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ABSTRACT

Objectives: The objective of the study is to evaluate the stability of insulin and parathyroid hormone (PTH) under
various storage conditions and blood collection tube types and to assess the effects of time and temperature on
hormone degradation.

Materials and Methods: Blood samples were collected in three types of tubes: Serum separator,
ethylenediaminetetraacetic acid plasma, and heparin plasma. Aliquots were stored at room temperature, 4°C, and
—20°C. Hormone concentrations of insulin (uIU/mL) and PTH (pg/mL) were measured at 0, 1, 6, and 24 hours
at room temperature and 4°C, and at 24, 48, and 72 hours at —20°C using immunoassays. The impact of storage
duration and freeze-thaw cycles was observed. Data were plotted to compare degradation trends and variability
across conditions.

Statistical analysis: Descriptive statistics (mean, standard deviation) were used to represent biological replicates.
No inferential statistics were applied, as the study was exploratory in nature.

Results: Both insulin and PTH exhibited rapid degradation at room temperature, particularly within the first
24 hours. Hormone stability was better at 4°C and best preserved at —20°C, with minimal degradation up to 72
hours. Among the tube types, serum separator tubes provided superior stability, especially at room temperature.
Variability in hormone concentrations was lowest under frozen conditions and highest at room temperature.

Conclusions: Cold storage, particularly at —20°C, is essential for maintaining the stability of insulin and PTH in
clinical and research samples. Serum separator tubes showed favorable stability characteristics when processing
was delayed.
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INTRODUCTION

The accurate measurement of hormones, such as insulin and parathyroid hormone
(PTH), is critical in both clinical diagnostics and research settings.!! Insulin plays a
central role in glucose metabolism, while PTH is essential for calcium and phosphate
homeostasis.? Given their biological importance, precise quantification of these hormones is
crucial for diagnosing and managing various metabolic and endocrine disorders, such as diabetes
and hyperparathyroidism.!"*! However, the stability of these hormones in blood samples can be
significantly affected by storage conditions and the type of collection tubes used, potentially
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leading to inaccurate measurements if not properly
managed.'*”!

Hormones are sensitive biomolecules that degrade over
time, particularly when exposed to ambient conditions.
Degradation can lead to significant variability in assay
results, complicating clinical decision-making and research
outcomes. Therefore, understanding how different storage
conditions, such as room temperature, refrigeration at
4°C, freezing at -20°C, and repeated freeze-thaw cycles,
impact hormone stability is essential. In addition, the
choice of blood collection tubes (serum separator tubes,
ethylenediaminetetraacetic acid [EDTA] plasma tubes,
and heparin plasma tubes) can further influence hormone
preservation, as additives in the tubes may interact with the
hormones differently.

Previous studies have indicated that improper storage
and handling of samples can lead to rapid degradation of
insulin and PTH, resulting in inconsistent or inaccurate
results.”) Despite these findings, there is limited research
directly comparing the effects of various storage conditions
and tube types on the stability of these hormones over
time.® This study aims to address this gap by systematically
evaluating the stability of insulin and PTH under different
storage conditions and across various collection tubes,
providing practical recommendations for clinical laboratories
and researchers to ensure optimal sample preservation.

The objective of this study is to determine the optimal
storage conditions for insulin and PTH, as well as to identify
which blood collection tube provides the best stability for
these hormones over time. By understanding the degradation
profiles of insulin and PTH, this research aims to improve
the reliability of hormone assays, ultimately enhancing the
accuracy of diagnostic and research outcomes in endocrine
and metabolic disorders.

MATERIALS AND METHODS

The study was conducted at the Department of Biochemistry,
Maulana Azad Medical College, and Lok Nayak Hospital,
New Delhi, with the objective of assessing the stability of
insulin and PTH across various storage conditions and
blood collection tubes. Three types of collection tubes,
serum separator tubes, EDTA plasma tubes, and heparin
plasma tubes, were used (BD Vacutainer®, Becton, Dickinson
and Company [BD], USA), and samples were stored at
room temperature (approximately 25°C), 4°C, and —20°C.
In addition, the effect of repeated freeze-thaw cycles on
hormone stability was also evaluated.

This study involved healthy adult volunteers who were
informed about the purpose and procedures of the sample
collection for laboratory analysis. Participation was voluntary,
and consent was considered implied through the act of
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providing the sample. The study was non-interventional,
involved minimal risk, and all samples were anonymized
before processing. In accordance with routine institutional
practices for minimal-risk studies using anonymized
biological samples, separate ethics committee approval was
not sought.

Following collection, whole blood samples were immediately
processed by centrifugation at 3,000 rpm (approximately
2,000 g) for 10 minutes at room temperature to separate
serum or plasma. The separated fractions were aliquoted into
labeled microcentrifuge tubes and stored under designated
conditions. Hormone concentrations were measured at 0,
6, and 24 hours for samples stored at room temperature and
4°C, and at 24, 48, and 72 hours for samples stored at —20°C.

To assess freeze-thaw effects, a subset of —20°C aliquots
underwent three cycles, 30 minutes thaw at ~25°C followed
by refreezing, with measurements at 24, 48, and 72 hours.
Refrigeration (4°C) was evaluated only for 24 hours to model
short-term holding, whereas —20°C storage represented
medium-term preservation and was monitored for 72 hours;
because frozen aliquots must be thawed before analysis, the
first —20°C measurement occurred at 24 hours.

Hormone  quantification =~ was  performed  using
chemiluminescence immunoassays on the VITROS® ECiQ
Immunodiagnostic System (Ortho Clinical Diagnostics,
USA). Both insulin and intact PTH were measured using
their respective VITROS® Immunodiagnostic Products
reagent packs, with all procedures carried out in accordance
with the manufacturer’s instructions. The reagent kits were
stored at 2-8°C, and all samples were processed promptly
to minimize any deviation from recommended handling
conditions.

The assay precision, based on manufacturer-reported data,
showed intra-assay coeflicients of variation (CVs) of 2.1-3.5%
for insulin and 3.5-4.0% for PTH, while inter-assay CVs were
up to 5.0% and 6.0%, respectively. These benchmarks were
used to interpret whether observed fluctuations exceeded
expected analytical variability, as in-house CV% values could
not be generated due to limited sample volume and the pilot
nature of the study.

Sample size and statistical analysis

A total of 10 healthy adult volunteers were enrolled. For each
participant, blood was collected into three types of collection
tubes: Serum separator tubes, EDTA plasma tubes, and
heparin plasma tubes. Each sample was split into aliquots
and assigned to the predefined storage conditions and time
intervals, yielding 90 aliquot sets per hormone (3 tube types
x 3 storage conditions x 10 subjects), each measured serially
at the specified time points.
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Descriptive statistics, including mean values, standard
deviations (SDs), and percentage degradation from baseline
(0 h), were computed for each condition and time point.
Comparative visualization was performed using time-series
line graphs, bar graphs, and box plots. Due to the small
sample size and exploratory nature of the study, the focus
was on observing trends and the magnitude of hormone
degradation rather than performing inferential statistical
tests.

This study was designed as an exploratory pilot investigation
to evaluate the stability of insulin and PTH under various
storage conditions and collection tube types. As such, a
formal sample size calculation was not performed. Instead,
a pragmatic sample size of 10 healthy adult volunteers was
chosen based on feasibility, available resources, and prior
experience with similar laboratory-based degradation
studies. The intent was to observe trends and generate
preliminary data that could guide the design of future studies
with larger cohorts and statistical power calculations.

Insulin concentrations were expressed in WlU/mL, and PTH
levels in pg/mL. Data analysis included descriptive statistics
to calculate mean values, SDs, and percentage degradation
from baseline (0 h). Comparative analyses were visualized
using time-series plots, bar graphs, and box plots to assess
hormone stability under different storage conditions and
across tube types. Box plots were generated to visualize the
variability in concentrations under each storage condition.
Degradation percentages were calculated using the following
formula:

Degradation (%) = (Concentration at 0 hour—Concentration
at Time Point) x 100 Concentration at 0 hour

The analysis was conducted using Microsoft Excel and
GraphPad Prism.

RESULTS

The stability of insulin and PTH was evaluated under
three temperature conditions - room temperature, 4°C,

and —20°C, over a period of 72 hours, using three types of
blood collection tubes: Serum separator, EDTA plasma, and
heparin plasma tubes. Detailed analyses of insulin and PTH
concentrations were conducted to evaluate the effects of time
and temperature on hormone stability. The following sections
outline the key findings.

Time-dependent degradation of insulin and PTH

Figure 1 displays time-dependent degradation of insulin
(WU/mL) and PTH (pg/mL) under three storage conditions:
Room temperature, 4°C, and —20°C. Hormone concentrations
were measured at 0, 6, and 24 hours for samples stored at
room temperature and 4°C and at 24, 48, and 72 hours for
samples stored at —20°C. Baseline (0 h) values were available
for room temperature and 4°C, since these aliquots could be
assayed immediately after separation. For —20°C, however,
measurements could only be made after thawing, so the
first meaningful time point was 24 hours. Refrigeration was
assessed only up to 24 hours to model short-term holding;
—20°C represented medium-term storage, so measurements
were extended to 72 hours.

At room temperature, both insulin and PTH showed significant
degradation within the first 24 hours. Hormonal stability
improved notably at 4°C, while storage at —20°C provided the
highest level of preservation throughout the 72-hour period.

Insulin concentrations declined markedly by 6 hours at room
temperature [Figure 1]. In contrast, refrigeration at 4°C and
freezing at —20°C preserved insulin levels more effectively, with
minimal degradation observed at —20°C. Similarly, PTH levels
decreased rapidly at room temperature but remained more
stable under cold storage, particularly at —20°C [Figure 1].

Comparison of tube types: Serum separator, EDTA
plasma, and heparin plasma tubes

Absolute baseline concentrations differed among tube types,
likely due to matrix effects and tube additives, as reported in
prior studies. Therefore, comparisons were made in terms

Insulin degradation over time
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Figure 1: Time-dependent degradation of (a) insulin (WIU/mL) and (b) parathyroid hormone,
(pg/mL) under different storage conditions (room temperature, 4°C, and -20°C). For -20°C,
measurements begin at 24 hours after thawing. Points show mean concentrations at each time point.
PTH: Parathyroid hormone.
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of relative stability (percentage degradation from each tube’s
baseline) rather than direct comparison of absolute values
[Figure 2].

Figure 2 illustrates mean insulin concentrations (UWIU/mL)
measured at 0, 6, and 24 hours in samples stored at room
temperature across the three tube types.

Figure 2 shows a similar comparison for mean PTH
concentrations (pg/mL) at the same time points and under
the same storage conditions.

Because baseline concentrations differed markedly by tube
(matrix/additive effects), we focus on within-tube change
over time: Across RT measurements, serum and EDTA
showed broadly comparable relative stability for insulin,
while for PTH, EDTA and heparin changed little in relative
terms despite very different baselines. Thus, absolute values
are not comparable across tubes, and stability should be
interpreted within each matrix.

Hormone concentration at 24 hours

At the 24-hour mark, insulin and PTH concentrations were
compared across the three storage conditions (pooled across

tube types) [Figure 3]. This figure provides a snapshot of
hormone levels at 24 hours only, while baseline (0 h) values
and detailed time-course trends have been presented in
Figure 1. As shown, storage at —20°C preserved the highest
concentrations, whereas room temperature led to the greatest
degradation. Considerable variability was noted across
replicates — particularly for insulin. Bar heights represent
mean concentrations at 24 hours.

Insulin: At 24 hours, insulin concentrations were highest
under —20°C storage, followed by 4°C, with the lowest values
recorded at room temperature [Figure 3].

PTH: At 24 hours, concentrations were highest at 4°C,
followed by -20°C, and lowest at room temperature
[Figure 3].

Figure 3 highlights the critical importance of low-temperature
storage, especially at 4°C and -20°C, for maintaining the
stability of both insulin and PTH.

Variability and distribution of insulin and PTH
concentrations

The variability in insulin and PTH concentrations under
different storage conditions was assessed using box plots

Insulin stability across tube types
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Figure 2: (a) Stability of insulin and (b) parathyroid hormone concentrations at room temperature
across different collection tube types (serum separator, ethylenediaminetetraacetic acid plasma, heparin
plasma). Values represent mean concentrations. EDTA: Ethylenediaminetetraacetic acid.
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Figure 3: (a) Mean concentrations of insulin (WIU/mL) and (b) parathyroid hormone (pg/mL) at 24 h
across storage conditions (room temperature, 4°C, —20°C), pooled across tube types. Baseline (0 h)

values. PTH: Parathyroid hormone.
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[Figure 4]. Both hormones exhibited the least variability at
4°C and -20°C, indicating enhanced stability under cold
storage. In contrast, room temperature storage resulted in
greater variability and wider distribution, reflecting the
destabilizing effects of ambient conditions.

Figure 4 shows broader dispersion at room temperature
and narrower interquartile ranges at 4°C and -20°C for
both hormones, consistent with improved stability under
cold storage. Both insulin and PTH displayed the greatest
variability at room temperature and more consistent values
under refrigerated and frozen storage.

Insulin: At room temperature, insulin displayed increased
variability, with a broader range of concentrations. This
variability was substantially reduced at —20°C, highlighting
the advantage of cold storage [Figure 4].

PTH: A similar pattern was observed for PTH, with the
highest variability at room temperature and the lowest
at —20°C, underscoring the need for low-temperature
conditions to maintain hormone integrity [Figure 4].

Figures 1-3 display mean concentrations; Figure 4 shows
distributions (median, interquartile range, whiskers/
outliers). Values are from 10 biological replicates. Given
the exploratory sample size, we did not perform inferential
statistics; trends should be interpreted as indicative.

Effect of repeated freeze-thaw cycles

A subset of —20°C aliquots underwent sequential thaw-
refreeze with measurements after the initial thaw (~24 hours)
and after two additional cycles (~48 and ~72 hours). The mean
percentage change from 24 to 48 hours was —6.3% + 20% and
from 24 to 72 hours was +1.3% * 16.6%, indicating minimal
impact of up to two additional cycles on stability. These
findings provide practical reassurance for clinical laboratories
where aliquots may require limited reuse.

Both insulin and PTH experienced rapid degradation at room
temperature, with significant decreases in concentrations
within 24 hours. Storage at 4°C provided better stability
compared to room temperature, but the most effective
storage was at —20°C, where hormone concentrations
remained stable for up to 72 hours. Because tube matrices
differ, stability should be interpreted within tube type; in our
room-temperature data, serum and EDTA showed broadly
comparable relative stability for insulin, while PTH patterns
reflected strong matrix effects.

Repeated thawing caused only minor degradation and was
more stable compared to room temperature storage.

Collectively, these findings underscore the critical role of cold
storage — particularly at —20°C - in preserving the stability
of insulin and PTH, with important implications for both
clinical diagnostics and research assays.

DISCUSSION

This study evaluated the stability of insulin and PTH across
various storage conditions and blood collection tubes. The
results showed rapid degradation of both hormones at room
temperature, particularly within the first 24 hours, with
insulin degrading more quickly. This aligns with the known
susceptibility of proteins like insulin to denaturation in
ambient conditions, reinforcing the need for cold storage.

At 4°C, both insulin and PTH displayed better stability,
but some degradation still occurred, particularly beyond
24 hours. This suggests that while 4°C storage is suitable
for short-term preservation, it is insufficient for extended
storage. Room temperature storage, on the other hand, is not
acceptable due to the rapid degradation of these hormones.
The most stable condition was —20°C, supporting its role as
the optimal choice for short- to medium-term storage. In
frozen aliquots, two additional thaw-refreeze cycles beyond
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Figure 4: (a) Distribution of insulin and (b) parathyroid hormone concentrations across storage
conditions (room temperature, 4°C, —20°C). Box plots show median, interquartile range, and outliers.

PTH: Parathyroid hormone.
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the initial thaw produced only small changes (-6.3% from
24 to 48 hours; +1.3% from 24 to 72 hours), within expected
analytical variability. Nevertheless, minimizing repeated
freeze—thaw cycles remains advisable in practice.

It is important to note that baseline concentrations differed
between tube types, which likely reflect matrix and additive
effects rather than true biological differences. Our analysis,
therefore, emphasized relative stability (percentage
degradation within each tube type) rather than direct
comparison of absolute concentrations. The comparison of
serum separator tubes, EDTA plasma tubes, and heparin
plasma tubes revealed that serum separator tubes provided
the most consistent stability for both hormones across storage
conditions. However, EDTA tubes preserved insulin more
effectively at early time points, and heparin tubes showed
higher initial PTH levels. Taken together with matrix effects,
these patterns suggest that serum tubes may offer practical
consistency when processing is delayed, but absolute cross-
matrix comparisons are not appropriate.

The wvariability in hormone concentrations was most
pronounced at room temperature and decreased as storage
conditions improved, indicating that cold storage not only
stabilizes hormones but also reduces variability in results.
This finding is critical for ensuring accuracy in clinical and
research assays of insulin and PTH.

A limitation of our study is that frozen samples were
assessed only up to 72 hours at —20°C; although sufficient to
demonstrate short- to medium-term stability, this does not
capture longer storage durations (e.g., 21 week) commonly
used in clinical laboratories. In addition, in-house CV%
values for insulin and PTH were not generated because of
limited sample volume; therefore, manufacturer-reported
precision was used as a reference benchmark, which may
limit direct extrapolation to our laboratory setting. Finally, we
did not perform matrix-equivalency studies on this platform;
accordingly, absolute insulin and PTH concentrations should
not be compared across tube types and should be interpreted
only within the same matrix.

The study emphasizes the necessity of cold storage,
particularly at —20°C, for maintaining insulin and PTH
stability over time. Serum separator tubes offer better
hormone preservation compared to EDTA and heparin
tubes. These insights have important implications for clinical
laboratories and research, where proper sample handling is
vital for reliable hormone analysis.

CONCLUSIONS

This study highlights the importance of storage conditions
for insulin and PTH stability. Both hormones degraded
rapidly at room temperature, making ambient storage
unsuitable. Short-term preservation was better at 4°C, while
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—20°C provided the best stability for up to 72 hours, with
only minor effects from freeze-thaw cycles. Serum separator
tubes preserved hormone levels more consistently than
EDTA or heparin tubes. These findings support the use of
—20°C storage and serum separator tubes to ensure reliable
hormone measurements in clinical and research laboratories.
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