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Abstract

The effect of diet on the circadian nature of lipid peroxides and antioxidant enzymes may relate to the
prevention and management of time-qualified protective interventions. This study includes 100 renal
stone formers (age: 20-60 years; 50 vegetarians and 50 non-vegetarians) synchronised for one week to
a diurnal activity period from 06:00 to 22:00 and nocturnal rest. Fifty healthy individuals (age: 21-45
years; 20 vegetarians and 30 non-vegetarians) were also included. All subjects took their meals three
times daily (breakfast around 08:30, lunch around 13:00, and dinner around 20:30) with usual fluid
intake. Drugs known to affect free radical systems were not administered. Blood samples from each
participant were collected at 6-hour intervals for 24 hours to determine the levels of MDA, SOD, CAT,
GPx and GR. Data were analysed using the single-and population-mean cosinor to estimate the
circadian rhythm characteristics. A marked circadian variation for all the studied variables was
demonstrated by the population-mean cosinor (p<0.001) and one-way analysis of variance (p<0.001) in
vegetarian and non-vegetarian controls and vegetarian and non-vegetarian stone formers. Compared
to the healthy controls, the stone formers had high MDA (p<0.001), low circadian amplitude (p<0.001),
and the circadian acrophase occurred earlier (p<0.001). The demonstration of a circadian rhythm in
all the studied variables suggests that these variables could also serve as putative markers to optimize
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the timing of drug administration and to assess the patients' response to the treatment.
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Introduction

Kidney stones include stones of calcium, oxalate, uric acid,
cystine, and xanthine [1]. Calcium oxalate stones are common.
The overall probability of stone formation is estimated to be
1%-5% in Asia [2]. Reduced glutathione and antioxidant
enzymes, such as superoxide dismutase, glutathione peroxidase
and catalase, and some dietary antioxidants, such as tocopherol
and ascorbic acid, play a key role in protecting cells against
oxidative damage [3]. They may have a bearing on stone
formation also. Kidney stone formation has been linked to high
oxidative stress and damage to kidney cells in humans. In stone
formers, ascorbic acid and superoxide dismutase were found to
be lower, whereas catalase and the TBARS (Thiobarbituric
Acid Reactive Substances) were higher [4,5].

There is circadian variation in the excretion and concentration
of urinary urate in stone formers [6], with the highest excretion
during the daytime. Urinary urate also exhibits a definite
circadian rhythm in normal subjects and stone formers, with
maximum levels from 1200 to 1800 hours and minimum levels
from 0000 to 0600 hours, showing a definite thythm [7]. Singh
et al. and Chaudhari et al. [8-10] showed clear diurnal
rhythmicity and significant levels in the plasma levels of
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Malondialdehyde (MDA, a measure of lipid oxidation) and
activity of the antioxidant enzymes Superoxide Dismutase
(SOD), catalase, Glutathione Peroxidase (GPx) and Glutathione
Reductase (GR) in healthy men and women. Many clinical
studies have also provided evidence for the development of
oxidative stress in the kidneys of stone-forming patients. Stress
produced by one disorder may trigger another under the right
circumstances. The chronomics of circulating plasma lipid
peroxides, antioxidant enzymes, and other small molecules
have been reported in different pathological conditions and
stone formers [11-14]. However, there are few reports on the
circadian nature of oxidants and antioxidants in stone formers.

Vegetarian diets have multiple beneficial effects, although they
can also contribute to nutrient deficiencies such as vitamin By,
vitamin D, iron, calcium, zinc, and omega-3 fatty acids [15].
Many studies have reported that vegetarian diets are associated
with a lower risk of gout and hyperuricemia [16]. In addition,
dietary habits can affect urinary pH. Omnivores have lower
urinary pH and higher net acid excretion compared to
vegetarians [17], and this situation may cause uric acid
precipitation with crystallisation in the urine. The circadian
periodicity and the effects of gender, age, diet and smoking on
circulating plasma lipid peroxides and antioxidant enzymes
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have already been reported in healthy Indians of different age
groups [18]. Whether the nature of diet (vegetarian/mon-
vegetarian) can affect the circadian rhythm of oxidants and
antioxidants in stone formers is not known. The present study
was undertaken to assess and compare the circadian profiles of
oxidants and antioxidants in vegetarian and non-vegetarian
stone formers in an attempt to understand their role in
urolithogenesis.

Materials and Methods

This study was conducted on 100 renal stone former patients of
both sexes in the age range of 20 to 60 years. Out of these, 50
were vegetarians, and 50 were non-vegetarians. Fifty healthy
individuals aged 21 to 45 years were included as controls, of
whom 20 were vegetarians and 30 were non-vegetarians.
Written consent was obtained from all the participants. The
study was approved by the Institutional Ethics Committee of
SGRRIM&HS, Dehradun.

All the subjects were studied for circadian rhythm dynamics in
terms of the Midline Estimating Statistic of Rhythm (MESOR),
amplitude (half the predictable extent of change within a day),
and acrophase (timing of overall high values recurring each
day) of different biochemical variables. All renal stone formers
were admitted to the surgery wards of Shri Mahant Indresh
Hospital (SMIH), Shri Guru Ram Rai Institute of Medical &
Health Sciences, Dehradun. They were synchronised for one
week with diurnal activity from 0600 to 2200 hours and
nocturnal rest. All subjects took their usual (though not
identical) meals three times a day-breakfast at 08:30 hours,
Iunch at 13:00 hours, and dinner at 20:30 hours, with usual
fluid intake which was neither altered nor recorded. They were
not taking any drug/nutraceutical that could alter the status and
rhythm of the studied variables.

Six mL of venous blood was collected from each subject in
heparinized vials at 6-hourly intervals, i.e., at 06:00, 12:00,
18:00 and 00:00 hours. Plasma lipid peroxides in terms of

malondialdehyde [19] and antioxidant status in terms of
superoxide dismutase [20], catalase, glutathione peroxidase
[21], and glutathione reductase [22] were measured in serum
spectrophotometrically.

Statistical analysis

The data of all participants were evaluated using conventional
statistical analyses and single and population mean cosinor
procedures. Accordingly, the MESOR (Midline Estimating
Statistic of Rhythm), a circadian amplitude (a measure of the
extent of predictable change within a day), and the circadian
acrophase (a measure of the timing of overall high values
recurring each day) were determined. A p-value of <0.05 was
considered to be significant.

Results

A marked circadian variation for all the studied variables was
demonstrated by population mean cosinor (p<0.001) and one-
way analysis of variance (p<0.001) in vegetarian and non-
vegetarian controls and vegetarian and non-vegetarian stone
formers. In comparison to the healthy controls, the stone
formers had a high MESOR of MDA (p<0.001), low circadian
amplitude (p<0.001), and the circadian acrophase occurred
earlier (p<0.001).

Table 1 shows that compared to the healthy vegetarian
controls, vegetarian stone patients had a higher MESOR (£ CI)
of MDA (2.88 £ 0.10 vs. 2.23 + 0.22; F=57.31, p<0.001), but a
lower MESOR of SOD (16.38 £ 0.31 vs. 19.88 £ 0.62,
p<0.001). Stone formers also had a lower MESOR of catalase
(13.89 + 0.32 vs. 14.56 + 0.18, p<0.001), a lower MESOR of
GPx (3.18 + 0.11 vs. 4.08 + 0.10, p<0.001); and a lower
MESOR of GR (3.43 + 0.25 vs. 5.04 + 0.10, p<0.001).

Table 1. Circadian rhythm of plasma MDA, SOD, catalase, GPx, and GR in vegetarian renal stone formers and vegetarian controls.

Variable Healthy controls (k=30) Vegetarian stone formers (k=50)

p-value MzCl AxCl ¢ (95% ClI) p-value MtCl AxCl $ (95% CI)
MDA (nmol/m) <0.001 2.23+0.22 0.41+0.18 -260° (-235°, -289°)| <0.001 2.88+0.10 0.38 £ 0.08 -207° (1927, -223°)
SOD (units/ml <0.001 19.88 £ 0.62 1.19+0.49 -113° (-907, -134°) | <0.001 16.38 £ 0.31 1.01+0.18 -118° (-1077, -1277)
RBCs)
Catalase <0.001 14.56 £ 0.18 1.21+£0.18 -119° (-108", -129°) | <0.001 13.89 £ 0.32 0.68 £0.15 -137° (-126°, -148°)
(units/ml RBCs)
GPx (nmol <0.001 4.08+0.10 0.46 +0.227 -224° (-183°, -251°), <0.001 3.18 £0.11 0.36 £0.72 -228° (-212°, -243°)
NADH Oxi/min/
mg/protein)
GR (nmol NADH | <0.001 5.04 £0.10 0.83 £0.08 -122° (-117°,-127°)| <0.001 343+0.25 0.37 £ 0.08 -143° (-129°, -158°)
Oxi/min/mg/
protein)
Note: MDA: Malondialdehyde; SOD: Superoxide Dismutase; GPx: Glutathione Peroxidase; GR: Glutathione Reductase; CAT: Catalase, n: number of subjects, p: p-value
from zero amplitude (norhythm) test; M: MESOR, a rhythm-adjusted mean value; A: Amplitude, extent of predictable change within a day; ¢: Acrophase, measure of the
timing of overall high recurring each day expressed in (negative) degrees with 360=24 h and 0=00:00; CI: Confidence Interval

As seen in Table 2, non-vegetarian stone patients had a higher
MESOR (= CI) of MDA (2.91 + 0.077 vs. 2.31 + 0.16;
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p<0.001), but a lower MESOR of SOD (16.03 + 0.00 vs. 19.89
+ 0.42, p<0.001) as compared to non-vegetarian controls. Non-



vegetarian stone patients also had a lower MESOR of catalase
(13.41 £ 0.30 vs. 14.39 £ 0.20, p<0.001), a lower MESOR of
GPx (3.14 £ 0.14 vs. 4.02 + 0.08, p<0.001) and a lower
MESOR of GR (3.60 £ 0.02 vs. 5.00 + 0.08, p<0.001) as
compared to non-vegetarian controls. In Tables 3 and 4,
parameter tests (tested jointly) indicate that the non-vegetarian
diet-taking stone formers patients had a higher MESOR (+ CI)
of MDA (2.88 £0.10 vs. 2.23 £0.22 and 2.91 £ 0.07 vs. 2.31 £
0.16; F=57.31 vs. F=39.36, p<0.0001). The parameter tests also
indicate that the non-vegetarian diet stone formers patients had
a lower MESOR (+ CI) of SOD (16.38 + 0.31 vs. 19.88 + 0.62
and 16.03 £ 0.00 vs. 19.89 + 0.42; F=346.09 vs. F=128.97,
p<0.0001). It also had a lower MESOR of catalase (13.89 +
0.32 vs. 14.56 + 0.18 and 13.41 + 0.30 vs. 14.39 £+ 0.20;
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F=21.56 vs. F=6.32). Similarly, parameter tests indicate (tested
jointly) that the non -vegetarian diet stone formers patients had
a lower MESOR (+ CI) of GPx and GR respectively (3.18 +
0.11 vs. 4.08 £ 0.10 and 3.14 = 0.14 vs. 4.02 = 0.08; F=114.87
vs. F=90.36 p<0.001) and MESOR (£ CI) of GR (3.43 + 0.25
vs. 5.04 £ 0.10 and 3.60 + 0.02 vs. 5.00 + 0.08; F=88.89 vs.
F=61.73, p<0.001). The patients also differed from the healthy
subjects in terms of their circadian amplitude and acrophase
(tested jointly) for all.

Table 2. Circadian rhythm of plasma MDA, SOD, catalase, GPx, and GR in non-vegetarian renal stone formers and non-

vegetarian controls.

Variable Clinically healthy (k=30) Stone formers non-vegetarian (k=50)

p-value M CI AtxCl $ (95% ClI) p-value M*CI AtCl $ (95% ClI)
MDA (nmol/m) <0.001 2.31+0.16 0.48 £0.12 -249° (-227°, -266°)| <0.001 2.916 £ 0.077 0.33 +£0.08 -208° (-195°, -2257)
SOD (units/ml <0.001 19.89 £ 0.42 1.43+0.36 -109° (-96°, -125%) | <0.001 16.03 £ 0.00 0.77 £ 0.23 -118° (-110°, -131°)
RBCs)
Catalase <0.001 14.39 £ 0.20 0.93+0.16 -120° (-109°, -130°)| <0.001 13.41£0.30 0.75+0.15 -130° (-120°, -141°)
(units/ml RBCs)
GPx (nmol <0.001 4.02 +£0.08 0.35+0.13 -181° (-146°, -219%)| <0.001 3.14+£0.14 0.40 £ 0.07 -228° (-215°, -239°)
NADH
Oxi/min/mg/
protein)
GR (nmol NADH | <0.001 5.00 + 0.08 0.68 £0.12 -128° (-118°, -138°)| <0.001 3.60 £0.02 0.43+0.06 -145° (-136°, -154°)
Oxi/min/mg/
protein)
Note: MDA: Malondialdehyde; SOD: Superoxide Dismutase; GPx: Glutathione Peroxidase; GR: Glutathione Reductase; CAT: Catalase, n: number of subjects, p: p-value
from zero amplitude (norhythm) test; M: MESOR, a rhythm-adjusted mean value; A: Amplitude, extent of predictable change within a day; ¢: Acrophase, measure of the
timing of overall high recurring each day expressed in (negative) degrees with 360=24 h and 0=00:00; CI: Confidence Interval

Table 3. Comparison of circadian rhythm parameters between Vegetarian Stone Formers (VSF) and Vegetarian Controls (VC).

Variables |Populations | MESOR Amplitude 24-h Acrophase (¢) Ao
DF F P DF F P DF F P DF F P

MDA NVC, 1.78 57.31 <0.0001 1.78 7.03 0.0097 1.78 9.5 0.0028 2.154 7.65 0.0007
NVSF

SOD NVC, 1.78 346.1 <0.0002 | 1.78 11.79 0.001 1.78 0.84 0.3601 2.154 5.59 0.0045
NVSF

Catalase | NVC, 1.78 21.56 <0.0003 | 1.78 2.23 0.1386 1.78 1.72 0.1924 2.154 1.94 0.145
NVSF

GPx NVC, 1.78 114.9 <0.0004 | 1.78 1.1 0.2934 1.78 8.01 0.0059 2.154 3.85 0.023
NVSF

GR NVC, 1.78 88.89 <0.0005 | 1.78 15.25 0.0002 1.78 6.96 0.0101 2.154 9.15 0.0002
NVSF

Note: MDA: Malondialdehyde; SOD: Superoxide Dismutase; GPx: Glutathione Peroxidase; GR: Glutathione Reductase; CAT: Catalase, P: p-value from F-test testing the

equality of parameter(s): MESOR, 24-h amplitude and acrophase, separately or jointly (A, ¢) between the 50 stone formers and 30 healthy controls; acrophase

expressed in (negative) degrees with 360°=24 h and 0°= 00:00; NS: Not Significant (p>0.10)
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Table 4. Comparison of circadian rhythm parameters between Non-Vegetarian Stone Formers (NVSF) and Non-Vegetarian

Controls (NVC).
Variables |Populations| MESOR Amplitude 24-h Acrophase (¢) A ¢

DF F P DF F P DF F P DF F P
MDA VC, VSF | 1.68 39.36 <0.0001 1.68 0.82 0.3679 1.68 13.48 0.0005 2.134 6.4 0.0022
SOD VC, VSF | 1.68 128.97 <0.0001 1.68 0.75 0.0002 1.68 0.287 0.5938 2.134 0.62 0.5393
Catalase | VC, VSF | 1.68 6.32 0.0142 1.68 15.93 0.3679 1.68 5.78 0.0189 2.134 11.43 <0.0001
GPx VC, VSF | 1.68 90.36 <0.0001 1.68 1.39 0.2422 1.68 0.063 0.8011 2.134 0.97 0.3792
GR VC, VSF | 1.68 61.73 <0.0001 1.68 44 .47 <0.0001 1.68 7.99 0.0062 2.134 20.51 <0.0001
Note: MDA: Malondialdehyde; SOD: Superoxide Dismutase; GPx: Glutathione Peroxidase; GR: Glutathione Reductase; CAT: Catalase, P: p-value from F-test testing the
equality of parameter(s): MESOR, 24-h amplitude and acrophase, separately or jointly (A, ¢) between the 50 stone formers and 30 healthy controls; acrophase
expressed in (negative) degrees with 360°=24 h and 0°=00:00; NS: Not Significant (p>0.10)

Discussion

Our study of 100 patients with kidney stones revealed a clear
redox imbalance-systemic lipid peroxidation was elevated
(evident from significantly higher MDA), while key
antioxidant defences (catalase, glutathione peroxidase and
glutathione reductase) were suppressed. Reportedly, renal stone
disease is associated with high oxidative stress and resultant
damage to renal tubular cells [23,24]. MDA is a byproduct of
free radical-induced lipid damage; its elevation indicates
enhanced oxidative stress [25]. Catalase and GPx normally
degrade Hydrogen Peroxide (H,0,) and lipid hydroperoxides,
and glutathione reductase recycles Glutathione (GSH) to keep
GPx active. Thus, the observed enzyme deficits imply that the
patients’ cells may accumulate H,O, and other Reactive
Oxygen Species (ROS), leading to greater cellular injury.
Indeed, oxidative injury to renal tubular epithelium is thought
to contribute directly to stone formation: Free radicals can
peroxidise tubular cell membranes, causing cell death and
shedding of membrane fragments that serve as nidi for crystal
aggregation [24]. Persistent ROS generation may damage the
renal epithelium and expose cell debris on which calcium
oxalate crystals can readily form stones [26]. ROS are also
reported to amplify the inflammatory cascade associated with
urolithogenesis. Crystal-induced cell stress upregulates ROS,
which results in inflammation stimulating the release of
cytokines. This fosters further tubular injury and facilitates
adhesion and aggregation of crystals on injured epithelium
[27].

A second, and more important, aspect that we have studied is
the circadian rhythm of MDA, catalase, SOD, GR and GPx. It
has been reported that the kidneys exhibit circadian rhythms,
with functions such as urine volume, Glomerular Filtration
Rate (GFR), sodium excretion, Renal Plasma Flow (RPF),
urine protein excretion rate, urine electrolyte excretion rate,
blood pressure, glucocorticoids, erythropoietin, endothelin, and
others showing circadian variations [28]. We found a marked
circadian variation in MDA concentration and catalase, SOD,
GPx, and GR activity in healthy controls as well as stone
formers. The circadian clock in our body is the key driver of
many physiological aspects and maintenance of physiological
homeostasis, with the kidneys playing a crucial role in this
process.
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Conclusion

In our study, we observed an altered circadian rhythm in stone
formers, with a higher MESOR of MDA (p<0.001) than in
healthy controls. Among stone formers, MDA was higher in
vegetarians than in non-vegetarians. Contrary to earlier reports
[29,30], we found plasma lipid peroxides to be higher in stone
formers, both vegetarian and non-vegetarian, and a delayed
circadian acrophase. To our knowledge, no literature is
available regarding the circadian nature of lipid peroxides in
stone formers (vegetarian vs. non-vegetarian), but it is clear
that a role of lipid peroxidation and oxidative stress exists in
the pathogenesis of urolithiasis.

The demonstration of a circadian rhythm in all the variables
investigated herein suggests that these variables could also
serve as putative markers to optimise the timing of drug
administration and to assess the patients' response to the
treatment. Further studies are needed to correlate the lipid
peroxide concentrations with free-radical scavengers and their
circadian rhythm after administration of dietary and therapeutic
antioxidants in patients with renal stones.

Acknowledgements

The authors are grateful to the Honourable Chairman, Shri
Guru Ram Rai Education Mission, for his constant support and
guidance in pursuing this research. We are also grateful to Prof.
(Dr.) JP Sharma, Head, Surgery Department, Prof. RK Singh,
Former Head, Department of Biochemistry, SGRRIMHS,
Dehradun and Prof. RC Gupta, Former Head, Department of
Biochemistry, NIMS, Jaipur, for providing their expert inputs
in this study. Our special thanks go to the HCC team, Prof.
Germaine Cornelissen, University of Minnesota, USA, for
chronobiological analysis.

Funding

No funding sources.

Conflict of Interest

None declared.

Ethical Approval

The study was approved by the Institutional Ethics Committee.

4



References

1. Garrow JS, James WPT, Ralph A. Human nutrition and
dietetics. 10th ed. New York: Churchill Livingstone. 2000.

2. Robertson WG. Urinary tract calculi. In: Nordin BEC,
Need AG, Morros HA, editors. Metabolic bone and stone
disease. Edinburgh: Churchill Livingstone. 1993; 249-311.

3. Halliwell B, Gutteridge JMC. Free radicals in biology and
medicine. 214 ed. New York: Oxford University Press.
1989.

4. Singh PP, Barjatiya MK. Peroxidative stress and
antioxidant status in relation to age in normal population
and renal stone formers. Indian J Nephrol. 2002; 12: 10-15.

5. Montazerifar F, Hashemi M, Karajibani M, Sanadgol H,
Dikshit M. Evaluation of lipid peroxidation and erythrocyte
glutathione peroxidase and superoxide dismutase in
hemodialysis patients. Saudi J Kidney Dis Transpl. 2012;
23:274-279.

6. Tiselius HG, Larsson L. Urinary excretion of urate in
patients with calcium oxalate stone disease. Urol Res.
1983; 11: 279-283.

7. Singh RK, Bansal A. Studies on circadian periodicity of
serum and urinary urate in healthy Indians and renal stone
formers. Prog Clin Biol Res. 1987; 227B: 305-313.

8. Singh R, Singh RK, Tripathi AK, Cornelissen G,
Schwartzkopff O, Otsuka K, Halberg F. Chronomics of
circulating plasma lipid peroxides and antioxidant enzymes
and other related molecules in cirrhosis of liver: In the
memory of late Shri Chetan Singh. Biomed Pharmacother.
2005; 59: S229-S235.

9. Singh R, Singh RK, Masood T, Tripathi AK, Mahdi AA,
Singh RK, Schwartzkopft O, Cornelissen G. Circadian time
structure of circulating plasma lipid peroxides, antioxidant
enzymes and other small molecules in peptic ulcers. Clin
Chim Acta. 2015; 451: 222-226.

10. Chaudhari P, Kushwaha RS, Raturi S, Naithani S, Sailwal
S, Sharma S, Bhat K, Masood T, Singh RK. A comparative
study of circulating plasma lipid components and
superoxide dismutase activity in pre- and postmenopausal
women. Int J Res Med Sci. 2016; 4: 3801-3805.

11.Singh R, Singh RK, Tripathi AK, Gupta N, Kumar A,
Singh AK, Mahdi AA, Prasad R, Singh RK. Circadian
periodicity of plasma lipid peroxides and antioxidant
enzymes in pulmonary tuberculosis. Indian J Clin Biochem.
2004; 19: 14-20.

12. Singh R, Singh RK, Mahdi AA, Kumar A, Tripathi AK,
Rai R, Singh U, Cornelissen G, Schwartzkopff O, Halberg
F. Circadian periodicity of plasma lipid peroxides and other
antioxidants as putative markers in gynecological
malignancies. In Vivo. 2003; 17: 593-600.

13. Kushwaha RS, Gupta RC, Sharma JP, Sharma S, Singh RK,
Cornelissen G. Circadian periodicity of plasma lipid
peroxides, uric acid and ascorbic acid in renal stone
formers. Indian J Clin Biochem. 2017; 32: 220-224.

14. Kushwaha RS, Gupta RC, Sharma S, Masood T, Sharma JP,
Singh RK, Singh RK, Gierke CL, Cornelissen G.
Chronomics of circulating plasma lipid peroxides and

Kushwaha/Singh/Nandani/Bisht/Maletia/Singh/Rautela/Gierke

antioxidant enzymes in renal stone formers. Indian J Clin
Biochem. 2019; 34: 195-200.

15.Craig WJ. Nutrition concerns and health effects of
vegetarian diets. Nutr Clin Pract. 2010; 25: 613-620.

16.Chiu THT, Liu CH, Chang CC, Lin MN, Lin CL.
Vegetarian diet and risk of gout in two separate prospective
cohort studies. Clin Nutr. 2020; 39: 837-844.

17. Ausman LM, Oliver LM, Goldin BR, Woods MN, Gorbach
SL, Dwyer JT. Estimated net acid excretion inversely
correlates with urine pH in vegans, lacto-ovo vegetarians,
and omnivores. J Ren Nutr. 2008; 18: 456-465.

18. Singh R, Mahdi AA, Singh RK, Otsuka K, Lee Gierke C,
Cornelissen G. Circadian periodicity and effect of gender,
age, diet and smoking on circulating plasma lipid peroxides
and antioxidant enzymes in healthy Indians of different age
groups. Biol Rhythm Res. 2020; 51: 794-808.

19. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal
Biochem. 1979; 95: 351-358.

20.McCord JM, Fridovich I. Superoxide dismutase: An
enzymic function for erythrocuprein (hemocuprein). J Biol
Chem. 1969; 244: 6049-6055.

21.Paglia DE, Valentine WN. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione
peroxidase. J Lab Clin Med. 1967; 70: 158-169.

22.Hazelton GA, Lang CA. Glutathione contents of tissues in
the aging mouse. Biochem J. 1980; 188: 25-30.

23. Tungsanga K, Sriboonlue P, Futrakul P, Yachantha C,
Tosukhowong P. Renal tubular cell damage and oxidative
stress in renal stone patients and the effect of potassium
citrate treatment. Urol Res. 2005; 33: 65-69.

24. Ma MC, Chen YS, Huang HS. Erythrocyte oxidative stress
in patients with calcium oxalate stones correlates with stone
size and renal tubular damage. Urology. 2014; 83:
510.e9-17.

25.Valko M, Rhodes CJ, Moncol J, Izakovic MM, Mazur M.
Free radicals, metals and antioxidants in oxidative stress-
induced cancer. Chem Biol Interact. 2006; 160: 1-40.

26.Mahmoud RH, Ewadh MJ, Al-Hamadani KlJ. Clinical
assessment of glutathione peroxidase and catalase to the
status of malondialdehyde in urolithiasis. Pak J Med Sci.
2009; 25: 738-743.

27.Liu Y, Sun Y, Kang J, He Z, Liu Q, Wu J, Li D, Wang X,
Tao Z, Guan X, She W. Role of ROS-induced NLRP3
inflammasome activation in the formation of calcium
oxalate nephrolithiasis. Front Immunol. 2022; 13: 818625.

28.Solocinski K, Gumz ML. The circadian clock in the
regulation of renal rhythms. J Biol Rhythms. 2015; 30:
470-486.

29.Singh PP, Barjatiya MK. Peroxidative stress and
antioxidant status in relation to age in normal population
and renal stone formers. Indian J Nephrol. 2002; 12: 10-15.

30.Kato J, Ruram AA, Singh SS, Devi SB, Devi TI, Singh
WG. Lipid peroxidation and antioxidant vitamins in
urolithiasis. Indian J Clin Biochem. 2007; 22: 128-130.

Biomed Res 2026 Volume 10 Issue 1


https://link.springer.com/article/10.1007/BF00256347
https://link.springer.com/article/10.1007/BF00256347
https://www.sciencedirect.com/science/article/abs/pii/S075333220580037X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S075333220580037X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S075333220580037X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S075333220580037X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009898115300024?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009898115300024?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009898115300024?via%3Dihub
https://link.springer.com/article/10.1007/BF02872382
https://link.springer.com/article/10.1007/BF02872382
https://link.springer.com/article/10.1007/BF02872382
https://link.springer.com/article/10.1007/s12291-016-0594-5
https://link.springer.com/article/10.1007/s12291-016-0594-5
https://link.springer.com/article/10.1007/s12291-016-0594-5
https://link.springer.com/article/10.1007/s12291-017-0726-6
https://link.springer.com/article/10.1007/s12291-017-0726-6
https://aspenjournals.onlinelibrary.wiley.com/doi/10.1177/0884533610385707
https://aspenjournals.onlinelibrary.wiley.com/doi/10.1177/0884533610385707
https://www.clinicalnutritionjournal.com/article/S0261-5614(19)30129-3/fulltext
https://www.clinicalnutritionjournal.com/article/S0261-5614(19)30129-3/fulltext
https://www.jrnjournal.org/article/S1051-2276(08)00302-6/abstract
https://www.jrnjournal.org/article/S1051-2276(08)00302-6/abstract
https://www.jrnjournal.org/article/S1051-2276(08)00302-6/abstract
https://www.tandfonline.com/doi/abs/10.1080/09291016.2018.1564588
https://www.tandfonline.com/doi/abs/10.1080/09291016.2018.1564588
https://www.tandfonline.com/doi/abs/10.1080/09291016.2018.1564588
https://www.tandfonline.com/doi/abs/10.1080/09291016.2018.1564588
https://www.sciencedirect.com/science/article/abs/pii/0003269779907383?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0003269779907383?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0021925818635045
https://www.sciencedirect.com/science/article/pii/S0021925818635045
https://portlandpress.com/biochemj/article-abstract/188/1/25/5566/Glutathione-contents-of-tissues-in-the-aging-mouse?redirectedFrom=fulltext
https://portlandpress.com/biochemj/article-abstract/188/1/25/5566/Glutathione-contents-of-tissues-in-the-aging-mouse?redirectedFrom=fulltext
https://link.springer.com/article/10.1007/s00240-004-0444-4
https://link.springer.com/article/10.1007/s00240-004-0444-4
https://link.springer.com/article/10.1007/s00240-004-0444-4
https://www.goldjournal.net/article/S0090-4295(13)01381-2/abstract
https://www.goldjournal.net/article/S0090-4295(13)01381-2/abstract
https://www.goldjournal.net/article/S0090-4295(13)01381-2/abstract
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.818625/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.818625/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.818625/full
https://journals.sagepub.com/doi/10.1177/0748730415610879
https://journals.sagepub.com/doi/10.1177/0748730415610879
https://link.springer.com/article/10.1007/BF02912895
https://link.springer.com/article/10.1007/BF02912895

Evaluating chronomic profiles of oxidative stress markers: Vegetarian versus non-vegetarian renal stone formers.

“Correspondence to:
Rajeev Singh Kushwaha
Department of Biochemistry

Government Doon Medical College
Dehrakhass

Dehradun
Uttarakhand
India

Biomed Res 2026 Volume 10 Issue 1



	Contents
	Evaluating chronomic profiles of oxidative stress markers: Vegetarian versus non-vegetarian renal stone formers.
	Abstract
	Keywords:
	Accepted on 28 September, 2026
	Introduction
	Materials and Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	Funding
	Conflict of Interest
	Ethical Approval
	References
	*Correspondence to:




