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Hepatotoxicity of the isomers of cyclo(Trp-Pro)
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The hepatotoxicity of the novel cyclic dipeptide cyclo(Trp-Pro), which has shown potential usage in various pharmacolo-
gical fields, had not been assessed. Further studies on the isomers of this cyclic dipeptide (cyclo(l-Trp-l-Pro), cyclo-
(l-Trp-d-Pro), cyclo(d-Trp-l-Pro) and cyclo(d-Trp-d-Pro)) revealed further biological activities. The assessment of hepato-
toxicity of these isomers was thus warranted. In vitro screens were performed on primary isolated rat hepatocytes, the
Chang liver and N-2-alpha cell lines. In vivo screening involved the assessment of serum levels of lactate dehydrogenase,
aspartate transaminase, ATP, Ca2þ and albumin after intraperitoneal injection over a 1 and 5 day period in the rat model.
Liver samples were also obtained for the assessment of lipid peroxidation. It was found that only cyclo(d-Trp-l-Pro) was
hepato-specific in its action, while the other isomers were not. The greatest effect on any biochemical or physiological
parameter was noted after 5 days. LDH secretion was greatly increased in the presence of cyclo(l-Trp-l-Pro) and cyclo-
(l-Trp-d-Pro) (p < 0.05). Significantly increased levels of lipid peroxidation were observed in all the isomer-treated sam-
ples (p < 0.05), while Ca2þ concentrations were decreased at day 5. Decreased protein synthesis was noted in the pre-
sence of all the isomers at day 1. These results indicate the potential harm involved in the administration of the isomers,
which may limit their potential usage in the treatment of various diseases.

1. Introduction

Research in our laboratories has shown the potential of
the novel cyclic dipeptide cyclo(Trp-Pro) as an antimicro-
bial substance, as well as its potential use in the treatment
of cardiovascular dysfunction [1].
The safety evaluation of novel compounds of potential
medical applicability must involve a number of tests using
in vitro and in vivo methods to determine their general
toxicity and mutagenicity. A primary function of the liver
is the metabolism of xenobiotics. In assessing the toxico-
logical potential of new drugs or in environmental studies,
the assessment of hepatotoxicity by both in vivo and in
vitro methods plays a major role [2, 3].
In vitro methods used in assessing hepatotoxicity include
concentration-toxicity curves, which should be assessed in
primary cultured hepatocytes, non-hepatic cells and in
non-metabolising hepatocytes. This would give an indica-
tion as to whether the drug is toxic preferentially on hepa-
tocytes, or whether bioactivation of the drug is necessary
to cause cellular damage [4].
In vivo injury to the liver can be evaluated through the
determination of a number of parameters of the cell,
including synthesis and secretion of albumin, ureogenesis,
glutathione levels, ATP levels, concentration of Ca2þ,
membrane leakage of cytosolic enzymes such as lactate
dehydrogenase, protein synthesis and morphological
changes [5]. In the detection of liver disease, the most
commonly assayed enzymes are aspartate transaminase
(AST) and alanine transaminase (ALT). In acute liver dis-
ease, higher values of ALT are found in plasma as com-
pared to AST. A continuing rise in the plasma transami-
nase concentration may be detected as a result of
hypersensitivity hepatocellular damage caused by drugs.
Measurement of AST levels is ‘however’ preferred as this
enzyme, is used primarily in the management of liver
disease. Here, a raised level indicates hepatocellular
damage [6, 7].
The energetic balance of the cells may be indirectly al-
tered by many hepatotoxins by increasing the energy de-
mand, reducing ATP production, or both. A common
event in cellular damage is the depletion of ATP. Alterna-
tively, hepatocyte ATP production may be altered by the

xenobiotic or its metabolites. ATP is largely produced
from acetyl CoA via the Krebs cycle and oxidative phos-
phorylation of NADPH in mitochondria. Any substance
that interferes with these processes may result in de-
creased ATP production. All cellular anabolic processes
are thus disrupted, as well as hepatocyte functions [4].
Lipid peroxidation levels may also increase due to the de-
pletion of normal cellular protective mechanisms (eg. glu-
tathione). Lipid peroxidation, a free radical-mediated pro-
cess, results in oxidative degradation of the component
lipids found in the cell membranes. Several cardiovascular,
pulmonary and hepatic diseases are affected by peroxi-
dised lipids present in animal tissues [8].
In order to determine the hepatotoxic potential of the iso-
mers of cyclo(Trp-Pro) (cyclo(l-Trp-l-Pro), cyclo(l-Trp-d-
Pro), cyclo(d-Trp-l-Pro) and cyclo(d-Trp-d-Pro)), the ef-
fects of the isomers on cell viability were assessed on
primary isolated hepatocytes, as well as on two different
cell lines, N-2-alpha and Chang liver cells. The metabolic
and physiological functioning of the liver was assessed by
using various biochemical assays in order to determine
serum levels of LDH, AST, ATP, Ca2þ, and albumin. The
amount of lipid peroxidation was assessed on liver sam-
ples.

2. Investigations, results and discussion

2.1. In vitro toxicity screen

In the past decade, the use of cellular models as a partial
alternative to whole animal experiments in toxicity testing
has increased. Cell cultures present a simplified, valid bio-
logical model for in vitro screening of the hepatotoxicity
of different compounds and their respective metabolites.
In the assessment of cytotoxicity of the isomers and iso-
niazid, three different cell types were chosen in such a
manner as to determine the specificity of toxicity, i.e. if
any toxicity is detected, whether it is hepatocyte-specific
or not. The primary isolated hepatocytes from rats, Chang
liver cells, a hepatoma cell line (transfected with a cervi-
cal carcinoma) and N-2-alpha cells (a neuronal cell line)
were used. Results are depicted as % viability of the con-
trol cultures [10].
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In the isolated hepatocytes (Fig. 1), isoniazid was the only
treatment that favoured the growth of the cells, and it thus
differed significantly from the other treatments (p < 0.05).
All isomers resulted in decreased growth in comparison to
the control culture over the 5 day period and did not dif-
fer significantly from each other (p > 0.05). The greatest
inhibition of growth was noted for cyclo(l-Trp-l-Pro) and
cyclo(l-Trp-d-Pro) (60% and 62% inhibition, respec-
tively), while cyclo(d-Trp-l-Pro) and cyclo(d-Trp-d-Pro)
resulted in a decrease of only ~55%, in comparison to the
control.
When the isomers were applied to the Chang liver cells
(Fig. 2), isoniazid resulted in decreased growth over a 2 day
period (~30% inhibition of growth). After that, growth ap-
peared to increase slightly (from 70 to 78%). Cyclo(d-Trp-
l-Pro) also resulted in an initial decrease in cell growth, but
not to the same extent as with isoniazid. This was also
followed by a slight increase in cell growth. Cyclo(l-Trp-
l-Pro), cyclo(l-Trp-d-Pro) and cyclo(d-Trp-d-Pro) greatly
inhibited cell growth over the 5 day period (p < 0.05)
(Fig. 2), with cyclo(l-Trp-l-Pro) being the most cytotoxic
isomer, resulting in a 50% inhibition of cell growth.
Cyclo(d-Trp-l-Pro) did not adversely affect the growth of
N-2-alpha cells (Fig. 3), indicating that any hepatoxic ef-
fects noted in in vivo studies were hepato-specific. How-
ever, in the presence of cyclo(l-Trp-l-Pro), cyclo(l-Trp-d-
Pro), cyclo(d-Trp-d-Pro) and isoniazid, the growth of N-2-
alpha decreased over the 5 day period to approximately
75% of the control growth. This indicated that the cyto-
toxicities noted for these compounds were not hepatocyte-

specific, and they may be capable of exerting their cyto-
toxic effects on a number of different cell types.

2.2. LDH concentrations

One of the most common assays used in the assessment
of hepatotoxicity of a drug is LDH activity, which gives
an indication of cell membrane integrity. Increased LDH
activity is associated with disruption of cell membrane
structure. Significantly increased (p < 0.05) levels of LDH
were determined for all the compounds in comparison to
the control after 24 h (Fig. 4). These levels increased sig-
nificantly for cyclo(l-Trp-l-Pro) and cyclo(l-Trp-d-Pro)
(p < 0.05), and decreased for cyclo(d-Trp-l-Pro) and iso-
niazid (p < 0.05), with no changes noted for the control
and cyclo(d-Trp-d-Pro) groups (p ¼ 0.5602 and
p ¼ 0.6857, respectively), when day 1 and day 5 levels
were compared. At day 5, levels detected for cyclo(l-Trp-
l-Pro) and cyclo(l-Trp-d-Pro) increased in comparison to
the control group (p < 0.05) while no differences were
noted for any other compound in comparison to the con-
trol group. It appears that cyclo(l-Trp-l-Pro) and cyclo-
(l-Trp-d-Pro) induced the greatest disruption in cell mem-
brane integrity, which resulted in the largest leakage of
LDH from the cell [5].

2.3. AST serum levels

AST serum levels are normally low (2–20 IU/l in hu-
mans). An increase in serum activity is resultant of da-
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Fig. 1: Effects of the compounds on the viability of isolated rat hepato-
cytes. LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cyclo(l-Trp-d-Pro); DL ¼ cy-
clo(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-Pro). Values indicated are
the mean � s.d. of 6 experiments per day per treatment
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Fig. 2: Effects of the compounds on the viability of Chang liver cells.
LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cyclo(l-Trp-d-Pro); DL ¼ cyclo-
(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-Pro). Values indicated are the
mean � s.d. of 6 experiments per day per treatment
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Fig. 3: Effects of the compounds on the viability of N-2-alpha cells.
LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cyclo(l-Trp-d-Pro); DL ¼ cyclo-
(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-Pro). Values indicated are the
mean � s.d. of 6 experiments per day per treatment

Fig. 4: Effects of the compounds on lactate dehydrogenase activity in the
blood stream. LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cyclo(l-Trp-d-Pro);
DL ¼ cyclo(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-Pro). Values indi-
cated are the mean � s.d. of 6 experiments per day per treatment



mage to organs that involve necrosis of cells or increased
cell permeability. For this reason, it was expected that
AST levels in the cyclo(l-Trp-l-Pro) and cyclo(l-Trp-d-
Pro) groups would be elevated (LDH leakage, Fig. 4).
This was, however, not observed with cyclo(l-Trp-l-Pro)
showing significantly lowered levels (p ¼ 0.0286) and cy-
clo(l-Trp-d-Pro) showing no difference from the control
group (p ¼ 0.1143) (Fig. 5). On day 1, no drug produced
any significantly increased AST concentration, while sig-
nificantly decreased levels were noted on day 5 for all the
compounds (with the exception of isoniazid) in compari-
son to the control group (p < 0.05). After 5 days, signifi-
cantly elevated levels of AST were noted only in the iso-
niazid-treated group (p ¼ 0.0286) [13].

2.4. Energy state as measured by serum ATP concentra-
tions

In the presence of hepatotoxins, ATP levels may be de-
creased by an increase in energy demand, a common
event in cell injury. The energy-metabolism, in terms of
ATP levels in serum, was also assessed. Similar levels
were noted for the control and isoniazid groups on both
days 1 and 5 (p > 0.05). After 24 h (Fig. 6), significantly
decreased levels of ATP were observed in the cyclo(l-Trp-
d-Pro), cyclo(d-Trp-l-Pro) and cyclo(d-Trp-d-Pro) groups
(p < 0.05), while no difference was noted for cyclo(l-Trp-

l-Pro) (p ¼ 0.6857) in relation to the control group. This
decrease in ATP would thus indicate a greater energy de-
mand in those cells treated with cyclo(l-Trp-d-Pro), cy-
clo(d-Trp-l-Pro) and cyclo(d-Trp-d-Pro), or mitochondrial
dysfunction. This was however ruled out as, at day 5
(Fig. 6), significantly increased levels were observed for
all the isomers (p < 0.05) when compared to the respec-
tive day 1 levels. At day 5, the highest level was noted for
cyclo(d-Trp-l-Pro) (p < 0.01), followed by cyclo(d-Trp-d-
Pro), cyclo(l-Trp-l-Pro) and cyclo(l-Trp-d-Pro). This in-
crease may be as a result of increased rates of glycolysis.
However, no significant difference was noted between the
day 5 cyclo(l-Trp-l-Pro) and cyclo(l-Trp-d-Pro) levels
(p ¼ 0.2469) [4, 15].

2.5. Serum Ca2þ concentrations

Ca2þ accumulates in dying cells and is thus involved in
toxicological processes. Significantly decreased levels of
Ca2þ were obtained in the cyclo(l-Trp-l-Pro) and cyclo-(l-
Trp-d-Pro) samples (p < 0.05) (Fig. 7), whereas cyclo-(d-
Trp-l-Pro), cyclo(d-Trp-d-Pro) and isoniazid did not show
any significantly different levels (p > 0.05) in comparison
to the control group. The only group to show any signifi-
cant difference in Ca2þ levels from day 1 to day 5 was the
isoniazid-treated group (p ¼ 0.0286). The isomer-treated
groups showed significantly diminished Ca2þ levels in
comparison to the control on day 5 (p < 0.05) with no sig-
nificant difference between the control and isoniazid-trea-
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Fig. 5: Effects of the compounds on the concentration of aspartate trans-
aminase in the blood stream. LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cy-
clo(l-Trp-d-Pro); DL ¼ cyclo(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-
Pro). Values indicated are the mean � s.d. of 6 experiments per
day per treatment

Fig. 6: Effects of the compounds on energy metabolism in rat hepatocytes,
measured in terms of ATP concentrations in the blood stream.
LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cyclo(l-Trp-d-Pro); DL ¼ cyclo-
(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-Pro). Values indicated are the
mean � s.d. of 6 experiments per day per treatment

Fig. 7: Effects of the compounds on Ca2þ-levels in the blood stream.
LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cyclo(l-Trp-d-Pro); DL ¼ cyclo-
(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-Pro). Values indicated are the
mean � s.d. of 6 experiments per day per treatment

Fig. 8: Effects of the compounds on protein synthesis, as measured by
albumin concentrations in the blood stream. LL ¼ cyclo(l-Trp-l-
Pro); LD ¼ cyclo(l-Trp-d-Pro); DL ¼ cyclo(d-Trp-l-Pro); DD ¼ cy-
clo(d-Trp-d-Pro). Values indicated are the mean � s.d. of 6 experi-
ments per day per treatment



ted groups (p ¼ 0.6857). These changes in Ca2þ homeosta-
sis would adversely affect signal transduction of the cell,
as Ca2þ plays a vital role as a second messenger [16].

2.6. Protein synthesis

Free albumin concentration may decrease due to binding
to drugs or as a result of decreased protein synthesis. As a
result, free drug concentration may increase which may
increase the risk of toxicity. In addition, Ca2þ homeostasis
may be disrupted by changes in protein synthesis. De-
creased protein synthesis is one of the earliest and most
sensitive signs of cellular hepatocyte damage. After 24 h
exposure (Fig. 8) to the compounds and isoniazid, the le-
vels of albumin in the serum were significantly decreased
in comparison to the control value (p < 0.05), indicating
decreased protein synthesis and hepatocyte damage. Cy-
clo(d-Trp-l-Pro) produced the largest decrease in albumin
synthesis (p ¼ 0.0286). However, after 5 days (Fig. 8), all
the levels of albumin had decreased, including that of the
control group, with only cyclo(d-Trp-l-Pro) and cyclo-
(d-Trp-d-Pro) differing significantly from the control sam-
ple (p ¼ 0.0286 for both compounds). From the results, it
is clear that the compounds resulted in decreased protein
synthesis, with maximal effects noted over a longer period
[4, 7, 16].

2.7. Lipid peroxidation

Oxidative degradation of lipid components of the cell
membrane is caused by lipid peroxidation. This process
would obviously disrupt the integrity of the cell mem-
brane. The thiobarbituric acid (TBA) reaction of liver
homogenates in rats showed significant elevations of mal-
ondialdehyde concentrations after a single intraperitoneal
injection of cyclo(l-Trp-l-Pro), cyclo(d-Trp-l-Pro) and cy-
clo(d-Trp-d-Pro), indicating the occurrence of lipid perox-
idation (p < 0.05) (Fig. 9). No significant elevation in mal-
ondialdehyde levels was observed for cyclo(l-Trp-d-Pro)
(p ¼ 0.667) and isoniazid (p ¼ 0.333). However, after
5 days, malondialdehyde levels increased dramatically for
the cyclo(l-Trp-d-Pro) and isoniazid-treated groups
(p < 0.05). This significant increase was also noted for the
other compounds in relation to the control group (p < 0.05),
indicating lipid peroxidation [14].
Only cyclo(d-Trp-l-Pro) is hepatocyte-specific in its cyto-
toxicity while cyclo(l-Trp-l-Pro), cyclo(l-Trp-d-Pro) and

cyclo(d-Trp-d-Pro) are cytotoxic for other cell types, too.
As can be seen from the results, it is clear that isoniazid
exerts its cytotoxic effect by producing lipid peroxidation.
Various effects on biochemical and physiological param-
eters are apparent in the presence of the isomers. Cyclo-
(l-Trp-l-Pro) and cyclo(l-Trp-d-Pro) are able to disrupt
cell membrane integrity, as can be seen from the LDH
results. However, no great elevation in AST concentrations
was observed for these isomers. After a short exposure
period, cyclo(l-Trp-d-Pro), cyclo(d-Trp-l-Pro) and cyclo-
(d-Trp-d-Pro) resulted in decreased ATP concentrations,
which increased to day 5. This indicates an increase in
ATP production, which may result from an increased rate
of glycolysis. Decreases in Ca2þ concentration occurred in
the presence of cyclo(l-Trp-l-Pro) and cyclo(l-Trp-d-Pro)
after 1 day, which indicates a disruption in Ca2þ homeos-
tasis, which can lead to various forms of interference with
signal transduction. Furthermore, depletion of the cell’s
protective mechanism is indicated by the elevated lipid
peroxidation levels in the presence of all the isomers. This
suggests that the isomers disrupt glutathione levels, lead-
ing to cells with an increased vulnerability to damage by
the foreign compounds. This may limit the use of these
isomers in the treatment of various diseases.

3. Experimental

The use of rats for this study was approved by the Animal Ethics Commit-
tee, University of Port Elizabeth.

3.1. Isolation of primary hepatocytes

A modified collagenase method was used as previously described [9].

3.1.1. Routine cell culture

Hepatocytes were seeded in 96-well cell culture plates (Corningware, Cam-
bridge, U.S.A.) at 75 000 cells per well and incubated at 37 �C in an atmo-
sphere of 95% O2 and 5% CO2 (Fedgas, South Africa). Prior to seeding,
the wells were coated with newborn calf serum (BioWhittaker, Walkers-
ville) to facilitate attachment of the cells to the plate. For the first 24 hr of
incubation, serum-supplemented Hams F-12 medium was used. This med-
ium was replaced after 24 hr, with Hams F-12 medium supplemented with
10�8 M dexamethasone (Sigma, St. Louis). After the 24-h incubation peri-
od, the cells were exposed to 200 mM of each isomer (pH 7.4), respec-
tively. The control solution consisted of Hams F-12 medium containing
0.5% glycerol. As a positive control, the cells were exposed to 1 mg/ml
isoniazid dissolved in Hams F-12 medium containing 0.5% glycerol. Iso-
niazid has also been associated with hepatotoxicity over long periods of
administration. Liver functions become impaired, jaundice may result and
multilobular necrosis may occur. The cells were incubated in the presence
of the compounds for a total of 5 days; on each day the MTT assay was
used to determine viability of the cells of the treated cells, as well as of
the controls [10, 11].

3.1.2. Cell culture of N-2-alpha and Chang liver cells

In order to determine whether any effects exerted on the isolated hepato-
cytes were hepatocyte-specific or not, Chang Liver cells and N-2-alpha
cells were also exposed to 200 mM of each compound, made up in DMEM
(0.5% glycerol). These cells were treated in the same manner as were the
isolated hepatocytes, with the exception that these cells were seeded at a
density of 25 000 cells per well, as these cell lines undergo proliferation in
culture. No coating of the plates was necessary as these cells readily ad-
here to the wells.

3.1.3. MTT assay

On the assay day, 50 ml 0.5% MTT (Sigma, St. Louis) solution was added
to each well, and incubated at 37 �C for 2 h. After the incubation period,
the solution was aspirated from the cells, and 200 ml DMSO was added to
each well. A 5 min reaction period was allowed with mild agitation. The
resultant extracted formazan products were removed from the plate and put
into a clean 96-well plate. The absorbance at 600 nm was read against a
DMSO blank using Labsystems Multiskan MS (Multiskan Transmit Pro-
gram, Rev. 1.3. (1995)). Results are reported as a percentage of those of
the control group, which was taken as 100% viability.
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Fig. 9: Effects of the compounds on lipid peroxidation, as measured in
terms of malondialdehyde concentrations in the serum of the rats.
LL ¼ cyclo(l-Trp-l-Pro); LD ¼ cyclo(l-Trp-d-Pro); DL ¼ cyclo-
(d-Trp-l-Pro); DD ¼ cyclo(d-Trp-d-Pro). Values indicated are the
mean � s.d. of 6 experiments per day per treatment



3.2. Treatment of rats and sample collection

Male Long Evans rats (250–350 g) were housed in a well ventilated room
at 24 �C, with 12 h light. Fasting and starvation may adversely affect bio-
transformation of oxidising agents as well as the antioxidant state of the
liver, and therefore, animals were fed ad lib. and not fasted prior to experi-
mentation.The rats were injected intraperitonealy with a 7.1 mg/50 ml sal-
ine solution of the respective compounds, representing a final concentra-
tion of 500 mM. 0.5% glycerol was used to facilitate dissolution of the
isomers in saline. All solutions were filter sterilized with a 0.45 mm filter
unit (Millipore) before use. The rats were separated into 2 sets of 6 groups
of rats. Rats in set 1 were injected only once and killed after 24 h, while
the rats in set 2 were subjected to injections every alternate day for a
period of 5 days before being killed. Group 1 of each set served as the
control group, receiving normal saline injections containing 0.05% glycer-
ol. Groups 2–5 received injections of the 500 mM solution of the respec-
tive cyclic dipeptide in saline containing 0.05% glycerol. Group 6, the
positive control group, received saline injections containing isoniazid at a
concentration of 1 mg/ml [12].
Rats were subjected to light ether anesthesia to a loss of blink and pain
reflexes. The entire liver was removed and rinsed in 0.15 M KCl solution.
The livers were placed in 0.15 M KCl solution and frozen at –20 �C until
lipid peroxidation was assessed. Blood was collected by cardiac puncture
into empty Vacutainer tubes and held at 4 �C to allow for clot formation.
Serum was obtained by centrifugation at 3000 rpm for 15 min. The serum
was retained for the assessment of hepatotoxicity by various enzymatic
and biochemical assays.

3.3. Enzymatic and biochemical assays

3.3.1. Lactate dehydrogenase

The lactate dehydrogenase kit (Sigma, St. Louis, U.S.A.) was used accord-
ing to manufacturer’s specifications. Briefly, 10 ml of the serum sample
was placed into a 96-well plate to which 200 ml LDH reagent was added.
An intial absorbance at 340 nm was read using a Labsystems Multiskan
MS (Multiskan Transmit Program, Rev. 1.3. (1995)), after which the reac-
tion was followed at 340 nm for 1 min. The change in absorbance/min was
determined. Results of the control group of rats are included.

3.3.2. Aspartate transaminase

A modified version of the aspartate transaminase assay as described pre-
viously was used to determine the levels of AST in serum [13].
To each set of tubes, 250 ml AST substrate (37 �C) was added. To the rat
serum tubes, 50 ml serum was added, whilst to the blank tube, 50 ml H2O
was added. The tubes were mixed and incubated at 37 �C for 1 hr. 250 ml
1 mM 2,4-dinitrophenylhydrazine was added and mixed and the solution
was incubated at RT for 20 min. 2.5 ml 0.4 N NaOH was then added and
allowed to incubate at RT for 5 min. The solution was diluted 2X with
0.4 N NaOH and the absorbance was read at 505 nm using a Shimadzu
UV-160A UV-Visible recording spectrophotometer, against a blank consist-
ing of reaction mixture.

3.3.3. Lipid peroxidation

The method to determine lipid peroxidation was used as described pre-
viously [14].

3.3.4. ATP

An adenosine-50-triphosphate kit from Sigma Diagnostics was used accord-
ing to manufacturer’s specifications.

3.3.5. Ca2þ concentrations

Ca2þ content in the serum samples was determined by using a serum Ca2þ

kit from Sigma Diagnostics according to manufacturer’s specifications.

3.3.6. Albumin levels

A modification of the albumin assay as described previously was used. To
a set of test tubes, 5 ml working reagent solution was added, to which
25 ml sample/albumin standard was added, mixed and left to incubate at
RT for 10 min. The absorbance was read at 630 nm using a Shimadzu UV-
160A UV-Visible recording spectrophotometer against a blank consisting
of working reagent. A 10 g/100 ml albumin standard was used. Albumin
content in serum samples was calculated using the following formula:

Abs sample/Abs std� conc. std ¼ conc. sample g/100 ml [13].

3.3.7. Statistical analysis

Results are expressed as mean � s.d. for the indicated number of experi-
ments. Results were analysed using the software packages GraphPad Prism
Version 2.0 and GraphPad InStat (GraphPad Software, Inc., San Diego,
U.S.A.). All tests were performed on raw data obtained from the experi-
ments (n ¼ 6). The effect of a single qualitative factor on a single response
variable was determined by univariate ANOVA using the Mann-Whitney
test. P values < 0.05 were accepted as evidence of a statistically signifi-
cant difference.
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