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The present in-vivo study was to observe the effect of N-
acetylcysteine (NAC) on oxalate-induced oxidative stress
on rat erythrocytes. A total of 15 Wistar rats were divided
into three groups. The control group received normal
saline by single intraperitoneal injection. Hyperoxaluria
was induced by single intraperitoneal (i.p.) dose of
sodium oxalate (70 mg/kg body weight in 0.5 mL saline)
to a second group. The third group was administered sin-
gle i.p. dose of NAC according to 200 mg/kg body weight
dissolved in 0.5 mL saline, half an hour after oxalate
dose. NAC administration normalized antioxidant
enzyme activities (superoxide dismutase and catalase)
and reduced malondialdehyde content (indicator of
lipid peroxidation) in hyperoxaluric rat’s red blood cell
(RBC) lysate. NAC administration also resulted in a sig-
nificant improvement of thiol content in RBC lysate via

increasing reduced glutathione content and maintaining
its redox status. Oxalate-caused alteration of cholesterol/
phospholipid ratio (determining membrane fluidity) was
also rebalanced by NAC administration. Further, after
NAC administration, electron microscopy showed
improved cell morphology presenting its prophylactic
properties. Above results indicate that NAC treatment is
associated with an increase in plasma antioxidant capac-
ity and a reduction in the susceptibility of erythrocyte
membranes to oxidation. Thus, the study presents posi-
tive pharmacological implications of NAC against
oxalate-mediated impairment of erythrocytes.
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Introduction

Oxalate is the main constituent of the kidney stones,
produced by many metabolic pathways in the body.
This byproduct cannot be processed further and is
excreted by kidneys.1 Removal of oxalate in the kidney
is facilitated by a variety of transport systems at the
apical and basolateral surfaces of both proximal2–4

and distal5 tubular cells. A defect in oxalate transport
system causes increase in oxalate level in serum that
result in hyperoxaluria. In a report by Baggio,6 nephro-
lithiatic patients showed an abnormal transmembrane
oxalate flux in their red blood cells (RBCs) due to a
common defect in chloride/bicarbonate exchange
protein of erythrocyte membrane, that is, anion
exchanger1(AE1).7 This functional variability in trans-
membrane oxalate flux has also depicted high oxalate
self-exchange in erythrocytes.7

High oxalate exposure has been shown to cause
oxidative stress in various tissues.8,9 The membrane
phospholipid polyunsaturated fatty acid composi-
tion is a crucial mediator of oxalate transport in
erythrocytes of calcium renal stone former.10 In
addition, erythrocytes are vulnerable to lipid perox-
idation due to their high content of polyunsaturated
lipids.11 From the observation that oxalate can
increase production of free radicals, it follows that
polyunsaturated fatty lipids of erythrocytes involved
in oxalate transport are vulnerable to lipid
peroxidation.

In our previous report, we have shown that a
well-known antioxidant N-acetylcysteine (NAC)
has showed curative properties toward hyperoxalu-
ric manifestations in liver.8 So, the present study
was to investigate the prophylactic properties of
NAC on oxalate-induced oxidative stress in RBCs
of Wistar rats where the levels of malondialdehyde
(MDA) and glutathione were considered as main
factors for determining the lipid peroxidation and
cellular thiol status, respectively. Erythrocyte
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antioxidant status and electron microscopy have
also been performed to assess pharmacological
implications of NAC on oxalate caused alterations.

Materials and methods

Healthy male rats of the Wistar strain weighing
between 150 and 200 g of equivalent age groups
were obtained from central animal house of Panjab
University, Chandigarh. The rats were acclimatized
for one month in polypropylene cages under
hygienic conditions and were provided standard
animal feed and water ad libitum. All procedures
were done in accordance with ethical guidelines
for care and use of laboratory animals and were
approved by the local care of Experimental Animals
Committee.

A total of 15 rats were taken and divided into
three groups (having five rats each). The control
group (group 1) rats were given 0.5 mL of normal
saline (0.9% NaCl). Group 2 rats were administered
intraperitoneally with single dose of sodium oxalate
(Merck) dissolved in 0.5 mL saline according to
70 mg/kg body weight. Group 3 rats were adminis-
tered NAC (Merck, Darmstadt, Germany) at a dose of
200 mg/kg body weight dissolved in 0.5 mL saline,
half an hour after sodium oxalate challenge. After
24 h, 6.0–7.0 mL blood was taken from orbital
sinus with the help of capillaries, out of which
4.0–5.0 mL was taken to centrifuge tube without
anticoagulant for extracting serum and the remain-
ing 2.0 mL was immediately fixed in 2.5% glutaral-
dehyde made in phosphate buffer (pH 7.2) for
scanning electron microscopy. After dissection, the
blood was taken from the heart through intracardiac
puncture with the anticoagulant heparin.

Preparation of serum
Freshly drawn blood taken without anticoagulant
was allowed to clot at room temperature for 10 min
and then centrifuged for 15 min at 3000 rpm. Super-
natant was collected as serum for the estimation of
oxalate.

Preparation of RBCs
Blood samples collected via intracardiac puncture
with heparin (0.06 mg/mL) anticoagulant were cen-
trifuged. Plasma and buffy coat were removed by
centrifugation at 3000 rpm for 10 min. The RBCs in
pellet were washed three times with an equal vol-
ume of cold saline and the resulting washed RBC
lysate was obtained.

Oxalate
Serum oxalate concentrations were measured by the
method as described by Hodgkinson and Williams.12

Oxalic acid is coprecipitated with CaSO4, reduced to
glyoxalic acid by boiling with dilute H2SO4 in the
presence of zinc, which was measured at 540 nm.

Lipid peroxidation
The quantitative measurement of lipid peroxidation
was performed according to method of Buege and
Aust.13 The MDA formed after a series of peroxida-
tion reaction as end product was measured by the
reaction with thiobarbituric acid at 532 nm. The
results were expressed as nanomoles (nmoles) of
MDA per milligram of protein using the molar
extinction coefficient of malondialdehyde–thiobar-
bituric chromophore (1.56 × 105 M−1 cm−1).

Superoxide dismutase
The assay was performed according to the method of
Kono.14 The extent of inhibition of reduction of nitro
blue tetrazolium to blue formaxon by the addition of
the enzyme was measured at 560 nm. The activity of
enzyme was expressed as units per milligram of pro-
tein, where one unit of enzyme is defined as the
amount inhibiting the rate of reaction by 50%.

Catalase
Catalase (CAT) was measured by UV spectro-
photometer method described by Luck.15 The
amount of H2O2 hydrolyzed was calculated based
on molar extinction coefficient of H2O2 at 240 nm
(0.071 mM−1 cm−1). The result is expressed as nano-
moles (nmoles) of H2O2 decomposed per minute per
milligram of protein.

Total lipid extraction and estimation
Lipids were extracted by the method of Folch.16 The
content of total lipids was analyzed by the method
of Frings.17

Phospholipid content
The content of phospholipids was determined by
the method of Bartlett.18 The organic phosphorous
converted to inorganic phosphorous by digestion
with perchloric acid. When this acid hydrolysate is
treated with molybdate, it forms phosphomolybdic
acid with inorganic phosphorus. The phosphomo-
lybdic acid is reduced by the addition of 1,2,4-
amino-naphthol sulfonic acid reagent to give a blue
color, the intensity of which is read at 740 nm.
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Cholesterol content
Cholesterol was analyzed in the lipid fraction by the
method of Zlatkis.19 Cholesterol in the presence of
sulfuric acid and glacial acetic acid forms a violet
colored complex with ferric chloride, which is mea-
sured colorimetrically at 540 nm. The reaction
involves initial dehydration of cholesterol to 3,5-
cholestadiene or 2,4-cholestadiene, which poly-
merizes to dimmer or trimer. The polymers react
with FeCl3–H2SO4 to form a colored complex, the
absorbance of which can be read at 540 nm

Proteins
Proteins were measured in the entire samples by the
method of Lowry.20

Scanning electron microscopy
The rat blood was collected from the orbital sinus by
a capillary tube and immediately fixed in 2.5% glu-
taraldehyde made in phosphate buffer (pH 7.2).
After 1½–2 h of fixation, the cells were centrifuged
2–3 times in phosphate buffer. Then the pellet so
obtained is suspended in triple distil water. The
sample is loaded on conductive silver plate and
coated with gold to a thickness of 100 Å. The speci-
mens were observed under electron microscope,
JSM-6100, Japan.

Statistical analysis
Data are expressed as mean ± SD for five animals in
each group and analyzed by Student’s t-test.

Results

Figure 1 shows the significant (P < 0.001) increase in
serum oxalate level, 24 h after the administration of
single dose of sodium oxalate as compared to con-
trol rats. Moreover, the post treatment with NAC
(group 3) also showed significantly elevated level
of serum oxalate content.

Table 1 shows that with the increase in oxalate
content in the serum, there was an increase in
MDA (80% as compared to control) level of erythro-
cytes. Treatment with NAC caused significant
decrease (P < 0.01) in MDA status as compared to
oxalate-exposed rats. The oxalate induction causes
significantly increased (P < 0.001) in superoxide dis-
mutase (SOD) activity in RBC lysate. SOD activity
was found to be increased by 59.63% as compared
to control group rats (Table 1). NAC treatment nor-
malized SOD activity in oxalate-exposed NAC-
treated rats and the decrease in its activity as com-
pared to oxalate-exposed rats is highly significant.
Similarly, in case of CAT activity, oxalate exposure
caused its significant rise (P < 0.001) in RBC lysate
and here again NAC treatment of oxalate-exposed
rats reverted activity of CAT enzyme to near control
levels.

Further on assessing the effect of NAC on gluta-
thione antioxidant defense system, oxalate

Figure 1 Concentration of oxalate in serum of oxalate exposed
rats (group 2) and N-acetylcysteine-treated oxalate exposed rats
(group 3). [Values in brackets are % increase (+) or % decrease
(−) as compared to control (group 1), *P < 0.05, **P < 0.01,
***P < 0.001: indicates significant change in comparison to con-
trol group 1].

Table 1 Effect of NAC treatment on MDA content and activities of SOD and CAT in erythrocytes from oxalate-exposed rats.

MDA nmoles of MDA/mg
of protein

SOD U/mg protein CAT nmoles of H2O2
decomposed/min/mg protein

Group 1 (control) 1.5 ± 0.32 47.72 ± 3.14 189.17 ± 15.73
Group 2 (oxalate exposed) 2.7 ± 0.41 (+80.00%)*** 76.18 ± 5.12 (+59.63%)*** 226.09 ± 22.14 (+19.51%)***
Group 3 (NAC treated) 1.9 ± 0.37 (+26.66% )**## 46.23 ± 2.16 (−3.12% )### 194.16 ± 19.15 (+2.63% )*###

Values are mean and SD of five determinations.
Values in brackets are % increase (+) or % decrease (−) as compared to control (group 1).
*P < 0.05, **P < 0.01, ***P < 0.001: indicates significant change in comparison to control group 1.
#P < 0.05, ##P < 0.01, ###P < 0.001: indicates significant change between groups 2 and 3.
NAC, N-acetylcysteine; MDA, malondialdehyde; SOD, superoxide dismutase; CAT, catalase.
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induction significantly (P < 0.001) lowered the level
of reduced glutathione (GSH) and the reduction is
40.23% as compared to control rats (Table 2).
Although NAC-treated rats showed a marginal
reduction in GSH level, still the fall in GSH content
of these rats is much less (13.01%) as compared to
oxalate-exposed rats. On the other hand, oxidized
glutathione (GSSG) content increased by 16.54% fol-
lowing oxalate exposure and NAC treatment
reduced this rise to approximately 6.01%. In addi-
tion, NAC-treated oxalate-exposed rats normalized
redox ratio to near control levels as shown in
Table 2.

Oxalate induction causes significantly dimin-
ished (P < 0.001) total lipids in group 2 animals
and NAC treatment to oxalate-induced rats had
tried to normalize the total lipid content in group 3
rats (as shown in Table 3). A similar trend was
observed in case of phospholipid (PLP) content
after oxalate induction, where its level was
decreased by 23.46% as compared to control rats.
But after NAC treatment, the PLP level was quite
close to levels of control (group 1) rats. The change
in cholesterol (CHL) level has shown some reversed
order, in which its level was increased as compared
to control following oxalate exposure. No significant
change (as compared to control rats) was observed in
the CHL content of RBCs in NAC-treated rats. How-
ever, the ratio of CHL/PLP was found to be increased
by 40.74% after oxalate exposure and NAC treat-
ment has reduced it by 9.44% as compared to
group 1 rats.

Scanning electron microscopy of RBCs in all the
three groups showed prominent change in their
appearance. They looked distorted with irregular
margins, peripheral protuberance, and clumped
together (Figure 2B). However, a semi-quantitative
interpretation is that treatment with NAC apparently
decreased distorted cells in the blood as shown in
Figure 2C.

Discussion

A single intraperitoneal dose (70 mg/kg body wt) of
sodium oxalate in rats presented an increase in
serum oxalate level after 24 h. Post treatment of
NAC to sodium oxalate pre-treated group did not
cause any significant decrease in serum oxalate
level, which clearly shows that the RBCs were
exposed to higher oxalate level even after NAC treat-
ment. Similar results were also found in our previ-
ous reports indicating sufficiency of both doses.8,21

The RBC and WBC cell count after the end of treat-
ment period was not altered in any of the treated
group.

The precise sequence of events by which oxalate
increases free radical production are yet to be eluci-
dated. But its consequences are determined through
estimation of great variety of stable and intermediate
or end product, such as MDA,21 one of the byprod-
uct of lipid peroxidation which is a marker of oxida-
tive stress. A report by Singh and Barjatiya22 showed
that in addition to a rise in oxalic acid in the serum

Table 2 Effect of NAC treatment on the glutathione (reduced and oxidized) level and redox ratio (GSH/GSSG) in erythrocytes from
oxalate-exposed rats

GSH (nmoles/mg protein) GSSG (nmoles/mg protein) Redox Ratio (GSH/GSSG)

Group 1 (control) 16.9 ± 1.35 1.33 ± 0.112 12.7 ± 0.98
Group 2 (oxalate exposed) 10.1 ± 0.79 (−40.23%)*** 1.55 ± 0.151 (+16.54%)*** 6.5 ± 0.34 (−48.81%)***
Group 3 (NAC treated) 14.7 ± 1.12 (−13.01%)*## 1.41 ± 0.107 (+6.01%)**### 10.4 ± 0.81 (−18.11%)###

Values are mean and SD of five determinations.
Values in brackets are % increase (+) or % decrease (−) as compared to control (group 1).
*P < 0.05, **P < 0.01, ***P < 0.001: indicates significant change in comparison to control group 1.
#P < 0.05, ##P < 0.01, ###P < 0.001: indicates significant change between group 2 and group 3.
NAC, N-acetylcysteine; GSH, reduced glutathione; GSSG, oxidized glutathione.

Table 3 Effect of NAC treatment on TL, PLP, CHL contents and CHL/PLP ratio in the erythrocytes of oxalate exposed rats.

TL (mg/dL) PLP (mg/dL) CHL (mg/dL) CHL/PLP (mg/dL)

Group 1 (control) 357 ± 4.30 179 ± 3.20 91 ± 2.70 0.508 ± 0.84
Group 2 (oxalate exposed) 247 ± 3.14 (−30.81%)*** 137 ± 3.41 (−23.46%)*** 98 ± 1.14 (+7.69%)* 0.715 ± 0.33 (+40.74%)***
Group 3 (NAC treated) 289 ± 4.10 (−19.04%)**### 167 ± 2.71 (−6.70%)**## 93 ± 1.15 (+ 2.19%) 0.556 ± 0.424 (+9.44%)###

Values are mean and SD of 5 determinations.
Values in brackets are % increase (+) or % decrease (−) as compared to control (group 1).
*P < 0.05, **P < 0.01, ***P < 0.001: indicates significant change in comparison to control group 1.
#P < 0.05, ##P < 0.01, ###P < 0.001: indicates significant change between groups 2 and 3.
NAC, N-acetylcysteine; TL, total lipid; PLP, phospholipid; CHL, cholesterol.
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of stone formers, an increase in oxidative stress in
their blood is also observed. Similarly, erythrocyte
membrane lipid peroxidation was also observed in
hyperoxaluric rats given ethylene glycol for
28 days.23 In our study, the increased MDA level
was observed in oxalate-treated group, whereas
MDA content was found to be reduced in NAC-
treated group animals. Free thiol group of NAC
might have quenched free radicals causing lipid per-
oxidation and MDA content diminished
spontaneously.

The decline in phospholipid content of RBCs may
be due to its degradation by phospholipase A2
(PLA2). It has been shown that PLA2 activity is asso-
ciated with increase in peroxidase activity.24 It can
be postulated that oxalate exposure causes lipid per-
oxidation and finally results in RBC membrane dis-
integration (as shown in Figure 2B). NAC post treat-
ment elevated phospholipid level possibly by
decreasing PLA2 activity or synthesis.

The erythrocyte has several membrane systems to
protect itself against oxidative damage; these
includes antioxidant enzymes like SOD, glutathione
peroxidase, and CAT. Antioxidant enzyme SOD was
observed more active than control after oxalate
exposure. This change is possibly an adaptive
response of this enzyme to increased production of
superoxide ions that might have been produced by
the activation of of NAD(P)H oxidase via cytokine

transcriptional growth factor β1 (TGF-β1)
induction.25 The increased SOD activity further ele-
vates the level of H2O2. To contend increased H2O2

production, CAT enzyme activity (that causes
decomposition of hydrogen peroxide) increased as
observed in our experimentation. NAC treatment to
oxalate pre-treated group normalized RBC’s antioxi-
dant enzymes activity. Study shows that Transcrip-
tional growth factor β (TGFβ) activates NAD(P)H oxi-
dase that causes production of superoxide ion. A
study by Shan26 on mouse mesangial cells shows
decrease in TGFβ level after NAC treatment followed
by decreased superoxide radical formation. Simi-
larly in our study, NAC might have decreased super-
oxide radicals’ production and resulted in decreased
requirement for SOD enzyme. Due to presence of
thiol group on NAC, it has also been observed to
reduce H2O2-induced damage to epithelial cells in
vitro.27 Increased CAT activity also normalized
after NAC administration due to decrease in H2O2

production.
Glutathione plays an important role in maintain-

ing the erythrocyte membrane integrity by quench-
ing free radicals formed by various detoxification
processes. The cells with lower level of GSH are
more susceptible to hemolysis.28 Decreased GSH/
GSSG ratio is another indicator of oxalate-induced
oxidative stress. NAC treatment has maintained the
ratio close to control group rats. NAC being a

Figure 2 Electron micrographs of erythrocytes; (A) Control group 1 rats showing normal concave (n) configuration; (B) Oxalate-
exposed group 2 rats showing clumped erythrocytes (a) and distorted erythrocytes (b); (C) NAC-treated group 3 rats showing fewer
distorted (b) erythrocytes and many normal (n) concave configuration of erythrocytes (magnification 3500×).
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precursor of GSH29 raised GSH levels even after oxa-
late exposure and maintained the redox ratio of
oxalate-exposed rat erythrocytes.

In addition to lipid peroxidation, Weismann30

showed the damage of membrane protein after oxi-
dative stress, resulting in alteration and impairment
of membrane dynamics or fluidity. Highly reactive
MDA (marker of lipid peroxidation) leads to cross-
linking reactions of the lipid-lipid and lipid-protein
that results in rigidity of membrane and finally
decrease fluidity.31 Thus, suggesting that oxidative
stress leads to decreased membrane fluidity. Major
determinants that contribute to decreased membrane
fluidity are high cholesterol to phospholipid molar
ratio.32 The elevated cholesterol to phospholipid
ratio in oxalate-induced group clearly indicates
decreased membrane fluidity and pertains as
another oxidative stress marker in erythrocytes.
NAC post treated oxalate-exposed rats restored this
ratio and provides an evidence of its efficacy to
relieve oxalate-induced oxidative stress.

The morphological changes in RBCs (Figure 2B)
might be due to destruction of phospholipids bilayer
membrane. Many evidences have shown that a
change in membrane lipid composition was the
key reason for deformities in the shape of RBCs in
response to any chemical treatment.33 Therefore, an
increase in oxalate level in serum resulted in induc-
tion of free radicals that further activated PLA2 caus-
ing phospholipid metabolism.34 However, treatment
of these hyperoxaluric rats with NAC showed
improved membrane integrity of RBCs. The number
of deformed cells in the plasma of these rats was
significantly reduced as seen in Figure 2C. This
reduction in the number of deformed cells can be
attributed to the reduction in phospholipid metabo-
lism. A study by Guo and McMartin showed that
calcium oxalate crystals are responsible for hemoly-
sis of RBCs in a concentration-dependant manner.35

In our previous report, NAC have shown to reduce
the number of calcium oxalate crystals in the urine
of hyperoxaluric rats.36 From this, we can infer that
a 24-hour dose of NAC increases its level sufficiently
in the serum and provide its prophylactic properties
to erythrocytes by reduction in calcium oxalate
crystals.

We have found the effect of NAC in restoring mor-
phology of liver and kidney tissue following hyper-
oxaluric manifestations.8,36 In the present study, the
results confirmed oxalate-induced free radical pro-
duction followed by oxidative stress, also inflict
impairment of normal morphology of erythrocytes,
and that is responded by increased antioxidant
enzymes activity. NAC has shown marked ameliora-
tive effects corroborated by decreased oxidative

stress. An additional group of animals given NAC
dose alone could perhaps throw more to the present
findings. NAC has shown its potential ability to
reduce the greater impact of free radicals produced
by oxalate exposure and reverted the impact to con-
trol level.
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