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Kidney stone disease id prevalent in Thailand, particularly in rural communities.

Kidney stone is frequently recurrent, posing a difficulty in a treatment. The main metabolic risk factors found in
Thai stone patients are hypocitraturia and hypokaliuria.

A number of stone patients are consequently inflicted with chronic renal failure (eventually death) due to
multiple recurrence. Therefore, kidney stone disease is significant public health problem of Thailand

QOur recent finding showed that treatment with lime powder regimen (containing 63 mEq citrate and 21 mEq
potassium) in stone patients significantly reduced risk for stone recurrence. Additionally, it improved kidney
function of the patients as well as attenuated renal tubular damage.

We hypothesize that our lime powder regimen has a promising medicinal quality to be a novel drug for Thai kidney
stone patients.

¥

Research and development of lime powder regimen for medical treatment of kidney stone disease

\’

Phase | clinical trial:
Phase |: Pharmacokinetic study of

lime powder regimen in healthy
volunteers

Phase Il clinical trial:

Phase Il trial of lime powder regimen in patients
with kidney stone disease

A 4

Phase Il clinical trial:
Phase lll clinical trial of lime powder regimen in patients

with kidney stone for prevention of recurrent stone
formation

\ 4

Drug for kidney stone disease:
ready for implementation
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Stone composition NE N C S
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CaOx: calcium oxalate, UA: uric acid, CaP: calcium phosphate, MAP: magnesium ammonium phosphate (infection
stone), other mix stone type (xanthine, ammonium urate and calcium carbonate), NE: northeastern, N: northern, C:

central, S: southern.
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a a 1 = o [ dy = a [y 4 4
NIAYINBATLINUNAIATY (Zerwekh et.al, 2007) UBNIINUIINMIANIVE VozTarl Tag Tvied
o ' A = A A A PR A A a o
uazANzdINYN Maasuas InunaFeuuunibFoudinse ludieTsain ladlinnzdmsadlu

Jaraz dhunar 1deu ansoanszaueula] ATP citrate lyase (ACL) Tu T Tnsoa uazion lasi
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. ~ . < A Y A v o W 4
aconitase 11 1y TnAoUIATO (m-aconitase) Tuliatdoav11ldeg1eiiiod1an n1sanasvoaou lal
o U Y a da! ~ S o ya s A da! o 9y v A 9 J o Y
asnansunaduimaane la vz ldsmsa lusadmuiusilfaanseandusmsadusaa v ld

A a A 2 A o Y 1 A v o w A A =
Yaazismsamuiiu uazamsomuszay pH ldedniivediany uvennntdmsaiuInunadoy

A A a o A o = ~ A a I A w o w K ' Y
uuniEon Fmsadunuszay TnundFey uunildoy tazFinsaeeniivediay Jsensonanlan
TwunanGoununiidendinsa himowamsud lulymidmsaludaangduadinsouagulifans
A v & a A Ao o y A A A A A o R A
MNEITEUGINITAatINHAY N INun AT en Ly FouLazFmia 019na11IaFuilunaevod

{ A [} o { 1 I .
Tnuna@eunfon1Hsunu fe tnde InunaFeuveava Al pH 7.4 u3aunany Falgun v
Yoyn1910n15 1901 Thiazide Nlinmad1ufeslunssnulsniialaNna1nA17¢ renal hypercalciuria

A o o~ I A o ° y A < ' A A A
M9l F9in1 pH iunatswesvdszmusnlimunnuduais vsesy pH vosdaaneiuasing
Aa o A X g a A 1 @ )
Fimsaludaang venoniduny Inlsweama Fadluamsdumanairludaazmuny uazd
nuNdauauianIuaumay Tnuesdoutii aan1sawnaFena1nnszan (bone resorption) 1AL AA
=S

azunadeug lullaanne

PMI3PINIILGAIHZUIING (Lime powder regimen, LPR)

~ 3 o ~ ' A 9 9 a = 1 o

tnenuduiuavnningn msus Taawa liuazasdueyyadaszlivnuimasnssny

' H) < ™ A = A 2 A
Tsaaneq e lsanzide Isarhlaazvaoadon 52809152 In (Kang et.al,2007; Koff et.al,2007) a3

: W A2 L 2y Y A _
51891471 M5 IR AY8ATINE U1 8 1A (Selizer et.al, 1996) H30N1TANUIANAY 1 8A5 (Odvina
v Y v
et.al,2006; Wabner et.al,1993) a0 3u ansamiuaisdudinmsneiinlutlaang 1ded1eiifod Ay

Y
a %

d' Y 2’, =\ %’, 9 a a o 9 1 =
e luwa bl duiinsasdweyyaddse M ludalsuanazquain ouldun weawasediv
a a a a 4 a 3 ] o 4 1
Aiiug Iaiud Warlwesd nsalvdn fudu $r0lunmsdnilesmsiarsvessadyve lanin

4 a Y v 3 Yo A a 2 J o g’/ v A A

AszuIuMsleIsonFasy ved luiilu MDA wa lisatlsuadma suiluarssudginsneiion

v a = A A Ay =< Ao VY ~A A A

g wazdall TnunaFey uuntiFoudnale nmsAnyIvesanzIenyN fihenia lafikiums
[ [ d‘ Y] d’d I3 =S A aa A S 1A
$AYINARENITTUNB5UUTENIU LPR Nloendszneu Inunaiden 21 Jaaon1aun As%nge 63
Aa aa A S A A a A 9
Haaonaun Wuszeznan 3 1neu(Tosukhowong et.al, 2008) @ NTAUNNYTMIUTINTANITOH1TAIU
msnot ludaanzuazmuaIsduoyyaddss aanITEIN1TINALY TINDIAAANNIATIADIN

a % 9 ] A v o W dyw Y o 4 1 9 A =
pondatu laededlivedinny uonnnildsamisalnilesnmsiaewaayne’la’ld denSeuiion

MIsudsemuInun e FsuFmIanuNsUIIRINUI MTSusEmunzuImea e lduny
Tnuna@eudmialumsnuEmsa 1dase uazdanunmaasuuzunaildlseansninuos

Y A dg! A o 9 a

Jaazlunsauniuesnsianluvasanaasuinuiy luvasiszauasaiveyyadase

. A 2 I A v o 1Y o = 9 1 A Ao
glutathione 1NN UBEITITod ATy deandosnuswaumsany ludileTsatialansulseniu

o v o d

Y I J (A ~ v A a A ~ [
NflthLﬂUL’JﬁT 2 dlan Wll'ﬂﬂ‘ﬂ'JfJﬂJﬂﬁ]i]EJLﬁEJﬂUﬂﬁLﬂﬂU'Jhl@ UAZANUAYITUNANDTNUNITAADIVDY

o

o w 2 g Y I J Y 3 1A Aada 9w 1
HYAINY cmﬂummﬁm”!wmmw wa"lmﬂmmawmsmssumm‘nummmﬂmmms

9

FINTA0Y193
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= AaA o a a v
IZIVYUVIDTAUHUNFIIVEY

1A5IN1IIZEEN 1

a ¢ d Ao o
ﬂﬁ’J!ﬂi'l$ﬂf’)~‘iﬂ1j5$ﬂf’)‘ﬂ‘Vl'lQicﬂ‘lﬂ!1ﬂ15ﬂﬁ1ﬂ@1ugﬂiﬂ3‘l~!]’3w&

myunngresstszneunialayuinis lugasuzuring Iaun TusAu (@umdnns Block
digestion method), 1931 (1¥M&NN1T Acid hydrolysis), A131ula1a5a (AWM EANIT Carpenter
Method) 1HA$NEI91M (AIUHENNS Carpenter Method) TasdaTins1s¥ ngudvesfitnsuaszisve
NMTUNNEUALATINHATUH 1DIFY (Asia Medical and Agricultural Laboratory and Research Center,
AMARC) 3418500 155u509010519 114 %091 §17A15 (Accredited Laboratory Complying with the

ISO/IEC 17025 : 2005, Accreditation Number 1124/50) 310N3&NTWNAIH1IUTY

msanznlinamssg sazaslanswiinlugasuzunine nazasiedafaany
MsanTeRSuanssg uazars Tangminlugasuzuiing wazaisdednuidadiizaie
Lﬂd'i'i’]\i Inductively coupled plasma optical emission spectroscopy (ICP-OES) Iﬂﬂmiﬁ1q AT 3111’3!“17%
aza1olutiindu 200 ml 919 lusasiau 1:5 drerhnau dmiuarsdedudaaizidesisly
DATIFIUNINY (1:5) mmi”uﬁmwﬁmiwﬁﬂ?nmufi‘ﬁm navas Taneminde19309 ICP-OES

o 4 { a I o e
(Optima 2100, Perkin Elmer, USA) lagmviualianizaseaiionlslumsiniizs wuaail
p

RF Power : 1400 W

Plasma / Aux. / Neb. Flow : 15/0.5/0.40 L/min
Plasma Viewing : Axial view

Sample flow rate : 1.5 ml/min.

Read Time : Min 5 sec, Max 5 sec
Read Delay : 10 sec.
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Flush Time : 0 sec.
Analyze : - Antimony at wavelength 193.696 nm
- Arsenic (As) at wavelength 206.836 nm
- Calcium (Ca) at wavelength 317.933 nm
- Cadmium (Cd) at wavelength 228.802 nm
- Chromium (Cr) at wavelength 267.716 nm
- Cobalt (Co) at wavelength 228.616 nm
- Copper (Cu) at wavelength 327.393 nm
- Iron (Fe) at wavelength 238.204 nm
- Lead (Pb) at wavelength 220.353 nm
- Magnesium (Mg) at wavelength 285.213 nm
- Manganese (Mn) at wavelength 257.610 nm
- Nickel (Ni) at wavelength 231.604 nm
- Selenium (Se) at wavelength 196.026 nm
- Vanadium (V) at wavelength 292.464 nm

- Zinc (Zn) at wavelength 206.200 nm

a d
N3 UAITH Oxalate depletion lunaeanaaes
HanNN13ve4 Oxalate depletion 99199935 MINAAININNUITVD Chutipongtanate HasAE
zﬂ' a a v = =
[63] 1iog1se@NTNIMY0I LPR 1un15aA0031n13 Inv0Inan (crystal growth) Tnggainilsuaves
PONYUANDEATE (free oxalate) NiriAoDY lUNADANARDY MINAMAVIAVOITMTATY LPR Na1usndu
[ = 9Y o Y ] Y] [ =S Y o 2’, 9 =Y ~
fruuaaien'ld ilveensuan luausasununaadonld asiudmindSuiaves free oxalate 7
A ; " A= v o " A o a v o q Yot = A .
MABBYNIN LIFDINITIVAUTTHINTMIanuuAaTon 1aun v 1din1s Tnvesnaniia (calcium
v 9
oxalate monohydrate, COM) GISSJKN 1a8en1339 free oxalate ﬂ%?ﬂﬂmﬂﬂamlﬁﬂﬁ 214 nm YUNDUNIT
a J ] 1 []
InT127 1Aoge Ao 1ae@1582a19 2 mM calcium chloride (CaCl,) + 2 mM sodium oxalate (NaOx) 8814
I j‘ o ?z’; 1
az 0.5 ml wanasazarelmduiie@edrdu niuldasazais 15 pg/ul COM 10 pl WANAITAZATY
< X o Y & '
Idilwiie@ernuudieldindgu (vaeanruan) wie 1a LPR 0.02, 0.1, 0.2, 1 1ag 2 mg/ml (a0

Y3 tg =y o g‘/ o @ 1 A A A
NAADI) 100 ul m’mmiaza1EJGlm°1JuLumﬂEI’Jﬂui]muuuﬂﬂ’msﬂmﬂﬂau‘wmm&n’;ﬂau 214 nm 9NN 5

= = Ay Yo o < . = [
UIN ADATUATU 60 UIN T@ﬂﬂm%mmmmmgﬂu %oxalate reduction Llﬁﬂﬂmﬂﬂﬂﬂﬁﬁﬂﬂﬂ’)ﬂﬂu
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MSANY Cytotoxicity

o a 4 A I o
NANNITVDINITIATIEH cytotoxicity 30 cell viability 1a8 1435 MTT assay 11 1n153aA13

'
= o

Maruveaon 1ol dehydrogenase Tutsadnisia Faazyiminnlasn MTT (3-(4,5-Dimethylthiazol-

]
=

[} d d . 1
2-y1)-2,5-diphenyltetrazolium bromide ) Faduarsnidmaea 1ty formazan salt NI FU 29 Taeill
?1// a r'd ] e g 4 1
PUADUNITAATIZH 1R8O A0 INIZIA8Y HK-2 cells TUUMIZIAsusaqvLIA 96 Ny uAaznaull
/A ¥ A P X 4 J a 3 o '
FARITVAUN 10,000 1A (A8 1UDIMITDGUFAAIUITATIVIYLANQY (90% confluence) D1NUU 1a
A1582810gATUZUIIHIAINANUTUTY 0, 2.5, 5, 10, 50, 100, 500 1AL 1,000 mg% (dose dependent)

a

= Y 2 Y R o 1A o
Haga1Taealy COM NANNUNUU 50, 100, 500 LA 1,000 ug/cm LLﬂ'JiNLl”Ill']JTJEJTlQﬂ!W{]N 37°C, 5%
g < g a Y o oA a <
C02 LII‘L!L”JEH 24 GIf'JTlN AINUURNTITaL1Y MTT LLﬂ”J‘l!”I"I,']J‘]_IiJVIQﬂ!W{]N 37°C, 5% C02 L']JL!L”J@"I 4
v Y
‘If'JIN\‘l NUUANTITALAY dimethyl sulfoxide (DMSO) ﬁ\ﬂﬂ 100 ul. uagan 5-10 UTﬁLLéjﬁﬁTqﬂ?ﬂ
1 { o g g’.} . . ) ] . ¥ 4 4
ﬂ?ﬂ?ﬁﬂﬂﬂauuﬁﬂﬁ 550 nm NINITNAABILT 3 AT (trlphcate) #1191 time dependent Lﬁmwamumaa
a g Y a = Yy 9 A Y o VoA
Lﬁ]iﬂlulﬂilﬁtjil ummnmiazawqmmunm‘ﬂmmmmummu dose dependent llﬁ')qul“]J'Ull‘ﬂ
a I & kS Aa
Qﬂ!ﬂgh 37OC, 5% C02 Lﬂu!’)ﬁﬂ 24, 48 1Lag 72 GIf’JIlI\‘] mﬂuu'ﬁﬂmumiazmﬂ DMSO ENUhJ 100 ul.
g 1 o % U { o %’ g’; . .
NUULVYT 5-10 uWﬂ!Lﬁl’JHWUlIIﬁﬂﬂWﬂWiﬂﬂﬂaullﬁﬂﬂ 550 nm NINITNAADIV 3 AT (trlphcate)

[

Y
MIMUIUN % cell viability ATUIVAIN

% Cell viability = (ODies*100)

ODcomrol
OD,, =MMIgANAULEIVaHQUNldaI10819gATNZUIING
0D, = AMIgAnauLdueInguAIunui bildgasuzunng

a d d (Y] a Q'J
M5INTIZHNMsa319 ROS Tuwaa Tnsorde) Seneendiaduuog 2,7-dichloro-dihydrofluorescin
diacetate (DCFH-DA)
WanN13IAYUIuI1an15a519 (reactive oxygen species, ROS) Tago1fe1§nse100nHiat U
{ 2 4 o aan o { I .
DCFH-DA fio ROS fignard19uluaadozvinl§isenny DCFH-DA wagnlasulahilu DCF (dichloro-
. . = A J A s a 2 2 < (N
dihydrofluorescin) H9ziTonaangoosaaud lagnisiioaaangoosasuannayutioziuaa
=< = J g}/ a 4 1 I [ dy dy
vondalTu1uves ROS Tuman 4uasunsAAIIEH lagde 1Wuall tn1ziaes HK-2 cells Tuau
9
L o a a
IWIZRBUTAATAIVUIN 96 QN (96-wells black plate) T3 aan Ta 1d1lsz 11 80% confluence 1187
IANA1582819 0.1 mM DCFH-DA 122218428 DMEM serum-free ¥iquaz 100 ul ud2i1liud
a o J a d 9 ot Y 9 Y9
QU 37°C, 5% CO, Huan 30 N Mnuulaasaza1sgaIuzuIININANWTNTY [WUTY 0, 10,

[ Y
50, 1AL 100 me% LAZE1TATAYHANCOM NANNWTY 50, 100, 500 (AL 1,000 pe/em’ 310U 1)
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http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl

19 fluorescent intensity 113810 UIN 1AL 60 N 1ABATIUA excitation N 485 nm LAY emission N 535

nm

[

Y
MIAUIUAT Arbitrary fluorescent unit (AFU) f1udas laaail

AFU = fluorescent intensity ﬁnaﬂm (t)

. LA A g
fluorescent intensity NIAUIVAU (t,)

M3ANHI Acute animal toxicity

Ia o

o = A ' vy v
Win1sanu 1 lunyien1A1 LD, vod LPR Taga13191dqudivedayu lws

U

' o

a s D Ya 7 o o A v
ﬂill’)“ﬂEﬂﬂWﬁﬂiﬂWillW“ﬂﬂlﬂuﬁ?!ﬂiW%“ﬁ uazmmmzmawgﬂmam U],ﬂ!,!ﬂ [2h1] Vli‘l Uagaual U1
a2 . . . . i a 4 '..a
ATIVFADUNIWNNYITINYN (hlstologlcal examination) Lﬁﬂ’)lﬂi1$1’i'ﬂ'1ﬁ1lﬁ§!ﬂ13ﬁ18’31lﬂ@ﬁ]1ﬂﬂ’ﬂu

Y o A o = ' I A . . ~
ANaU90872 1 W3007872 laideanom s uN YV lime powder regimen HINNFA

M3ANY1 Pharmacokinetics (PK)
o Aa = w Aa Aa o = 7 o A
auiiumsanyluoraadas lnenligunmind 1uau 13 au Tasliinusinisnadon
9y
o1a1aNATAIT
Inclusion criteria
O eaNATINATIBLAZHAN DIYTENIN 18-45 1)
BMI 18-25 kg/m’
= ~ 1 o 9 ! . .
Ugun A Tagrumiasraaeuilse Ian1s s 1139399319018 1ag vital sign
aa Y] Y a o Aaa I a
Han13nIIINIRNEN MRl IAMsAalniulng

Tusidseiauwen

O O 0O 0O O

I Aa A A W Y 1 lgl.; g Y 1 Aav =
winidlumangainasniudundin liawnssanewdism Insamsise nagling
o A d‘d Y a o
AuMIANAAaRAM 3191591 1ATINIINY
a 1 aw < o a
O gusouinimulnsamadvsarennuanly vazasnulumisdoudasnnuduseunad
Exclusion criteria
O fisziaunen
a1 < a @ a 4 A
0 fsziathuilulsaszuumadueins Tsadn Tsala Tsagiiud vielsnduq fienn
UHano bioavailability Y94 lime powder regimen

~ an A < o =~ a
O Hsziaaugsnilulszd nazlimsldmsanan
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~ e A J ° ' Vo A ~ A
0 wlszdaguyvinulszdr @1nn 10 WIUALIY) viTeINNMIFUYKTIIUAA

£ q

(Moen1 10 MIUADTU) ua IaT0eaMIgUYHs IaNouENMIANE AL TZNIS
=
MIANEN
0 lasumssaunlsaaleenlas aely 14 Juneuisumsanm

'
a

O AIINTINMITNAABINIANYIN clinic DU Maly 1 RouRdUTUMIARYN

[

i o < Aa 1 a Y]
szginsnihndnelulasemssedousulugusouansinlasimsisedrsanuaiiasle
o Yo 1 & Y Aa oA A A 9 9
p1maNasz 1dsunsasaviemena luaznisasianenesl fiamsimesudunnuniouves
' . Y dy ya o [ 3 9ya a 1 9
319018 (screening) NIMuAtAITerianuazauzIziudaaniunazlssiiunanouoyyiald
o aiasnuInsan1site
= . . <3| = . S a oA ao
N15ANY1 Pharmacokinetics (T UM SANE UL single dose Tﬂﬂmmuﬂ“mm’ammumm%mms

< o ] A A 1 o A
f‘ﬂﬁlﬂ‘U@’Jf’JfJNLﬁ@ﬂLLﬁZﬂﬁﬁTJgVll’mWIN“] muﬁ@ﬂum‘mm 3

Screening 1 week run-in : Day 7, 6pm:
dietary advice for admit &
citrate restriction standardization
meals with a
standardized
diet
Run-in week Citrate profile (control) Lime Powder PK

Day 8, 8am, start citrate Day 9, 8am start citrate
clearance (control day) clearance (Lime powder
day)

MNA 3 ﬁ?ﬂ protocol phase 1
Screening period
v
91T ITUATHIUNITATIV screening ﬂﬁﬂmﬁuﬂm"ﬁlﬂﬁlﬂﬂ inclusion criteria NI¥UA tAzUHA
N15ATI95NIGUALNITATIINIIR 091U §1TAN15 (Blood - CBC, FBS, BUN, Cr, Electrolyte, Liver
I a
function, anti HIV, HBs Ag; Urine — UA, Urine pregnancy test in case of female) wWuilng
Run-in week
v A Yo a o Yo o o a A . .
@1ﬁ1ﬁhﬂﬁ‘l’]t"’lﬂ‘i’)hIﬂi\‘]ﬂ1i’3%ﬁl%$1@iﬂﬂ1!tu$u1ﬂ1iﬂiIﬂﬂ@Tﬁﬁ‘ﬂN citrate LLQ& potassium

o 9 v =K 9 a o w o J
@I'lWi@iJ‘chﬂﬂ"’ll’f)jal'ﬁﬂ'liciJiiﬂﬂ@WWWiﬂigﬁ]TJuﬂaﬂﬂ 1 gt
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@ { J a o @ Y . 4
Tudud 7 v99m 591590 TA59015398 018170 AT 1M IWNNFUEI Chula Clinical Research
J t4 a o ¥ 1 4 a @
Center AIZUNNIANAAT PUNAINTUUWIINGEE AAIAT 18.00 Y. tHOUT 1A IMISHUVIATINUIEY

H ' 901
$10AB115 N citrate 1A potassium F9 WFOUNLIADIMITHAL 21.00 U. Tae Tidossniin

Citrate clearance control day

Y o A Y 1 a o o Yo A I ~
IB1IUN 8 ﬂlﬂﬂﬂWiHﬂi'ﬁJIﬂﬁ\‘lﬂ'ﬁ'}%ﬂ fﬂﬁWﬁNﬂﬁulﬂﬁ'Uﬂ'lﬁlfﬂ'lxLaﬂﬂllaglﬂﬂﬂﬁﬁ'mg‘ﬂma']

1 @ { < 2 { 2
AN ﬂ\?ﬂTW‘ﬁ 3 Iﬂﬂ baseline (time 0) Gummimmﬁaﬂuazm‘uﬂﬁﬁnz%zﬁuﬁnm 8.00 U. uazaugea

d' & Y o d‘ Y a
24 179 (8.00 Y. VBAUFIIUN 9 VoIM 5115 IATINSI &)

<] @ ] <] @ ] { o a 2 !
ﬂWSLﬂ‘]JG]’Ji‘)EJNLﬁE’Jﬂ: m‘u@1:1@ﬂmﬁaﬂTﬂamm13‘ﬁwaamﬁaﬂmmnmumumaaz 7 ml el

baseline @113 citrate clearance day fnan 0.25,0.50,0.75, 1,2, 5, 48z 10 %2134 a4 time 0 (1WA 3)

3 A A A Y Ay o A 3 o o 1A o )
LﬂTJLa@ﬂiuﬁa@ﬂq‘igig”lﬂ”lﬂﬂma@ﬂﬂﬁﬂ EDTA LW@ﬂ@Qﬂum@ﬂLl"UQ@]'J @]3@81\1&@1@@%3HTNTﬂULlﬂﬂLGT

a

~ v < Y 4 = a 7 Y 9
NAITU LLﬁSWﬁTﬁN”IVILLEJﬂllﬂilglﬂﬁlll‘ﬂqmﬂﬂu =70 C AIUNTENIDUIANUATIEHTHIANULVUUUUD

Y

. A
citrate Gl,um RIZ

<] J ] ' . Y L ¥ 4 o
MsnualedNlaae: ﬂ@uﬂﬁlm&ﬁ’ﬂﬂﬁ time 0 ﬂ”lﬁ”lﬁiJﬂ’ii]?.iﬁ}’f)\‘]ﬂﬁﬁ”l’Jz‘VN‘V]Q‘H?J@]Lﬁﬂ‘V]”I

Y
v A Y <

Y ' ?x‘a = Qld' ?,‘ Aa aa 3’/ JREPN ds!
Tnszmzdaainz g 1w lhaniii 500 Haaansnui nvunulaaznIvuanaly a
a1 1,2,3, 4,6, 810,48z 24 ¥3109Ma9910 145D lime powder regimen (2 1H 4) YSuaudfaany
g’; o o . o a d =Y . . . .
Nnanuaaz1i ld e citrate clearance 1az1i1 1U31A312 ¥ W13 U191 urine citrate, oxidative stress 1A

a

. . . (Z ' Yo <3 YA a 4
total antioxidative status maanﬁﬁanz%"lmumimu'lmqmﬁﬂn =70 C 99MIAUATICH

U

p1e@ins 1asulsemuemsiia 131 a o184 dosing 11811 4 ¥ luaaz 10 ¥ 1us 0113

v v
A o Y =t

I YN v o o Yo A A [
NnIAa Wﬁ]%lﬂuﬂ']ﬂ']iﬂ NIYNINUA Iﬂfl’f]']ﬁ'lﬁilﬂiT!ﬂi']fﬁ]%ulﬂiﬂ’é]'l‘ﬁ'liﬂlﬂilﬂuﬂu

Blood :*blood sampling every 15 minutes during the first hour from time 0

2 0 1 2 5 10

Meal Meal

Void

10 24
Urine
Mote: Numbers are sampling time points presented as hours from dosing.

Urine will be collected continuously for the calculation of citrate clearance.

! <
PN 4 ﬁ‘g‘ﬂ time points voamszaeataznuilaaizues day 8 — citrate clearance control day

Lime powder regimen PK day
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TR 9 vean3t13 N TATINTIVY (Lime powder regimen PK day) @16n3iA5 MA5 UM
A <3 A ' o A . . A 3 A
@eauaznuaanizinainieg aanni 5 1ag baseline (time 0) ¥oaM3Izi@oauaznuTaaIzEy

A ay ~ o Y o ~ 9 1
NIa1 8.00 U. Uazaugan 24 2109 (8.00 W. VBUF1IUN 10 GU’E]\‘]ﬂWiL"lﬂi'JiJTﬂix‘]ﬂWi')%El)

a3 @ i < o i { o a g o
ﬂ1§!ﬂﬂ@]’)@8ﬂ\‘llﬁ'€]ﬂ: !ﬂ‘Uﬁ']’E)EIN!ﬁ’E]ﬂIﬂEJﬂ1§m1$ﬁﬂﬁﬂﬂlﬁ@ﬂﬂ1ﬂimmlﬁluﬂiﬂﬁg 7 ml Iﬂﬁl“lfﬂ

M3191Z180A 7181 0 (baseline) NOUNIT 14 lime powder regiment 5 N34 Tugda1sazate 250 ml uazf

11810.25, 0.50,0.75, 1, 2, 5, 4ag 10 ¥ 114 ¥a4 time 0 1nuidoalunasagyanmaiitndoudis EDTA

a

A Y o A < @ ] A o Y A Jys 9/d'
MeileINuaeauUn alegrumeatiuItuteneInaIgu LLa$Wa1ﬁﬂ1ﬂllﬂﬂhlﬂﬂﬂhl?ﬂqmﬁﬂu =70

U

o =2 a s 9y 9 . I~
C AUNTENINIIATUATIEUNIANULVNUUUDA citrate 11!!?1'0@

I~ o 1 1 9 ~ o Yo . . Y 2
MINUAIE19Tad1L: nourINo 1@ 1aNAs 1A5Y lime powder regimen aosdaainzng

Y x ]
naruae v nszmizdaaiza19 naz 19 5u1s52m1u lime powder regimen a1uinaas 3194w
Z <] Y {a 2 o @ o .
nniunudaazNIMuainaty o 10a1 1, 2, 3, 4, 6, 8,10, 1ay 24 %2 104183910 1851 lime powder
. 2 & o (3 . ) a 4 a .
regimen US1aTaanenanuaiiilddiuaa citrate clearance tag 1113wz ¥iv11S vt urine
@ 1 < { a
citrate, oxidative stress L0 total antioxidative status G]TJ’EJEJN‘]jﬁﬁ”ITJzLﬂ‘]Jll’SJﬁQﬂ!ﬁQﬂJ -70 C DN
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126 Prachauthit Road Bangmod Thungkru Bangkok 10140 THAILAND
Process and Environmental Analysis Center

Certificate of Analysis on Formulated Freeze Dried Lime Juice Powder

Customer : Report No. : IPC-2010-CU-001

Receive Date : 15 September 2010 Sample ID: IPC-LJFDP-9001
Date of Analysis : 15-28 September2010 Date of Report: 29 September 2010
Microbiological Analysis | Specification | Method
Standard Plate Count (CFU/g) Non Detected | FDA/BAM
MPN Coliform /g i Non Detected | AOAC 991.14
MPN E. Coli /g Non Detected | AOAC 991.14 |
Staphylococcus 125 g Non Detected | FDA/BAM
Salmonella 125 g Non Detected | FDA/BAM
| Yeast&Mold (CFU/g) Non Detected | AOAC 997.02 |
Chemical Analysis Specification | Method
Moisture (%) 45 AOAC 934.06
Ascorbic acid (mg/gm) 5.46 AOAC 984.26
Lead (mg/Kg) 0.2 AOAC 986.15
Mercury(mg/Kg) Non Detected AOAC 971.21
Arsenic(mg/Kg) Non Detected | AOAC 986.15
Calcium(mg/gm) 3:1 AOAC 975.03
Iron(mg/Kg) 2.0 ADAC 975.03 |
Potassium(mg/gm) 164 AOAC 966.16 |
Sodium(mg/gm) 1.35 |AOACO7530 |

2 ) / !
_}}x-.-,_c.;_f.(,,:.z. L7, P

Oranee  Decrasa mee

(Orawee Deerasamee) *hai Keawboonruang)

Analyst Analyst
(Assoc.Prof}

Pilot Plant Developme

LI T T TR R o e sepm——_ I ¥ P2 Yo wlondniarigu nifezuinlanydimdo i

Y [ g j o a [ Y
mui 8 M3suseansulouwegatnuas Tarzmin 910 i Inerdomalu lagnsevounaisuljs

Primary endpoint (primary outcome)

Metabolic stone risk factors (hypocitraturia, hypokaliuria, hypercalciuria, hyperoxaluria) Qg N3
9

a . [ o Y a o I .
INAUINY (recurrent stone formation) MIRAINTTNHIA8TTN1TaeNTTN 11U primary outcome UDN

r XD-

Y
=

= v = Y Ao A a X A A Y llalw o Y
NITANEIU TININITUUNONAVIUAYINDIUNAUVUADADATEYLLINT 6 maumﬂw ATUNITINHINIY
LPR
Secondary outcomes 1&un renal tubular damage, oxidative stress status 4 @1 ¢ kidney function

(assessed by creatinine clearance)
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NIAUAIITHUBYA (Statistical analysis)
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O Two sample T-test W30 Mann-Whitney test l¥dmsunieuieununas (mean) H3©
. P Ad A 1w
median ﬂl@ﬂﬁ@\‘]ﬂ@lmﬂlﬂu@ﬁﬁgﬂﬂﬂu
. . o v
O Pearson’s correlation test H3© Spearman’s rank correlation test T¥n519a0UANUFURUS
o DA o
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o v 1 Y g '
O Chi-square test 1¥nadouANNFNNUTTzHINA M s Ml ungu
(4 ' j’ . . {
mﬂmiﬂizmﬂmwm%’ay‘a"lummm%ﬂﬂmmmﬁ'u (Assumptions) UDY parametric tests i
A y . A Aadq ¥ A .
921800 19 non-parametric tests MMz aNLNY 1Usunsun19adanle Ao STATA version 8, GraphPad

9 a

Prism 5 118 SPSS version 10 M¥UATzALNEIAYNINADAN P < 0.05
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o U v &‘ U 1
X 12 %) ﬁTWiUﬂ@QﬂHLLﬁQLLﬁ%ﬂ’J'ﬁJ%H “]EiJ'IiLl‘]Jiii] 5 NINABYDY (5 g/sachet) (b)

1 o 3 1% '
WanN133Ian1 pH 1“ﬁ15a3a15q@5u3u13ﬂ@ (LPR 5 n5U a$a181uu1ﬂau 200 1) WU

1 [ d' = % d' d' d't: d‘ aa o 9 1 aa
Ny 3.77 £0.02 Woneununsesanitenan luginlszsiu ]’lﬂllﬂ i wruzun (I’ﬂ’ﬂ"]f) ¥
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a (% d‘ 9 a0 T W
weu @) GU% uar 1A UA1 pH AV 5.54 +0.09, 3.54 £0.01, 3.15=0.01, 2.45+0.01 AL
o w A 2 Y I 1T ' A A <
2.44£0.01 9IUAQY (DINWN 10) Waﬂ'l’iﬂﬂﬁf)ﬂullﬁﬂ\‘lﬁlﬁmu’ﬂﬂ'l pH U893 LPR qqmmiaummzﬂu
Y 1 iol [ A Y @ [ c’;’z A o Y (B = 9 =1
ﬂ‘iﬂuflEIﬂ’JW“])"]ﬂJ%lH’JLLﬁ%H']E)ﬂaiJVI51]18111!14@\1@]@1@14’3“11] muuauau”lmﬂuumzuwammﬂmmﬂ
& A Ay 2 o
ﬂ’J']llﬂJuﬂ‘inJfN LPR #i59UUBDYNIIUIDAAY

1
v AAa as

a J ) ( . . a J
1319 3 %uﬂﬂl@\iﬁ'ﬁ@ﬁﬂﬂigﬂf]llﬁ'lﬂfg‘i/'lﬁlﬂi'lgfﬁslu Lime powder regimen Hag35UATIEN

Chemical composition Method
1 I '
MANUYUNIA-AN (pH) pH meter
Citrate HPLC
Calcium, potassium L€ magnesium Inductively coupled plasma optical emission

spectroscopy (ICP-OES)
Metals: arsenic, cadmium, chromium, cobalt, ICP-OES
copper, iron, lead, lithium, manganese,
molybdenum, nickel, selenium, strontium,
vanadium, LiQg zinc
Oxalate HPLC
Nutritional composition: Total protein, AOAC (2005)

carbohydrate, fat LlD1 energy

Total antioxidant capacity Diphenylpicrylhydrazyl (DPPH) method
pH
6.00 - 5
A 3.
4.00 | & 3.
_ 2. 2
200 | . .
000
N ) o) S ) N
‘9@‘& A oS o W W
.1:\-'\ (\n\"' %i)@ "@%@ g‘b &
“ns'd A '{\\.
& & &
2 & ‘b..@‘

H 1 3 1 o aa
M 10 manutlunsa-a1e (pH) vesarsazate LPR iwseumeuny nu siwzu1d (1od%)

a @ [V $ @ §
wzu @ddw) $1U% wazTdn duavianad pH mae
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a d A ' = 1w
HaNSAATIHUT U citrate Lag potassium Ty LPR wunidsunaumny 4,092 mg (63 mEq)
1 o w { f v Aa d A .
1ae 819 mg (21 mEQ) ADFBI AINAIAY (A15199 2) UONIINHIINAT12HUT U1 magnesium,
calcium, phosphate, oxalate 181& sodium NYsuaumnu 3.78,78.90, 4.10 1tag 0.26 mg/sachet AN L
(M319N 4)
A ax a Y Y a
BINNTITUITNITHNAN LPR ﬁ']ll']iﬂﬂ\?ﬂ'ﬂllﬁﬂllﬁg'égﬂllllﬂﬂ')flﬁ']iﬁ']u@kll]qﬁﬂﬁi%
Y
a a 4
(antioxidants) A 18¥UA MIAAYIUIATIZHLIT VUV vitamin C, polyphenols iLa¢ flavonoids Tu LPR
1A ' v A A o Y a
WuNRUT8umIND 27.30,9.20 t4aig 8.80 mg/sachet (AT 1NN 4) LLﬂ%LﬁJ‘O’Jﬂﬂ%NTﬂ!ﬁTi@11!@1;}34?16@'53
54 (total antioxidant status) nInlszansamlunis ﬁwﬁ’ﬂaw’aﬁﬁsz (radical-scavenging activity)
MVAV INUNATIUFINTAND I LPR NA1 radical-scavenging activity g4031871 INUNAITEUTINTA
] A o o w J S . . .. :g Yy 9
DYNUUITIAY (ﬂi%iﬂm 20 1917) tazysum radical-scavenging activity qwummﬂ‘%mmmmwmu
= Y3 = 3 Y a
U903 LPR (dose-dependent manner) (NIWN 11) Llﬁﬂﬁ‘lﬁlﬁu'ﬂ LPR NﬁiiWﬂmLﬂuﬁTﬁ@TuﬂHgﬁ@ﬁﬁg

A 2 d Y aa A J = a
na “NLTJL!“UE]@‘VIL“H‘LlE]ﬂ’NEJﬂ‘WLLVIﬁ!“]J’EJiJ“BMﬁmJWﬂ

d‘ 4 o W . .
M99 4 5maesalszneudian 1 Lime powder regimen

Chemical and antioxidant constituents Amount (mg/sachet)
Citrate 4092 (63 mEq)
Potassium 819 (21 mEq)
Magnesium 3.78

Calcium 78.90
Phosphate 4.10

Oxalate 0.26

Sodium 6.58

Vitamin C 27.30
Polyphenols 9.20
Flavonoids 8.80
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25
01 mg/ml

=10 mg/ml
Q 20
£
-t
Q
o
=1 J
£ 15
E'l,...
o
>
g 10
9
™
2
g s
8 1
0! |
Lime powder Potassium
regimen citrate

PN 11 Ysumesdueyyadaszsan (total antioxidant status) W3oUszaAninmwlumsmivaeyya
9652 (radical-scavenging activity) Y84 LPR MNOUN VY IWUN T ITOUFINTA WY1 LPR WA radical-
scavenging activity 407181 INUNATFINFINTADENWEAI1ATY (21.5 £ 0.85 % vs. 0.88 + 0.16 %, at 10
mg/ml; 5.99 + 0.64 vs. 0.10 = 05, at 1 mg/ml) t1az U3 U2 radical-scavenging activity qaeﬁu@mﬂ%mm
ANUTUYUVDI LPR (dose-dependent manner)

MsAnER ANzl Tzne UM TA¥UIMIT Ve LPR Hans Im sz inu T
Tsau miTulamsa Gan'lhwes) waz lusiusau mad 3.30, 65.56 uag 0.94 g/100g ATUSIAY
@307 5) naudiuazanuduniify 27.02 uag 3.18 /100g FM5UNEIU LPR 100 g 1¥indeay

191171 283.90 Kcal

d v
M3ANHIBINYszNRUYR s Atz NI UGAITNZUIING

=i o o [ =
MIANY10IAYIZNOUVEIANT Tareniin lugasuzu1Ing 5 nsu) 1 589 (MuNNSINaasHy
(arsenic, As) unina (nickel, Ni) Lk (lead, Pb) HOUA TN (antimony, An) MUNAYY (vanadium, V)
M170 .07, 0.06, 0.02, 0. 0111820 . 01NAANTUADAAT MNAIAY VAL UL UAALIBY (cadmium, Cd)
4 [ {
Tnuoad (cobalt, Co) ttag 1A3118 (chromium, Co) TuaIsazaIsgasuzuIIN AdLaadlua1199 6
o = 9

d‘ = [ T 9 a 1 =Y d’d [ BP=N 1 d' Y.
Lll’E)L‘]E'fJ‘UmEJ‘]Jﬂ‘]Jﬂ1@1\‘1ENW‘]J’JT]J‘ilﬂm’dﬁT'ﬁ‘l’i3‘1{71&ﬂ‘ﬂllﬁl,uEﬂ’g;(ﬁ'iiJZHTJN\‘iUliJLﬂuﬂﬁ/IEJHﬂJuW]GlWZJ f

a o 4
Gluwammmmmmagm

33



M990 5 99a132neuN1e In¥UIMIV0d LPR

AEUNIINAGIV 3%7]9]@?)1]/51\18\1 HanInaaoau ‘Pi‘l«hﬂ
Ash AOAC (2005), 940.26 27.02 g/100g
Moisture AOAC (2005), 930.04 3.18 g/100g
Protein (Nx6.25) In-house method TM-CH-017 based 3.30 g/100g

on AOAC (2005), 981.10
Total Carbohydrate Darry M. Sullivan & Donald E. 65.56 g/100g
(Included fiber) Carpenter. Method of Analysis for
Nutrition Labeling; 1993 Chapter 6
page 105-107
Total Energy Darry M. Sullivan & Donald E. 283.90 Kilocalories/100g
Carpenter. Method of Analysis for
Nutrition Labeling; 1993 Chapter 6
page 105-107
Total Fat AOAC (2005), 922.06 0.94 g/100g

Y J @
ﬂ151\3ﬁ 6 !Lﬁﬂ\j@Qﬂﬂigﬂ@ﬂﬂl@\iﬁ'ﬁiaﬁgﬁuﬂﬁluq@]iugu']’gﬂ\‘] (LPR)

Chemical Amount ALDC-HM USP OPDE-DF USP RDA
constituents (ppm) reference (ppm) reference (mg/day) (mg/day)
Arsenic (As) 0.07 1.5 0.015 -
Cadmium (Cd) uD 0.5 0.025 -

Cobalt (Co) UD nd 0.10 -
Chromium (Cr) UD 25 0.15 0.0002-0.05
Nickel (Ni) 0.06 25 nd -

Lead (Pb) 0.02 1 0.01 -
Antimony [65] 0.01 nd 0.02 -
Vanadium (V) 0.01 25 nd -
Mercury 0.001 3 0.015 -

USP : United States Pharmacopeia; ALDC-HM : Acceptable Limits for Daily Consumption of Heavy
Metals; OPDE-DF : Oral Permitted Daily Exposure for Dosage Forms; RDA : Recommended Dietary

Allowances; UD : undetectable; nd : no data
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M3ANIIZANTMNNMSEUTIV0IgAITNZUIINIADMIINA crystal growth
HAUDIGATUEUIINIADNITINA crystal growth WU NN 5 WIN UTUIUNITAARIVDI free
) o Y v 4 X & a

oxalate 19 IMAIAVANUTUTUYDY LPR (0.02,0.1, 0.2, 1, 1ag 2 mg/ml) Miuaw wenfiesumsy

AUMasARILAY 1A INUANNLANANBENTITsdAYNIeEda (P > 0.05) Aan @l 12 Ag9ia1 LPR T

9
aumﬂummmmmmwﬁﬂ COM (crystal growth inhibitor)

100.0

SN T
=o=Control

M -3-LPR0.02 mg/mL

' =#=LPR0.1 mg/mL

——LPR0.2 mg/mL

=<LPR1 mg/mL

J —_—
——LPR 2 mg/mL
50,0

0 5 10 15 20 25 30 35 40 45 S0 55 60
Time (min.)

Oxalate reduction (%)
2 s
L=} L=J

ﬂTW'ﬁ 12 Llﬁﬂ\‘lﬂﬁﬂlﬂigﬂiuguTJW\Wi@ﬂTﬁLﬁﬂ crystal growth nU USIUNITaNAIUD free oxalate
) Y v A K 0w A ~ o "ot
AZHFIIATUANUVNUUUDY LPR INUUINUUATUAIAD Lﬂﬂllﬁﬂﬂlﬂﬂﬂﬂﬂﬁﬁ@ﬂﬂﬁﬂﬂu lLﬁUhJW’Uﬂ’ﬂﬂJ

9

uanaNegRITsdIAYNIIEDa (P >0.05)

a d A
MIANHINAVDIGATHZTUIINIADMIHTIN (cell viability) Vo uwaayiInela (HK-2 cell)
HAYDIGATULUIINIAD cell viability Y9 HK-2 cell WU 1l013ad 185 U@ATUZUIING NAW
I < ' A £ ] [l
[uAU 2.5, 5, 10, 50 1A% 100 mg% 1 u1a1 24 ¥ Tue dawale cell viability 1y gayULA T Wy
o o w A A N Yo ) ' Y C g e
WodAn (P> 0.05) vz ilomad 145 UgaTuz UIIRIANUTNTY 1,000 mg% d9Ha 1N cell viability
[] A v o W aa A = @ 1 ~ " Yo ~
anasesniisdaynadalofouiunguaiugui i AT ugasuzuing (P <0.001) (il 13A)
uazinal 48 2 119 WU cell viability FHAAAINAMUTUTUVDIZATULUIING 10, 50 LAY 100 mg%
nazanasedlied1aynieadananududu 1,000 me% ofsunungualugu (P <0.001)
1A o A N Yo I & [ . . A A y 9
UReINUIBITAA 195 UgasuzuIruilumal 72 92 Tua WU cell viability (Tuaaasianududu
YDIGATUZUIING 5 1Az 10 mg% UazanadedeitiodiAgneadananududu 50, 100 1ag 1,000
mg% MUAAY (P = 0.001, <0.001, <0.001 MNUEIAL) AININT 13A
I A Y= =< A = I a 1 Jd a [
AuinswnudnwaniusaFeueensuan luTulamsa (coM) Hunbaoadyiine la

= 2 Yy 1 = - o q ¥ L _
nansANEINLEA 1% UI1 Wan COM Uran 1 cell viability Y99 HK-2 cell anad laganaiod1al

]
v o o A

Wod A NANUANTHV0INaN COM IMIAY 500 tag 1,000 pg/cm’ (MW 13B) uaziladnyINAYD

o
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] . e { I @ 1
FATUZUINIAD cell viability Y09 HK-2 cell Ngnnszdualonan COM iHunat 24 92Tug wuan cell
] Y 1
viability 499 COM-treated HK-2 cell U Tagmnigfinnuidudu 500 pg/cm’ COM gaTuE UM
] H Y
LPR @1150tWY cell viability Y09 HK-2 cell 1dog19i1iod1any (P = 0.025) (1?1 13B) vamsdnu1il
Y < ' < a = 1 Y 1 a3
naasldifiugn gasuzu1ame LPR awsnaan il uiiyvvesnan COM Ao HK-2 cell 14 9619150
4 M Yo = = Y 9 2 ' A
atiiolrad IS UNAN COM NANUATNAY 1,000 pg/em’ FATUZUIING (50 mg%) laia oy cell
. e Y 1 A v o W aa A I = a A
viability 1deg19iifodiyneada (P = 1.000) (0 13B) o1mflumszlidsuia coM mmnunni
v Y H
FATUZUIING 50 mg% MINANLSUIUGATUZUIINTUDI9FIoAANEYDI COM Nanududugen 1@
110NN SA ANNTNTUVOIGATUZUIING 1,000 mg% 11119 HK-2 cell viability anaqee1ai)
v o w " A IAa 1 7 ! T
Wed i naaennanuduuge gasuzunuiuisaoad £I90A10910150A0904 cell viability
' I I : o a {
unziurauananuiunsavesgasuzuing alasna 11 HK-2 cell 921959y 1AAT pH Uszuna
I s o ! . age
7.25 WMz UNIANINITAAIZAI T9ININATOUNAVDY pH YOIFATHZUIINIAD cell viability
1 A N Yo ~ " Y (v . A
Y99 HK-2 cell #an1snagounya iomaa lasugasuzu1aned 1ilad$y pH (native pH LPR)
Y 9 < ) ' 9 o 'l A v o W aa A
ANUANIY 1,000 mg% (T uraa1 24 99 Tug dama’lit cell viability anadedalisd AN 1adailo
nfFeuifsuiunguaiugy (P <0.001) (MuA 13C) yaziilomad lasugasuzuinenlsua pH 1%
) . A Y 1 v LA X '\ A e o o
11Ju 7.25 (adjusted pH LPR) NAMMANAY 1,000 mg% aamwali cell viability inuauogwiivdnn (P =
g vz 1 A Y 9 A (o 1 Y o
0.002) HaN1INAARINF 1A IHUNANAANUTNTUVOIgATULUIMINITA pH TWiTlunais (2.5, 5,
1 H Y
10, 50, 100 118%1,000 mg%) Minunslasunilasues cell viability od19litiod 1Ay (MuH 13C) Aau
L., A Y 9 < < a
N158AA3V04 cell viability NANMISuTUgIvesgasuzuImuunawnnanuiunsaninnu il

(acid-induced cell death)

A

120 -
[ 2P <0.001 |
(PP 0001 |
100 ! T T T 1 - Insssnsassussssssensd

M 24hr

[+:]
o

M 48hr.

% Cell viability
3

F
o

172 hr.

0 2.5 5 10 50 100 1000
Concentation of LPR (mg%)
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B P <0.001
"p 0025
120.00 skl

110,00 I |
100.00
90.00

£0.00

% Cell viability

70.00

a
60.00 i u
50.00
COM{pg/em?) - 50 100 500 1000 50 100 500 1000
IPR (mg%) - . 3 3 . 50 50 50

(o]

160 : :
P <0.001
140 "P 0.002

I I H Native
LI Adjust

120
100 - T =
80

60

% Cell viability

40

20 - a
0 B
0 25 5 10 50 100 1000
Concentation of LPR (mg%)

NN 13 HEAINAUDIFATNEUIIMN (LPR) Ao cell viability U84 HK-2 cell s8¢ COM-treated HK-2 cell
4 [ 3 o d‘ 1
A: 1309 HK-2 cell 1850 LPR (Hunan 24 ¥ Tua Aanudiudu 2.5, 5, 10, 50, 100 1A 500 mg% WU

. . A ds! o @ 1 A v o w aa A Yo ~ 9 9
cell viability (%) LWNﬂJWﬂﬂJuﬂ'ﬁJﬁ1ﬂ’UlW]lliJ3JuElﬁWﬂiUu‘ﬂ%?ﬁﬂ@] uazma"lﬂiu LPR NANUAUN VUGN

o w

I @ U . . ] o aa A
1,000 mg% (Jutan 24, 48 uag 72 2109 dama’lif cell viability ana0d 19l iod1dyn19a0a o
=1 ) [ A " Yo 1 A Yy 9
L'LI%EJTJW]ﬂﬂﬂﬂﬂquﬂ?ﬂﬂu%1N195U LPR (P <0.001) B: #aU99 LPR 91® HK-2 cell NANNITAUAIINAN

a

Y

COM (COM-treated HK-2 cell) i u17a1 24 2 Tue wud1 ngu HK-2 cell 1185 undn coM finau
g 500 pgfem’ 331/ LPR amndudi 5o mg% %119 cell viability iitud ued1afiod iy e
fousungui 1850 COM 500 pg/em’ 8819587 (P = 0.025) C: iiloryad 1&3y LPR fidl3y pH iflu 7.25
(adjusted pH LPR) WU cell viability "lu'gﬂ?;ﬂuuﬂaqafinﬁﬁﬂﬁ"lﬁtgmmmmmﬁ’u%’umm adjusted pH
LPR #1850 nazfinaududa 1,000 me% W11 adjusted pH LPR 117150171 cell viability 140193

v o w an 4'1 = [ . d' Y 9 = [
UIAIAYNNADA LUDINYUNU native pH LPR NANMINUUIAYINU (P =0.002)
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a 1

U & a 4
MSANHINAVDIGATNTUINIABNMITUTIMTAZ19m50YYadasE (ROS production) luwadyiane
In (HK-2 cell)

ms?iﬂmwammqmmunm (LPR) AN1TA519 reactive oxygen species (ROS) WU e
188 1951 LPR 52AUY09N1T8319 ROS anategeiiiodaynisadaniuanududuayes LPR f
da! tﬂ' = = (% 1 zﬂl ] Yo tﬂl
gIVU (10, 50 LLAE 100 mg%) LiJ’f)LﬂiEl‘]JmEl‘]Jﬂ‘]Jﬂ’anﬂ’J“]JﬂiJﬂuliJulﬂiU LPR (P <0.001) (D1NN 14)
o 4 P @ { ' @ A
Tunansanuduiiemasn IASUNAN COM NANUANTU 500 AT 1,000 pg/em’ WUITLAL ROS LY
ds! 1 A v o w aa A =\ o 1 A SN Yo = A
guuedniiisdynuadalofounungualugy (P <0.001) uaziiioirad lasunan COM 1A
1 50, 100, 500 1A 1,000 pg/em’ 3INAU IATY LPR AAMMANTU 50 mg% WU 524D ROS aAad
penivediagnanadlioounungualuqu (P <0.001) sn3ufn1duduyes COM 1,000
2 1 1 A v o w A = 1 P Yo =
pg/em’ liinun1sanasves ROS peNlived 1Ay taziloToufouseninuwadn lasunan COM
T ) N sAY Yo & =
96141887 (AUITNUY 500 1AL 1,000 pg/em’) AULTAAN 1A UNIHAN COM LAz LPR (COM A
1 o T s [ g}/ [
[WUYU 500, 1,000 pg/em’IINAY LPR 50 mg%) WU UFAaN IA5UNINAN COM 11ag LPR H5EA1UMNS

[

#3719 ROS anasedeiitiodiagnana (P <0.001) A3 WA 14

i
1.30 :
a |
1.20 -
c b
2 |
E 1.10
o
o
1y
o
¥ 1.00 3 T
8 :
o« I ' 1
T T
0.90 1
COM (pg/cm?) - 100 500 1000 - - - 500 1000
LPR (mg%) - . - . . 10 50 100 50 50 50 50

' v :
MNAN 14 WaV0I LPR uazmsaummm%’n ROS 11 HK-2 cell W21 LPR ﬁmmvﬁ’u%’u 10, 50 Lkae

9

100 mg% M1 1¥32AD ROS anasmudvuedniivedngyneadadofioununguaiugy (P <0.001)
s Yo ~ 2 A [ 9 dy ] A v o w aa A
Tuwaan 1850 coM 11 500 1ag 1,000 pg/em’ HszAUMIAS1I ROS geiuodnlisdrdyneadaiio
=\ 1] 1 ~ sAY Yo A 21 [
HeununguAILgu (P <0.001) vz lumaahn 1851 COM 7 50, 100 1ag 500 pg/em’ 53UAY LPR 50

v o w

mg% WU 52AU ROS anad0e19uid 1 ‘vmaamuamwﬂmaummmm ﬂ“]JL“]fﬁﬁ‘V]ul,ﬂiU COM

28191987 (P <0.001)
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M3ANYI Acute animal toxicity U84 Lime powder regimen
shmsanelunyNonadeufineundunaz a1 LD-50 vo4 LPR Tasdeasdaoga LPR
lnadeufigudisvayulng nsuinamansnisunnd nsgnsnaissugy uasiie fozveny
1&8un & 1o nazaues 11ATIININEITING §o1R10T3 HEE staining HinInT 12 maNNAanG
vo9omzdana 1 il 15 ueasdanInAToUA LD-50 409 LPR luwy (mice) $11471 20 6
19619 LPR mazarornnau1d1danusudu 0.5 gml dana 13 ¥anaznourhainlau
NAGOU NTBNA15AI0819 LPR 113110 yduInIngunaaed (LPR-loaded group) 31494 10 67
anAg 5 a1 medio 5a2) Tuvuia 10 mikg $1u2u 2 afe (i1afu 499709 Anduvuinves
e5aza1e LPR 71 145 iy 10.0 ghg dmSuvunguaruaus1uam 10 62 (wag 5 a1 medle 5 @)
"lﬁ’%"‘uﬁ1ﬂ5’uwmeGl,umumﬁLﬁwﬁ’uwgﬂtjuwﬂaaq FUNADINMINAIUIUATUMNUA 14 TU WANIT
NAFOUNHRIUNAUND I HYNJUNAADINNAINA 1IR3 UAIBENAITaZa1e LPR 3 W1l Hoimsndie

(J

] Y
aauld oxmamartinaugnnzinanaalasudied1a 24 su vynaliFiasenauasuiMua Hans

Mdugas hinuanuralndvesedsrznislunurnesimevesnyngunaasaionfTouiiouny

NYNGUAIUAY

Y '
(Y A o

auiuaavesdindnaIsazals LPR v ldvydudnsaieiosas 50 w501 LD-50 vo9
Y 4
LPR A9 >10.0 g/kg 1@z Ha Hematoxylin and Eosin (H&E) staining ¥04¥uiie lavazdulinuaiiuy
a a @ L J { [ a 1 a o < 1
Anlnaszaumadlan lunynguilasy LPR (Jszitiunsoounalaenersunnd) uaaslimud
13 a A A v
LPR luidluniswselinnuilasassgan
4 o 1 I a 14 §
Lﬁai}@ﬂ’qnmmgﬂuwy (toxicity class) U939 LPR 1uNUNU83 Hodge and Sterner (Gﬂ’iNﬁ 7)
WU71 LPR agj“luntjuﬁ 5 ﬁ%némﬂuﬁyﬁmm (very low toxicity, LD-50 oral route: 5-15 g/kg)
' <3 = .. ¥ R ~ = A ' o
9619 15NAWMIANYN acute toxicity ATIUNATDUIEIVUIA (dose) 1R8I AD 10 g/kg az Linudyna
g A Y A Es & o v g
madunslunynaaeuas AuzI90im0 M ININNYLIAYY LPR 1nUwilu >15 gke Agans luilu
A [ v o A I Aa 1 [ VoA A [ 9 [R~1 o .
nyAdAINAaeINI oA UNBY0I LPR W1azeglungui 6 Ao Aoud1a luilludunsiy (relatively
:é A v o = ldsj 4‘ A v 1
harmless) @AM I0TINsANE IUnYIIATHR Y (rats) iNBUGUHAAD 11)
= ' aa .. O g ' a | A o
NAN1IANHITZENOUADNN (pre-clinical study) H UIFFAIUI LPR Ua1nduniydininluy
o o Aav K ) = Aaa [ o I = Aaa
dninaane angIvedaurusimsane luszezaaiinae 1 Tasdrauusnilunisanyinienain
A L. . A v S A = L w
328N 1 (phase 1 clinical trial) MJ@Qﬂ’izﬁﬂﬂLWﬂﬁﬂHW pharmacokinetic (PK) U939 LPR luoranasing

1 Y
aulnagunnd tazdunguadiaufe (side effects) No19AATY
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MW 15 LHUAINITNATOUAT LD-50 Y09 LPR 111y (mice)

Control group
(n=10; 5 males, 5
females)

!

| Force-fed with water
as control
(10 ml/kg)

l

14 days observed |

~,

T

LPR-loaded group
(n=10; 5 males, 5
females)

|

Force-fed with LPR
solution
(10 ml/kg)

|

14 days observed

= =

[ LDs;, calculation ]

l

‘ Pathological \"

examination (H&E
staining)

M13197 7 Classes of human toxicity based on the results of animal assays according to the Hodge and

Sterner scale

Toxicity Common

LD, oral (Single LC,, inhalation (Dose over LD, dermal (Single

Probable lethal

Class description  dose for rats) a 4 hour period for rats)  application to the skin dose for humans
mg/kg ppm of rabbits) mg/kg

1 Extremely 1 or less 10 5 or less 1 grain (1 drop,

high toxicity contact with
mouth)

2 High toxicity 1-50 10-100 5-43 4 ml (1 teaspoon)

3 Moderate 50-500 100-1,000 44-340 30 ml (1 liquid 0z)
toxicity

4 Low toxicity ~ 500-5,000 1,000-10,000 350-2,810 600 ml (1 pint)

5 Very low 5,000-15,000 10,000-100,000 2,820-22,590 1 liter (1 quart)
toxicity

6 Relatively 15,000 or more 100,000 or more 22,600 or more more than 1 liter
harmless (more than 1

Classes of human toxicity table developed by toxicologists Hodge and Sterner
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M15ANY1 Pharmacokinetic (PK) parameters U949 LPR (Phase 1 clinical trial)
auiiumsaneluorenaing lneilgunmind (healthy volunteers) 11491 13 510
{ o < Aa 1 Ao @
Uszansnimndne lulasens IdgulugueseuinsinInsenmsitedrennuainsls uay
o Yo 1 < Y a oA A A 9 9
P dNAINNTI AT UMIATI9T MR liazmsasianiteslfuanmsmeguduanunionves
5198
AutumMsIveTaen1sANY MUY single dose (oral route) AMULHUYTNTAUTUNITITLAZNS

< o 1 { J o { o w
mumaemLﬁamm:ﬂﬁﬁn:ﬁnmmm aataaslunini 16, 17 11ag 18 MuaIAY

Screening 1 week run-in : Day 7, 6pm:
dietary advice for admit &

citrate restriction standardization
meals with a
standardized
diet
Run-in week Citrate profile (control) Lime Powder PK

Day 8, 8am, start citrate Day 9, 8am start citrate
clearance (control day) clearance (Lime powder

day)
Screening period: 2-159.,.2553
Run-in week: 18 —24 5./ .2553
Citrate profile (control day): 25 .M .2553
Lime powder PK (LPR-loaded day): 26 5., .2553

MW 16 a315AUTUNITI90U04 phase 1 clinical trial

NaN19 Screening
ST TR 2 nag 9 TuNAY 2553 WINETURY 16 310 prdainInate 145

N159539N303 (screening) i1ﬁﬂmauﬁ§m§’ﬂﬁ’ﬁ"u inclusion criteria ‘ﬁﬂ‘ﬁuﬂ F1NITATIINN
FoulfiiAnsiiaadl

1. CBC

2.  Fasting blood sugar

3. Blood urea nitrogen (BUN)

4.  Serum creatinine

5. Alkaline phosphatase (ALP)

6. ALT
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7. AST

8.  Total bilirubin

9.  Total protein and albumin

10. HBs-antigen

11. Anti-HIV

12. Electrolytes

13. U/A (Chemical Exam/ Microscropic exam)

14. Urine pregnancy test mW”IZI%;TWﬂjQ (6 519)

9N 16 318 01eATATHHILINA inclusion criteria T $1UAY 15 518 1AZaN 15 318HAILNI

fanses 13 119 €13 wudugalnsents vazd 2 510 Uszasdfinznoudieonaininsanisise

=1

A 1 = ~ a dy 9 o ] { Yy 1A Y 9
iesnndynidiuds e s1e0 1 A ldvnialug wazsien 2 useniardeoudrlsaneruia
nsguiudeslufhauadar 3eliamnsodhiminsimiite1d neunsnaass erenalinsnga s
Yo A v oA A A g J o A o [ Al o
510) 185 umsasadududnasen lulinsasasss Tuiuh 24 Sunaw 2553 (Funeuininmsnaasa)
v ¥ = aa 2 Aa o oy Y A o &
auiy Tumsfinmimaendiinszazd 1 3 Sermainsnsinlasamsneau 19w 13 519 1§y
INAYIE 8 518 (62%) INFIKAIE 5 318 (38%) 01en e 34 + 4 1 BMI 1m0 23 £ 2 kg/m’ WAN13A59
Y 1 1
NI el Uian1svese 1@ 1ainIng 13 510 uaaclua13 i 8 1azAUNAGYBINANITATIINIG

Y a o ~
wmﬂgmmsuﬁﬂﬂumsnw 9
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M519 8 TeyaransasneiesiansvesordradnsuaazauidsnInsans (n=13)

Subject Hb Het FBS BUN Cr CrCl | Total Bilirubin AST ALT ALP Na K Cl TCO2 Anti- | HBsAg

No. (g/dD) | (%) | (mg/dl) | (mg/dl) | (mg/dl) (mg/dl) (U/m) | (U/L) | (U/L) | (mmol/L) | (mmol/L) | (mmol/L) | (mmol/L) HIV

1 134 40 85 9 0.6 120.5 0.7 33 35 108 143 4.0 104 31 Neg Neg
2 12.1 36 80 7 0.6 124.5 1.0 24 12 61 141 4.2 105 29 Neg Neg
3 17.0 49 85 12 0.8 129.1 0.7 44 45 71 141 43 103 33 Neg Neg
4 12.4 38 88 9 0.6 111.5 0.7 18 8 58 143 3.8 106 30 Neg Neg
5 13.8 41 82 13 0.7 92.5 0.8 19 11 76 143 44 105 30 Neg Neg
6 124 37 91 12 0.6 129.1 1.1 16 12 75 143 42 106 30 Neg Neg
7 14.1 42 82 10 0.9 107.3 0.7 21 20 78 144 4.6 104 33 Neg Neg
8 15.3 47 83 12 0.9 104.2 1.1 41 35 56 146 4.6 106 32 Neg Neg
9 14.9 45 90 11 1.0 91.6 0.8 32 36 62 144 43 104 31 Neg Neg
10 15.6 46 87 10 1.0 95.1 0.6 25 22 59 144 43 104 30 Neg Neg
11 142 43 104 10 0.8 113.1 0.6 37 26 59 142 4.1 106 30 Neg Neg
12 15.0 43 80 14 1.3 87.7 1.2 33 23 63 143 4.5 104 30 Neg Neg
13 15.1 46 95 10 1.0 924 0.9 28 17 46 143 42 105 30 Neg Neg
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d' J = Y a oA @ A 9
MINN 9 fﬂlﬂﬁEIGU?NNﬁﬂﬁ@li’l%‘l’ﬂﬂ‘ﬁ@ﬂ“lJ;]UGIﬂﬁﬂl@Qﬂ?ﬁWﬁ'iJﬂi‘mslﬂIﬂNﬂﬁ (n=13)

Measurements Mean SD Min Max
Hb (g/dl) 14.3 1.4 12.1 15.6
Hct (%) 42 4 36 49
FBS (mg/dl) 87 7 80 104
BUN (mg/dl) 11 2 7 14
Creatinine (mg/dl) 0.8 0.2 0.6 1.3
Creatinine clearance (mg/dl) 107.5 15.0 87.7 129.1
Total Bilirubin (mg/dl) 0.8 0.2 0.6 1.2
AST (U/L) 29 9 16 44
ALT (U/L) 23 12 8 45
ALP (U/L) 67 15 46 108
Na (mmol/L) 143 1 141 146
K (mmol/L) 4.3 0.2 3.8 4.5
Cl (mmol/L) 105 1 103 106
TCO2 (mmol/L) 31 1 29 33

Run-in week

v
o o

1At IasanmsIseas 185umuuz1i1nsys Inae1m1s il citrate 18 g potassium

v K 9 a

o o v o 4 1 v !
G]TIN%}’E]?J unnvoyan1sus InaemsUsediunana 1 dUaw s2119TUN 18 —24 1.A. 2553

E1)

[ { ' a o o o A 4
Tuduf 7 (24 5.9. 2553) ¥0am5191590TA59015398 1A ARSIV IWINNNGUE Chula Clinical
9

Research Center A411611981 18.00 1. 10U IAADIMITHULIASINULALIINADINITNY citrate 1AL

| 3
potassium g4 W¥ounDIADIMITHAS 21.00 U, TagTidoasaiin

Citrate clearance control day

Y o A Y a o o Yo A <
F13UR 8 (25 5.0. 2553) ¥@IM515Iu1ATINITIVY o1 ENAT IATUNITIRIZIAALATIN
{ 1 o { < A {
Jaa1eNna1n19e a9 17 1a8 baseline (time 0) Y9N3 @0ALAZIN VY AA1ILIEURNAN
Y N v H
7.00 U, tagaugad 24 92109 (7.00 w. vouF1IUN 9 vt InTINTI90)

] o ] < @ ] { o a g
ﬂWiLﬂ‘]JGI’J’EJElNla'E)ﬂ: Lﬂ‘U@I’J’E]Eﬂ\ila@ﬂjﬂElfnil‘m%“ﬁﬁﬁ@ﬂlﬁﬂﬂﬂWUﬁl’Jml!ﬂluﬂiiﬁg

Y5218 7 ml 11781 baseline (time 0).0 .25, 0.50, 0.75, 1, 2, 5 Az 10 52139 HA4 time 0 thdoalu
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P Y A g v A 4 o o oA o )
Wﬁ@ﬂqmumu']ﬂ']ﬁﬂlﬂaﬂﬂﬂjﬂ EDTA lW@ﬂ@Qﬂum@ﬂ!lm\iﬁ’J gl3@81@!a@ﬂu1u1ﬂuuﬂﬂl@1wa'lﬁll'] LUag
~

P Py A & = a s Yy 9 . A
Wa1ﬁu1ﬂllﬂﬂl1ﬂlﬂﬂl13ﬂqmﬁﬂu =70 C AUNTENNDIIATUATIS VU IANULUNUUUD citrate 11!!?19?’]

U

< o 1 1 { Y g}./ 4 o
MINUAINT A H1IL: ﬂﬂuﬂ"ﬁ!ﬁ]"@!ﬁ@ﬂﬁ time 0 9”Iﬁ”lﬁiJﬂiﬂﬁﬁ”l’.l%ﬂﬂﬂ‘ﬂﬂﬁﬂmﬁﬂﬂ"l

1 < I~ ] [l ?1’1 4 90’ <
Tnszmzdaangnazinuiludiedrslaadz baseline (time 0) 91011 AN 500 va. AU
¥ A4 a X o o . < o 1 A
Jaanznamuainadu o a1 1,2, 3,4, 6, 8, 10, 1ag 24 %1 104189910 time 0 tAUFI0819 )@ a2z h
gangll -70 C auBIIUIATIH
H ¥ 1 H =) 1 -
1 @ins lmsulsemuemsnda 31 aends dosing (M3 1anilsunasmiiu

' '
Ja v o

o ¥ A & < A o 9 < ~
AU@1Tasa18 LPR) LAIN 4 6]5'3111\3 uag 10 GIf’JIlN @11’1157]5]@114i]gl‘]_lu@']ﬂTiN'JilfJﬂ']Wu@ Iﬂf]

G

praainINn ez lasueisimiloun

Blood :*blood sampling every 15 minutes during the first hour from time 0

Meal Meal

Void

8

2 0 1 2 3 4 6
Urine

10 24

MNote® Numbers are sampling time points presented as hours from dosing.

Urine will be collected continuously for the calculation of citrate clearance.
~ . . A < o .
MNN 17 ﬁ?‘ﬂ time point "II’ENﬂ1’§L%1$Lﬁ’e’]ﬂlmzLﬂUﬂﬁﬁTJzﬂJm’Juﬂ’mﬂn (citrate clearance

control day)

Lime powder regimen PK day (LPR-PK day)

[F1TUR 9 (26 TUIAWN 2553) V0I5 158 TATIN1TIVY (LPR-PK day 5@ LPR day)
o Yo A = A ' o A . .
p1enaias lasumsnizideauazinuilaanzinainieg aan mi 18 1ag baseline (time 0) Y8INTE
A I A A 2 ~ o Y o A Y
eauaztNUTda1IZaZEUNNEA 7.00 U HazTuUgan 24 52 103 (7.001. VBAUFIIUN 10 VOINT191391

1A59015298)
< Y] 1 A < Y] 1 A (] A A o v A
MINUAI0E19A0A: NUAIBEIUABANIN AN NBUAL 1WA 8 (25 5.9. 2553)

< o 1 @ 2 ¥ A o Y 1 1 Yo
mimumﬂfmﬂﬁﬁnz: f’J”IﬁWﬁllﬂiﬂﬁﬁ"ngT]\ﬁfNWllﬂLW@W11Wﬂ5$!W1$ﬂﬁﬁTJ$31\1ﬂ’f]ullﬂill

. . < < g ' . . A [ o A
lime powder regimen pagtnuluaee19la@a17e baseline (time 0) IUDUNY Tuun g (25 §.M. 2553)
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Y 9 v A ~ P A ¥ a y g ?
%’lﬂuuﬁl'ﬁiﬂﬂig‘ﬂ'lu LPR ﬁuJﬂLLﬁﬂ\‘]ll'ﬂuﬂWWVI 16 WIDUIWUUIBDN 250 ml ‘ﬂWﬂuuLﬂUﬂﬁﬁKmﬂﬂWNﬂ

H Y a

Aa K o o Yo o ' ] vl
MRaTY 2 1281 1, 2, 4, 6, 8, 10 1oz 24 32 Tuanaeain lasu LPR dedntlaaziny 1 ingumvgii -70 C

Y

=

WDINAUATIN
1 LPR-PK day 1164910 dosing (M35 A5 UE1582a18 LPR 200 @) HAI01a1@3in592 A0 91192

asuiunainseiaTug uazdelisulsenueinsgn eradiinsez lasulszniuensnaa 1314

[
[

@ { < o { o I o o
MoK dosing a7 4 93 Twanaz 10 311w omshdaldvzduemnsidiveimua Taveraeaing
Yo d' A 1Y v 9 d‘ d‘ d' 1 = a
vz 1aTue s Nrile Uiy 01 a1iAT9ZAB19AIATOIAY alcohol HAZIAGUYHT INDIINNYHTIA
S 9 2w A < o 4
AADATZEZNAINDITINMIITE Mamzaeauazinulaazaaonlasamanszi lagunnduay
AULIVY
{ a d v ] { ! Z},
M13197 10 HAN9IIEAITNITAUATIZHAIBEIINA ANz Taa1I219816199) 19910 control

i1ag LPR-PK days

Blood :*blood sampling every 15 minutes during the first hour post dose

pLimeer Meal Meal
Void
2 0 1 2 3 4 6 8 10 24
Urine

Note: Numbers are sampling time points presented as hours from dosing.

Urine will be collected continuously for the calculation of citrate clearance.

4 < o
M 18 751 time point YoIM I IZ@oALAzNUTA@1I2v099U LPR-PK day
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M319% 10 518N1TATIVIAT

d @ 1 { g 1 2
rHARgNNaIaN e Taa 12NNy o 13019119¢] NN control LA

LPR-PK days

feenaaea/nanaan meensifaaiz

Citrate Volume

Potassium pH

Creatinine Creatinine

Total antioxidant status (TAS) Citrate
Potassium
Magnesium
Calcium
Protein
Oxalate
TAS

f11 Pharmacokinetic p

to. > Ty 808 K V0N citrate (

max °

AUC —,, AUC ;—scc

Concentration

administration. C

max?

1
1
1
1
1
1
1
.
Iv

Onset

time o Time

1 4 @ (%
MNWN 19 Pharmacokinetic parameters voa Tl Inlaszdven lunaaunenas oral

maximum concentration; ¢

[ A A Y

arameters N3 Iu@oauaz Taaehaulaldun AUC,—s, AUC,—«, C, ..
MU 19) Tag

19U0nD4 bioavailability

anundugegavesen Tunarau

¥y A Y = A )

sraznaawaizylionnamanududuvesn lunaraugaga

1 é aa .

AAIITINV00T (Half-life)

ananlunsmanen (elimination constant)

A4

ax

time to C ___; AUC, area under the curve; MEC,

max? max?

minimum effective concentration; MTC, maximum tolerated concentration
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4 J o 4
M99 11 ﬁ?ﬂNﬁﬂ"llﬂﬁ"]ﬁlﬂuﬁ1ﬁ@i%ﬂﬂq@iu3u1’mﬂ (na: not applicable)

Parameters Baseline LPR P values

Plasma citrate

1.18 £ 0.06 1.55+0.33 0.29
0.58 £0.09 0.92 £0.34 0.29
0.0073 +£0.0011 0.0055 +0.0009 0.09
Half-life 357.54 £ 205.98 44421 +241.99 0.37
AUC -, 9.59 £0.31 9.98 £ 0.36 0.51
AUC ;> 476.50 £ 263.68 675.83 +375.79 0.38

Urinary citrate

Cpone 2.62+0.77 3.65+0.98 0.04
T, 415+ 1.00 7.31+227 0.12
K, 0.0816 + 0.0147 0.0534 £0.0071 0.67
Half-life 18.02 +7.16 23.74 +8.27 0.91
AUC >, 24.83 +7.49 44.44 £ 11.63 0.03
AUC —>oc 38.61 + 8.95 56.97 +13.69 0.19

Urinary potassium

Urinary TAS

Half-life
AUC;—,

AUC >

3.29 £0.56
2.23+0.70
0.0190 £ 0.0060
90.33 +£24.31
39.37 £7.04

233.87 + 68.69

2.69 £ 0.49
3.23+£0.47
0.0750 = 0.0443
57.89 +15.20
35.17+7.60

101.24 + 12.55

56

1.69 +0.34 2234045 0.61
6.77 £ 2.80 9.23 +2.90 0.57
0.1340 + 0.0339 0.0217 % 0.0010 na
Half-life 42.83 +71.54 32.48 + 1.54 na
AUC,—>, 20.71 £5.91 22.04 % 3.67 0.87
AUC—>oc 33.11 £ 12.77 29.24+533 na

0.48
0.29
0.03
0.51
0.73

0.21

Actual power

0.952

0.959

0.965
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M319N 12 UAAIaNYAULMINITTBVRszanIueIoIa@ias lungunaasd (LPR) Haznqu

Y
1WSeuNey (Placebo) NIMUA 84 AU

Characteristics LPR Placebo P
U (AU) 42 42

WNEB8 (%) 58.1% 53.5% 0.366
1Y GJ) 44.449.0 47.8+10.4 0.154
BMI (Kg/m”) 24.0+4.5 233433 0.366
i laviianela 62.8% 62.8%
paAlsENoUVEdi

isolated CaOx stone 15 12

mixed CaOx and CaP stone 4 6

mixed CaP, CaCOj; and struvite stone 4 4

mixed calcium and uric stone 5 4

isolated uric acid stone 2 1

CaOx: calcium oxalate, CaP: calcium phosphate, CaCO,: calcium carbonate. Isolated means
pure component. BMI: body mass index.
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BMI (Kg/m”) 23.08 +3.43 23.01£3.81  0.648
paflsznenveiin

CaOx stone 13 17

CaP stone 5 3

UA stone 0 2

MAP 0 1

CaOx: calcium oxalate, CaP: calcium phosphate, UA: uric acid, MAP: magnesium

ammonium phosphate, BMI: body mass index.
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Ml 31 SesazvostiaazrialunguilsznsAnyIng 2 ngu CaOx: calcium oxalate, CaP: calcium

(MWAN 31)

CaP
20%

phosphate, UA: uric acid, MAP: magnesium ammonium phosphate.
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a a 4 o A ] a A 9 AN Yo A
AN 14 Waﬂ’]i'ﬂﬂi’]zﬁﬂ%"i]f]lﬁfN@'ﬂﬂ'ﬁ!ﬂﬂuqﬂlfl'!ﬂﬁﬁ'nzsllﬂqa‘!ﬂjﬂﬂqﬂiﬂgﬁinzu'nphiﬂiﬂﬂ']

NaonNATU 6 1ADU

Urine LPR group Placebo group

parameters

Stone inhibitors

Potassium 32.17 £ 14.29 37.79 +24.22 0.2653 22.00 + 8.93 19.99 + 10.38 0.3908
(mEq/day)

Stone promoters

Oxalate 48.28 £34.11 26.32 £24.83 0.0159* 32.12 £22.56 19.50 £21.99 0.0213*

(mg/day)

Uric acid 617.7+402.60  321.6+233.00  0.0008* 590.1 +£332.00  2353+203.30  0.0008*
(mg/day)

Volume (L) 2.112+0.92 1.989 + 1.30 0.4940 1.647 £ 0.84 1.375+0.86 0.0256*

pH 6.591 £ 1.03 7.178 £1.20 0.0261* 6.382 +0.59 6.838 £1.26 0.1223

Chloride 132.8 +56.49 124.1 £ 76.05 0.5109 109.3 + 69.57 102.7 £61.76 0.7023
(mEq/day)

Data presented as mean + SD.

63



LPR group LPR group

§

= =
g g
= =)
£ 1000 E
2 )
2 2
= =
o o
p 50 >
o o
£ £
5 5
0
\*"'\ @\5\
@9@ o
X N
o >
Placebo group Placebo group
1500 1000:
® 3 .
2 B s P =0.1089
E‘I o
E 1000 £
2 g S0
2 [
5 g wf B g
o o
500
= e
g T 200
= 5
0
& & & &
£ £ v
& & & F
o
9 o
¥ N

2NN 32 seaugmsaludaaine (U-cit) Seumeus119n0Y (Baseline) 118% 6 1A (6M)
MOENAINT IASUMITNEIAI0gATUZUIING (LPR) 3001Mann (Placebo)

LPR group LPR group
so_

g

P =0.2653

3
8

1

Urinary potassium (mEq/day)
Urinary potassium (mEg/day)

0- -
A
& &
*+ *
o R
Placebo group Placebo group
% 1507 3 801
3 =
E a P =0.3908
E o E 80
E -
F i
£ g 8
£ 50
2 Snl B—xp
3 & s &
é@ *@?‘ .ﬁ“& *@é
& 9 & W
* *
N NS

Af 33 seau TInunadeu lutlaang (U-K) nffeuneussrinanou (Baseline) 1A 6 1A0U (6M)

MEnaIN3 IR UMITNBIRIBEATUZUIING (LPR) H30811a0N (Placebo)

64



LPR group LPR group

3 1501 3 1004
k-] !;' P=0.1579
g £ 804
100
s S oo
§ g §\§
a0
= :
2 2 209
£ g
5 o 5 o
G 3
& &
o be *@
& & 3
i v
N N
Placebo group Placebo group
gsnn F1907 peosur
g g 804
400
g E 60
3 200 2
g g
2 > 209
5 o 5 o—
Y 3
R
& & &
o o

<

B

M 34 szavuunili@en lutaae (U-Mg) WSeuieouszvineneu (Baseline) ag 6 1AW (6M)

MEraIN3 IR UMITNBIRIBEATUZUIING (LPR) H30811a0N (Placebo)

wawmms%’nngfmgmmunmm’amsn’a ﬁ’)?uﬂﬁﬁ1?3

'
a

4 a 4 o 1 1 a U v
Lﬁf]’)!,ﬂiW&ﬁi%ﬂUﬂWiﬂﬂu’ﬂuﬂﬁﬁT}Z Ul@%}l,m LAY BONF AN HagnNIAgsn nuI Al

[

voanadenludaanzvesnguii 185 ugasusurnansasedniisd vy vasilungui 185 uen

vaven linunsudsunilaseselivedinmy (mimn 12) (mwﬂ 35) szaveanyIan lulldaiie

9 QJ d‘

Hod Ao NeunUNeUNITSNEI

13

ﬂ1ﬂﬂﬁﬁﬂ1§iﬂ1&l1ﬂ\iiuﬂa3\lﬁ@iﬂ TUNINALLAZEIYADN aNAIDE1NY

o [

Hod1ATEHInNOULATHAINS

9

(MW 36) seauloamlaluTaazluna 2 nau luuanaanuedsll

v v

Y
Wad ﬂlﬂ1ﬂ1’iﬁ\‘lﬂ1i‘iﬂ‘]ﬁl1ﬂ\ﬂﬂﬂﬁqhﬂ1

g

N1 (ﬂTW‘ﬂ 37) VML ﬂiwﬂﬂﬂiﬂﬂiﬂiuﬁﬁﬁTJ aNa908193l

Waammzﬂquqmmunm (ﬂTW'ﬂ 38)

(%4 )4 4 I ! U =)
waveImssndlsgasugunsadesnasifaans anauilunsa-malutfaas nazszavlmag

o
uaznaelsaluifaarz

Psuesdaanzlunguevasnanasedniiedidynienainissnyl vaznlungugas

wzum ldwonisnldsunilasegniiiedidny (M 39) a1 pH Tudfaaiz lunguitlasumssom
% d? 4‘ = U \ w 1 ] z:; ] =% o [ 1
AGAIHZUINIG VRN DA DN UMSI N ua Tiwumsldsun)asedialiedingylungue

A (% = A J ~ J @ @ '
Waen (MW 40) szan TaRen (MWA 41) wazaaelsa (M 42) Tudaanznounasnaimsine i

[ v
nasuuilasluni 2 nqu

65



LPR group LPR group

[
o
(]
o
3

= =
s k) P=0,0058
= S 154
E 20 E
g g
5 5"
S 101 3
§ 2 54
2 E
e =
2 ol 2 o
é&‘s\ @@s‘\
& ;b* &F
& &F
Placebo group Placebo group
100 20

P =0.8417

)
=
1

w
1

Urinary calcium (mg/day)
8 3
Urinary calcium (mg/day)

2 @

x]
=
1

=3
T

o
T

o ™ o N
P S
& ¥ & F
[<id |5
(S BN

N 35 seavuaamenlutlaady (U-Ca) fSeuieuszianou (Baseline) Lag 6 ADY (6M)
o Yo o Y A
MONAINT IATUMITNHIAIIGATUZUIING (LPR) H3081Ma0n (Placebo)

LPR group LPR group

g
g

Urinary oxalate (mg/day)
2
Ay,
V4
%l
Urinary oxalate (mg/day)
> 2 &5 8 8 §

|

P=0.0158

Placebo group Placebo group

150+

g E
£ M— £
- g
X 3
& Fund
g g
5 5

o 3 g B
R & ¢
L L
& o° @ &

4
&F

-

=]

o
]

F=0.0213

100+

2 8 8 8

s

o
=]
I

MNN 36 FeauenyIan ludaa1Iy (U-0x) 1f58uMeuszri19ney (Baseline) ag 6 10U (6M)

MENAINS IASUMITNEIAI8GATUZUIING (LPR) 3081Ma0n (Placebo)

66



LPR group LPR group

= 1500+ = 1000+
3 ] P =0.2907
3 :
2 2 800
w 10004 &
g g o]
j: g 4004
5 5007 =
S5 0 5 o
& 0
&
il & L
N W Y
gd‘ go‘“
¥ N
Placebo group Placebo group
% 1500+ % 1000
k-] ° P = 05357
2 2 e00;
3 1000 ry
g g oo
=8 [}
g 500 8 4004 H
a g &
> 2004
5 0 5 o
o N o »
&, & ¢
R \)go" @b \)g
S?d“ ﬂoh
N N

7 37 seauvealaludaaneg (U-PO,) 1f5ouMouseI1anou (Baseline) 1Ay 6 [ABU (6M)

MENAINT IASUMITNEIAI0gATUZUIING (LPR) 3001Mann (Placebo)

LPR group LPR group
— 2000+ = 1000+
E‘ E‘ P =0.0008
‘? 15004 ‘? 8004
E 3 o
@ 10004 ®
g 500 2 2001
£ g
S o< I:‘l 0
o D
«° &
0‘§¢ 0@9 9?"
& & ¥
o N
N 3
Placebo group Placebo group
— 2000+ = g
g g 1000 P =0.0008
2 z !
£ 1500 g 800-
3 = 600
@ 1000 3
o
E 2 4004
g o >
200+
£ 2
= 0- 5 04
B D
o & & o
L R
& 9 Na
\\))? ‘_\. BN
°>5

AN 38 szaunsaginludaainy (U-UA) feuiMouszrananou (Baseline) 1ag 6 10U (6M)

MOENAINS IASUMITNEIAI8gATUZUIING (LPR) 3081Ma0n (Placebo)

67



LPR group LPR group

64 4=
P =0.4940
=) I3
@ 4
: e
° 5 2
g g
22 g
5 T 14
o |
e 0 T T
N 33 > 3
& & R
@e 46' 0#» q‘-“\
W o & &
& &
N &
Placebo group Placebo group
4 4
- P=0.0256
3 3 <3
¢ g
s 22
9?2 2 E\i
2 2
@ =
£ 1 51
=1
0
L L 2 ‘\
= i &‘p \@*
& & & SO
& N 5 ¥
] 40 &
& N &
o
v

2N 39 U5uasdaaing (U-Vol) infSeumeuszyii1anou (Baseline) A 6 DY (6M) N1IVAINIT

T8sumssnuIRIegasTuzU1ING (LPR) H30811a0n (Placebo)

LPR group LPR group
104 104
P =0.0261
8 84
E 6 % o "
2 2
T T E 4
2 2
0- o
oy N ™ D
& & & &
& QQ‘ & s
\4 o & 0
& &
N B
Placebo group Placebo group
10 10
9 of P=01223
8 8-
z z
£’ g7 o—2
5 5 5 6-
5 5
4 T
B ) & N
@é“& @e é‘°6 @@
oF sib - RQ‘
& Ny @ N
&£ &
) >

H Iy} I~ 1 1 1 .
M 40 szavanuilunsa-arelutaae U-pH) Wisuieuszriinaney (Baseline) Lag 6 Ao

(6M) MenaIns IASUMITNEIAI8gATUZUIING (LPR) 3081Ma0n (Placebo)

68



LPR group LPR group

<, 4001 = 300
S £
2 = P=02783
& 300 hif
£ £ 20
i i T3
= =
s & 1004
2 100- >
£ g
5 0_ 5 o-_'_'_
‘F}\é‘ &
.3
& & oﬁ‘
’}0 Q‘D

N v

Placebo group Placebo group
5 400+ = 3001
3 3 P=0.4648
& 300 i
E \ £ 2001
£ 2001 5
2 3
3 S| &—3
2 100- >
m m
£ £
2 pd 2 pd

55 & &

= 2

& o @45’ Qs"b
*‘D ";'b

N N

A 41 szauTa@enludaaing (U-Na) Feumeussritanou (Baseline) Lag 6 1@91 (6M)

MOENAINT IASUMITNEIAI0gATUZUIING (LPR) 3081Ma0n (Placebo)

LPR group LPR group
— 400~ — 300
z =
= k] P=05108
£ £ 200]
@ @
b=} z
s s —3
5 S 1004
2 -
£ g
[~ [~
=] =
& N
5,»&"‘\ s}@
o T
R R
Placebo group Placebo group
—~ 400~ — 300
z &
] o P=07023
[=24 300 o
£ E
- = 200
s s
s 5 100] &—B
2 100+ o
o o
£ £
5 ) 5
N D & D
& & R
& Y &
oF o

H Y] o [ [
PN 42 szaunaelsaludaaing (U-c) fSeumeuszinanou (Baseline) Hag 6 1ADU (6M)

MeraIn1s IRsUMISNBIRIBEATUZUIING (LPR) H30811a0N (Placebo)

69



NAYDINTISNH I IYGATNSUIINIFIDN1ILIATLADINOINTIATY (Oxidative stress)
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Parameters LPR group Placebo group

Baseline 6-months P Baseline 6-months P
U-TAS (g/g

0.77+0.53 1.66+1.52 0.030 0.78+0.31 1.15+0.58 0.004
Cr.)
P-TAS (mM) 0.77£0.27 0.86+0.29 0.368 0.89+0.16 0.92+0.20 0.529

P-Protein carb.
5.89+3.53 3.88+1.63 0.006 4.53+4.36 3.57+1.17 0.283
(nmol/ml)

U-TAS: urinary total antioxidant status, P-TAS: plasma total antioxidant status, P-Protein carb.: plasma

protein carbonyl,

WAYOINTTSNH I IIGATH UTINIAOM 51T 1911v0 30

miﬁﬂ‘kﬂ‘ﬁmu’lmm estimate glomerular filtration rate (eGFR) Lﬁ'mﬂuﬁ’sﬁﬂdﬁff’ﬂﬁﬁ1ﬂuﬂl@ﬂﬁ
WU A1 GFR mendansinumalunguit 185ugasuzin (99.03 = 28.71 vs. 93.76 + 24.59 mL/min,
P =0.2662) 1AZNQUEINADN (85.83 + 30.70 vs. 81.43 + 19.37 mL/min, P = 0.3060) ana 0813 13 %

'
o v A

WodAy WoMsuAUNOUMITNEI (NN 43)
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2. winmanilunsa-arsvestfaard (alkalinizing action)
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A15191 17 Monograph specification of lime powder regimen

Monograph

Specification

:::[Lime Powder Regimen|:::
Introduction:
Lime powder regimen (LPR) is a new formula derived from naturally fresh lime juice. Powder form is
produced by freeze-dried technique. It contains key substances namely citrate, potassium and naturally-
derived antioxidants that are beneficial for preventing kidney stone formation. This innovative product is
invented by Professor Piyaratana Tosukhowong and Assistant Professor Suchada Chaisawasdi. Preclinical
study and clinical trial phase 1 and 2 have been conducted to evaluate the safety and efficacy of LPR for

reducing the recurrence of kidney stone formation.

Dosage form:
e LPR is white-pale yellowish powder packed in an aluminum sachet for preventing light and
moisture.

e FEach sachet contains 5 g of LPR.

Active pharmaceutical substances:
e Citrate 4092 mg (63 mEq)
e Potassium 819 mg (21 mEq)

e Various natural antioxidants (vitamin C, polyphenols, flavonoids)

Assay tolerance:
e Citrate: 3683-4501 mg

e Potassium: 737-901 mg
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Chromatographic profile:

sz

Citrate peak

Void
fraction

Assayed by HPLC (Jasco, Japan):
Column: Prevail™ Organic Acid 150 x 4.6 mm, 5 pm

Mobile phase: 15 mM KH,PO,, pH 2.0 with phosphoric acid

Flowrate: 1.5 ml/min
Detector: UV at 210 nm
Manufacturer:

v W < Y a Y = Y = Y
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Indication (This product is strictly used in research):
e LPR is under clinical trial aimed to prevent formation of recurrent calculi in post-operative adult

patients with kidney stone disease.

Dosage and administration:
e Use in adults: one sachet per day
e Dissolve in 200-300 ml water and drink all within 5-10 minutes, every evening between 6 and 9

pm.
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Safety profiles:
Heavy metal impurities
e Cadmium, cobalt and chromium are undetectable.
e  Arsenic, lead, mercury, antinomy, nickel and vanadium contents do not exceed the oral permitted
daily exposure and the acceptable limits for daily consumption of heavy metals (Reference:
United States Pharmacopeia).
Cytotoxicity test
e Viability of human kidney cells (HK-2) do not change after exposed up to 100 mg% of LPR for
24 hours.
Acute animal toxicity test
e LD, of LPR (oral route) in mice is > 10 g/kg, indicating a very low toxicity.
Human subjects
¢ No side effect and complaint is observed in 13 healthy volunteers after consumption of one sachet

LPR.

Pharmacokinetic profile:
e LPR delivers citraturic, alkalinizing and antioxidative effects in healthy volunteers.

e Urinary citrate is maximally raised at 7.31 £2.27 hr (T, ) after LPR intake.

max

In vitro efficacy of LPR for preventing stone formation:
e PR effectively inhibits formation and growth of calcium oxalate crystals.
e PR significantly reduces oxidative stress in HK-2 cells exposed to of calcium oxalate

monohydrate crystals.

Clinical efficacy:
e After 6-month treatment with LPR in patients with kidney stone, urinary citrate, potassium, pH
and total antioxidant status are significantly higher than the pre-treatment baseline.
e The phase 2 clinical trial data indicate that LPR has the citraturic, urine alkalinizing and
antioxidative actions in kidney stone patients. These medicinal actions potentially reduce the risk

for kidney stone recurrence.

Adverse effects:
e No adverse effect is found in 32 trialed post-operative kidney stone patients after 6-months daily

consumption.
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	การศึกษาผลของสูตรมะนาวผงต่อการยับยั้งการสร้างสารอนุมูลอิสระ (ROS production) ในเซลล์บุผิวท่อไต (HK-2 cell)
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	ตารางที่ 7 Classes of human toxicity based on the results of animal assays according to the Hodge and Sterner scale
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