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Hyperoxaluria: The role of N-acetyl-L-cysteine and
Vitamin E on lithogenic factors and urinary markers in
ameliorating calcium oxalate crystallization
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Abstract

Background and Aim: In hyperoxaluria, membrane injury is essential for the binding of oxalate or calcium oxalate (CaOx)
crystal to be retained in the renal cell. This oxalate-membrane interaction generates oxidative stress and is considered to
be a significant causative factor of membrane damage and stone pathogenesis. The present study uses ammonium oxalate
(AmOx) rat model to develop hyperoxaluria and lipid peroxidation, and N-acetyl-L-cysteine (NAC) and NAC + Vitamin E given
intraperitoneally to prevent CaOx crystal membrane damage and crystal binding.

Methods: Stone forming risk factors namely, calcium, phosphate, oxalate, and inhibitors of stone formation namely,
magnesium, uric acid, citrate, and glycosaminoglycans (GAGs) were studied and for renal function sodium, creatinine, and
protein were seen in urine of five groups of animals (6 numbers each). The ratios of Ca/oxalate Mg/oxalate, citrate/calcium,
oxalate/creatinine, and others are of clinical importance to assess the recurrence in stone formers. The CaOx supersaturation
index and activity product (CaOx) index (rats) were studied as it indicates a high risk for stone formation. Further, the levels of
oxalate synthesizing enzymes in liver and kidney were studied for endogenous synthesis of oxalate. Besides, urinary marker
enzymes alkaline phosphatase, gamma glutamyl transferase, and lactate dehydrogenase (LDH) were studied indicating tissue
membrane damage. Endogenous oxalate synthesizing enzymes of liver and kidney were done and also the tissue risk factors
of stone. LDH isoenzyme gel electrophoresis and light microscopy of kidney tissue were done.

Results: Urinary oxalate was increased significantly (P < 0.05) urinary calcium too, urinary magnesium was significantly
decreased (P < 0.01), urinary citrate levels were found to be 1.43 + 0.15 mg/24 h in control animals but decreased 3-fold in
AmOx-treated animals. Urinary marker enzymes showed injured epithelium, a prerequisite for crystal adhesion and decreased
GAGs in urine showed damage to the proximal convoluted tubules. LDH 2 isoenzyme as a marker of kidney tissue damage
was found increased in hyperoxaluric rats. Levels of urinary GAGs were decreased significantly (P < 0.001). NAC and Vitamin
E pretreated animals showed a significant decrease in stone forming risk factors in urine and increased inhibitor excretion.
Histological sections showed NAC and Vitamin E pretreated hyperoxaluric rats inhibited deposition of CaOx crystals and renal
cell damage.

Conclusion: NAC therapy prevents CaOx retention by protecting against membrane injury, thus maintaining a smooth
urothelium that does not favor stone formation.

Key word: Antioxidants, hyperoxaluria, oxidative stress, renal stones, risk factors in urine

Received: 8" January, 2016; Revised: 28" May, 2016; Accepted: 22" June, 2016

INTRODUCTION

Address for correspondence: Dr. Manjula Raman,

1/2 Sri Ram Gardens, Indira Nagar, Manapakkam,
Hyperoxaluria is a major risk factor of calcium oxalate Chennai - 600 125, Tamil Nadu, India.

(CaOx) stone disease. Urinary stone formation is a E-mail: mail: tmanjularamen@gmail.com

Access this article online This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak,
Quick Response Code: and build upon the work non-commerecially, as long as the author is credited and the new

Website: creations are licensed under the identical terms.

www.ljcep.org For reprints contact: reprints@medknow.com

How to cite this article: Raman M. Hyperoxaluria: The role of
DOI: N-acetyl-L-cysteine and Vitamin E on lithogenic factors and urinary
10.4103/2348-8093.185207 markers in ameliorating calcium oxalate crystallization. Int J Clin
Exp Physiol 2016;3:82-91.

\_E'T © 2016 International Journal of Clinical and Experimental Physiology | Published by Wolters Kluwer - Medknow Fb_‘ 82




[Downloaded free from http://www.ijcep.org on Saturday, September 29, 2018, IP: 49.205.219.17]

Raman: NAC and Vitamin E in hyperoxaluria

result of different mechanisms. Microcrystal of CaOx
monohydrate, the most common crystal in renal systems,
irreversibly bind to cell surface microvilli, are subsequently
internalized and proliferation occurs. Calcium phosphate
crystals and organic matrix initially are deposited along
the basement membranes of the thin loops of Henle and
extend further into the interstitial space to urothelium,
constituting the so-called Randall plaques [Figure 1].

The progression from hyperoxaluria to nephrolithiasis is
multifaceted, and renal tubular injury is a prerequisite.
Oxalate ions as well as CaOx crystals promote renal
tubular injury (manifested /n vivo). CaOx stone disease
suggests that the generation of reactive oxygen species
(ROS) and subsequent lipid peroxidation is an integral
part of the process.!"?

An increased production of ROS in response to an insult
such as hyperoxaluria, triggers the kidney to adapt to this
insult by upregulating the antioxidant defense systems
such as superoxide dismutase, catalase, glutathione
peroxidase, and glutathione. When antioxidant levels are
depleted the cells are under “oxidative stress.”®

A balance between stone promoters and inhibitors is
necessary to control hyperoxaluria and urolithiasis.
Calcium, oxalate phosphorous, and uric acid are the
promoters of stones through precipitation of their salts
during supersaturation. Inhibitors of crystallization are

Lane 1 - Normal

Lane 2 - Untreated Hyperoxaluria
Lane 3 - NAC Treated

Lane 4 - NAC + Vitamin E Treated

Figure 1: Isoenzyme pattern of serum lactate dehydrogenase. Lane 1:
Normal, Lane 2: Untreated hyperoxaluria, Lane: N-acetyl-L-cysteine-
treated, Lane 4: N-acetyl-L-cysteine + Vitamin E treated

mainly citrate, magnesium, and Tamm-Horsfall protein
and osteopontin.

N-acetyl-L-cysteine (NAC) supplementation provides
sulphthiol group of L-cysteine and also exerts direct
antioxidant effect by directly scavenging free radicals.
NAC pretreatment reduced endothelial dysfunction caused
by uremic toxin in kidney disease by reducing ROS and
expression of nuclear factor-kappa B."® Vitamin E is a
lipid soluble alpha-tocopherol scavenge free radicals by
incorporating into plasma membranes of cells and halting
lipid peroxidation. Dietary oxalate intake in Rajasthan,
India, in urban upper-income group is 606 mg/24 h against
200 mg recommended per day. The objective is to reduce
membrane injury and crystal growth and aggregation, for a
torn membrane (due to oxalate induced Injury) does promote
crystal attachment in stone formers. The use of favorable
antioxidants and their efficacy singly or in combination
is tested NAC has anti-inflammatory, antioxidant, and
detoxification function, NAC + Vitamin E combination
increases bioavailability of Vitamin E and cysteine.

The aim of the present study was to examine whether
oxalate-induced membrane injury occurs as a result
of the interaction between oxalate crystals and tubular
epithelial cells in this animal model of crystalluria leading
to damaging effects of oxidative stress and the use of NAC
singly or in combination with Vitamin E (NAC + Vitamin E)
in curtailing crystal formation in hyperoxaluric rats.

METHODS

Grouping of animals

Animals were divided into five groups. Weighing

approximately 100 = 15 g.

e Group I: Animals were fed on rat chow with clean
drinking water ad libitum

e Group Il: Animals were fed on rat chow with 3%
ammonium oxalate (AmOx) in drinking water for 5 days

e Group lll: Animals were given NAC (i.p.) (5 mg/100 g
body weight) and Vitamin E (i.p.) (5 mg/100 mg body
weight) single dose and fed with rat chow and clean
drinking water for the next 5 days

e Group IV: Animals were pretreated with NAC (i.p.)
(5mg/100 g body weight) single dose and fed on rat chow
with 3% AmOXx in drinking water for the next 5 days

e Group V: Animals were pretreated with NAC (i.p.)
(5 mg/100 g body weight) and Vitamin E emulsified in
olive oil (5 mg/100 g body weight) (i.p.) single dose and
fed on rat chow and were given 3% AmOXx in drinking
water for the next 5 days.

Allthe groups of animals were maintained in well-ventilated
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Collection of rat urine and tissues

The present study was conducted with ethical clearance

from the institution PGIBMS, India. On the day before

sacrifice, rats were housed in metabolic cages for 24 h

urine collection free from fecal contamination. The rats

were provided with water, but no feed was given. A 50

ml beaker maintained at 0°C in an ice bath was used for

collection.

a. A portion of the sample was acidified with concentrated
HCI and used for the analysis of oxalate, calcium,
magnesium, phosphorus, citric acid, uric acid, and
creatinine and after centrifuging for 10 min to remove
sediments if any

b. A known aliquot was set aside for the estimation of total
glycosaminoglycans (GAGs) as alcian blue precipitable
polyanions

c. The remaining portion was dialyzed at 4°C against
distilled water for 3 h. Aliquots of the dialyzed
urine were then used for the assay of enzymes and
determination of protein content.

At the end of experimental period, the animals were
killed by cervical decapitation and blood collected. Liver
and kidneys were excised immediately and washed with
ice-cold saline and their weights recorded.

Preparation of tissue homogenate

A 10% homogenate of the washed tissues (liver and
kidney) were prepared in 0.01 M phosphate buffer,
pH 7.0 for all the enzymes.

Investigations carried out in urine for urinary lithogenic
salts and total protein are protein (Lowry et al., 1951),
uric acid (Caraway, 1963), creatinine (Owen et al., 1954),
inorganic phosphorus (Fiske and Subbarow, 1925), total
GAGs - (Hwang et al., 1988), calcium and magnesium
(Emission Spectrophotometry), oxalate - (Hodgkinson and
Williams, 1972), citric acid - (Rajagopal, 1984), sodium -
flame photometry, and potassium — flame photometry.

Urinary enzymes assayed for tissue injury were alkaline
phosphatase - (King, 1965b), lactate dehydrogenase

(LDH) - (King, 1965a), alanine transaminase, and
pyrophosphatase - (Josse, 1966).

Oxalate synthesizing enzymes are glycolic acid oxidase
(GAO) - Richardson and Tolbert (1961), LDH - King
(1965a), Xanthine oxidase (XO) - Fried and Fried (1966),
and LDH isoenzyme separation - Dietz and Lubrano, 1967,
with modifications.

The right kidney was fixed in 10% neutral buffered
formalin, processed, embedded in paraffin wax, sectioned
at b um, and stained with hematoxylin and eosin (H and E)
for CaOx crystals, for microscopic examination.

Statistical analysis of data

Statistical analysis was done by Student’s ¢-test using
SPSS 16.00 (IBM, Chicago, USA). Results are shown and
presented as a mean =+ standard error of the mean and
results were considered statistically significant if P < 0.05.

RESULTS

In Table1 urine volume was elevated in Group Il animals
significantly (P < 0.001) when compared to that of
control rats. Urinary calcium excretion was increased
approximately 2-fold in Group Il animals compared to
control rats. NAC and NAC and Vitamin E administered
AmOx treated rats (Group IV and V) brought down
urinary calcium levels compared to controls. Urinary
oxalate excretion was found to be 8-fold increased in
the lithogenic groups (Group Il) compared to controls.
It was significantly (P < 0.05) lowered in Group IV and
Group V animals. The excretion of phosphorous was
unaltered after administration of AmOx or therapeutic
drugs. Urinary magnesium was found to be decreased
in Group Il animals compared to controls (Group 1)
(P < 0.01). NAC and NAC and Vitamin E pretreated
rats showed increased urinary magnesium [Table 1].
Figure 2 shows decreased calcium/oxalate ratios in
Group Il rat which was comparatively increased in
Group IV and V rats. Magnesium/oxalate ratios were also
decreased in hyperoxaluric rats compared to controls.

Table 1: Effect of NAC, NAC and vitamin E combinatorial therapy for experimental hyperoxaluria on urinary stone

forming constituents

Parameters (mg/24 h) Group | Group Il Group Il Group IV Group V
Urine volume (ml/24 hrurine) 5.40+0.32 7.6240.63%** 5.51+0.48 6.32+0.532*0** 6.13+0.55**
Calcium 1.57+0.14 3.7510.36°*** 1.62+0.10 2.40+0.180*** 1.78+0.150***
Oxalate 0.90+0.09 7.2610.70%*** 0.84+0.08 4.22+0.423%*0x* 3.86+0.413**0*
Phosphorus 9.75+0.95 10.32+1.0 8.42+0.82 9.96+0.94 9.82+0.88
Magnesium 0.91+0.13 0.70+0.05%** 0.90+0.11 0.83+0.08** 0.92+0.05°***

Treatment of groups: Group | — Control; Group Il — 3% Ammonium oxalate in drinking water for 5 days in Group Il — Control + N-acetyl-L-cysteline
(NAC) (5 mg/100 g body wt (Lp) and vitamin E (smg/100g g body wt) (i.p); Group IV —Ammonium oxalate + NAC (i.p); GroupV —Ammonium oxalate +
NAC + Vitamin E. Drugs were administered by interperitonial (i.p) single dose and the vehicle used was saline and olive oil. Comparisons were
made as follows : *With Group |, "With Group II. The symbols a, b also represent statistical significance at *P<o.05; **P<0.01; ***P<0.001. Values

are expressed as meanzSD for six animals
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Whereas magnesium/calcium ratios were decreased in
hyperoxaluric rats which improved with combinatorial
treatment of NAC and Vitamin E.

Table 2 summarizes the effect of NAC and NAC +
Vitamin E on other constituents of urine in control and
Group Il animals. Significant (P < 0.05) increase in
uric acid excretion was observed in Group Il animals.
Drug-treated hyperoxaluric animals exhibited lowered
uric acid excretion when compared to that of the
hyperoxaluric animals. Urinary citrate levels were found
to be decreased on AmOx-treated Group Il. Partial
restoration was observed in drug-treated hyperoxaluric
rats. The levels of GAGs were found to be decreased
significantly (P < 0.001) in Group Il animals when
compared to controls. NAC and Vitamin E pretreated
animals showed improved GAGs in urine (P < 0.01).

Proteinuria (1.5-fold increase) and lowered urinary
creatinine excretion were seen in AmOx-treated
hyperoxaluric rats showing lowered renal function. In
NAC and NAC + Vitamin E pretreated groups, the urinary
levels of protein and creatinine were well within normal
limits. High urinary excretion of sodium and potassium
was observed in Group Il rats (P < 0.001), Group IV
showed significant lowering of sodium and potassium (P
< 0.05), and Group V showed lowered levels (P < 0.001)
when compared with Group Il animals.

Figure 3 shows the changes in ratios of lithogenic
substances in urine. Calculogenic rats showed increased
oxalate/creatinine ratios compared to controls. NAC
(Group 1V) and NAC + Vitamin E (Group V) helped
in lowering oxalate/creatinine ratios significantly in
(Group II) rats. Conversely, creatinine/calcium ratios

25

1.5

0.5

Cal/Ox

Mg/Ox

O Control OAmmonium oxalate ONAC & vitamin E control ONAC ONAC + Vitamin E

Mg/Ca

Figure 2: Effect of N-acetyl-L-cysteine and N-acetyl-L-cysteine + Vitamin E therapy on urinary calcium/oxalate ratios

Table 2: Effect of NAC, NAC and vitamin E combination therapy on urinary constituents

Parameters (mg/24 h) Group | Group Il Group Il Group IV Group V
Uric acid 0.36+0.03 0.42+0.03%* 0.35+0.02 0.39+0.03 0.37+0.03*
Citric acid 1.43+0.15 0.52+0.05** 1.35+0.14 1.0840.110*** 1.32+0.090***
Total GAGs 0.32+0.02 0.24+0.032*** 0.31£0.01 0.27+0.03 0.30+0.03°**
Protein 17.73+1.81 26.0+2.55*** 18.0+1.84 21.2142.220* 18.91£2.016**
Creatinine 13.51£1.33 11.42+1.0% 13.25+1.26 11.35+1.06 12.22+1.0
Sodium 12.1x1.4 17.6x1. 78 11.32+1.13 15.2+1.5 13.35+1.350%+*
Potassium 7.5+0.82 10.8+£1.0%** 6.8+0.72 9.2+0.9°* 8.0+1.105**

Treatment of groups: Group | — Control; Group IlI- 3% Ammonium oxalate in drinking water for 5 days in Group Il — Control + N-acetyl-L-cysteline
(NAC) (5 mg/100 g body wt (Lp) and vitamin E (5mg/100g g body wt) (i.p); Group IV —Ammonium oxalate + NAC (i.p); GroupV —Ammonium oxalate +
NAC +Vitamin E. Drugs were administered by interperitonial (i.p) single dose and the vehicle used was saline and olive oil. Comparisons were made
as follows : *With Group I, "With Group II. The symbols a, b also represent statistical significance at : *P<o0.05; **P<0.01; ***P<0.001. Values are

expressed as mean+SD for six animals
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showed a 4-fold increase in Group Il rats which were
found effectively reduced in the drug-treated groups.

Figure 4 Group Il rats showed a mild increase in uric
acid/GAG ratio compared to other experimental groups.
Oxalate/GAGs ratio was also increased, and the increment
was thirty-fold in AmOx supplemented hyperoxaluric rats.
Oxalate ion causes damage due to oxidative stress. NAC
(Group IV) and (Group V) rats showed decreased levels
of these ratios showing the effectiveness of combination
therapy on hyperoxaluric animals.

Figure 5 shows changes in urinary citrate/creatinine,
calcium/citrate, magnesium/citrate, and citrate/calcium
in various experimental groups. Citrate/creatinine ratios
were found increased in hyperoxaluric rats (Group II).
Drug-treated rats showed lowered ratios of the same.
Calcium/citrate in Group Il animals ratios was increased
7-fold compared to controls. These ratios were lowered in
drug-treated animals. Magnesium/citrate ratios were found
increased in Group Il rats compared to other experimental
groups and found to be reversed after drug therapy. Citrate/
calcium ratios were severely lowered in hyperoxaluric
rats that improved with the double drug combinatorial
treatment. Citrate is protective over CaOx precipitation.
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Figure 3: Effect of N-acetyl-L-cysteine and N-acetyl-L-cysteine +
Vitamin E on urinary oxalate/creatinine ratios in experimental groups

Citrate/Creatinine
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Mg/Citrate Cit/Calcium
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Figure 5: Effect of N-acetyl-L-cysteine and N-acetyl-L-cysteine +
Vitamin E on urinary citrate to creatinine Ratios in various experimental
groups

Figure 6 shows changes in CaOx supersaturation index
that are required for insoluble CaOx to crystallize in
various experimental groups. There was a twenty-fold
increase in CaOx supersaturation index and activity
product (AP) (CaOx) in Group Il rats which were
normalized significantly in Group IV and V by NAC and
NAC + Vitamin E combinatorial treatment.

Table 3 shows activities of oxalate synthesizing
enzymes, namely, GAO in liver, XO and LDH in liver and
kidney of control and experimental rats. AmOx-treated
hyperoxaluric rats (Group 1) exhibited a 94% increase in
liver GAO activity than that of controls. Therapy resulted
in (P < 0.001) near normal activities of GAO in Group IV
and V hyperoxaluria-induced antioxidant pretreated rats.
Liver and kidney LDH activities were elevated by about
24% and 33%, respectively, in Group Il rats compared
to control. Double drug treatment restored LDH activities
to that of control group animals. Liver and kidney XO
activities were increased 24% and 28%, respectively, in
Group |l rats compared to controls. NAC and NAC and
Vitamin E pretreated animals restored their activities to
that of control (P < 0.05). Insoluble uric acid crystals may
result from increased XO activity.

NAC + Vitamin E
NAC
NAC & vitamin E control

Ammonium oxalate

Control

Uric/GAG

Ox/IGAG

@ Control B Ammonium oxalate INAC & vitamin E control TNAC BNAC + Vitamin E

Figure 4: Effect of N-acetyl-L-cysteine and N-acetyl-L-cysteine +
Vitamin E on urinary uric acid/Gags and Oxalate/Gags ratio
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Figure 6: Calcium oxalate supersaturation index in various
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Table 4 shows the effects of NAC and NAC + Vitamin E
on tissue risk factors of stone formation. In kidney and
liver, the levels of calcium and oxalate were found to
be elevated (P < 0.001) in Group Il animals which were
controlled by NAC (Group IV) and NAC and Vitamin E
(Group V) pretreated animals. Increased magnesium
levels (P < 0.001) were found in liver and kidney of
hyperoxaluric rats, and partial restoration of normal
levels of magnesium was observed in renal tissue of
hyperoxaluric rats following single and combinatorial
treatment of NAC and Vitamin E. Tissue levels of oxalate

were significantly increased in the liver and kidney tissue
in Group Il animals and efficiently brought under control
by single drug (Group IV) and combinatorial therapy
(Group V) pretreated animals. Phosphorous in liver and
kidney tissue shows no changes in all experimental
groups. CaOx stones are thus predominant in kidney.

Tables 5 and 6 illustrates the effect of NAC and
NAC and Vitamin E pretreatment on activities of
renal enzymes in Group |l rats. The activities of both
alkaline phosphatase and acid phosphatase were
decreased in Group Il animals both being cellular, and

Table 3: Effect of NAC, NAC and vitamin E combinatorial therapy on the activities of urinary marker enzymes

Parameters (mg/24 h) Group | Group Il Group Il Group IV Group V
Alkaline phosphatase 0.96+0.08 2.8+0.25%*** 1.06+0.09 1.82+0.170*** 1.32+0.180***
Lactate dehydrogenase 0.55+0.05 1.7£0.15%** 0.58+0.06 1.0540.09°*** 0.65+0.050***
y-Glutamyl transferase 1.05£0.10 3.02+0.315*** 1.03+0.13 2.05+0.150*** 1.43+0.140***
Pyrophosphatase 1.40+0.14 1.25+0.09 1.42+0.12 1.30+0.12 1.38+0.13

Enzyme units are expressed as : ALP — p moles of phenol liberated; LDH — p moles of pyruvate released; y-GT — p moles of p.nitroaniline;
PPase — p moles of inorganic phosphorus formed. Treatment of groups: Group | — Control; Group Il —3% Ammonium oxalate in drinking water for
5 days in Group lll - Control + N-acetyl-L-cysteline (NAC) (5 mg/100 g body wt (Lp) and vitamin E (smg/100g g body wt) (i.p); Group IV — Ammonium
oxalate + NAC (i.p); Group V —Ammonium oxalate + NAC + Vitamin E. Drugs were administered by interperitonial (i.p) single dose and the vehicle
used was saline and olive oil. Comparisons were made as follows : ®“With Group I; "With Group II. The symbols a, b also represent statistical significance
at: *P<0.05; **P<0.01; ***P<0.001. Values are expressed as meanzSD for six animals

Table 4: Effect of NAC, NAC and vitamin E combination on experimental hyperoxaluria on oxalate synthesizing
enzymes in liver and kidneys

Parameters Group | Group Il Group Il Group IV Group V
Liver
Xanthine oxidase 1.78+0.17 2.22+0.212*** 1.79+0.14 2.0340.20 1.87+0.25*
Glycollic acid oxidase 1.4320.14 2.78+0.26%*** 1.49+0.12 1.9740.11a%b*** 1.5540.16°**
Lactate dehydrogenase 1.12+0.09 1.39£0.12%** 1.10£0.11 1.26+£0.11 1.140.120**
Kidney
Xanthine oxidase 1.75£0.15 2.25+0.22%*** 1.72+0.16 1.95+0.19°* 1.80+0.19v*
Lactate dehydrogenase 1.09+0.10 1.45+0.212** 1.08+0.16 1.26+0.12 1.05+0.10°**

Enzyme units are expressed as (Units/min/mg protein): Xanthine oxidase — units/mg protein (1 unit=amount of enzyme that brings about a change
in 0.D of 0.01/min) GAO —n moles of glyoxalate released; LDH — p moles of pyruvate released. Treatment of groups: Group | —Control; Group I -3%
Ammonium oxalate in drinking water for 5 days in Group Ill - Control + N-acetyl-L-cysteline (NAC) (5 mg/100 g body wt (Lp) and vitamin E
(5 mg/100g g body wt) (i.p); Group IV — Ammonium oxalate + NAC (i.p); Group V —Ammonium oxalate + NAC + Vitamin E. Drugs were administered
by interperitonial (i.p) single dose and the vehicle used was saline and olive oil. Comparisons were made as follows: *With Group [; "With Group II.
The symbols a, b also represent statistical significance at : *P<o0.05; **P<0.01; ***P<0.001. Values are expressed as mean+SD for six animals

Table 5: Assessment of tissue risk factors of stone formation in various experimental groups

Constituents (mg/g wet tissue) Group | Group Il Group Il Group IV Group V
Liver
Calcium 0.16+0.01 0.22+0.025*** 0.17+0.01 0.19+0.02°* 0.17+0.02°**
Magnesium 0.09£0.01 0.18+0.013*** 0.10+0.01 0.14+0.010*** 0.11£0.010***
Oxalate 1.05+0.10 1.97+0.19*** 1.13+0.11 1.40£0.163***b*** 1.16+0.15***
Phosphorus 3.0+0.28 3.25+0.32 3.01+0.30 3.18+0.32 3.10+0.28
Kidney
Calcium 0.20+0.02 0.26+0.032*** 0.19+0.02 0.24+0.02°* 0.2040.020***
Magnesium 0.25+0.02 0.56+0.052*** 0.23+0.02 0.28+0.03 0.27+0.03"*
Oxalate 0.50+0.05 7.2940.723*** 0.48+0.05 4.52+0.4 5% bx*x 1.49+0.140***
Phosphorus 3.25+0.32 3.57+0.35 3.23+0.30 3.21+0.31 3.20+0.30

Treatment of groups: Group | — Control; Group Il —3% Ammonium oxalate in drinking water for 5 days in Group Ill - Control + N-acetyl-L-cysteline
(NAC) (5 mg/100 g body wt (Lp) and vitamin E (5mg/100g g body wt) (i.p); Group IV —Ammonium oxalate + NAC (i.p); GroupV —Ammonium oxalate +
NAC +Vitamin E. Drugs were administered by interperitonial (i.p) single dose and the vehicle used was saline and olive oil. Comparisons are made
as follows: *With Group I; "With Group II. The symbols a, b also represent statistical significance at: *P<o0.05; **P<0.01; ***P<0.001. Values are
expressed as mean+SD for six animals
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Table 6: Effect of NAC, NAC and vitamin E combination on hyperoxaluria on the activities of renal enzymes

Enzymes (units/min/mg protein) Group | Group Il Group Il Group IV Group V
Alkaline phosphatase 2.77+0.27 2.32+0.20%* 2.62+0.26 2.63+0.20"* 2.72+0.32"*
Acid phosphatase 0.29+0.04 0.24+0.05 0.28+0.04 0.25+0.01 0.27+0.02
Alanine transaminase 0.18+0.01 0.16+0.012** 0.19+0.02 0.17+0.02 0.18+0.02
Pyrophosphatase 4.42+0.42 3.39+0.33a** 4.28+0.42 4.22+0.45°** 4.38+0.440**

Enzyme units are expressed as : ALP and ACP — p moles x 107 of phenol liberated; ALT — u moles of pyruvate released; PPase — u moles x 10
of inorganic phosphorus (Pi) released. Treatment of groups: Group | — Control; Group Il = 3% Ammonium oxalate in drinking water for 5 days in
Group lll—Control + N-acetyl-L-cysteline (NAC) (5 mg/100 g body wt (Lp) and vitamin E (smg/100g g body wt) (i.p); Group IV —Ammonium oxalate +
NAC (i.p); Group V —Ammonium oxalate + NAC +Vitamin E. Drugs were administered by interperitonial (i.p) single dose and the vehicle used was
saline and olive oil. Comparisons were made as follows : 2With Group I; "With Group II. The symbols a, b also represent statistical significance at:
*P<0.05; ¥*P<0.01; ***P<0.001. Values are expressed as mean+SD for six animals

membrane-bound enzymes of the kidney. The activities
of pyrophosphatase were decreased in Group Il rats. It
improved in Group IV and Group V animals showing
decreased crystal formation.

Staining viewed by light microscopy

Results were correlated with histopathological sections
and H and E staining. Plates showed normal glomerulus
and tubules in control kidney section. Lumen with
cellular debris and swollen dilated tubules with increased
lysosomal activities were seen in Group Il rats. Group IV
and V rats showed normal tubules and glomerulus with
fewer lysosomal activities [Plates 1a-d].

DISCUSSION

Hyperoxaluria is regarded as the major risk factor for
CaOx urolithiasis.” Oxalate is eliminated by the kidneys.
It is 100% ultrafilterable and filtered in glomeruli and
excreted in proximal tubule and along with calcium
phosphate and oxalate crystals causing tubular damage.
Obesity is a risk factor for uric acid urolithiasis. Gastric
lipase inhibitors induce fat malabsorption associated
with hyperoxaluria.® Urinary volume was increased
in hyperoxaluric drug-treated rat to reduce CaOx
supersaturation. Increase in the concentration of urinary
stone forming constituents results in precipitation and
growth of crystals within the urinary tract.® Hypercalciuria
was observed in hyperoxaluric rats. Similar increase has
been observed in ethylene glycol supplemented rats."%
It may be due to defective renal tubular reabsorption of
dietary calcium or renal calcium leak.""! Hypercalciuria
can be caused by systemic acidosis and protein overload.
On NAC treatment, a considerable decrease in urinary
calcium levels was found, and on combination therapy,
it was still lowered. Phyllanthus niruri is a plant alkaloid
normalizes elevated urinary calcium levels in calcium
stone formers.[? NAC and Vitamin E therapy prevented
loss from membrane leak and affords protection to
membrane.

Urinary oxalate was significantly increased in hyperoxaluric
rats. Similar results were earlier reported.['¥ A mild

increase in urinary oxalate is an important determinant
of CaOx supersaturation™ facilitating the risk for CaOx
crystal formation in earlier sites of nephron."® Urinary
marker enzymes alkaline phosphatase, acid phosphatase,
and alanine transaminase indicate renal cell injury.
Jonassen et al."¥ proposed that high oxalate promotes
stone formation and induces renal injury that generates
cellular debris and promotes crystal nucleation and
attachment. NAC and NAC and Vitamin E decreased
urinary oxalate in hyperoxaluric rats. Similar results have
been reported.!"”

AmOx-induced hyperoxaluric rats showed an increase
in phosphorous excretion compared to controls in
lithiatic condition."® This increased excretion is of clinical
significance in the formation of calcium phosphate crystals
as it is linked to higher rate of recurrence in stones with
calcium phosphate supersaturation. Supersaturation may
occur first in the loop of Henle!2% or in the distal part of the
distal tubule.?" These small crystals can be expelled from the
nephron, but these minute calcium phosphate crystals may
actas a nidus for CaOx deposition in intermedullary collecting
ducts with associated interstitial scarring.”? However, in
this study, phosphorous excretion was unaltered. It may
be presumed that phosphorous excretion is less because
of decreased calcium phosphate supersaturation and
shows less recurrence of stones. NAC and NAC + Vitamin
E administration is likely to prove beneficial in preventing
CaOx crystallization and thus subsequent stone formation
by reducing stone forming constituents.

Urine magnesium levels have been shown to be
decreased in hyperoxaluric rats. Hypomagnesuria
is commonly found in calcium stone formers.?® The
protective effect of magnesium citrate enhances urinary
citrate excretion.’? Furthermore, magnesium binds with
oxalate to form magnesium oxalate. Urinary magnesium
deficiency accelerates renal tubular CaOx deposition in
hyperoxaluric rats. Thus, lowered Mg/Ox and Mg/Ca
ratios were found in stone forming rats.?!

Interference with crystal growth and aggregation therefore
seems a possible therapeutic strategy for the prevention
of recurrent stone disease. NAC interacts with urinary
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Control Kidney Section with
normal glomeruli and tubules 100x

H & E section shows normally appearing
tubules and glomeruli 100x of NAC
pretreated rat

Section showing lumen with cellular debris.

Tubules appear dilated 400x in
ammonium oxalate administered rats

Section shows congested glomeruli
with few dilated tubules in NAC and vitamin E
pretreated rat. 100x

Plate 1: (a-d) Hematoxylin and eosin staining of kidney sections viewed under the light microscope from control, untreated, N-acetyl-L-cysteine,
and N-acetyl-L-cysteine + Vitamin E pretreated hyperoxaluric rats. (a) Control, (b) untreated hyperoxaluria, (c) N-acetyl-L-cysteine pretreated,

(d) N-acetyl-L-cysteine + Vitamin E pretreated

macromolecules and reduces CaOx nucleation® that
inhibit crystal aggregations, thus keeping CaOx particles
dispersed in solution, so they can be easily eliminated.?”
Furthermore, increased uric acid crystals in urine of stone
formers!?®! enhance CaOx precipitation. Increased uric
acid/GAGs ratio has been reported in stone patients.?’

Citrate is found to be significantly decreased in this study
which decreases the CaOx AP. It also prevents stone
formation by lowering osteopontin mMRNA expression
also modifies shape and inhibits the growth of CaOx
crystals. An association between insulin resistance and
calcium stone formation related to lowered citrate excretion
was seen in calcium stone formers. NAC and Vitamin
E improved citrate/calcium ratio suggesting that this
combination can act as a better therapeutic agent and are
useful biomarkers in assessing stone recurrence in patients.

Urinary GAGs was found lowered in this study. Nesse
et al.B" have observed lowered concentration and
excretion of urinary GAGs in stone forming patients
as compared to normal patients, oxalate/GAGS ratio
improved with NAC and Vitamin E. Urinary GAGs restore
anticrystal adhering properties to the injured epithelium.®?
Increased proteinuria was corrected by NAC and Vitamin
E pretreatment, and this could improve renal function.

Creatinine excretion was significantly decreased in
lithogenic rats derived from systemic metabolism of
ammoniumoxalat and decreased secretion. Decreased
magnesium/creatinine and increased oxalate/creatinine

ratios were observed in calculogenic rats. A similar trend
was observed by Hussain et a/.'®®! in stone patients.
Oxalate/creatinine ratios represent true oxalate levels in
hyperoxaluria. Urinary sodium excretion was shown to
be significantly higher in patients with hypercalciuria.%
Similar findings in this study showed treatment with
dual drugs decreased urinary sodium and potassium
level causing increased reabsorption of calcium thereby
leading to lowered urinary CaOx supersaturation.

Urinary ion AP of CaOx is an index of urinary CaOx
supersaturation. A marked increase in urinary oxalate
and a slight reduction in urinary magnesium results in
increased AP (CaOx) index elevating the risk of stone
formation.B® NAC and Vitamin E lowered this index in
rats indicating the lowered risk of crystallization.

Urinary marker enzyme studies are indicative of cell injury."!
NAC and Vitamin E mitigate the toxic effects of oxalate on
proximal tubular epithelium. Vitamin E acts as a membrane
stabilizer by circumventing the oxyradical-dependent
cascade destruction of membrane.®

Oxalate synthesizing enzymes were increased in liver and
kidney tissues of hyperoxaluria-induced rats. NAC and
Vitamin E lowered the activities of these enzymes. LDH is
also a marker for membrane integrity and is a regulator for
many biochemical reactions. Less intense bands for LDH2
were found in drug-treated hyperoxaluric rats, and they
also suppressed GAO activity in liver thereby decreasing
kidney oxalate load in these animals. Increased release
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of cellular enzymes into spent media has been reported
by Hackett et al.t” which establishes the interaction of
CaOx crystals with cells.

Light microscopic studies showed tubular atrophy,
inflammatory infiltrates, crystal deposits, and interstitial
fibrosis indicating tubulointerstitial damage in
hyperoxaluric rats. There was pronounced cystic dilation
of tubule with mild congestion of glomeruli, also focal
cystic dilations of tubules and little tubular dilation with
complete occlusion. However, in NAC and NAC and
Vitamin E pretreated animal fields were normal except
for focal inflammation and cystic dilations of tubules
in kidney. CaOx crystals in the tubular fluid lead to
denudation and shedding of membrane particles which
opened up sites of injured tissue for further crystal
attachment as seen in light microscopy.

Limitations of the study

We have not assessed the NAC therapy on long term
basis in different type of renal stone formers.

CONCLUSION

Thus, reduction of excretion of stone-forming constituents
in urine, CaOx supersaturation, protective effects of
increased magnesium, citrate, and GAGs on NAC and
NAC and Vitamin E pretreatment to rats proves to be
beneficial in preventing CaOx nucleation, aggregation,
and subsequent crystal growth in stone formation.
NAC alone can be effective in controlling these events
intracellularly. However, in combination with Vitamin E,
the toxic effects of kidney oxalate on cell membrane
were subdued.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Khan SR, editor. Animal model of calcium oxalate
nephrolithiasis. In: Calcium Oxalate in Biological Systems.
Boca Raton, FL: CRC; 1995. p. 343-59.

2. Asplin JR. Hyperoxaluric calcium nephrolithiasis.
Endocrinol Metab Clin North Am 2002;31:927-49.

3. Thamilselvan S, Hackett RL, Khan SR. Lipid peroxidation in
ethylene glycol induced hyperoxaluria and calcium oxalate
nephrolithiasis. ] Urol 1997;157:1059-63.

4. Scheid C, Koul H, Hill WA, Luber-Narod J, Kennington L,
Honeyman T, et al. Oxalate toxicity in LLC-PK1 cells: Role of
free radicals. Kidney Int 1996;49:413-9.

5. Jonassen JA, Cao LC, Honeyman T, Scheid CR. Mechanisms
mediating oxalate-induced alterations in renal cell functions.
Crit Rev Eukaryot Gene Expr 2003;13:55-72.

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Small DM, Coombes JS, Bennett N, Johnson DW, Gobe GC.
Oxidative stress, anti-oxidant therapies and chronic kidney
disease. Nephrology (Carlton) 2012;17:311-21.

Khan SR. Animal models of kidney stone formation: An
analysis. World ] Urol 1997;15:236-43.

Sarica K, Yagci F, Bakir K, Erbagci A, Erturhan S, Ugak R.
Renal tubular injury induced by hyperoxaluria: Evaluation
of apoptotic changes. Urol Res 2001;29:34-7.

Hodgkinson SC, Napier JR, Spencer GS, Bass ]J.
Glycosaminoglycan binding characters of the insulin-like
growth factor binding proteins. ] Mol Endocrinol 1995;13:105-12.
Cao ZG, Liu JH, Zhou SW, Wu W, Yin CP, Wu JZ. The effects
of the active constituents of Alisma orientalis on renal stone
formation and bikunin expression in rat urolithiasis model.
Zhonghua Yi Xue Za Zhi 2004;84:1276-9.

David AB, Bonjolinson R, Carol E, Nalbantain M, Flavus M]J.
Increased calcium absorption and retention without elevated
serum 1,25(0OH) ,D, in genetically hyperoxaluric rats. Kidney
1998;33:129-64.

Nishiura JL, Campos AH, Boim MA, Heilberg IP, Schor N.
Phyllanthus nirurinormalizes elevated urinary calcium levelsin
calcium stone forming (CSF) patients. Urol Res 2004;32:362-6.
Bek-Jensen H, Tiselius HG. Evaluation of urine composition
and calcium salt crystallization properties in standardized
volume-adjusted 12-h night urine from normal subjects and
calcium oxalate stone formers. Urol Res 1997;25:365-72.
Larsson L, Tiselius HG. Hyperoxaluria. Miner Electrolyte
Metab 1987;13:242-50.

Kok DJ, Khan SR. Calcium oxalate nephrolithiasis, a free or
fixed particle disease. Kidney Int 1994;46:847-54.

Jonassen JA, Cao LC, Honeyman T, Scheid CR. Mechanisms
mediating oxalate-induced alterations in renal cell functions.
Crit Rev Eukaryot Gene Expr 2003;13:55-72.

Bais R, Rofe AM, Conyers RA. The inhibition of metabolic
oxalate production by sulfhydryl compounds. ] Urol
1991;145:1302-5.

Schmucki O, Asper K, Zorter C. Stress and kidney stone
formation in experimental animal studies. Janaer Harnstein
Symp (Ger) 1984;8:95-106.

Asplin JR, Mandel NS, Coe FL. Evidence of calcium
phosphate supersaturation in the loop of Henle. Am ]
Physiol 1996;270(4 Pt 2):F604-13.

Kok DJ. Intratubular crystallization events. World ] Urol
1997;15:219-28.

Hojgaard I, Tiselius HG. Crystallization in the nephron. Urol
Res 1999;27:397-403.

Lieske JC, Deganello S, Toback FG. Cell-crystal interactions
and kidney stone formation. Nephron 1999;81 Suppl
1:8-17.

Tefekli A, Esen T, Ziylan O, Erol B, Armagan A, Ander H,
et al. Metabolic risk factors in pediatric and adult calcium
oxalate urinary stone formers: Is there any difference? Urol
Int 2003;70:273-7.

Schwartz BF, Bruce ], Leslie S, Stoller ML. Rethinking the role
of urinary magnesium in calcium urolithiasis. ] Endourol
2001;15:233-5.

Drach GW. Is magnesium metabolism related to calcium
metabolism? Fifth international symposium — Urolithiasis
and related clinical research. Urol Res 1985;12:63(A).

Fan ], Shen S]. The role of Tamm-Horsfall mucoprotein in
calcium oxalate crystallization. N-acetylcysteine — A new
therapy for calcium oxalate urolithiasis. Br ] Urol 1994;74:288-93.
Khan A, Khan SR, Gilani AH. Studies on the in vitro and
in vivo antiurolithic activity of Holarrhena antidysenterica.
Urol Res 2012;40:671-81.

Schwille PO, Kuch P, Berens H. Crystalluria in health and
idiopathic calcium stone disease. Urol Res1988;16:235-9.
Conte A, Roca P, Genestar C, Grases F. Uric acid and its
relationship with glycosaminoglycans in normal and
stone-former subjects. Nephron 1989;52:162-5.

Yasui T, Sato M, Fujita K, Tozawa K, Nomura S, Kohri K.
Effects of citrate on renal stone formation and osteopontin

LEH International Journal of Clinical and Experimental Physiology | Apr-Jun 2016 | Vol 3 | Issue 2

er 90




[Downloaded free from http://www.ijcep.org on Saturday, September 29, 2018, IP: 49.205.219.17]

31.

32.

33.

34.

Raman: NAC and Vitamin E in hyperoxaluria

expression in a rat urolithiasis model. Urol Res 2001;29:50-6.
Nesse A, Garbossa G, Romero MC, Bogado CE,
Zanchetta JR. Glycosaminoglycans in urolithiasis.
Nephron 1992;62:36-9.

Ryall RL, Harnett RM, Marshall VR. The effect of urine,
pyrophosphate, citrate, magnesium and glycosaminoglycans
on the growth and aggregation of calcium oxalate crystals
in vitro. Clin Chim Acta 1981;112:349-56.

Hussain F, Billimoria FR, Singh PP. Predictive value of some
biochemical indices in stone formers. Int Urol Nephrol
1990,22:25-31.

Kovacevic L, Kovacevic S, Smoljanic Z, Peco-Antic

35.

36.

37.

A, Kostic N, Gajic M, et al. Sodium excretion in
children with lithogenic disorders. Srp Arh Celok Lek
1998;126:321-6.

Ferraz RR, Tiselius HG, Heilberg IP. Fat malabsorption
induced by gastrointestinal lipase inhibitor leads to
an increase in urinary oxalate excretion. Kidney Int
2004;66:676-82.

Packer L, Landvik S. Vitamin E in biological systems.
Antioxid Ther Prev Med 1990;264:93-103.

Hackett RL, Shevock PN, Khan SR. Madin-Darby canine
kidney cells are injured by exposure to oxalate and to
calcium oxalate crystals. Urol Res 1994;22:197-203.

Author Help: Reference checking facility

*  Example of a correct style

Sheahan P, O’leary G, Lee G, Fitzgibbon J. Cystic cervical metastases: Incidence and diagnosis using fine needle aspiration biopsy.

Otolaryngol Head Neck Surg 2002;127:294-8.

®  Only the references from journals indexed in PubMed will be checked.

e Enter each reference in new line, without a serial number.
*  Add up to a maximum of 15 references at a time.

e If the reference is correct for its bibliographic elements and punctuations, it will be shown as CORRECT and a link to the correct

article in PubMed will be given.

* [f any of the bibliographic elements are missing, incorrect or extra (such as issue number), it will be shown as INCORRECT and link to

possible articles in PubMed will be given.

The manuscript system (www.journalonweb.com) allows the authors to check and verify the accuracy and style of references. The tool checks

the references with PubMed as per a predefined style. Authors are encouraged to use this facility, before submitting articles to the journal.

*  The style as well as bibliographic elements should be 100% accurate, to help get the references verified from the system. Even a
single spelling error or addition of issue number/month of publication will lead to an error when verifying the reference.

&

International Journal of Clinical and Experimental Physiology | Apr-Jun 2016 | Vol 3 | Issue 2

rb_f 91




