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ABSTRACT
Background: Accurate measurement of enzyme activities is very important in studies to evaluate enzymatic parameters. While
performing these measurements, many factors can affect the results, including the method of obtaining the tissues, the conditions
under which they are stored until analysis, and the methods of determining enzyme activity.
Objectives: This study aimed to investigate the effect of different storage conditions (time and temperature) and different
homogenisation buffers (PBS or KCl) on the enzymatic activity of superoxide dismutase (SOD), catalase (CAT), and adenosine
deaminase (ADA) in homogenised cattle liver.
Methods: Fresh liver tissue samples were obtained from the slaughterhouse and homogenised in different homogenisation
buffers. Supernatants from each sample were divided into three groups according to the experimental design of the study. SOD,
CAT and ADA enzyme activities in homogenised tissues were evaluated.
Results:Our data revealed that SOD, CAT and ADA activities did not differ significantly between PBS and KCl groups or between
-20◦C and -80◦C freezing temperatures. However, our results showed that SOD levels decreased over time in both groups, CAT
levels demonstrated a significant decrease from Month 0 to Month 3 and ADA levels decreased significantly over time.
Conclusions: The results indicated that storage time had a significant effect on enzyme activity changes, but the effect of storage
temperature and homogenisation buffer was generally limited. These results may support the measurement of enzymatic activity
in liver homogenate immediately and, if necessary, after freezing for the shortest possible time.

1 Introduction

Oxidative stress is caused by the increased production of reactive
oxygen species (ROS) such as superoxide (O2∙−) and hydroxyl
radical (OH∙) due to the inability of the antioxidant system to

effectively remove the generated ROS (Feairheller et al. 2011).
Lipid peroxidation, which is triggered by ROS, is the most
important consequence of oxidative stress and plays an important
role in the formation of various diseases due to oxidative damage
(Niki 2014). Cellular antioxidant systems are represented by

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly
cited.
© 2025 The Author(s). Veterinary Medicine and Science published by John Wiley & Sons Ltd.

Veterinary Medicine and Science, 2025; 11:e70418
https://doi.org/10.1002/vms3.70418

1 of 8

https://doi.org/10.1002/vms3.70418
https://orcid.org/0000-0001-8813-4991
mailto:omeral@ankara.edu.tr
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/vms3.70418


enzymatic and non-enzymatic antioxidants. The effectiveness
of this system depends on the consumption of nutrients such
as vitamins and minerals with antioxidant capacity and the
production of enzymes such as catalase (CAT) and superoxide
dismutase (SOD), which scavenge O2∙− radicals and hydrogen
peroxide (H2O2) by converting them into less reactive species.
These antioxidant enzymes are also used as markers of oxidative
stress (Carmo de Carvalho eMartins et al. 2022; Pandey and Rizvi
2010), and many biomarkers and their measurement methods
have been developed to evaluate lipid peroxidation and oxidative
stress levels in biological samples (Niki 2014).

SODs aremetalloenzymes that catalyse the dismutation ofO2∙− to
H2O2 and oxygen. H2O2 is rapidly converted to the highly reactive
OH∙ radical by the Fenton reaction (Pandey and Rizvi 2010). SOD
is the front line of defence against ROS-mediated damage. SOD
activity is considered as a biomarker of oxidative stress in patients
with several renal, hepatic, and testicular diseases (Pawlak et al.
2005; He et al. 2022; Resim et al. 2015).

CAT is an enzyme that has a very important role in the antioxi-
dant defence system and is responsible for the conversion of H2O2
into water (H2O) andmolecular oxygen (O2) (Carmo de Carvalho
eMartins et al. 2022). Themeasurement of catalase activity is used
as an important and practical biomarker to assess the oxidation-
reduction status and oxidative stress in various biological samples
(Carmo de Carvalho e Martins et al. 2022; Stagos et al. 2015).

Adenosine deaminase (ADA) is an enzyme of the purine salvage
pathway that catalyses the hydrolytic deamination of adenosine
and deoxyadenosine to inosine and deoxyinosine, respectively
(Cristalli et al. 2001; Gupta and Nair 2006). It is localised in many
tissues, including the lymphoid system, gastrointestinal tract,
spleen, skin, brain and kidney. ADA is expressed in almost all
mammalian tissues and plays a critical role in the differentiation
and maturation of the immune system. ADA is used as a crucial
biomarker for assessment of several diseases, such as cancer and
pulmonary diseases (Bradford et al. 2017; Beyazit et al. 2012; Flinn
and Gennery 2018; Ebrahimi-Rad et al. 2018).

Many enzyme activities used in monitoring and evaluating vari-
ous biological processes can bemeasured with different methods.
ADA, CAT and SOD activities can be measured with various
methods, including spectrophotometric, colorimetric and high-
performance liquid chromatography (HPLC) in different biolog-
ical samples such as serum, plasma and tissue homogenates.
These enzymes are commonly used in studies on oxidative stress-
related diseases, and the liver appears to be a very effective tissue,
along with other tissues, in measuring these enzyme levels. ADA,
CAT and SOD activities have been investigated in many diseases,
and it has been shown that they can be helpful in the diagnosis
and monitoring of the progression of these diseases (Carmo de
Carvalho e Martins et al. 2022; Özkurt et al. 2012; Böhmer et al.
2011; Peskin and Winterbourn 2017; Paul et al. 2005).

To the best of our knowledge, it is important to accurately mea-
sure enzyme activities in studies to evaluate various parameters,
such as oxidative stress, andmany factorsmay affect the results of
themeasurements, including themethod of obtaining the tissues,
the conditions in which they are kept until analysis, and the
methods of enzyme activity determination. The variability of the

storage time, conditions and the homogenisation method may
affect the measurement results of enzyme activity, but there is
no detailed data examining these parameters according to these
variables. Therefore, the aim of this study was to investigate
the effects of storage conditions (time and temperature) and
different commonly used homogenisation buffers (PBS or KCl) in
extraction on the measurement of SOD, CAT and ADA enzyme
activities in the liver. The results of this study will enable us
to perform comparative analysis of different homogenisation
buffers under different storage conditions on the measurement
of SOD, CAT and ADA enzyme activities in the liver tissue type
for which such comparative data are scarce.

2 Materials andMethods

2.1 Samples

The liver tissue samples were collected from already slaughtered
cattle of the same age and breed as a part of a routine production
in the slaughterhouse in Burdur province of Turkey during July
2020. The rapidly harvested samples were quickly transported on
ice to the laboratory within an hour of collection and then were
washed with 0.9% NaCl and dried with blotting paper.

2.2 Experimental Design

The liver tissue samples were homogenised in 1:10 w/v of
phosphate-buffered saline (PBS, pH 7.4) that contains 137 mM
NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM KH2PO4 or
potassium chloride (KCl) buffer that contains 0.15 M KCl on
ice by using a homogeniser (Ultra Turrax Type T25-B, IKA
Labortechnic, Germany) for 5 min and centrifuged at 3000 x g
for 20 min at 4◦C. The supernatants from each homogenisation
buffer were divided into three groups. The enzymatic analysis
of the first group was performed on the same day the sample
arrived in the laboratory. Homogenised samples from the second
group were stored in a temperature-controlled incubator set at
-20◦C while the samples from the third group were stored at -
80◦C. Some of the homogenised samples in the second and third
groupswere subjected to enzymatic analysis after 3months under
different storage conditions (-20 or -80◦C). Enzymatic analysis
of the remaining samples was performed at the end of the sixth
month.

2.3 Determination of Superoxide Dismutase
Activity

SOD activity of homogenised tissue samples wasmeasured by the
method described by Sun et al. (1988). In themethod of SOD activ-
ity, superoxide, which is produced by an enzymatic reaction of
xanthine oxidase, causes nitroblue tetrazolium (NBT) reduction
in the sample, and this reaction is inhibited by SOD. Superoxide
radicals react with NBT and results formation of formazone,
which gives maximum absorbance at 560 nm. The enzyme slows
down the NBT reduction reaction and, as a result, causes a
decrease in the absorbance values in the spectrophotometer. SOD
activity was measured at 560 nm on a spectrophotometer by
the degree of inhibition of the reaction of homogenised tissue.
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Intra-assay and inter-assay coefficient variation (CV%) of SOD
analysis were <3% and <4%, respectively. The enzyme activity
was expressed as U/g protein. Each sample was measured twice.

2.4 Determination of Catalase Activity

Catalase (CAT) activity of samples was measured according to
the method reported by Aebi (1983). Briefly, test and blank tubes
were prepared in the experiment. Phosphate buffer and samples
were placed in a blank tube, and samples prepared in phosphate
buffer andH2O2 were placed in a sample tube. Absorbance values
were measured at 240 nm. The time required for the absorbance
to decrease from 0.45 to 0.40 was recorded. Intra-assay and inter-
assay coefficient variation (CV%) of CAT analysis were <4% and
<7% respectively. The result was calculated as k. k = (0.1175 / Δt)
x sn−1 and enzyme activity was expressed as k/g protein. Each
sample was measured twice.

2.5 Determination of Adenosine Deaminase
Activity

ADA enzyme activity in the supernatants was measured by
the method described by Guisti (1974). Briefly, sample, blank,
standard and standard blank tubes were prepared. Adenosine
solution and samples were added to the sample tube; adenosine
solution was added to the sample blank tube; standard solutions
and distilled water were added to the standard tube; phosphate
buffer and distilled water were added to the standard blank tube;
and all tubes were incubated in a 37◦C water bath for 60 min.
Phenol nitroproside was added to all tubes following incubation.
Then, alkaline hypochlorite solution was added to all tubes after
adding the sample to the standard blank tube. After mixing, test
tubes were incubated in a 37◦C water bath for another 30 min.
The absorbance (OD) in the sample and blank test tubes was
read against distilled water at a wavelength of 628 nm. Intra-assay
and inter-assay coefficient variation (CV%) of ADA analysis were
<3% and<6%, respectively. Each samplewasmeasured twice. The
ADA activity (U/g protein) was calculated as;

[(SOD − SBOD) ∕ (StOD − StBOD)] × F

F: Factor value determined by the study, which is the amount
of ammonia produced in 1 min.

SOD: Sample optical density
SBOD: Sample blank optical density
StOD: Standard optical density
StBOD: Standard blank optical density

2.6 Determination of Protein Concentration

The Bradford assay (Bradford 1976) was used to estimate the total
protein concentration in the supernatants.

2.7 Statistical Analysis

Repeatedmeasures ANOVAs were conducted to assess the effects
of two fixed factors—grouping variable (PBS vs. KCl) and freez-

ing temperature (-20◦C vs. -80◦C)—on biochemical parameters
(SOD, CAT, ADA). The study design included two levels of
the grouping variable (PBS and KCl) and freezing temperature
conditions (-20◦C and -80◦C). Enzyme activities were measured
at three time points (0, 3, and 6 months). The most significant
time points were selected to examine changes in enzyme activity.
The sample size of animal material was decided using G*Power
software (version 3.1.9.7).

The assumption of normality was verified using the Shapiro-Wilk
test, which indicated no significant deviations from normality
across all groups. Additionally, the assumption of sphericity was
tested using Mauchly’s test, which was non-significant for each
measurement. Consequently, no corrections for sphericity were
applied. Post hoc comparisons were performed using the Tukey
correction. All analyses were conducted using JAMOVI (version
2.3.2), and significance was set at p < 0.05.

3 Results

3.1 Effects of Storage Conditions and
Homogenisation Buffers on SOD Enzyme Activity

The SOD enzyme analysis indicated no significant main effects of
the fixed factors (grouping variable or freezing temperature) on
SOD levels (p > 0.05). This implies that SOD levels did not vary
significantly betweenPBS andKCl groups or between the freezing
temperatures of -20◦C and -80◦C. However, a significant effect of
the repeated measures factor (Time) was observed (F = 45.5118,
p < 0.001), indicating that SOD levels changed significantly over
time. In contrast, the interaction between time and groupwas not
statistically significant (F= 2.9203, p= 0.060), suggesting that the
changes in SOD levels over time were consistent across the PBS
and KCl groups (Table 1). As illustrated in Figure 1, SOD levels
decreased over time in both groups, but no substantial differences
were observed between the groups’ trajectories.

3.2 Effects of Storage Conditions and
Homogenisation Buffers on CAT Enzyme Activity

The CAT enzyme analysis indicated no significant main effects of
the fixed factors (grouping variable or freezing temperature) on
CAT levels (p > 0.05). This implies that CAT levels did not vary
significantly betweenPBS andKCl groups or between the freezing
temperatures of -20◦C and -80◦C. However, a significant effect of
the repeated measures factor (Time) was observed (F = 11.547,
p< 0.001), indicating that CAT levels changed significantly over
time (Table 2). Additionally, a significant interaction between
time and temperature groups was found (F = 5.126, p = 0.008),
suggesting that the change inCAT levels over time varied between
the freezing temperature conditions (-20◦C and -80◦C). In con-
trast, the interaction between time and group was not statistically
significant (F= 0.249, p = 0.780), indicating consistent changes
over time across PBS and KCl groups. The three-way interaction
(Time ★ Groups ★ Temp. Groups) was also not significant
(p = 0.296). As illustrated in Figure 2, CAT levels demonstrated
a significant decrease from Month 0 to Month 3 (p < 0.001),
while the change from Month 3 to Month 6 was not statistically
significant (p = 0.071). These results highlight the importance
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TABLE 1 Comparison of SOD (U/g protein) activity between groups.

Estimated marginal means—Time ★ Buffer ★ Temperature

95% Confidence interval

Temperature Buffer Time n Mean SE Lower Upper

−80◦C KCl Month 0 11 273 82.9 105 440
Month 3 11 640 14.5 611 669
Month 6 11 536 16.5 502 569

PBS Month 0 11 417 82.9 250 584
Month 3 11 659 14.5 630 688
Month 6 11 513 16.5 480 547

−20◦C KCl Month 0 11 273 82.9 105 440
Month 3 11 709 14.5 680 739
Month 6 11 546 16.5 513 579

PBS Month 0 11 417 82.9 250 584
Month 3 11 715 14.5 686 745
Month 6 11 537 16.5 503 570

FIGURE 1 Effects of storage conditions and homogenisation buffers on SOD enzyme activity.

of considering freezing temperature when interpreting temporal
changes in CAT levels.

3.3 Effects of Storage Conditions and
Homogenisation Buffers on ADA Enzyme Activity

The ADA enzyme analysis indicated no significant main effects
of the fixed factors (grouping variable or freezing temperature) on
ADA levels (p > 0.05). This implies that ADA levels did not vary
significantly betweenPBS andKCl groups or between the freezing
temperatures of -20◦C and -80◦C. However, a significant effect of
the repeated measures factor (Time) was observed (F = 80.850,
p < 0.001), indicating that ADA levels decreased significantly
over time (Table 3). Moreover, the interaction between Time and
Group was statistically significant (F = 10.897, p < 0.001). As
illustrated in Figure 3, the ADA levels in the KCl group showed a
more pronounced decrease over time compared to the PBS group.

4 Discussion

In enzyme studies, tissue homogenisation methods and repeated
freeze-thaw cycles can cause inaccurate results in enzyme activity
measurements. Besides, in cases where enzyme activity mea-
surements need to be performed at a later date, choosing buffer
systems that support long-term enzyme stability and storage of
the homogenate under appropriate conditions are crucial for
the accuracy of the measurement. In the current study, we
investigated the effects of storage conditions on SOD, CAT and
ADA enzyme activities in homogenised tissues prepared with
different buffers (PBS and KCl). Storage conditions were carried
out at two temperatures (-20 and -80◦C) and three different
periods (months 0, 3 and 6).

Some antioxidant enzymes are sensitive to freeze-thaw stress,
which can alter the enzyme activity. It was observed that catalase
was the most resistant antioxidant enzyme to freeze-thaw stress,
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TABLE 2 Comparison of CAT (k/g protein) activity between groups.

Estimated marginal means—Time ★ Buffer ★ Temperature

95% Confidence interval

Temperature Buffer Time n Mean SE Lower Upper

−80◦C KCl Month 0 11 1,86 0,18 1,50 2,23
Month 3 11 1,70 0,15 1,38 2,02
Month 6 11 1,45 0,22 1,00 1,90

PBS Month 0 11 2,02 0,18 1,66 2,39
Month 3 11 1,47 0,15 1,16 1,79
Month 6 11 1,52 0,22 1,07 1,97

−20◦C KCl Month 0 11 1,86 0,18 1,50 2,23
Month 3 11 0,85 0,15 0,53 1,17
Month 6 11 1,52 0,22 1,07 1,98

PBS Month 0 11 2,02 0,18 1,66 2,39
Month 3 11 1,39 0,15 1,07 1,71
Month 6 11 2,07 0,22 1,62 2,53

FIGURE 2 Effects of storage conditions and homogenisation buffers on CAT enzyme activity.

while SOD enzyme was resistant to 4 freeze-thaw stress cycles
(Murias et al. 2005). When homogenised liver samples were
stored at -20◦C for 60 days (despite 3 times freeze-thaw stress),
it was observed that CAT and SOD enzyme activities did not
change except for a very small decrease on day 30 (Bortolin et al.
2017). In our study, the samples of which enzyme activities were
measured at 3 and 6 months were subjected to the freeze-thaw
process once. However, there were significant time-dependent
changes in enzyme activity.

The effect of the storage conditions of the solutions on the
enzyme activities can vary depending on the type of buffer and
freeze-thaw protocol. Freezing may lead to structural changes,
aggregation and loss of activity in enzymes. It is also known
that the freezing rate has an effect on the enzyme activity in
solutions (Park et al. 2021). Similarly, the dissolution rate may
have a negative impact on enzyme activity (Cao et al. 2003).

In our study, although the thawing conditions were similar in
both storage conditions, since freezing was performed at two
different temperatures, it can be expected that enzyme activities
may differ due to the difference in freezing rate (Bao et al.
2023). The similarity in enzyme activity between the groups
suggested that the freezing rate difference between -20 and -
80◦C may not be strong enough to affect enzyme activity. In
contrast to our results, another study reported that the stability
of antioxidant enzymes in tissue homogenate was more stable
at -70◦C than at -20◦C (Jung et al. 1993). In our study, CAT and
SOD enzyme activities changed over time, but only CAT activity
change differed depending on temperature. This may be due
to the effect of different temperatures on protein structure or
solubility over time.

Precipitation of buffer components at low temperature (salt crys-
tallisation) causes a pH decrease, which can lead to aggregation
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TABLE 3 Comparison of ADA (U/g protein) activity between groups.

Estimated marginal means—Time ★ Buffer ★ Temperature

95% Confidence interval

Temperature Buffer Time n Mean SE Lower Upper

−80◦C KCl Month 0 11 3729 179 3368 4090
Month 3 11 3091 211 2664 3517
Month 6 11 2002 143 1712 2291

PBS Month 0 11 3729 179 3368 4090
Month 3 11 2539 211 2113 2965
Month 6 11 1813 143 1523 2102

−20◦C KCl Month 0 11 3141 179 2780 3502
Month 3 11 2746 211 2320 3173
Month 6 11 2236 143 1946 2526

PBS Month 0 11 3141 179 2780 3502
Month 3 11 2631 211 2204 3057
Month 6 11 2359 143 2069 2649

FIGURE 3 Effects of storage conditions and homogenisation buffers on ADA enzyme activity.

of enzymes and loss of enzymatic activity (Cao et al. 2003; Thorat
et al. 2020). In our study, the type of homogenisation buffer and
freezing temperature did not affect the activity of antioxidant
enzymes. It can be concluded that the precipitation of buffer
components at low temperatures does not change the enzyme
activity of both the homogenisation buffer type and different
freezing temperatures.

Freeze-thaw stress increases oxidative stress due to ROS for-
mation; besides homogenised tissues are more susceptible to
oxidative damage (Bortolin et al. 2017; Park et al. 1998; Len
et al. 2019). To the best of our knowledge, the amount of ROS
in homogenised tissue may increase as the cold storage time
increases, which may explain the time-dependent change in CAT
enzyme activity that occurred in our study. Protein denaturation
and aggregation, pH change and buffer properties may also have
contributed to this change.

In our study, ADA enzyme activity did not change depending on
the type of buffer used and the temperature at which the samples
were stored (p > 0.05). However, ADA activity decreased with
increasing storage time. A similar effect was observed in another
study, such as decreasedADAactivity occurring in bovine thymus
exposed to different freezing conditions (Hajduk 1999). Another
study reported that storage of erythrocytes at room temperature or
-20◦C led to a loss of adenosine deaminase activity (Körber et al.
1975). In contrast to these studies, no significant changes in ADA
activity were reported in samples stored at different temperatures
(+4◦C and -20◦C) for 28 days (Antonangelo et al. 2006). However,
in another study it was reported that ADA activity remained
stable at -80◦C for up to 2.6 years, but activity started to decrease
with longer-term storage of pleural fluid samples (Bielsa et al.
2014). In the current study, it was also determined that the
decrease in ADA enzyme activity over time was not the same in
the PBS and KCl groups. The decrease in ADA enzyme activity
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over time was found to be slower in liver homogenised with
PBS compared to KCl at all temperature conditions. These results
showed that ADA activity decreased in both buffers, but PBS
buffer maintained ADA enzyme stability better.

In conclusion, our present study demonstrated that storage time
had a significant effect on enzyme activity changes, but the
effect of storage temperature and homogenisation buffer was
generally limited. The results of our study indicate that CAT and
ADA enzyme activities were decreased significantly over time.
The results of the study may suggest that enzyme activities of
homogenised liver tissue should bemeasured asmuch as possible
before storage, and if storage is necessary, it should be stored at -
80 C for a short time. A limitation of this study is that the single
tissue type (liver) was studied; therefore, the effects of storage
conditions and homogenisation buffers on the measurement of
SOD, CAT and ADA enzyme activities need to be investigated in
future studies, preferably on different tissues.
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