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Abstract
Background—The chronome (from chronos, time, and nomos, rule; time structure) of lipid
peroxidation and anti-oxidant defense mechanisms may relate to the efficacy and management of
preventive and curative chronotherapy.

Patients and methods—Thirty patients with liver cirrhosis, 25–45 years of age, and 60 age-
matched clinically healthy volunteers were synchronized for 1 week with diurnal activity from about
06:00 to about 22:00 and nocturnal rest. Breakfast was around 08:30, lunch around 13:30 and dinner
around 20:30. Drugs known to affect the free-radical system were not taken. Blood samples were
collected at 6-h intervals for 24 h under standardized, presumably 24-h synchronized conditions.
Determinations included plasma lipid peroxides, in the form of malondialdehyde (MDA), blood
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione
reductase (GR) activities, and serum total protein, albumin, ascorbic acid, and uric acid
concentrations.

Results—A marked circadian variation was demonstrated for each variable in each group by
population-mean cosinor (P < 0.01). In addition to anticipated differences in overall mean value
(MESOR), patients differed from healthy volunteers also in terms of their circadian pattern.

Conclusion—Mapping the broader time structure (chronome) with age and multifrequency rhythm
characteristics of antioxidants and pro-oxidants is needed for exploring their putative role as markers
in the treatment and management of liver cirrhosis.
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1. Introduction
The liver is vulnerable to a wide variety of metabolic, toxic, microbial, circulating and
neoplastic insults. Cirrhosis of liver is the most common type of chronic liver disease and is
one of the most important health problems responsible for high mortality and morbidity in
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developed as well as developing countries. Cirrhosis of liver is among the top 10 causes of
death in western populations. The involvement of free radicals in the pathogenesis of liver
injury has been investigated for many years in a few well-defined experimental systems [1].
Liver injury due to acute or chronic alcohol abuse has been proved dependent on its oxidative
metabolism at the cytosolic, peroxisomal, and/or microsomal level [2]. According to Shaw et
al. [3], lipid peroxidation may be an important mechanism in the pathogenesis of alcoholic
liver disease. A statistically significant increase in plasma lipid peroxides and ascorbic acid
and a statistically significant decrease in reduced glutathione and superoxide dismutase activity
have been reported in cirrhotic patients in comparison to healthy controls [4]. Circadian
variations of different blood and urinary variables have been reported in healthy Indians
showing different circadian patterns from those found in the west [5-12]. To our knowledge,
there is no mention in the available literature regarding chronomics of circulating lipid
peroxides and other intracellular anti-oxidant enzymes in the hemolysate of patients with
cirrhosis of liver. The present study aims to fill the gap by providing reference values for
circadian changes in lipid peroxides, intracellular anti-oxidant enzymes and other molecules
in clinical health and to assess any deviation from such norms in cirrhosis of liver in an attempt
to understand the mechanism of oxidative stress and its involvement in cirrhosis of liver.

2. Subjects and methods
This investigation includes 30 clinically and histopathologically validated cases of cirrhosis of
liver admitted in the medical wards of Gandhi Memorial and Associated Hospitals, CSM
Medical University, Lucknow, and 60 clinically healthy volunteers, comprised mainly of
medical students, staff members and their families. The age of the healthy participants ranged
from 21 to 40 years and that of the patients from 25 to 45 years. The patients were thoroughly
examined to ensure the absence of any other illness. Prior to the collection of blood samples,
participants refrained from taking any drug preparation that would affect or alter the oxidative
stress or its defensive mechanism. All participants were synchronized for 1 week to a schedule
of diurnal activity from about 06:00 to about 22:00 and nocturnal rest. All subjects took their
usual (although not identical) meals three times daily; breakfast around 08:30, lunch around
13:30 and dinner around 20:30, without any change in their fluid intake. At 06:00, 12:00, 18:00
and 00:00, 6 ml of blood was collected from each subject in plain and sterile vials containing
heparin as anticoagulant. The plasma was separated and analyzed for lipid peroxidation in
terms of malondialdehyde (MDA) [13]. The hemolysate was prepared from the red cells and
used for the measurement of the activities of the following enzymes: superoxide dismutase
(SOD) [14], catalase (CAT) [15], glutathione peroxidase (GPx) [16] and glutathione reductase
(GR) [17]. Serum total protein, albumin, ascorbic acid and uric acid concentrations were
measured spectrophotometrically [18-20].

Data were evaluated by conventional statistical analysis and by the single and population-
mean-cosinor procedures [21-23]. Accordingly, the MESOR (a chronome-adjusted mean), the
circadian double 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.

3. Results
A circadian rhythm was invariably demonstrated by population-mean cosinor in healthy
volunteers and in patients with cirrhosis of liver for all variables. By comparison to the healthy
controls, the patients with cirrhosis of the liver had a higher MESOR of MDA (P < 0.001) and
an acrophase advanced by almost 3 h (P < 0.001), Fig. 1. The MESOR of SOD activity was
lower in the patients with liver cirrhosis (P < 0.001), Fig. 2. CAT activity was lower at all
sampling times in cirrhotic patients by comparison with the healthy subjects. The MESOR
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difference is significant (P < 0.001), as is the difference in circadian amplitude (P < 0.001),
Fig. 3. GPx activity was also decreased at all sampling times in cirrhotic patients by comparison
with healthy subjects. As compared to healthy controls, patients with liver cirrhosis have a
lower MESOR (P < 0.001) and a reduced circadian amplitude (P < 0.001) of GPx, Fig. 4. GR
activity was also decreased at all sampling times in cirrhotic patients by comparison with
healthy subjects. In addition to a large difference in the MESOR of GR activity (P < 0.001)
and in circadian amplitude (P < 0.001), the acrophase was delayed by 19 ° or about 1 h and 16
min, Fig. 5.

Cirrhotic patients had a decreased amplitude of total serum protein (P < 0.001) and an acrophase
delayed by 66 ° or 4 h and 24 min (P < 0.001), but a similar MESOR, Fig. 6. They also had a
decreased MESOR of serum albumin (P < 0.001) and an advanced acrophase (P = 0.033) with
a reduced circadian amplitude (P < 0.001), Fig. 7, confirming the possible role of albumin in
liver disorders. Serum ascorbic acid had a higher MESOR (P < 0.001) and an advanced
acrophase (P = 0.001) in the cirrhotic patients by comparison to healthy subjects, Fig. 8. No
major difference was found between the two groups for uric acid concentration, Fig. 9.

4. Discussion
We found a marked circadian variation in MDA, total protein, albumin, ascorbic acid and uric
acid concentration and SOD, CAT, GPx, and GR activities in healthy Indians and patients
suffering from cirrhosis of liver. Our results on elevated plasma lipid peroxides in liver cirrhosis
are in agreement with other reports [1,3,4]. An advanced circadian acrophase in liver cirrhosis
has not been previously reported to our knowledge, however. Lipid peroxidation in cell
membranes and subcellular organelles has been proposed as a primary mechanism for cellular
membrane dysfunction and tissue injury associated with free-radical initiated processes.
Elevated concentrations of lipid peroxides may disturb relations between protective and
aggressive factors at the tissue and molecular level leading to hepatic damage. Although much
is known about the chemistry of lipid peroxidation and cellular defense mechanisms,
chronobiological studies are needed to quantify the various cellular components involved in
these processes to achieve better management, prognosis and treatment. Chronomes of putative
anti- and pro-oxidants have recently been mapped to explore their putative
chronochemotherapeutic role as markers in cancer chronoprevention and management of
ovarian cancers [12].

SOD was found to be decreased in liver cirrhosis with no noticeable alteration in circadian
amplitude or acrophase. Lower activities of CAT, GPx and GR and less Prominent circadian
variations (reduced amplitudes) in cirrhotic patients were also observed, pointing to an overall
decrease in anti-oxidant defensive mechanisms in such patients. A decrease in SOD activity
and reduced glutathione content in liver cirrhosis has been reported earlier [4]. SOD is the first
among the scavenger enzyme series to ameliorate the damage caused in cells by free radicals
[24]. CAT, GPx and GR are involved in the removal of hydrogen peroxides and several other
toxic peroxides. These anti-oxidant enzymes form the primary enzymatic defense against toxic
oxygen reductive metabolites. Such metabolites have been implicated in the damage brought
about by ionizing radiations, as well as in the effects of several cytostatic compounds [25]. The
reduced activity of these primary defensive enzymes could be due to a direct and greater
involvement of reactive oxygen species in the pathogenesis of cirrhosis of liver disturbing the
pro-oxidant vs. anti-oxidant ratio, thereby precipitating the hepatic damage. Belanger et al.
[26] reported temporal variations in the hepatic concentration of glutathione (GSH), which
could be responsible for time-dependent variations in GPx and GR activities, as observed
herein.
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A reduced circadian variation in total serum protein and albumin and an overall lowering of
serum albumin was found in patients with cirrhosis of liver as compared to healthy volunteers.
Whereas the acrophase of total serum protein was delayed in the patients, an acrophase advance
characterized their serum albumin, contributing to an altered A/G ratio. Patients with liver
cirrhosis also had elevated MESOR of ascorbic acid, but a reduced circadian amplitude and an
advanced acrophase. Nalini et al. [4] reported increased ascorbic acid concentrations in
cirrhotic patients, which could be due to a changed pro-oxidant vs. anti-oxidant ratio. To our
knowledge, alterations of the circadian rhythm in serum ascorbate associated with cirrhosis of
liver have not yet been reported. The circadian variation in uric acid concentrations
demonstrated herein is in keeping with earlier reports [6,8,27]. The demonstration of a circadian
rhythm in all variables investigated herein suggests that these variables could also serve as
putative markers to optimize the timing of treatment administration and to assess the patients'
response to treatment.

Biological rhythms are characteristic features of living organisms, showing a specific time for
the peak activity of a particular variable in a specific species [28,29]. Altered rhythm
characteristics of one or more variables may indicate a deviation from normal physiology.
Herein, we showed an altered chronome of anti-oxidant defense mechanisms in cirrhotic
patients. The increased plasma lipid peroxides and decreased enzyme activities clearly indicate
the involvement of free radicals in the etiopathogenesis of the disease, while the increase in
ascorbate and urate concentrations and the altered timing of serum proteins is indicative of the
changed pro-oxidant vs. anti-oxidant status in cirrhotic patients.

Chronobiological studies provide the capability of therapeutic intervention at a time when this
intervention is useful and best tolerated and avoidance when it is not [30]. The chronobiologic
approach to treatment, by exploring the rhythmic nature of oxidants and antioxidants, is
especially critical and meaningful when potentially damaging or toxic agents have to be used.
But far beyond this application, the time factor has to be introduced in just about all aspects of
clinical pharmacology and many “time honored” customs like “three times a day” medications
will have to be replaced by more meaningful, and often more effective and less toxic
chronobiologic treatment schedules. The choice of the “right time” will require chronobiologic
knowledge, interpretation and experience since treatment at the “wrong time” can be
potentially harmful [27,30]. Further studies are needed to correlate the lipid peroxide
concentrations with free-radical scavengers, its nature, status and rhythm after administration
of known dietary and therapeutic antioxidants in such pathological situations and thereby
opening new chapters in understanding the pathogenesis of the disease.
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Fig. 1.
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Fig. 2.
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Fig. 3.
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Fig. 4.
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Fig. 5.

Singh et al. Page 11

Biomed Pharmacother. Author manuscript; available in PMC 2009 March 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 6.
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Fig. 7.
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Fig. 8.
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Fig. 9.
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