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The stability of 21 routine biochemistry analytes was evaluated from the specimens which had
been stored under three different temperature conditions for 30 days. Most of the 17 analytes
showed significant change, however, the specimens under lower temperature showed more
stability than those under higher temperature. Glucose, Albumin, y-glutamyl transferase, HDL

cholesterol analytes were stable over 30 days under 22°C, 4°C, and —66°C conditions. This study
might be helpful in interpreting the results reflecting the rate of change when inadequate

specimens are measured.
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Introduction

The results of biochemistry analytes were changing from
the baseline concentration of the fresh sample, according to
differentiated temperature and time. The sample treatment of
pre-analysis was recommended to conduct in accordance
with the guidelines such as an appropriate container, suitable
storage, and pre-treatment after blood collection (Ehret er 4/,
2002; CLSI, 2010).

Since the analysis equipment, reagent, the blood collection
tube, and sample storage condition differ from laboratory to
laboratory, it will be very helpful if we have information about
these changing factors. Also, acceptable change limits (ACL)
are required for each analytes. In the previous studies, the
stability from the baseline concentrations had been
conducted under different storage temperature, analysis
time, and testing method and analytical ACL had been tried as
well (Bvans et a/, 2001; Boyanton er a/, 2002; Ellis et al, 2003).

Each laboratory requires the interpretation reflecting the

amount of time change. However, sufficient information is
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not provided for specific cases. This study was designed to
investigate the changing results according to various time and

storage temperature conditions.

Materials and Methods

1. Specimen Preparation and Method

Whole blood was collected in the BD SST II Advance Tube
(Becton, Dickinson and Company, Franklin Lakes, NJ, USA).
After 30 min for blood clotting for serum samples, the blood
was centrifuged at 1500 g for 10 min. About 20 serum samples
were fully mixed for pool serum, put 0.5 mL aliquot in tubes,
sealed with a cover to prevent evaporation, and stored at
22°C, 4°C, and —66°C temperature conditions. 21 analytes
(Table 1) for each pool serum were measured twice on a daily
basis up to 30 days using clinical chemistry analyzer Olympus
AU2700 (Beckman Coulter, Tokyo, Japan). This study was
approved by Ethics Committee of our Institution (Yongin

Severance Hospital, Yonsei University, Republic of Korea).
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Table 1. Analytes and analytical method

Analytes Unit Methods
Calcium mg/dL Cresolphthalein complexone
Phosphorus mg/dL Phosphomolybdate, UV
Glucose mg/dL Hexokinase, UV
BUN mg/dL Urease with GLDH (Coupled Enzymes)
Creatinine mg/dL Kinetic alkaline picrate (Jaffe reation)
Uric acid mg/dL Uricase
Cholesterol mg/dL Enzymatic
Total protein g/dL Biuret method
Albumin g/dL Dye Binding-BCG
Alkaline phosphatase U/L PNPP, AMP buffer
Total bilirubin mg/dL Diazonium salt/Diazonium ion with blank
AST Iu/L UV without P5P
ALT Iu/L UV without P5P
Latate dehyrogenase Iu/L pyruvate to lactate
y-glutamyl transferase U/L G-glutamyl-carboxy-nitroanilide (IFCC, 37°C)
Triglycerides g/dL Enzymatic without glycerol blank without sample blank
Sodium mmol/L ISE, diluted (indirect)
Potassium mmol/L ISE, diluted (indirect)
Chloride mmol/L ISE, diluted (indirect)
HDL cholesterol mg/dL Enzymatic Immunoinhibition

LDL cholesterol mg/dL

Selective protection method

The measured by chemistry analyzer with Olympus AU2700 (Beckman Coulter, Tokyo, Japan).

2. Statistical Analysis

The changing rate from the initial baseline values was
shown in the Levy-Jennings chart. ACL was determined by
bi-directional changes based on coefficient of variation (CV),
which has the 95% of confidence interval values shown as [SO
5725-6 (ISO, 1994). The CV was obtained from internal
quality control values, which had been accumulated for over
six months. When the results for an analyte were beyond the
limit, they were judged as they had significance, that is, they

were the unstable samples.

Results

Stability of individual analyte in pool serum showed various
patterns on different periods of time and temperatures shown
in Fig. 1. Analytes, of which result values had increased,
tended to show far more increased values as specimen were
stored under higher temperatures (Fig. 1A). Analytes, whose
result values had decreased, tended to be more stable than
those at 22°C condition as specimens were stored under
lower temperatures. ALP, which showed more or less

decreased, were somewhat flexible in temperature
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conditions. LDH seemed to be stable at —66°C, but more
unstable at 4°C than at 22°C (Fig. 1B).

Most of the 12 analytes such as phosphorus, triglyceride,
calcium, BUN, cholesterol, potassium, chloride, creatinine,
uric acid, sodium, LDL cholesterol, and total protein
increased after 3 to 5 days when stored at 22°C temperature
condition. Only 3 analytes such as phosphorus, triglyceride,
and calcium were decreased after 23 to 29 days when stored
at 4°C condition, however, the rest of the analytes were stable
for over 30 days at —66°C condition (Table 2).

Five analytes such as total bilirubin, ALT, AST, alkaline
phosphatase, and latate dehyrogenase were decreased after 1
to 26 days when stored 22°C condition. Pool serum decreased
after 1 to 12 days at 4°C condition. Only AST and ALT analytes
stable at —66°C condition. Four analytes such as glucose,
albumin, y-glutamyl transferase, and HDL cholesterol were
stable during the whole test period at all temperatures (Fig.
10.

Discussion

In laboratory, samples are rerun after the initial tests are
completed, or go through additional tests when necessary.
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Fig. 1. Stability of routine chemistry analytes according to different time and temperature condition for 30 days. Square, room temperature;
triangle, 4°C; circle, —66°C. (A) Increased analytes. (B) Decreased analytes. (C) Stable analytes.
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Fig. 1. Continued.

The results might be affected by the storage and time phosphorus, triglyceride, calcium, BUN, cholesterol,

conditions or test reagent. In this study, the stability of the 21 potassium, chloride, creatinine, uric acid, sodium, LDL
common chemistry analytes shown in Table 1 was evaluated cholesterol and total protein increased at a consistent rate
according to different temperature conditions. with the lapse of time, and changing range from the baseline

When samples were stored at room temperature, values decreased at a low temperature. In particular,
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Table 2. Stability of routine chemistry analytes in acceptable changes limit
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Out of range after days*

Analytes Baseline values V% (ACL*)

22°C 4°C —66°C
Phosphorus 3.8 1.72 (3.7~3.9) 3 A 23 A -
Triglycerides 124 1.53 (120~128) 3 A 27 A -
Calcium 8.9 1.59 (8.6~9.2) 4 A 29 A -
BUN 12.9 2.48 (12.3~13.5) 9 A - -
Cholesterol 202 3.11 (189~215) 19 A - -
Potassium 4.2 1.54 (4.1~4.3) 21 A - -
Chloride 105 1.4 (102~108) 21 A - -
Creatinine 0.88 2.16 (0.84~0.92) 22 A - -
Uric acid 4.9 1.55 (4.7~5.1) 22 A - -
Sodium 141 1.7 (136~146) 23 A - -
LDL cholesterol 142 2.69 (134~150) 24 A - -
Total protein 7.3 1.63 (7.1~7.5) 28 A - -
Total bilirubin 0.9 2 (0.9~0.9) 1V 1V 1V
ALT 28 2.59 (27~29) 3V 7V 29V
AST 28 2.44 (27~29) 3V 12V -
Alkaline phosphatase 65 3.14 (61~69) 13V 6V 6V
Latate dehyrogenase 327 3.53 (304~350) 26V 2V -
Glucose 97 1.58 (94~100) - - -
Albumin 4.5 1.74 (43~4.7) - - -
y-glutamy! transferase 25 2.05 (24~26) - - -
HDL cholesterol 56 3.19 (52~60) - - -

A V_increase or decrease. *Acceptable change limit was determined by the 95% of confidence interval value for bi-directional changes

base on coefficient of variation by 1SO 5725-6. (ISO, 1994).

phosphorus, triglyceride and creatinine increased abruptly at
room temperature. However, most of the analytes showed
stable results in the frozen condition of —66°C for up to over
30 days.

In previous studies, phosphorus, triglyceride, total
bilirubin, ALT and AST have been reported unstable at room
temperature for 1~3 days (Ehret er a/, 2002), but calcium,
creatinine and uric acid have been reported stable at —20°C
up to 4 months (Wilson er a/, 1972; Donnelly ef al, 1995). We
think that the increased result values in a metabolite group is
probably caused by evaporation. Accordingly, a frozen
condition or sealing the tubes is recommended for long term
storage if possible.

The total bilirubin, ALT, AST, alkaline phosphatase and
latate dehyrogenase level decrease consistently with the
lapse of sample storage time. The changing rate decreases as
the temperature gets lower, but time is considered more
influential than the temperature. Alkaline phosphatase was
less affected by the temperature conditions. Especially, Latate
dehyrogenase is more unstable in the frozen condition than at

room temperature, which is more evident in the enzyme

group. In previous studies, total bilirubin, ALT, and alkaline
phosphatasehas been reported unstable at room temperature
(Hwang et al, 2002).

Glucose, albumin, y-glutamyl transferase, HDL and
cholesterol were evaluated to be within the acceptable
change limits in all the conditions for 30 days. These tests
seem stable if they are prevented from being evaporated after
being separated as the serum. LDL cholesterol and HDL
cholesterol were confirmed more stable for about one month
(23~30 days) compared with the data that were resulted
within 1~2 days at room temperature in the previous study
(Ehret ef a/, 2002). In the previous study, glucose and uric acid
analytes decreased under room temperature and refrigerator
condition (Ahmed MD er a/, 2010). However, in our study,
glucose did not show any distinguishable changes when
serum was separated and uric acid increased, which means
we need to consider specimen sealing, collection tubes,
storage temperature changes, and specific possible factors in
each laboratory.

When the results from the samples in different storage

conditions and time are analyzed, they need to be interpreted
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according to Fig. 1. The results of this study may be very
helpful for the accurate interpretation of clinical reports and

determining the sample storage period in laboratories.
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