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# #4674710830 : MAJOR MEDICAL BIOCHEMISTRY
KEY WORD: NEPHROLITHIASIS / LIME POWDER / POTASSIUM CITRATE
/ CALCIUM OXALATE / URINARY STONE RISK FACTORS

CHATCHAI YACHANTHA: THE EFFECT OF LIME POWDER ON URINARY STONE RISK
FACTORS IN RENAL STONE FORMERS. THESIS ADVISOR: PROF. PIYARATANA
TOSUKHOWONG, M.S, THESIS COADVISORS : PROF. KRIANG TUNGSANGA,
MD, ASST. PROF. PHISIT PRAPUNWATTANA, Ph.D., 76 pp. ISBN 974-53-2122-2.

Nephrolithiasis is the health problem that affects quality of life of people in Thailand and
worldwide. The usual abnormal condition found in renal stone formers and is the fundamental cause of
stone recurrence is hypocitraturia. Citrate is the most important stone inhibitor in urinary tract. There are
some studies showed the benefit of short-term lemonade consumption, increase the citrate and decrease
stone recurrence. This study aims at the effect of lime powder, which consists of citrate, magnesium,
potassium and antioxidants, on urinary stone risk factors in renal stone formers compared with renal stone
formers treated with equivalent potassium citrate salt. 36 renal stone formers were recruited. They were
separated into 3 groups: Lime powder treatment (Group 1), Potassium citrate treatment (Group 1), and
Lactose treatment or placebo (Group Ill). Each group consumed 1 sack of treatment powder a day for 3
consecutive months. After the session, total plasma biochemistry of all groups showed insignificant
change. Urinary citrate and potassium of group | and Il increased significantly, whereas, there was no
significant change in group Ill. Urinary pH in group Il was significantly higher. Moreover, the permissible
index of oxalate in group | remained neutral, while it was significantly decrease in group Il. From this
study, glutathione increased in group | and decreased in group ll. No change was found in group IlI.
Concerning the oxidative stress, lipid peroxidation product, Malondialdehyde (MDA) in plasma and urine
of group | were significantly decreased. Slight decrease was found in group Il and group IlI. This supports
the significant decrease of urinary N-acetyl-B-gIucosaminidase enzyme-in group | and slightly decreases
in group Ill. Fromthe study, lime powder treatment can increase the 'stone inhibitors, correct the oxidative
stress, and decrease renal tubular cell damage. Therefore, lime consumption will decrease the urinary
stone risk factors and also increase the antioxidants. This results the better function of renal. Long-term

effect of lime consumption should be conducted to prevent recurrence.
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Meo ANURINY
1,25 DHCC 1, 25 dihydroxycholecalciferol
AGT Alanine: Glycine Aminotransferase
ATP Adenosine Triphosphate
APRT Adenine phosphorybosyl transferase
CBB Cromassie Brilliant Blue
CL Citrate Lyase
COD Calcium Oxalate Dihydrate
COM Calcium Oxalate Monohydrate
COT Calcium Oxalate Trihydrate
ESWL Extracoporeal Shochwave Lithotripsy
GGT Glutamic: glyoxilate aminotransferase
GR Glycerate Reductase
GSH Glutathione
GTP Guaninosine Triphosphate
HGPRT Hypoxanthine guanine phosphoribosyl transferase
LDH Lactate Dehydrogenase
MDA Malondialdehyde
NAG N-acetyl-B-glucosaminidase
OPN Osteopontin
P- Plasma-
PNL Percutaneous Nephrolithotomy
PTH Parathyroid Hormone
R- Red Blood Cell-
ROS Reactive Oxygen Species

U- Urinary-
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UV-Visible light spectrophotometer

Water Bath

pH Meter ORION Research Expandible ion analyzer EA290
Refractometer

Autopipette YHIA 20,200 Ltag 500 LLL and Tips

Atomic Absorption

Centrifuge
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Deep freezer

Fume Hood
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18. Cuvettes (Plastic and Quartz)

19. Protective and Sanitary Items (Disinfectants, Gloves, Mask, Toilet papers, Soap
or hand washers)

20. Digital Timer

21. Capillary electrophoresis (Agilent Technology ™)

GARTGHY

1. Phosphate Buffer Saline

2. Laboratory Grade Ethanol (95%)

3. Sodium Oxalate

4.  Chloroform

5. Nicotinamide Adenine Dinucleotide, reduced form (NADH)

6. Lactate Dehydrogenase (LDH)

7.  Citrate lyase enzyme

8.  Glycine-Glycine buffer

9. Oxalic Acid

10. N-Acetyl-Glucosaminidase Substrate

11. Sodium Chloride

12. AMP buffer

13. Coomassie Brilliant Blue

14. _Acid Reagent

15. Calcium Chloride

16. Thymol Crystals

17. Hydrochloric Acid

18. Bovine Serum Albumin

19. 1,3 diethyl thiobarbituric acid
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Parameters Before Treatment After Treatment Paired t test
Plasma

p-Creatinine (mg/dl) 1.13 +0.35 1.13 +0.34 [1.000
p-Sodium (mEq/L) 138.50 + 3.66 139.58 + 3.80 0.266
p-Potassium (mEg/L) 3.736 + 0.36 B.98 + 0.48 0.095
p-Chloride (mEq/L) 103.67+ 2.02 103.67 + 4.58 il
p-Bicarbonate (mEg/L) E1.22:r 2.43 P1.64+ 2.97 0.512
p-Calcium(mg/dl) .38 + 0.46 0.22 +0.60 0.273
p-Phosphate (mg/dl) .82 + 0.66 4.10 + 0.56 0.072
p-Magnesium (mg/dl) R.22 + 0.459 .09 +0.11 0.252
Urine

\Volume (ml) 092.92+ 937.13 R448.75 + 775.54 0.323
pH 6.52 + 0.83 6.61 = 0.57 0.728
U-Creatinine (g/d) 1.10+0.28 .24 +0.33 0.141
U-Sodium (mEg/d) 147.79 +42.26 166.65 + 49.82 0.282
U-Potassium (mEg/d) 28.40 + 9.55 h4.52 +17.86 0.011*
U-Chloride (mEg/d) 128.64 + 32.16 147.37 +43.13 0.154
U-Calcium (mg/d) 159.60 + 86.50 [155.25 + 110.04 0.844
U-PO4 (g/d) 0.54 +0.25 0.53+0.24 0.939
U-Mg (mg/d) 74.77 + 34.04 74.66 + 36.13 0.992
U-Uric (mg/d) 697.30 + 363.29 646.94 +203.17 0.627
Oxalate (mg/d) P2.27 + 11.60 17.23 +8.54 0.232
Citrate (Mg/d) 112.51 + 139.26 R87.84 £ 211.94 0.005*
Permissible Increment P.87 +£3.28 B.53+£2.96 0.644

(mg NaOx)

A5199 4 0 uaesAunaY = drudeuuunaigu vesilatemuunnuesanuaziletedesues

manatluneutazMerdImsasuasuzuIE lunguatedent (+

p<0.05)
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Parameters Paired t
Before Treatment After Treatment test

Creatinine Clearance (ml/min) 70.39+ 16.29 81.34 + 30.13 0.103
Fractional Excretion of Mg (%) 3.50+1.93 3.32+1.89 0.750
U-NAG (U/L) 5.31+ 3.53 3.22+ 2.50 0.049*
U-Protein (g/d) 0.37+ 0.63 0.22+0.16 0.382
p-Malondialdehyde (MDA) (uM) 2.50 +1.25 1.91+1.01 0.012*
R-GSH (umole/gHb) 6.95 + 2.35 7.48 £2.40 0.033*
U-Malondialdehyde(MDA) (uM) 7.81+4.41 3.59 + 3.40 0.009*

M3 4 U udaA Iy £ aIUbeuUULIATIINYEIMIINNUYY latazn1zaNuAToa

MNPONFIATUNOUIATHANATNAITNzU IR lUNqUAIENN 1 (%

p<0.05)
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Parameters Before Treatment | After Treatment P
Plasma

p-Creatinine (mg/dl) 1.01+0.24 1.10+0.28 0.104
p-Sodium (mEq/L) 139.89 £ 2.26 140.00 £ 2.74 0.924
p-Potassium (mEg/L) 4.19 +0.23 4.19 +0.33 1.000
p-Chloride (mEg/L) 105.00 + 2.78 103.67+ 2.40 0.367
p-Bicarbonate (mEg/L) 19.92 +1.52 21.29+ 1.90 0.127
p-Calcium(mg/dl) 9.63 + 0.69 9.46 £ 0.74 0.601
p-Phosphate (mg/dl) 3.83+ 0.49 4.07+ 0.64 0.409
p-Magnesium (mg/dl) 2.18 £ 0.40 2.11 £ 0.07 0.620
Urine

Volume (ml) 2496.67+ 975.36 2141.67 +846.87 | 0.284
pH 6.00 £ 0.30 6.69+0.72 0.012*
U-Creatinine (g/d) 1.35+0.45 1.26 £ 0.55 0.498
U-Sodium (mEq/d) 163.74 £ 75.43 156.90 £ 79.21 0.844
U-Potassium (mEq/d) 36.078 + 12.79 60.61 + 20.34 0.004*
U-Chloride (mEg/d) 14411 +77.42 133.54 + 90.00 0.730
U-Calcium (mg/d) 217.085 +122.19 163.44 £ 80.72 0.351
U-PO4 (g/d) 0.662 + 0.23 0.72+0.3 0.495
U-Mg (mg/d) 76.36 + 35.98 76.70 + 37.71 0.985
U-Uric (mg/d) 502.49 + 278.09 750.33 +424.94 | 0.126
Oxalate (mg/d) 52.85 +40.24 28.015 + 28.87 0.227
Citrate (Mg/d) 113.41 + 141.96 389.36 + 153.44 | 0.0003**
Permissible Increment . (mg of NaOx) | 4.44 + 3.65 0.71£0.74 0.030*

M319A 5 0 uEaeAIRaY + drundsuuuinaiguvesilatemanunueanuazildudesue

v o w

matnaia lunouIas MENAIMIIETUAT INUATBaNTMIA TunguAt0819N2 (* = NiledAgy

@ [

N5LAY p<0.05, ** = Ued1ANNTZAY p<0.001)
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Parameters Before Treatment After Treatment P
Creatinine Clearance (ml/min) 94.89 + 25.24 82.23 + 35.96 0.188
Fractional Excretion of Mg (%) 2.84+1.46 3.25+1.24 0.378
U-NAG (U/L) 3.71+2.13 4.76 +4.23 0.482
U-Protein (g/d) 0.23+0.23 0.15+ 0.16 0.445
p-Malondialdehyde (MDA) (M) 2.85+1.67 2.56+ 1.07 0.658
R-GSH (umole/gHb) 7.27 +1.30 6.16 + 1.71 0.009*
U-Malondialdehyde(MDA) (uM) 8.70 £ 7.40 4.93+3.51 0.186

M9 5 ¥ uFeNANRGY £ ﬁ‘f’)ul‘ﬁﬂﬁmull'l@]3§TL!GU’E)\1ﬂTi’ﬁNWHﬂJE)thGILLaxﬂTJ%ﬂ’NﬂJLﬂgEJﬂ
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NVDNTATUNDULASHAUAT NAT InunaiFoudnaalungudiodnan 2 (x = iisdAny

=D.

Y] [

3¥AU p<0.05,**= Uil 1AYNIZA p<0.001)
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Parameters Before Treatment | After Treatment P
Plasma

p-Creatinine (mg/dl) 1.20+0.16 1.18 + 0.26 0.793
p-Sodium (mEq/L) 138.5 + 1.87 140.67 + 1.37 0.130
p-Potassium (mEg/L) 4.08 + 0.49 4,02+ 0.43 0.655
p-Chloride (mEq/L) 115.17+ 24.14 106.00 * 3.35 0.377
p-Bicarbonate (mEg/L) 21.88 +1.59 21.90+2.19 0.988
p-Calcium(mg/dl) 8.95+ 0.59 9.12+ 0.25 0.491
p-Phosphate (mg/dl) 3.68+ 0.25 3.75+£0.48 0.709
p-Magnesium (mg/dl) 2.28 £0.48 2.32 £ 0.65 0.91
Urine

Volume (ml) 2289.67+ 796.96 2558.33 + 957.46 | 0.271
pH 5.92 + 0.25 6.12 +0.71 0.558
U-Creatinine (g/d) 1.29 +0.49 1.23+0.46 0.634
U-Sodium (mEqg/d) 122.08 + 34.70 155.64 + 53.74 0.158
U-Potassium (mEqg/d) 33.32 +15.64 35.81 +9.81 0.685
U-Chloride (mEq/d) 108.34 £ 52.41 14422 + 44.31 0.062
U-Calcium (mg/d) 132.44 + 65.28 155.17 +78.80 0.377
U-PO4 (g/d) 0.59+0.18 0.55+0.32 0.778
U-Mg (mg/d) 7424 +£18.48 7440 +24.18 0.992
U-Uric (mg/d) 747.19 £ 277.69 803.48 + 380.65 0.627
Oxalate (mg/d) 30.84 + 36.717 47.68 + 74.58 0.365
Citrate (Mg/d) 51.69 + 23.04 160.63 + 162.94 | 0.117
Permissible Increment  (mg of NaOx) | 4.53 + 3.97 2.53 + 3.05 0.416

MIeN 6 N udaIANde = daudsuuuinassuesilatemuuunueanuazilaiodesuos

A o

manaidluneutazmendimsasuaseasn(an Ina) lunqualedan3 (x = tiedfy

N52A p<0.05)
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Parameters Before Treatment After Treatment P

Creatinine Clearance (ml/min) 74.94+ 25.58 75.87+33.19 0.922
Fractional Excretion of Mg (%) 3.25+0.86 3.64+£2.19 0.652
U-NAG (U/L) 5.04 + 3.56 340+2.41 0.203
U-Protein (g/d) 0.28 + 0.26 0.13+ 0.06 0.206
p-Malondialdehyde (MDA) (uM) 3.82+1.77 2.66 + 0.94 0.223
R-GSH (pmole/gHb) 6.44 +1.73 7.00 +1.68 0.489
U-Malondialdehyde(MDA) (uM) 797+ 5.44 6.66 + 5.85 0.627

M3 6 U uAAIARAY £ AlouDUATIINYEINTHINUYed latazazaNuATon

NNPONFIATUNOUIArHAUATUAITIaN Ind TUNgUATIDENTN 3
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for windows™ INOHIANMUANANIZHINNGUVBIMSLATNTITAE WUNTZAD TNundFon
Tuilaanzmonaimsasuaiouzunauas Inunaidendinia hiseiuediesidodiney
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~ a A Y = Y 1 A v o w dy
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Y
A9 UANANUUHASINMSIETUTEEZIaN 3 Lﬁaumﬂmmﬁm?mﬁ'aﬂmmm%n@mm@Emﬁ
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Do

sd iy (p = 0.045) Tuvmz@onunuinaiaisdueyyadaszngin s Touvesnguiasy

e

= Q' d? 1 A v o w d' o = [ a Y = a
YUZUNINIUMTINNUUDY NN UIT N Lilﬂlniﬂm‘c’J‘Uﬂ‘UﬂTi!,ﬁﬁiJﬂ’JEJTWLWIﬁLG]fEJN“Bmiﬁ(p =

0.009)  uaznuNszaungs s loulunquinunmFougmsainianacinniinguerrasn
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Parameters Group | Group | Group Il |Group Il Group Il Group Il
before after before after before after
Plasma
, 374 + /398 +|419 +|419 +|408 + | 4.02 +
p-Potassium (mEq/L) 0.36 0.48 0.23 0.33 0.49 0.43
A 938 +|922 +|963 +|946 = |895 + ] 912 +
p-Calcium (mg/dl) 0.46 0.60 0.69 0.74 0.59 0.25
382 +|410 =+ |383 + 407 =+ | 368 + | 375 +
p-Phosphate (mg/dl) 0.66 0.56 0.49 0.64 0.25 0.48
_ 222 £ |209 +|218 +|211 | 228 + | 232 +
p-Magnesium (mg/dl) 0.46 0.11 0.40 0.07 0.48 0.65
Urine
_ 28.40 + | 4452 + | 3608 + |6061 +|3332 +|358L =
u-Potassium (mEq/day) 9.55 17.86 12.79 20.34* | 15.64 9.81
_ 159.60 + | 155.25 + | 217.09 + | 163.44 + | 132.44 + | 155.17 =
u-Calcium (mg/day) 86.50 110.04 | 122.19 | 80.72 65.28 78.80
054 +|053 +|066 +|072 +/|059 +| 055 +
u-Phosphate (g/day) 0.25 0.24 0.23 0.30 0.18 0.32
A 7477 + | 7466 + | 7636 + | 76.70 + | 7424 + | 7440 +
u-Magnesium (mg/day) 34.04 36.13 35.98 37.71 18.48 24.18
_ 697.30 £ | 646.94 + | 50249 + | 750.33 + | 747.19 + | 803.48 =
u-Uric (mg/day) 326.29 | 203.17 | 287.09 | 424.94 | 277.69 380.65
2227 + | 1723 + | 5285 + | 28.02 + | 3084 + | 4768 =
u-Oxalate (mg/day) 11.60 8.54 40.24 28.87 36.72 74.58
_ 11251 + | 287.84 + | 113.41 + | 389.36 + | 51.69 + | 160.63 =
u-Citrate (mg/day) 139.26 211.94 141.96 153.44 23.04 162.94
287 +|353 +|444 +|071 +|453 + | 2,53 +
Permissible Increment 3.28 296 * 3.65 0.74 3.97 3.05
(mg of NaOx)
350 +|332 %|284 +|325 t]|325 + | 3.64 +
Fractional Excretion of 1.93 1.89 1.46 1.24 0.86 2.19
i ‘ . { . . .
531 #1322 +|371 % |476 +|504 + | 3.40 +
U-NAG (UlL) 353 2.50 2.13 4.23 3.56 241
250 + | 191 +|285 ‘+|256 +|382 + | 2.66 +
P-MDA (uM) 1.25 1.01 1.67 1.07 1.77 0.94
695 +|748 +|727 +|6.16 =+ |644 + | 7.00 +
R-GSH (pmole/gHb) 2.35 2.40 * 1.30 1.71% 1.73 1.68
781 +|359 +[870 +|493 =+ |797 + | 6.66 +
U-MDA (uM) 4.41 3.40 7.40 3.51 5.44 5.85
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MANHIN 3
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(135013301 USDA)

Lime juice, raw

NDB No: 09160

_T Value per Number
Std.
Nutrient Units 1100 grams of of Data
Error
edible portion Points
Proximates
Water g 90.79 4 0.126
Energy L AN kceal 25 0 0
Energy i kj 104 0 0
Protein { g 0.42 4 0.021
Total lipid (faf) e 0.07 4 0
Ash = l\ig 0.31 4 0.026
Carbohydrate, by difference | g 8.42 0 0
Fiber, total dietary T g : 0.4 0 0
Sugars, total g 1.69 4 0.124
Sucrose g 0.48 4 0.057
Glucose (dextrose) g I0.60 4 0.041
Fructose g 0.61 4 0.045
, Lactose g ./0.00 4 0
Maltose g 0.00 4 0
| Galactose g 0.00 4 0
Starch g 0.00 1 0
Minerals
Calcium, Ca mg 14 4 0.823
Iron, Fe mg 0.09 4 0.014
Magnesium, Mg mg 8 4 0.182




)

Phosphorus, P mg 14 0.26
Potassium, K mg 117 5.244
Sodium, Na mg 2 0.865
Zinc, Zn mg 0.08 0.004
Copper, Cu 0.027 0.001
Manganese, Mn 0.018 0.001
Selenium, Se 0.1 0
Vitamins
Vitamin C, total as 1.39
Thiamin 0.001
Riboflavin 0
Niacin 0.009
Pantothenic acid 0.006
Vitamin B-6 0.001
Folate, total 1.559
Folic acid 0
Folate, food 1.559
Folate, DFE | 0
Vitamin B-12 0
—
Vitamin A, 1U M 20.13
Vitamin A, RAE mcg_RAE |2 1.006
QF ——
0
mg 22 0
o
copherol, a %&Hd% m 0.

Tocopherol, delta mg 0.00 0
Vitamin K (phylloquinone) mcg 0.6 0
Lipids
Fatty acids, total saturated g 0.008 0
4:0 g 0.000 0
6:0 g 0.000 0
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8:0 g 0.000
10:0 g 0.000
12:0 g 0.000
14:0 g 0.000
16:0 g 0.008
18:0 0.000
Fatty acids, total monounsatura 0.008
16:1 undifferentiated - ‘ 0.002
18:1 undifferentiat/ ~ 007
/TSN X
N
20:1 \\ﬁ 00
22:1 undlfferentL N/ rO
Fatty acids, total polyunsaturate = 023
18:2 undifferentiated w2 , 0.015
. . ddad 3 \
18:3 undifferentia h (o‘. 7@ .008
18:4 -*33::‘ e 0000
20:4 undifferentiated T () 0.000
——
-
20:5 n-3 ORI 0.000
22:5n-3 (:)7 . 0
v B

22:6n-3

=

Cholesterol I |
-

i

Amino acids

Trypto

Threonine

RN ATUNN]

0.01
Lysine g 0.016
Methionine g 0.002
Cystine g 0.002
Phenylalanine g 0.011
Tyrosine g 0.002
Valine g 0.011
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Arginine g 0.015 0 0
Histidine g 0.002 0 0
Alanine g 0.024 0 0
Aspartic acid g 0.114 0 0
Glutamic acid g 0.067 0 0

Glycine . \ 0.011 0 0

Proline ) \\\\-‘ , -_ 0.030 0 0

- ==

Serine 0.035 0 0

Alcohol, ethyl //// A ‘\\ 't 0 0
N[
Caffeine // / E '\\ & 0 0 0
e s\v‘%\ —
Carotene, beta l l ﬂ@ ' \ \ 4 12.078
Carotene, alpha l m X\ 4 0
Cryptoxanthin, beta 0 4 0
Lycopene 0 4 0
Lutein + zeaxanthin = _‘_/ ‘hf/ A / / ) 4 0

e S

W

USDA National Nutrient Database for Standard Reference, Release 17 (2004)
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Tosukhowong P, Tungsanga K, Prapunwattana P, Yachantha C,
Borwornpadungkitti S, Sriboonlue P. Improvement in renal tubular damage and antioxidant status
after treatment of renal stone patients with potassium-magnesium citrate plus vitamin C and
vitamin E. In: Gohel MDI, Au DWT. Proceedings of the 10th International Symposium on
Urolithiasis; 2004 May 24-28: Hongkong, Republic of China. International Urolithiasis Society;
2004. p. 168-71.
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tubular cell damage and oxidative stress in renal stone patients and the effect of potassium citrate
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