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Abstract

We planned this study to research the effect of freeze-thaw number and storage temperatures on the tests of thiol-disulfide homeostasis. Dynamic thiol-disulfide homeosta-
sis has a crucial role in antioxidant defense reactions. Thiol disulfide homeostasis is detected in serum samples. To gauge the steadiness at different storage temperatures,
sera stored at -20°C and -80°C for 1, 2, 3, 6, and 12 months. To work out the effect of the freeze-thaw cycle, sera were frozen at -80°C and subjected to ten freeze-thaw
cycles at 24-hour intervals. According to our results, native thiol, total thiol, and disulfide levels in human serum samples were stable at -20°C for three months and at
-80°C for 12 months. After the third month at -20°C, native thiol and total thiol levels decreased while disulfide levels increased. Additionally, as the number of freeze-thaw
cycles increased, native thiol and total thiol levels decreased, and disulfide levels increased. Our results show that storage at -20°C and an increasing number of freeze-
thaw processes affect thiols levels. To get the most accurate results, repeated freeze-thaw cycles should be avoided the maximum amount possible. Also, samples should

be frozen at -80°C if long storage times are required.
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Introduction

Thiols contain sulfide and a hydrogen (-SH) atom bonded to a
carbon atom. Dynamic thiol-disulfide homeostasis plays a critical
role in signal transduction, detoxification, regulation of enzymatic
activity, apoptosis, cellular signal transduction mechanisms,
transcription factors, and also antioxidant protection. Therefore,
the determination of thiol-disulfide homeostasis can provide
valuable information on various normal or abnormal biochemical
changes. In a way developed by Erel&Neselioglu, managed to
gauge thiol-disulfide homeostasis by measuring the amount of
native thiol (SH), total thiol (SH+SS), and disulfide (SS) level in
serum samples [1]. In the method, native thiol and total thiol are
measured with separate kits. The disulfide is found by subtracting
native thiols from total thiols and then dividing the result into two.
Quantification of the reduced thiol groups is performed to work
out the redox status of proteins containing -SH groups which will
undergo reduction or oxidation and form disulfide bonds [2].

*Corresponding Author: Ahmet Rifat Balik, Ankara Yildirim Beyazit University,
Faculty of Medicine, Department of Medical Biochemistry, Ankara, Turkey.
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Most scientific studies are too long to be administered during a
single day or maybe a couple of days. During the gathering of
working groups, samples should be stored and frozen, and thawed
during the evaluation of samples in terms of various parameters or
in cases that need re-analysis. Thiol disulfide homeostasis has been
the topic of many studies in recent years. It’s not known to what
extent storage conditions or freeze-thaw affect the SH, SH+SS,
and SS levels analyzed. Our aim during this study is to research the
effect of freeze-thaw number and storage temperatures on the tests
of thiol-disulfide homeostasis.

Material and Methods
Subjects

Patients who applied to Ankara Yildirrm Beyazit University,
Faculty of Medicine, Ankara City Hospital for complete blood
count (CBC), clinical chemistry and hormone test requests, and
health examination were included during this prospective study.
Serum samples remaining from the routine examinations of the
patients were used. Serum samples of fifty patients were analyzed
to gauge the steadiness of frozen sera, and 59 patients were
analyzed to gauge the freeze-thaw cycle. For the stability of the
frozen sera, 23 male and 27 female sera were used in the 18-50 age
range (mean age; 34.64+8.94). To evaluate the effects of the freeze-
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thaw cycle, 26 male and 33 female sera were used in the 18-50 age
range (mean age; 34.53+8.86). All samples were taken into yellow
capped blood tubes without anticoagulants (BD Vacutainer®,
Becton, Dickinson, and Company, New Jersey, USA). Clinical
chemistry, hormone, and CBC test results of the patients included
within the study were scanned and evaluated from the laboratory
data system (LIS). Because the exclusion criteria; liver diseases
(aspartate aminotransferase >50 U/l, alanine aminotransferase
>50 U/l, gamma-glutamyl transferase >42 U/I, total bilirubin >1.1
mg/dl, direct bilirubin >0.3 mg/dl), insufficient kidney function
(urea > 48.5 mg/dl, creatinine > 0.9 mg/dl) and untreated hypo
or hyperthyroidism (free triiodothyronine <1.8 or >4.6 pg/ml,
free thyroxin <0.9 or >1.7 ng/dl, thyroid-stimulating hormone
<0.27 or >4.2 ulU/ml), diabetes (HbAlc > 6.5% (48 mmol/mol)
and glucose >126 mg/dl (7 mmol/l)) were used [3, 4]. Yildirim
Beyazit University Faculty of Medicine Clinical Research Ethics
Committee approved the study. Informed consent was obtained
from the subjects. The procedures followed were by the current
version of the Helsinki Declaration.

Methods

Serum samples collected on the same day were divided into 11
portions to assess the steadiness of frozen sera. One aliquot of
every sample was measured on the same day of collection as SH,
SH+SS, and SS levels and therefore the results were recorded as
fresh serum samples (day 0) data. Five aliquots of every patient
were frozen at -20°C and therefore the other five at -80°C. The
temperatures of the freezers were checked regularly. At the top of
the 1st, 2", 3%, 6%, and 12" month storage periods, samples of both
freezing temperatures were thawed and analyzed. All analyzed
samples were run twice in each study and therefore the mean of
the measurements was utilized in statistical analysis. To research
the freeze-thaw effect, SH, SH+SS, and SS values of the serum
samples collected on the same day were measured and recorded as
fresh serum samples (cycle 0) results.
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Then serum samples were frozen at -80°C. After 24 hours, serum
samples were removed from the freezer and measured within the
same way and recorded because of the first freeze-thaw cycle
results. At end of the analysis, serum samples were frozen again at
-80°C. The equivalent procedure was repeated at 24-hour intervals
until 10 freeze-thaw cycles were obtained. After the serum samples
were thawed, two measurements were taken in each study, and
therefore the mean of the measurements was included within the
statistics.

Serum samples were kept at room temperature for a minimum of 1
hour on the day of study during all thawing procedures. After the
samples were inverted 10 times, they were analyzed within 3 hours
from the beginning of thawing.

SH, SH+SS, and SS measurements altogether serum samples
were studied consistently with Erel&Neselioglu method on
Siemens Advia 1800 automatic analyzer [1]. All the measurements
and cryopreservation procedures were made in the Medical
Biochemistry Laboratory of the Ankara City Hospital in Turkey.

Statistical analysis

The results are given as mean and SD (standard deviation) using
SPSS 22.0 version. Whether the groups were normally distributed
was evaluated using the Shapiro-Wilks test. The variation of the
measurements consistent with fresh serum sample results was
evaluated using the One-Way ANOVA test. Values with p<0.05 in
the Tukey results were considered statistically significant.

Results

According to our results, SH, SH+SS, and SS levels didn’t change
significantly in human serum samples at -20°C until the 3 month.
SH, SH+SS, and SS levels of serum samples belonging to the same
patients were stable until the end of the 12" month at -80°C (Figure
1). The results obtained consistent with the storage temperature
and duration are shown in Table 1.

Tablel. Change of native thiol, total thiol, and disulfide levels at -20 and -80 °C according to fresh serum results

Native Thiol (umol/l) Total Thiol (umol/l) Disulfide (nmol/l)

Mean + SD p-Value Mean + SD p-Value Mean + SD p-Value
Fresh Serum (Day 0) 390.99+51.78 1.000 419.24+55.10 1.000 14.13+4.00 1.000
1** month -20°C 380.55+50.40 0.992 411.56+54.10 1.000 15.51+4.00 0.857
2" month -20°C 367.76+48.71 0.372 399.88+52.55 0.761 16.06+3.95 0.425
3 month -20°C 345.76+45.79 <0.001* 383.89+50.45 0.035* 19.07+4.02 <0.001*
6™ month -20°C 303.77+40.23 <0.001* 356.88+46.90 <0.001* 26.56+4.46 <0.001*
12 month -20°C 269.94+35.75 <0.001* 335.21+44.05 <0.001* 32.64+4.95 <0.001*
1 month -80°C 390.80+51.76 1.000 421.00+55.33 1.000 15.10+4.06 0.986
2" month -80°C 387.77+51.36 1.000 418.56+55.01 1.000 15.404+4.05 0.911
3**month -80°C 389.65+51.60 1.000 421.54+55.40 1.000 15.94+4.11 0.522
6" month -80°C 388.99+51.52 1.000 421.77+55.43 1.000 16.39+4.13 0.199
12 month -80°C 390.65+51.74 1.000 423.02+55.59 1.000 16.18+4.13 0.331

Results were expressed as mean = SD
xValues with p<0.05 in the Tukey results were considered statistically significant

451



doi: 10.5455/medscience.2020.11.236

500
| -o- Native Thiol
400 & Total Thiol

- P o o o o o
50‘ -a- Disulfide
£ 300-
=
®
- 2004
S
" 100-
0 & A A A

T T T T 1
FS. 1M80 2M-80 3M-80 6.M-80 12.M-80
Storage Condition

F.S.: Fresh Serum, 1.M-80: 1* month -80 °C, 2.M-80: 2"¢ month -80 °C, 3.M-80: 3" month -

80 °C, 6.M-80: 6" month -80 °C, 12.M-80: 12" month -80 °C.

Figure 1. Changes of native thiol, total thiol, and disulfide levels according to -80 °C
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Figure 2. Changes of native thiol, total thiol, and disulfide levels according to -20 °C
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We observed that because the storage time of the samples was
prolonged at -20°C, SH, and SH+SS decreased and SS level
increased (Figure 2).

According to the results of freeze-thaw cycles applied to human
serum samples, it had been determined that SH didn’t change
significantly until the 5th cycle, and SH+SS and SS levels did not
change until the 6th cycle. Results obtained consistent with freeze-
thaw analysis are shown in Table 2. It was determined that SH and
SH+SS levels decreased, and SS levels increased as a result of
increasing the number of freeze-thaw cycles (Figure 3).
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Figure 3. Changes of native thiol, total thiol, and disulfide values according to
freeze-thaw cycles

Table 2. Variation of native thiol, total thiol, and disulfide with freeze-thaw cycles according to fresh serum sample

Native Thiol (umol/l) Total Thiol (umol/l) Disulfide (upmol/l)

Mean + SD p-Value Mean + SD p-Value Mean + SD p-Value
Fresh Serum (Cycle 0) 403.57+46.25 1.000 442.08+49.73 1.000 19,2544.26 1.000
Cycle 1 406.29+51.48 1.000 442.85+53.22 1.000 18.28+3.83 1.000
Cycle 2 400.114+49.51 1.000 440.90+54.31 1.000 20.40+5.82 0.999
Cycle 3 385.05+38.65 0.887 430.54+43.59 0.999 22.75+4.37 0.340
Cycle 4 372.87+66.96 0.234 417.56+72.92 0.749 22.35+6.10 0.531
Cycle 5 358.75+45.88 0.006* 405.76+49.85 0.185 23.50+3.97 0.103
Cycle 6 338.99+63.52 <0.001* 395.87+65.36 0.022* 28.44+6.12 <0.001*
Cycle 7 335.66+48.85 <0.001%* 398.25+55.57 0.040%* 31.30+4.78 <0.001*
Cycle 8 329.86+51.64 <0.001* 397.91+59.84 0.037* 34.03+5.63 <0.001*
Cycle 9 253.66+100.02 <0.001* 336.10+119.76 <0.001* 41.22+14.70 <0.001*
Cycle 10 255.12+98.45 <0.001* 334.29+117.30 <0.001* 39.58+14.66 <0.001*

Results were expressed as mean + SD.
+Values with p<0.05 in the Tukey results were considered statistically significant.

Discussion

According to our study, we determined that the amount of SH,
SH+SS, and SS in human serum samples were stable for up to
three months at -20°C and 12 months at -80°C. On the opposite
hand, we determined that the SH levels were 5th, and therefore

the SH+SS, and SS levels remained stable until the 6th freeze-
thaw cycle. Additionally, we determined that SH and SH+SS
concentrations of the serum samples decreased at -20°C because
the storage time was prolonged, and SS concentrations increased.

Samples got to be stored for many scientific studies. Biological
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materials collected for research purposes usually have one sample
tube and are sometimes exposed to repeated freeze-thaw cycles
thanks to multiple measurements or analysis types to be applied
within the research protocol. There’s limited information about
specific sample storage protocols that minimize analytical error
and variability in evaluating redox parameters.

Bortolin RC. et al. showed that SH levels decreased significantly
in -20°C at 30" and 60" days in homogenized erythrocytes, which
storage at -20°C affects quite storing SH at -80°C [5]. In another
study conducted by Rubio CP. et al. with dog serum, it had been
observed that there was a big decrease in SH+SS concentrations
after the 3rd freeze-thaw cycle and at day 60 at -20°C [6]. Our
results were compatible with the studies of Bortolin RC et al. and
Rubio CP et al. and therefore the prolongation of the storage time of
human serum at -20°C caused a decrease in SH and SH+SS levels.
Additionally, thiol-disulfide homeostasis tests were observed
to be more stable in samples stored at -80°C than at -20°C. The
variability of thiol levels measured in rat, dog, and human blood
and therefore the stability times at -20°C are thought to result from
differences within the population of studies, the proteins that make
up the thiols, the levels of albiimin, and other amino acids, and
their response to oxidation.

The majority of thiols in serum originate mainly from albumin
and other proteins, while a little portion consists of low relative
molecular mass thiols like glutathione, cysteine, homocysteine,
cysteinyl glycine, and y-glutamyl cysteine.

In a study by Culp-hill R. et al, they stated that glutathione (redox-
sensitive tripeptide) tends to deteriorate when stored at -20°C
for two weeks, and caution should be exercised for extended
storage time than 14 days [7]. Takehana S. et al. Showed that the
concentration of some amino acids (arginine, glutaminic acid, and
cystine) is more susceptible to change in extended storage times at
-20°C than -80°C [8]. In these studies, it had been emphasized that
the amino acids that structure a little portion of the thiol sources
are more stable at -80°C, and at -20°C, they degrade more easily
over time and should cause erroneous results.

Cuhadar S. et al. found that total protein concentrations decreased
significantly at the primary freeze-thaw cycle, however, albumin
concentration didn’t change statistically until the 7th freeze-thaw
cycle. They also found that total protein and albumin levels began
to decrease significantly at -20°C after the 3rd month [9]. Kale VP.
et al. in their study with 30 rats reported that the concentrations
of 9 parameters including albumin weren’t statistically significant
after the primary thawing compared to their levels measured in
fresh samples [10]. Albumin and other proteins structure the bulk
of the thiol pool. The three-dimensional structure of proteins is
critical for the properties and performance of a molecule, and
repeated freeze-thaw can cause protein degradation [11]. The
freezing-thawing process causes the denaturation and instability of
the proteins, causing stress within the protein structure and results
in oxidative damage. Freezing can denature proteins and alter their
dissolving concentrations thanks to pH changes resulting from the
crystallization of water and buffer solutes [12, 13].

Considering all the results together, we proceed with a uniform
result: the increasing number of freeze-thaw leads to differences
within the parameters of thiol-disulfide homeostasis of frozen

Med Science 2021;10(2):450-4

samples for various periods. Samples that are frozen at -20°C
for an extended time are more susceptible to oxidative stress
and may be considered unstable compared to fresh samples. Our
results show that storing serum samples at -20°C affects thiol-
disulfide homeostasis parameters quite -80°C. This might flow
from the suppression of enzymatic activity and inhibition of
self-degradation of amino acids and proteins in plasma at —80°C
[8]. additionally, the decrease within the concentration of the
-SH groups that form native thiols during storage time at -20°C
is perhaps caused by the formation of oxidative S-S bridges of
-SH-containing cysteine and protein groups [14]. This explains
the oxidative stress that increases at -20°C and with increasing
freeze-thaw cycles, and consequently increased disulfide (S-S)
levels. These data support other studies showing that thiol groups
are vulnerable to oxidation and degradation during sampling and
storage [15, 16]. It’s recommended to stay the samples of physical
body fluids within the freezer for an extended time rather than
thawing them repeatedly [11].

As a result, the long-term storage of serum samples at -20°C
and therefore the increase in freeze-thaw number may affect the
accuracy of the test results obtained from the samples and cause the
parameters to vary thanks to oxidative stress. Therefore, samples
got to be analyzed as soon as possible. However, if this is often
impossible, serum samples should be preserved in portions to stop
the effect of freeze-thaw on the samples. A frozen serum sample
should be thawed once to get the foremost accurate test results.
To scale back interaction within the results, sample freezing time
should be checked and repeated freeze-thaw cycles should be
avoided. Additionally, if long storage times are required, samples
are recommended to be stored at low temperatures, like -80°C.
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