolithiasis descendants, but not significantly
higher than volunteer descendants. This might be explained
by the nephrolithiasis descendants were including both chil-
dren and adolescent subjects in pubertal period. A previously
report demonstrated that the positive calcium deposit in bone
during puberty caused the decrease in urinary calcium excre-
tion, and temporary normalize the hypercalciuria. This phe-
nomenon is commonly seen in girls at 11-12 years old and
boys at 13—14 years-old [29].

An elevation of urinary phosphate excretion was observed
in nephrolithiasis family members in the present study.
Hyperphosphaturia could be caused by several etiologies, in-
cluding phosphate intake, gastrointestinal absorption, and the
rate of phosphate reabsorption which is dependent on the
abundance of phosphate cotransporters, hormone regulation
and dietary factors [30]. Our study was limited to identifying
the causes of a high urinary excretion rate of phosphate in
stone-forming families. However, since we observed the ele-
vation of both calcium and phosphate wasting, the anomalies
might be associated with a vitamin D dysfunction, renal intra-
cellular acidosis or fibroblast growth factor-23 (FGF-23) de-
ficiency. Further studies should be conducted to investigate
this pathophysiology.

Although hypercalciuria most likely correlates with stone
formation in Western population, but in Thailand and some
other Asian countries, hypocitraturia is the leading factor
[31-33]. Causes of the very high prevalence of hypocitraturia
in Thai people are believed to be a low citrate intake and an
increased urinary citrate reabsorption from chronic metabolic
acidosis, which may be caused by endemic incomplete renal

Table 6 Percentage of participants with urinary supersaturation higher than nephrolithiasis level

NL Vv p value ND VD p value
28 40 45 33

Tiselius AP(CaOx) > 0.16 89.3% 22.5% <0.001 17.8% 0.0% 0.011
Adjusted OR 28.70 (7.0-117.4) Adjusted OR unavailable

Ogawa index >9.49 x 107° 82.1% 20.0% <0.001 24.4% 0.0% 0.002
Adjusted OR 18.40 (5.3-63.5) Adjusted OR unavailable

Nephrolithiasis level for Tiselius AP(CaOx) was >0.16, and Ogawa index was > 9.49 x 10°°

NL nephrolithiasis, V volunteer, ND nephrolithiasis descendant, VD volunteer descendant
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Fig. 1 Correlation between A
Tiselius index and excretion rate
of a urinary protein in
nephrolithiasis family, b urinary
albumin in nephrolithiasis family,
¢ urinary protein in healthy
family, and d urinary albumin in
healthy family members
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tubular acidosis. Metabolic acidosis promotes citrate reab-
sorption and breakdown. Evidence demonstrates that in acidic
urine, citrate turns into a dicarboxylate form which is en-
hanced in binding and reabsorbed by sodium-dicarboxylate
cotransporter type 1 (NaDC-1) of the proximal tubular cells
[34-36]. Our previous study shows that NaDC-1 expression
of HK-2 cell is increased in acidic media [25]. While urinary
acidification enhances citrate reabsorption, intracellular acido-
sis increases citrate utilization by activation of the ATP citrate
lyase enzyme activity to break down citrate [37]. Regarding
this, hypocitraturia in nephrolithiasis family members might
be the result of genetic disease inherited in stone-forming
families, or environmental factors such as a low citrate diet.

The present study is the first to clearly demonstrate that
nephrolithiasis descendants had higher urinary supersatura-
tion than the healthy controls. Approximately 20% (17.8 to
24.4%) of the nephrolithiasis descendants had urinary super-
saturation indices excesses nephrolithiasis level, which indi-
cates the high probability of spontaneous urinary crystal for-
mation. Moreover, supersaturation levels corresponded with
protein and albumin excretion rate exclusively in stone-
forming families. These results suggest that the elevated uri-
nary supersaturation, which was due to increased calcium and
decreased citrate excretion in the present study, may cause
urinary protein and albumin wasting.

It is well-known that chronic acidosis induces hypercalce-
mia and hypercalciuria, and recent studies demonstrate that a
low serum bicarbonate level which reflected acidemia, corre-
lated with an increased albuminuria level and the progression
of chronic kidney disease [38, 39]. However, it was not pos-
sible to demonstrate the difference in serum bicarbonate (data
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not showed) or urinary pH among the nephrolithiasis and
volunteer groups in the present study.

This study indicates that nephrolithiasis family members
were characterized by hypercalciuria, hyperphosphaturia,
hypocitraturia, and elevated urinary protein and albumin ex-
cretion. According this, it was hypothesized that the
nephrolithiasis family members might have unidentified prox-
imal tubular conditions which affect calcium, phosphate, cit-
rate, protein, and albumin reabsorption. This could be an in-
trinsic or extrinsic cause since the present study cannot
completely exclude the extrinsic effects. There is always a
possibility that the parents and their children shared the same
features, such as activity level, diet, environment hazards or
certain infectious diseases, but the chance of having inherited
nephrolithiasis cannot be completely ruled out.

A limitation of this study was that it was not possible to
eliminate the chances of the nephrolithiasis descendants and
the controls having undiagnosed kidney stone disease. No
abdominal ultrasonography or computed tomograpy scan
was performed. Researchers did not investigate genetic or
other metabolic diseases associated with nephrolithiasis such
as inflammatory bowel disease, malabsorption syndrome,
idiopathic hypercalciuria, or familial hyperoxaluria. It was
not possible to control extrinsic factors such as diet and
lifestyle, which strongly affect the urinary excretion of min-
erals. This study did not repeat the 24-h urine collection,
which could be varied without dietary controls. Finally, uri-
nary supersaturation indices were not the best parameters to
evaluate the risk of stone formation, since the equation did
not concern other factors promoting stone formation such as
urine pH, other proteins and glycoconjugates.
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Conclusion

The nephrolithiasis family members, including non-stone-
forming members, had a higher urinary excretion of calcium,
phosphate, protein, and albumin, as well as lower urinary cit-
rate excretion and higher urinary supersaturation indices com-
pared with the general population. Immediate family members
of stone-forming patients were at risk for nephrolithiasis, es-
pecially as about 20% of nephrolithiasis children had
nephrolithiasis levels of urinary supersaturation.
Furthermore, urinary saturation index corresponded with uri-
nary protein and albumin wasting only in stone-forming fam-
ilies. Some intrinsic or extrinsic disease that causes proximal
tubular dysfunction might be a trait of familial nephrolithiasis.
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