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Abstract

Background
Determining the pattern of analytes stability with

regard to time duration and temperature of storage is
compulsory to maintain the precision and accuracy of
measurements. Hence, this study aimed to assess the
stability of 19 common serum analytes in relation to time
length and storage temperatures.

Methods
Serum specimens from healthy adult volunteers were

obtained, transferred into a single BD falcon tube, gently
mixed. About 300µL of serum was taken and
immediately analyzed to determine the concentration of
19 common serum analytes to use the results as a
baseline value for the characterization of analytes
stability. Then the serum aliquoted into 24 sterilized
Nunc tubes (300µL in each) and six aliquots were stored
in each storage temperature like 17°C, 2-8 °C, -20°C and
-41°C. Then the aliquots analyzed in parallel on days 5,
10, 15, 20, 25, and 30.

Results
At 17°C, amylase (AMY), Urea (URE), total protein (TP),

Creatinine (CREA) and Glucose (GLU) were stable until
day 25 with <3% change of the starting value, while the
rest analytes were very unstable throughout 30 days. At
2-8 °C, alkaline phosphatase (ALP), creatine phosphatase
(CK-T), cholesterol (TC), AMY, LDL-cholesterol (LDL-c), TP,
and GLU were stable until day 30 with ≤4% change of the
initial value. At -20°C and -410C, AMY, pancreatic
amylase (AM-P), LDH, TC, triglyceride (TG), GLU, PHO,
and TP were stable for 30 days with ≤3.1% change from a
baseline value. Novel findings: the following tests were
stable at 170C for 25 days with the maximum change of
urea <2%, glucose <3%, protein total <1% and amylase
0.0%

Conclusion
This study tried to evaluate the stability of serum

biochemicals at four different storage temperatures
concurrently. Each serum biochemical has inimitable
stability characteristics in diverse storage temperatures.
Therefore, clinical laboratories should store specimens
using appropriate temperatures as soon as possible by
considering the length of storage time.

Keywords: Serum, Biochemical analytes, Stability,
Storage temperature

Introduction
The main challenge in clinical laboratories is analytes stability

in serum/plasma if there is a delay in laboratory examination.
Samples are commonly stored in the laboratory at different
temperature levels until the laboratory examination done
like15-25°C out of the refrigerator, 4-8°C (in the refrigerator) and
in deep freezers (-20°C,-40°C, -70°C or -80°C) depending on the
need of storage time. Therefore, temperature maintenance for
sample storage is one of the critical parts of pre-analytical
quality assurance and it plays a great role to maintain analytes
stability or measurement precision. It is recommended that
performing tests from freshly collected serum or plasma to
maintain the integrity of results otherwise alteration in values
might occur [1,2]. Factors like physiological and analytical, and
age, sex, pregnancy, nutritional status, and postures can also
consequence variabilities in lab results [3]. Studies reported
short-term stability of common biochemical analytes in human
serum specimens if the samples stored in the refrigerator (at 4
°C) and/or at room temperature (RT) [4, 5]. However, a deep
freezer is required for prolonged storage and long-term stability
of biochemical analytes in human samples at -20°C to -80°C
temperature when compared to the storage temperature of 4°C
or RT [6, 7, 8]. The temperature and length of storage are vital
factors that may influence the outcome of serum biochemical
examination. Data concerning the stability of serum analytes in
relation to time duration and temperatures of storage in human
serum samples are scarce in the Ethiopian setting.

Therefore, this study was carried out to address possible
storage temperature for routine 19 types of serum biochemical
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analytes using four different storage temperatures (17°C, 4°C,
-20°C and -41°C) for 30 days prolonged time.

Methods

Study Setting
This prospective study was conducted from 24 April to 23 May

2020 at Hawassa University Comprehensive Specialized Hospital,
Hawassa, Sidama regional state. Hawassa city is the capital city
of the region and 275 km distant from the capital city of
Ethiopia. This study was conducted in the clinical chemistry
laboratory unit.

Sample Collection, Storage Temperature, and
Measurements

Ten voluntary and physically healthy male individuals of
similar age groups were selected and 5ml of blood was collected
from each using an evacuated serum separator gel tube (SSGT)
and kept 20-25minutes at room temperature in light protected
place for complete clotting. The samples were centrifuged at
room temperature (17OC) with 3000rpm for 10 minutes. Then
serum was separated from cells by gel and clear serum of these
three individuals was pipetted by Pasteur pipette, transferred to
14ml containing BD falcon tube, and gently mixed before doing
aliquots. Immediately 300µl of serum was taken and
immediately analyzed to determine the concentration of 19
common serum analytes by Cobas 600Integra series analyzer
from Roche Diagnostics (Germany) to use results as a baseline
value. Then serum was equal aliquoted in 24 parts with a
volume of 300µl in each sterile plastic tube and tightly closed
with a lid. Also, six aliquots were stored in each storage
temperature of 17°C, 2-8 °C, -20°C, and -41°C. Then one aliquot
from each storage temperature was taken in every time interval,
kept in room temperature for 30 minutes before analysis, and
then analyzed in parallel on the day: 5, 10, 15, 20, 25, and 30. To
avoid instrument, methods and reagent variability effect, the
study used a single analyzer and the same batch reagents in the
follow-up measurements as those measured at the baseline.
These19 serum analytes were aspartate aminotransferase(AST),
alanine aminotransferase(ALT), alkaline phosphatase(ALP),
creatine kinase (CK-T), lactate dehydrogenase (LDH), total
amylase(AMY), pancreatic amylase(AM-P), lipase(LIP),
urea(URE), creatinine(CREA), glucose(GLU), total protein(TP),
total cholesterol(TC), HDL-cholesterol(HDL-c), LDL-cholesterol
(LDL-c), direct bilirubin (BILD), total bilirubin(BIL-T), triglyceride
(TG) and phosphates (PHO).

Outcome Assessment and Statistical Analysis
As stated above, this study assessed the levels and trends of

19 serum biochemical analytes, at baseline (time 0) of the study
and repeatedly measured on days 5, 10, 15, 20, 25, and 30 after
the baseline. Normality and homogeneity of variance
assumptions of the distribution of analytes were checked by
assessing histograms and normal probability plots using the
Shapiro-Wilk test. Means Student t-test was used to find the
effect of aliquots storage temperature and length of storage
time on its analytes concentration. The mean difference of
analytes between storage temperatures was considered
significant at p<0.05. The analyte concentration at zero time was
considered as a control. The change of each analyte from
baseline (time 0) for different storage temperatures was
calculated as percent change as follows: Percent change of
analyte from baseline at Y = concentration at [(Xn-X0)/X0] x100.
Where, Y is storage temperature (17°C, 4°C, -20°C and -41°C); Xn
is the concentration of analyte at the specific time of aliquots
analysis (day 5, 10, 15, 20, 25 and 30); X0 is the concentration of
analyte at baseline (time 0). The imprecision limit for each
analyte also was determined by multiplying coefficient variation
(CV) with 0.5 or (% CV x0.5). Statistically significant changes in
between storage temperatures, and time intervals also was
determined for each analyte by ANOVA paired way analysis.
Post-hoc analysis was assessed with a Bonferroni adjustment to
ensuing a significance level at P < 0.008 (0.05/6 = 0.008) was set
for each analyte regarding time interval and p<0.0125 (0.05/4)
was set for each analyte regarding storage temperature.

Results

The Pattern of Analytes Stability at 170c
At170C storage temperature, baseline value of AST was

52.1U/L and on day 5, it was slightly decreased to 49.1U/L, on
day 10 it also decreased to 43.8U/L, but on day 25 and day 30, it
was significantly decreased to 32.4U/L and 37.7U/L,
respectively. AMY was stable until day25 without any change
(76U/L) in all storage temperatures, but on day 30, it was slightly
increased to79U/L (3.9%). LDH significantly decreased from the
baseline value (286U/L) to 264 U/L, 257 U/L, 230U/L, and
277U/L on days 10, 15, 25, and 30, respectively. In addition, the
overall percent change of analyte was 4.4% to 22.3% for LDL-c,
6.1% to 32% for TG, and 3.9% to 40.9% for PHO. However, a
significant decrease was observed from baseline in AST (-37.8%
at day 25), ALT (-82.9% at day 25), BIL-D (-70.9% at day 30%),
BIL-T (-65.8% at day 30) and HDL (-29.8% at day 25) (Table-1).

Ana
lyte

Concentrations of analytes and days of run Cha
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AS
T
(U/L
)

52.
1

49.
1

43.
8

41.
1

42.
8

32.
4

37.
7

-3 -8.3 -11 -9.3 -19.
7

-14.
4

-5.8 -15.
9

-21.
1

-17.
9

-37.
8

-27.
6

ALT
(U/L
)

35 21.
2

15.
1

12.
2

20.
5

6 12.
6

-13.
8

-19.
9

-22.
8

-14.
5

-29 -22.
4

-39.
4

-56.
9

-65.
1

-41.
4

-82.
9

-64

ALP
(U/L
)

101 104 105 108 111 108 114 3 4 7 10 7 13 3 4 6.9 9.9 6.9 12.
9

AM
Y
(U/L
)

76 76 76 76 76 76 79 0 0 0 0 0 3 0 0 0 0 0 3.9

AM-
P
(U/L
)

32.
4

32.
6

34.
3

34.
8

34.
5

36.
5

36.
7

0.2 1.9 2.4 2.1 4.1 4.3 0.6 5.9 7.4 6.5 12.
7

13.
3

LD
H
(U/L
)

286 279 264 257 276 230 277 -7 -22 -29 -10 -56 -9 -2.4 -7.7 -10.
1

-3.5 -19.
6

-3.1

CK-
T
(U/L
)

464 384 331 300 431 224 390 -80 -13
3

-16
4

-33 -24
0

-74 -17.
2

-28.
7

-35.
3

-7.1 -51.
7

-15.
9

LIP
(U/L
)

28.
2

26.
3

25.
6

23.
8

25.
3

20.
8

24.
6

-1.9 -2.6 -4.4 -2.9 -7.4 -3.6 -6.7 -9.2 -15.
6

-10.
3

-26.
2

-12.
8

TC
(mg
/dL)

119.
9

120
.1

120
.4

119.
5

124
.5

123
.6

127
.3

0.2 0.5 -0.4 4.6 3.7 7.4 0.2 0.4 -0.3 3.8 3.1 6.2

HD
L-c
(Mg
/dL)

35.
9

32.
4

31 29 29.
5

25.
2

28 -3.5 -4.9 -6.9 -6.4 -10.
7

-7.9 -9.7 -13.
6

-19.
2

-17.
8

-29.
8

-22

LDL
-c
(mg
/dL)

52.
4

54.
7

57.
1

59.
4

60.
8

62.
5

64.
1

2.3 4.7 7 8.4 10.
1

11.7 4.4 9 13.
4

16 19.
3

22.
3

TG
(mg
/dL)

161
.4

171
.3

181
.8

189
.2

189
.7

213
.3

210
.7

9.9 20.
4

27.
8

28.
3

51.
9

49.
3

6.1 12.
6

17.
2

17.
5

32 30.
5

BIL-
D
(mg
/dL)

0.4
4

0.3
11

0.2
59

0.2
23

0.1
56

0.1
82

0.1
28

-0.1
3

-0.1
8

-0.2
2

-0.2
8

-0.2
6

-0.3
1

-29.
3

-41.
1

-49.
3

-64.
5

-58.
6

-70.
9

BIL-
T
(mg
/dL)

0.8
5

0.7
67

0.6
94

0.5
56

0.4
24

0.4
35

0.2
91

-0.0
8

-0.1
6

-0.2
9

-0.4
3

-0.4
2

-0.5
6

-9.8 -18.
4

-34.
6

-50.
1

-48.
8

-65.
8

UR
EA
(mg
/dl)

52 52.
9

51.
9

52.
5

53.
1

52.
9

54.
9

0.9 -0.1 0.5 1.1 0.9 2.9 1.7 -0.2 1 2.1 1.7 5.6

CR
EA
(mg
/dL)

1.3
8

1.3
8

1.4
1

1.3
3

1.3
6

1.3
4

1.3
8

0 0.0
3

-0.0
5

-0.0
2

-0.0
4

0 0 2.2 -3.6 -1.4 -2.9 0

GL
U
(mg
/dL)

117.
2

116 113.
8

113.
9

117.
9

114.
7

122
.2

-1.2 -3.4 -3.3 0.7 -2.5 5 -1 -2.9 -2.8 0.6 -2.1 4.3

PH
O
(m
mol/
L)

1.2
7

1.3
2

1.4
1

1.5
3

1.5
6

1.7
6

1.7
9

0.0
5

0.1
4

0.2
6

0.2
9

0.4
9

0.5
2

3.9 11 20.
5

22.
8

38.
6

40.
9
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TP
(mg
/dL)

5.4 5.4
4

5.3
9

5.4
4

5.4
2

5.4
2

5.7
4

0.0
4

-0.0
1

0.0
4

0.0
2

0.0
2

0.3
4

0.7
4

-0.2 0.7 0.3
7

-0.3
7

6.3

The pattern of analytes stability at 2-8OC
At 2-80C storage temperature, the following analytes 

indicated change between the storage time: for example, TP

(1.9% at day 30), GLU ( -1.6% at day 5 and 1.6% at day 20), CREA
(3.6% at day 10) and LDL-c (- 1.5% at day 25). In addition, slight
increase was observed in ALP (4% at day 30), AMY (-1.3% at day
25 and1.3% at day 10), AM-P (4% at day 10) from baseline value
(Table-2).

Ana
lyte

Concentrations of analytes and days of run Cha
nge
fro
m
bas
elin
e

%
cha
nge
fro
m
bas
elin
e

Bas
elin
e

Day
5

Day
10

Day
15

Day
20

Day
25

Day
30

Day
5

Day
10

Day
15

Day
20

Day
25

Day
30

Day
5

Day
10

Day
15

Day
20

Day
25

Day
30

AS
T
(U/L
)

52.
1

53 51.
9

51.
3

50.
6

49.
3

46.
1

0.9 -0.2 -0.8 -1.5 -2.8 -6 1.7 -0.4 -1.5 -2.9 -5.4 -11

AL
T(U
/L)

35 33.
6

28.
3

26.
9

24.
8

24.
4

18.
8

-1.4 -6.7 -8.1 -10 -10.
6

-16.
2

-4 -19.
1

-23.
1

-29.
1

-30.
3

-46.
3

ALP
(U/L
)

101 104 102 102 103 101 105 3 1 1 2 0 4 3 1 1 2 0 4

AM
Y
(U/L
)

76 76 77 76 76 75 76 0 1 0 0 -1 0 0 1.3 0 0 -1.3 0

AM-
P
(U/L
)

32.
4

32.
3

33.
7

33.
2

32.
5

32.
6

33.
3

-0.1 1.3 0.8 0.1 0.2 0.9 -0.3 4 2.5 0.3 0.6 2.8

LD
H
(U/L
)

286 271 242 233 229 214 204 -15 -44 -53 -57 -72 -82 -5.2 -15.
4

-18.
5

-19.
9

-25.
2

-28.
7

CK-
T
(U/L
)

464 460 455 461 465 453 448 -4 -9 -3 1 -11 -16 -0.9 -1.9 -0.6 0.2 -2.4 -3.4

LIP
(U/L
)

28.
2

28 27 27.
8

25.
9

26.
6

25.
2

-0.2 -1.2 -0.4 -2.3 -1.6 -3 -0.7 -4.3 -1.4 -8.2 -5.7 -10.
6

TC
(mg
/dL)

119.
9

121
.6

121
.7

121
.1

123
.4

122
.2

123
.3

1.7 1.8 1.2 3.5 2.3 3.4 1.4 1.5 1 2.9 1.9 2.8

HD
L-c
(Mg
/dL)

35.
9

34.
2

33.
9

33.
2

32.
8

33.
4

31.
5

-1.7 -2 -2.7 -3.1 -2.5 -4.4 -4.7 -5.6 -7.5 -8.6 -7 -12.
3

LDL
-c
(mg
/dL)

52.
4

50.
3

52.
4

50.
9

51.
1

51.
6

53.
2

-2.1 0 -1.5 -1.3 -0.8 0.8 -4 0 -2.9 -2.5 -1.5 1.5

TG
(mg
/dL)

161
.4

162
.8

171 166
.9

171
.8

170
.5

174
.5

1.4 9.6 5.5 10.
4

9.1 13.
1

0.9 5.9 3.4 6.4 5.6 8.1
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BIL-
D
(mg
/dL)

0.4
4

0.4
03

0.3
49

0.3
19

0.2
99

0.3
09

0.2
59

-0.0
4

-0.0
9

-0.1
2

-0.1
4

-0.1
3

-0.1
8

-8.4 -20.
7

-27.
5

-32 -29.
8

-41.
1

BIL-
T
(mg
/dL)

0.8
5

0.8 0.8 0.7
61

0.7
85

0.7
5

0.6
7

-0.0
5

-0.0
5

-0.0
9

-0.0
6

-0.1 -0.1
8

-5.9 -5.9 -10.
5

-7.6 -12.
1

-21.
3

UR
E
(mg
/dl)

52 53.
6

52.
3

52.
6

52.
4

52.
2

53.
9

1.6 0.3 0.6 0.4 0.2 1.9 3 0.6 1.2 0.8 0.4 3.7

CR
EA
(mg
/dL)

1.3
8

1.3
9

1.4
3

1.3
8

1.3
6

1.3
6

1.3
9

0.0
1

0.0
5

0 -0.0
2

-0.0
2

0.0
1

0.7 3.6 0 -1.4 -1.4 0.7

GL
U
(mg
/dL)

117.
2

115.
3

117.
7

116.
6

119.
1

116.
5

116.
8

-1.9 0.5 -0.6 1.9 -0.7 -0.4 -1.6 0.4 -0.5 1.6 -0.6 -0.3

PH
O
(m
mol/
L)

1.2
7

1.3 1.3
1

1.3
6

1.3
5

1.3
4

1.3
9

0.0
3

0.0
4

0.0
9

0.0
8

0.0
7

0.1
2

2.4 3.1 7.1 6.3 5.5 9.4

TP
(mg
/dL)

5.4 5.3
8

5.4
7

5.4
7

5.4
7

5.4 5.5 -0.0
2

0.0
7

0.0
7

0.0
7

0 0.1 -0.4 1.3 1.3 1.3 0 1.9

The pattern of analytes stability at -20OC
Among specimens stored at-200C freezer, TP, PHO, GLU, CREA, 

BIL-T, TG, LDL-c, HDL-c, TC, LIP, AM-P, AMY, and ALP indicated

<5% change throughout 30 days from baseline, whereas ALT and
CK showed high instability. In addition, BIL-D and AST also were
unstable throughout 30 days duration at -20OC temperature
(Table-3).

Ana
lyte

Concentrations of analytes and days of run Cha
nge
fro
m
bas
elin
e

%
cha
nge
fro
m
bas
elin
e

Bas
elin
e

Day
5

Day
10

Day
15

Day
20

Day
25

Day
30

Day
5

Day
10

Day
15

Day
20

Day
25

Day
30

Day
5

Day
10

Day
15

Day
20

Day
25

Day
30

AS
T
(U/L
)

52.
1

50.
7

51.
1

49.
7

49.
2

49.
4

48.
8

-1.4 -1 -2.4 -2.9 -2.7 -3.3 -2.7 -1.9 -4.6 -5.6 -5.2 -6.3

AL
T(U
/L)

35 32.
9

32.
4

31.
8

29.
7

28.
5

28.
3

-2.1 -2.6 -3.2 -5.3 -6.5 -6.7 -6 -7.4 -9.1 -15.
1

-18.
6

-19.
1

ALP
(U/L
)

101 103 104 104 101 103 102 2 3 3 0 2 1 2 3 3 0 2 1

AM
Y(U
/L)

76 75 76 76 76 76 76 -1 0 0 0 0 0 -1.3 0 0 0 0 0

AM-
P
(U/L
)

32.
4

32.
3

32.
4

32.
4

32.
2

32.
4

32.
5

-0.1 0 0 -0.2 0 0.1 -0.3 0 0 -0.6 0 0.3
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LD
H
(U/L
)

286 280 279 281 279 283 278 -6 -7 -5 -7 -3 -8 -2.1 -2.4 -1.7 -2.4 -1 -2.8

CK-
T
(U/L
)

464 444 439 433 423 431 415 -20 -25 -31 -41 -33 -49 -4.3 -5.4 -6.7 -8.8 -7.1 -10.
6

LIP
(U/L
)

28.
2

27.
1

26.
8

28 27.
9

28.
5

27.
1

-1.1 -1.4 -0.2 -0.3 0.3 -1.1 -3.9 -4.9 -0.7 -1.1 1.1 -3.9

TC
(mg
/dL)

119.
9

120
.2

119.
7

119 119.
7

118.
8

122
.5

0.3 -0.2 -0.9 -0.2 -1.1 2.6 0.3 -0.2 -0.8 -0.2 -0.9 2.2

HD
L-c
(Mg
/dL)

35.
9

35.
4

35.
3

35.
4

35.
3

35.
9

35.
4

-0.5 -0.6 -0.5 -0.0
6

0 -0.5 -1.4 -1.7 -1.4 -1.7 0 -1.4

LDL
-c
(mg
/dL)

52.
4

50.
6

51.
1

50.
6

51.
4

50.
1

50 -1.8 -1.3 -1.8 -1 -2.3 -2.4 -3.4 -2.5 -3.4 -1.9 -4.4 -4.6

TG
(mg
/dL)

161
.4

162
.8

161
.4

159
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The pattern of analytes stability at -41OC
Among aliquots stored at -410C temperature in the freezer, 

ALP, AMY, AM-P, TC, LDH, HDL-c, TG, URE, GLU, PHO and TP have

indicated a change <4% from baseline. Besides, CREA, BIL-T, and
LDL-c analytes indicated a change of less than or equal to 5%.
However, ALT was decreased >16% after day 15 and CK-T
decreased > 7% after day 15 when compared with baseline
value(Table-4).
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Storage temperature and patterns of analytes
stability

AST decreased ≤2.5% change on day 20 at 2-80C on day10 at 
-410C, whereas ALT indicated <3% change on day10 at -410C and 
4% change on day 5 at 2-80C. In addition, AMY indicated a 
maximum of 3.9% change in all four types of storage 
temperature throughout 30 days of storage. LDH decreased <3%
on day 5 at 170C, on day 30 at -200C and on day 30 at -410C. CK-
T was stable for 25 days at 2-80C and it decreased with <2.5%

change, whereas it was stable for 10 days at -410C with <2%
change (table-5). Moreover, AST can be stored 30 days at -410C,
20 days at 2-80C, and 15 days at -200C with lower than its
imprecision limit (5.15%). AM-P can be stored for 30 days at
-410C and -200C with lower than its imprecision limit (1.87%).
Furthermore, HDL, TG, BIL-D, BIL-T, and PHO can be stored for 30
days at -410C and -200C with the lower change than their
imprecision limit.

The overall novel findings: the following tests were stable at
170C for 25 days with the maximum change of urea <2%,
glucose <3%, protein total <1% and amylase 0.0% (Table-6).

[Percent change: ≤2.5%; 2.6-5%; 5.1-10%; >10%]
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Table 5: Effects of temp and length of storage on analytes stability at different temperature levels.

Percent change= [(Xn- X0)/ X0] x100, where Xn is a 
concentration of analyte at n day run, X0 is a concentration of 
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Table 6: Effects of storage period and temperature on analytes concentration from baseline and the imprecision limit.
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Imprecision limit of each analyte = 0.5 ×% CV (coefficient 
variation); percent change= [(Xn- X0)/ X0] x100, where Xn is a 
concentration of analyte at n day run, X0 is a concentration of 
analyte at baseline

Change of analytes at 30 days of storage
AST, showed a signi icance differences between the storage 

temperatures of 17 oC vs.2-8oC and 17 oC vs.-41oC. ALT and ALP

also indicated significant variation beteween temperature 17 oC
vs.2-8oC, 17 oC vs.-20oC and 17 oC vs.-41oC. While, BIL-D was
significantly differ beteween17vs.2-8oC, 17vs.-20oC, 2-8
oCvs.-20oC, 17vs.-41oC and 2-8vs.-41oC (Table-7).

In Post-hoc analysis except AMY, CREA, and GLU; the rest
analytes indicated significance differences between the storage
temperatures (P-value <0.0125), while all parameters did not
show any significant difference regarding storage time within a
group (p-value >0.008).

Parameter 17 oC vs.2-8oC 17 oC vs.-20oC 17 oC vs.-41oC 2-8 oC vs.-20oC 2-8 oC vs.-41oC -20 oC vs.-41oC

AST (U/L) 41.1vs.50.4** 41.1vs.50.1** 41.1vs.50.1** 50.4vs.50.1 50.4vs.50.1 50.1vs.50.1

ALT(U/L) 14.6vs.26.1** 14.6vs.31.2*** 14.6vs.30.8*** 26.1vs31.2* 26.1vs.30.8 31.2vs.30.8

ALP(U/L) 108.3vs.102.8** 108.3vs.102.6** 108.3vs.102.7** 102.8v102.6 102.8vs.102.7 102.6vs.102.7

AMY(U/L) 76.5vs.76 76.5vs.75.8 76.5vs.75.8 76vs.75.8 76vs.75.8 75.8vs.75.8

AM-P(U/L) 34.9vs.32.9* 34.9vs.32.37** 34.9vs.32.7** 32.9vs.32.37* 32.9vs.32.7 32.4vs.32.7***

LDH(U/L) 263.8 vs.232.2* 263.8 vs.281* 263.8vs.284* 232.2vs.281*** 232.2vs.284*** 281vs.284

CK-T(U/L) 343.3vs.457** 343.3vs.435.6** 343.3vs.438* 457vs.435.6* 457vs.438* 435.6vs.438

LIP(U/L) 24.4vs.26.7* 24.4vs.27.6** 24.4vs.28.1** 26.7vs.27.6 26.7vs.28.1* 27.6vs.28.1

TC (mg/dL) 122.6vs.122.2 122.6vs.119.9 122.6vs.119.5 122.2vs.119.9** 122.2vs.119.5** 119.9vs.119.5

HDL-c(mg/dL) 29.2vs.33.2** 29.2vs.35.5*** 29.2vs.35.7*** 33.2vs.35.5*** 33.2vs.35.7*** 35.5vs.35.7

LDL-c(mg/dL) 59.8vs51.6*** 59.8vs50.9*** 59.8vs.50.2*** 51.6vs50.9 51.6vs.50.2 50.9vs.50.2

TG(mg/dL) 192.7vs.169.6** 192.7vs.162*** 192.7vs.163** 169.6vs.162** 169.6vs.163** 162vs.163

BIL-D(mg/dL) 0.21vs.0.32** 0.21vs.0.43*** 0.21vs0.42*** 0.32vs.0.43*** 0.32vs0.42** 0.43vs0.42

BIL-T(mg/dL) 0.53vs.0.76* 0.53vs.0.84** 0.53vs.0.836** 0.76vs.0.84** 0.76vs.0.836** 0.84vs.0.836

URE(mg/dL) 53vs.52.3** 53vs.51.4** 53vs.51.3** 52.8vs.51.4** 52.8vs.51.3** 51.4vs.51.3

CREA(mg/dL) 1.37vs.1.38 1.37vs.1.38 1.37vs.1.38 1.38vs.1.38 1.38vs.1.38 1.38vs.1.38

GLU(mg/dL) 116.4vs.117 116.4vs.116.3 116.4vs.116.3 117vs116.3 117vs.116.3 116.3vs.116.3

PHO(mmol/L) 1.56vs1.56* 1.56vs1.27** 1.56vs.1.28 1.34vs1.27*** 1.34vs.1.28** 1.27vs.1.28

TP ((mg/dL) 5.47vs.5.45 5.47vs.5.4 5.47vs.5.39 5.44vs.5.4 5.44vs.5.39* 5.4vs.5.39

Table 7: The overall mean value of analytes between storage
temperatures and significances level.

*, p<0.05, **, p<0.01, ***, p<0.0001

Discussion
This study used 17°C, 2-8°C, -20°C and -41°C storage

temperatures for storing aliquots intended for 30 days with the
strict following of temperaturefluctuation using digital
indicators. To indicate the effects of specimen storage period
and temperature, primarily the concentration of 19 analytes was
determined immediately after the serum has been separated
and mixed the results were used as a baseline value to address
the stability pattern of each analyte from baseline value.

In the present study AST was decreased to -5.8% on day 5 at
170C, -2.9% on day 20 at 2-80C, - 4.6% on day 15, -200C and

-4.2% on day 30 at -410C of the storage temperatures. However,
different studies highlighted the percent change of AST in
different times and temperatures level of specimen storage: for
example, the study conducted by Cray et al. indicated 3.8% of
AST change on 7 days of specimen storage at 2-80C, 1.8% (frost-
free freezer) and 1.1% (frost non-free freezer) of AST change on
30 days among the specimen stored at -200C[9]. In addition, the
study reported by Shimizu et al. indicated -15.3% of AST changes
among the specimen stored for 28 days at 2-80C and -4.8%
changes, which stored at -200C for 14 days [10]. Moreover, AST
decreased -7.1% at room temperature on day 7 and which
increased 7.1% at 40C on day 7[11]. Day to day performance
issues of the instrument, the nature of the enzyme itself,
onboard duration of reagents, and minor alteration in
temperature level might be plausible factors for the variations.
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In this study, LDH was stable for the first 5 days at 170C, while
it was stable for 30 days on aliquots stored at -200C and -410C
with <3% change. The finding was inconsistent with the reports
of several studies that indicated at least14 days’ stability when
the specimen stored at 250C and -300C [10] and 7 days stability
at room temperature with 3.1% increase and 7 days stability at
40C with 1.8% decrease from the baseline [11]. The molecular
nature and variability in the stability of LDH isoenzymes might
cause significant instability with time length and temperature of
specimen storage.

Friedman et al. reported 3 months of prolonged stability of
CK-T isoenzymes activity at the storage temperature of 40C [12].
In similar, this study indicated the stability of CK-T activity for 30
days at 2-80C with a maximum decreasing of 3.4%. In contrast,
the study indicated a more than 10% decrease in CK activity at
2-80C on day 7 [9]. In addition, Ikeda et al. also reported that the
decreasing activity of CK at 40C and -200C [13]. It is difficult to
clarify the disparities of CK activity in different temperatures,
however, its three isoenzymes might not have a similar stability
rate at different temperatures and time lengths of specimen
storage.

Kachhawa et al. reported a significant decrease of AST, ALT,
and ALP activity on day 30 from specimens stored at -20°C [14].
In line with the report of Kachhawa et al., the current study
indicated a significant decrease among specimen stored at -20°C
for 30 days; except for ALP (because ALP was stable and its
maximum change was 1.3% during 30 days). In addition, the
report of several studies indicated the instability of ALT activity
at room temperature and -20°C and its comparative stability
when the specimens stored at 4°C [13, 15]. However, in this
study, ALP was stable for 30 days at 2-8°C with a maximum
change of 4%.

One study revealed the stability of AMY and HDL-c until day56
at -20°C,-30°C, 4°C, and 25°C [10]. This in line with the finding of
the current study except for HDL-c result of aliquots stored
at17°Cand 2-8°C [10].

In this study, BIL-T was decreased from 5.9% to 21.3% within
30 days among aliquots stored at 2-8°C and similarly Tambse et
al. and other studies revealed that the reduction of BIL-T staring
from hours at 2-8°C [16, 17, 18]. Conversely, Shimizu et al.
reported the stability of BIL-T with minor change at 4°C [10].
Serum separation time, level of hemolysis, and other substances
may affect the stability bilirubin [19]. Further, BIL-T was stable
for 1 month at -20°C and -41°C with a maximum 4.5% decrease
in the current study and this finding in line with the study
reported from aliquots stored at -20°C and -30°C [10].

Limitation of the Study
First, the lack of -70 to -80°C freezer made difficulties to

assess the trend of serum biochemicals stability at -70°C and
-80°C. Second, the study used 30 days of storage time, however
variable stability rate might be observed if the specimens stored
for several months to years. Third Irrespective of the described
limits, this study ultimately awakes clinical laboratory
personnel’s concerning the length of specimen storage and
temperature-based stability of analytes.

Conclusion
AST showed variation ≤2.5% among the specimens stored for

20 days at 2-80C and 10 days at -410C, whereas AST also
indicated ≤ a 5% change on day 20 at 2-80C, on day 15 at -200C
and day 30 at -410C on day 10. ALT was decreased <3% at -410C
and on day 5 at 2-80C with 4% decrease. ALP showed a
maximum of 4% on day 10 at 170C and day 30 at 2-80C. While
on day 30 at -200C and day 30 at -410C it indicated the variation
of ≤ 3% change. In addition, AMY showed a <4% change up to 30
days in all 4 types of storage temperature. AM-P had a ≤ 4%
change on day 5 at 170C and day 30 at 2-80C, while on day 30 at
-200C and -410C it has been changed only <1.5%. Moreover, a
change of LDH was optimal on 5 at 170C, while it was changed
to <3% on day 30 at -200C and -410C. CK-T was stable for 25
days at 2-80C with a < 2.5% change, whereas it was stable for 10
days at -410C. Furthermore, HDL-c, TG, BIL-D, BIL-T, and PHO
stayed 30 days at -410C and -200C with a lower bias rate when
compared to their maximum imprecision rate.

The overall novel findings: the following tests were stable at
170C for 25 days with the maximum change of urea <2%,
glucose <3%, protein total <1% and amylase 0.0%.

This study tried to evaluate the stability of serum
biochemicals at four different storage temperatures
concurrently. Each serum biochemical has inimitable stability
characteristics in diverse storage temperatures. Therefore,
clinical laboratories should store specimens using appropriate
temperatures as soon as possible by considering the length of
storage time.

Further, the author suggests, a need for further study to
determine the effects of different grade temperatures and long-
time storage on routine serum analytes considering sex and age
of the study individuals for the proper management of analytes
stability during the storage process.

References
1. Lippi G, Simundic AM (2010) Total quality in laboratory

diagnostics. It’s time to think outside the box. Biochem Med 20:
5-8.

2. Lippi G, Plebani M, Simundic AM (2010) Quality in laboratory
diagnostics: from theory to practice. Biochem Med 20: 126-30.

3. Marjani A (2006) Effect of storage and time on some serum
analytes. Internet J Lab Med 2: 10471051.

4. Ikeda K, Ichihara K, Hashiguchi T, Hidaka Y, Kang D, Maekawa M, et
al. (2015) Evaluation of the short-term stability of specimens for
clinical laboratory testing. Biopreserv Biobank 13: 135-143.

5. Zander J, Bruegel M, Kleinhempel A, Becker S, Petros S, Kortz L, et
al. (2014) Effect of biobanking conditions on short-term stability of
biomarkers in human serum and plasma. Clin Chem Lab Med 52:
629-639.

6. Jansen E, Beekhof P, Viezeliene D, Muzakova V, Skalicky J (2015)
Longterm stability of cancer biomarkers in human serum:
biomarkers of oxidative stress and redox status, homocysteine,
CRP and the enzymes ALT and GGT. Biomarkers 9: 425-432.

Health Science Journal
ISSN 1108-7366

2021

14 This article is available from: https://www.hsj.gr/

Vol.15 No. 9:6255

https://www.biochemia-medica.com/en/journal/20/1/10.11613/BM.2010.001
https://www.biochemia-medica.com/en/journal/20/1/10.11613/BM.2010.001
https://www.biochemia-medica.com/en/journal/20/1/10.11613/BM.2010.001
https://www.biochemia-medica.com/en/journal/20/2/10.11613/BM.2010.014
https://www.biochemia-medica.com/en/journal/20/2/10.11613/BM.2010.014
https://www.hsj.gr/


7. Devanapalli B, Bermingham MA, Mahajan D (2002) Effect of long-
term storage at -80 degrees C on the various lipid parameters in
stored plasma samples. Clin Chim Acta 322 : 179-181.

8. Gislefoss RE, Grimsrud TK, Mørkrid L (2015) Stability of selected
serum hormones and lipids after long-term storage in the Janus
Serum Bank. Clin Chem 48: 364-369.

9. Cray C, Rodriguez M, Zaias J, Altman NH (2009) Effects of Storage
Temperature and Time on Clinical Biochemical Parameters from
Rat Serum. Journal of the American Association for Laboratory
Animal Science 48: 202-204.

10. Shimizu Y, Ichihara K (2019) Elucidation of stability profiles of
common chemistry analytes in serum stored at six graded
temperatures. Clin Chem Lab Med 57(9): 1388-1396.

11. Cuhadar S, Atay A, Koseoglu M, Dirican A, Hur A (2012) Stability
studies of common biochemical analytes in serum separator tubes
with or without gel barrier subjected to various storage
conditions. Biochemia Medica 22(2): 202-214.

12. Friedman DL, Kesterson R, Puleo P, Wu AH, Perryman MB (1993)
Recombinant creatine kinase proteins and proposed standards for
creatine kinase isoenzyme and subform assays. Clin Chem 39:
1598-1601.

13. Ikeda K, Ichihara K, Hashiguchi T, Hidaka Y, Kang D, Maekawa M, et
al. (2015) Evaluation of the short-term stability of specimens for
clinical laboratory testing. Biopreserv Biobank 13: 135-143.

14. Kachhawa K, Kachhawa P, Varma M, Behera R, Agrawal D, Kumar S
(2017) Study of the stability of various biochemical analytes in
samples stored at different predefined storage conditions at an
accredited laboratory of India. J Lab Physicians 9(1): 11-15.

15. Zander J, Bruegel M, Kleinhempel A, Becker S, Petros S, Kortz L, et
al. (2014) Effect of biobanking conditions on short-term stability of
biomarkers in human serum and plasma. Clin Chem Lab Med 52:
629-639.

16. Tambse V, Manoorkar GS, Banik M, Tambse M (2015) Study of the
stability of various biochemical analytes in pooled sera preserved
at 4-8oC. Asian J Biomed Pharm Sci 5(48): 38-39.

17. Van Vrancken MJ, Briscoe D, Anderson KM, Wians Jr. FH (2012)
Timedependent stability of 22 analytes in lithium-plasma
specimens stored at refrigerator temperature for up to 4 days. Lab
Med 43: 268-275.

18. Flores CFY, Pineda AMH, Bonilla VMC, Sáenz-Flor K (2020) Sample
management: stability of plasma and serum on different storage
conditions. eJIFCC 31: 046-055.

19. Young DS (1997) Effects of drugs on clinical laboratory tests, 3th
ed. AACC Press.

Health Science Journal
ISSN 1108-7366 Vol.15 No. 9:6255

2021

© Copyright iMedPub 15


	Contents
	Effect of Storage Time and Temperature on the Stability of Serum Analytes
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study Setting
	Sample Collection, Storage Temperature, and Measurements
	Outcome Assessment and Statistical Analysis

	Results
	The Pattern of Analytes Stability at 170c
	The pattern of analytes stability at 2-8OC
	The pattern of analytes stability at -20OC
	The pattern of analytes stability at -41OC
	Storage temperature and patterns of analytes stability
	Change of analytes at 30 days of storage

	Discussion
	Limitation of the Study
	Conclusion
	References




