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ABSTRACT KEYWORDS
Objective: The aim of the present study was to determine the effect of Clinical biochemistry;
storage time and temperature on laboratory results of routine clinical bio- Ser um analytes;
chemistry analytes in sera from apparently healthy volunteers. M aterials Storage time and temperature.

and methods: Ten healthy volunteerswere instructed to fast overnight and
10 ml of blood was collected from each subject without anticoagulant (in
red capped vacutainer). Samples were allowed to clot at room temperature
for 20 min, centrifuged and serum separated which was stored in various
aliquots. Baselineanalysis (“0” day values) of 18 analytes in serum of each
subject wasdone without delay onthe same day of collection. Other aiquots
werestored at 0° C and 4+1° C with cover of aluminiumfoil to avoid expo-
sureof direct light and analysed on 3, 7, 15 and 30 days. Results: Urea, uric
acid, phosphorus, TG and HDL were stable till 7 days whereas ALP was
stabletill 15 dayshbut SGOT was stable upto 30 daysat both 0° Cand 4+1°C.
ALP, Amylase and urea were stable up to 30 days at 0o C temperature. All
analytes showed significant variation on 3rd day which were stored inroom
temperature except cal cium which was stable. But glucose, creatinine, inor-
ganic phosphorus and potassium were least stable and should be deter-
mined within 48 hoursat 4+1° C and 24 hoursat 23+1° Cfor these analytes.
Conclusion: Various routine biochemical analytes were stable using the
storage conditions tested in this study at least up to 7 days in usual refrig-
erator. This evidence can be used in exceptiona circumstances because
processing of any analyte on the same day should be done for better repro-
ducibility. Beyond all this, it iseven very important and useful to check the
reliability of technical and instrumental resources that the laboratory will
use during the study because molecular alterations of the analytes due to
variable storage conditions can cause misleading results.
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INTRODUCTION

Thediagnosis, treatment, and follow-up of patients
reliesheavily on the accurate measurement of numer-
ousblood, serum, and plasmaanalytes.1,2 The princi-
pal sourcesof error affecting the accuracy of any labo-
ratory test result can be categorized as preanal ytical,
anaytical, or postanalytical .1-6 In one study?2 of the
distribution of each of these types of error and their
impact on patient outcomes, thefrequency of errorsin
each category decreased in this order: preanalytical
(62%), postanalytical (23%), and analytical (15%).
Thus, preandytica variables(eg, specimen-goragetime
and temperature prior to testing) constituted the most
commonly occurring causesof error (imprecision, in-
accuracy, or both) in laboratory test results.

Many preanalytica variables(eg, specimen collec-
tion and handling) can be controlled and monitored,
thus reducing the magnitude of theerror, or inaccuracy,
inlaboratory test resultsassociated with thesevariables.
Mogt clinicd |aboratoriesstandardizethe preandytical
phase.3,6 However, the magnitude of theinaccuracy
associated with the effect of preandytica variableson
laboratory test results can besignificant. Preana ytical
variablesraiseacritical question: what magnitude of
changein anaytevauesdueto preandytica variables
islikely tobeclinicaly sgnificant (ie, resultinincorrect
or inappropriate treatment of apatient and poorer pa-
tient outcomes)? Becausetheimprecision and inaccu-
racy of modern automated chemistry analyzersfor al
anaytesaremonitored daily and typically areexcellent
and stable over time, the random error (RE; dueto
imprecision) and systematic error (SE; dueto inaccu-
racy) componentsof theandytica totd error (TE=RE
+ SE) isconstant, such that any changein analyteval-
uesover timeduring samplestorageisdueprincipaly
to preandyticd variables(ie, specimen-goragetimeand
temperature). Theamisto reducethesevariationsto
acceptablelevel for diagnosing diseasesin patients.
Serumismost commonly usedinaclinical |aboratory
asaroutine. Serum separated from clot within 20 min-
utesaslong stay with clot may alter analytes quantita-
tively.

The present study wasdesigned to eva uate the ef-
fect of storagetimeand temperature onthelaboratory
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results of 18 analytesin serafrom apparently healthy
subjectsin Rohtak. In this study we planned to detect
the quantitative variations and the beneficial length of
stored serumin different timeand temperature which
provide appropriatelaboratory results.

METHODSAND MATERIALS

This study wasdonein May 2014. The subjects
wereten gpparently heathy volunteersamong employ-
ersof PGIMS, Rohtak (6 males and 4 females, age
range 25-45 years), who gave written informed con-
sent form for participationin thestudy.

BLOOD SAMPLING

Blood was collected by using Vacuette® Standard
tube holder and Vacuette® 22-gauge, 0.7 x 25 mm
multisampleneedle. Blood specimensweredravninto
plastic tubes: BD Vacutainer® Serum (Ref. No.
367812) (SerumPlain) 6 mL.10 mL of fasting venous
blood was collected in the morning from each study
subject by asingleveni punctureto control for any draw
order biasby using 2 vacutainersfor each subject.

Serawereallowedto clot for 20 minat roomtem-
perature and then centrifuged at 3400 x g for 3min.
Visiblehemolysed samplesare excluded. Immediately
following centrifugation, al specimenswereanadyzed
within 30 min by autoanalyser (RANDOX) and
combilinefor electrolytesto get O day (basdline) val-
ues. Serum of each volunteer was separated and stored
in 100 sterile clean plastic dliquots having cap to close
(to avoid evaporation whichleadsto concentration) i.e.
500uL/each aliquot- 10 aliquots/volunteer. The aliquots
werekept to avoid from light exposure by wrapping
thesampletrays(9in number) with auminiumfoil and
stored in respectivetemperature conditionswith batch
nameas
1 R-Ofor O day basdinevaues.

2. R-3 for 3 day samples stored in room tem-
perature

4°-3 for 39 day samplesstored at 4°+1 C
4°-7 for 7" day samples stored at 4°+1 C
4°-15 for 15" day samples stored at 4°+1 C
4°-30 for 30" day samples stored at 4°+1 C
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TABLE1
Sr.No Analyte M ethod Reference Range Intra Assay CV (%)
1 Urea Enzymatic method (urease) 10 - 50mg/dL 22.3
2 Credinine Spectrophotometry (pi cri cate) 0.7- 1.3 mg/dL 9.8
3 Uricacid Enzymatic method (uricase) 3.4 -7 mg/dL 142
4  Calcium Spectrophotometry (Arsenazo 111) 8.1-10.4 mg/dL 51
5 Inorganic phosphorus Spectrophotometry (Mol ybdate) 0.87 -1.45 mmol/L 149
6 SGOT Kinetic Method 18 -37 U/L 16.8
7 SGPT Kinetic Method 22-40 U/L 17.2
8 ALP Colori metricmethod (p-hitrophenyl phosphate) 30 - 120 U/L 101
9 Tota Protein Colori metric method (Bi uret) 6-8g/dL 49
10 A/GRatio BCG with Biuret 1-2 131
11 Triglycerides Enzymatic method 60 - 160 mg/dL 104
12 Chdegeol Enzymatic method 130 - 230 mg/dL 5.8
13 HDL-C Immunological method 30 - 60 mg/dL 6.8
14 LDL-C Immunological method 16 - 32mg/dL 17.9
15 Amylase Spectrophotometric method Upto 85 U/L 49
16 Glucose Enzymatic method (GOD- POD) 75 -115 mg/dL 226
17 Sodium I SE (Combiling 135 - 155 meg/L 10.0
18 Potassium | SE (Combiling) 3.5-5.5megL 273

7. 0°-3 for 3 day samplesstored at 0° C
8. 0°-7 for 7" day samples stored at 0° C
9 0°-15for 15" day samples stored at 0° C

0°-30 for 30" day samples stored at 0° C

Thefollowing 18 anayteswere studied:
Glucose, urea, cregtinine, uric acid, calcium, inor-
ganic phosphorus, SGOT, SGPT, ALP, amylase, tota
protein, A/G ratio, triglycerides, cholesterol, HDL-C,
LDL-C, sodium and potassium.

All assays were performed on the RANDOX
(Randox LaboratoriesLimited, UK), accordingto the
manufacturer’s specifications by using proprietary re-
agentsat the Department of Biochemistry.

Intra-assay analytical CV’s were determined by two
levelsof control materials (Randox LaboratoriesLim-
ited, UK) (N =10, from each level onthesameplate)
on thesameday beforebiochemical anaysis(TABLE
1). For accuracy and internal quality check, twolevels
of control materialsand the test sampleswere assayed
inthesameanaytica run at each assay point during the
process. All vauesof quality control samplesfor each
andytewerewithin+ 2 SD (standard deviation) of their
respectivetarget meansduring the entire procedures.

10.

DISCUSSION

In this study, effect of storage of serum at room
temperature (23+1 °C) and refrigeration (4+1 °C and
0°C) for 0, 3,7,15,30 days on 18 sera analytes were
anadysed. Donndlly et d™ found that the stability of 25
analytesfrom serum of healthy donorsand stored at
room temperatureand 4 degree °C over 48 h, 14 days
and 4 monthsrespectively. All 10 andyteswerestable
at 2 temperaturefor specified times.

Bobby et a® reported the stability of 24 analytes
after immediate separation of serum and stored at room
temperature (25 degree°C) and analyzed in 0, 2, 4, 8,
16, 24, 32, 40, 48 and 56 h after collection. All anaytes
inserum were stable over 56 h periods.

Heinset a¥ studied the effectsof storagetimeand
temperatureon 22 serum anaytes. In serum at +9 de-
gree°C for seven days the mean changes in phospho-
rus exceeded significantly. In serum at room tempera-
ture, phosphorus, uric acid and triacylglycerols in-
creased continuoudly.

By comparing the above studies, our resultsfor
serum anal yteswere a most cons stent with those ob-
tained. By this study we found that of the 18 sera
analytes that we measured on 3rd day at room tem-
perature, urea, calcium, SGOT, SGPT, ALPand total
proteinsdid not show significant change quantitatively
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TABLE?2
ANALYTES Oday R3 4°-3 0°%-3 407 0%7 4%.15 0°%-15 4°-30 0°-30
Urea(mg/d) 24 387 261 272 245 235 304 24 %68 236
e n, (16-39)  (21-103)  (19-40)  (17-43)  (1634)  (16-30)  (1868)  (15-33)  (22-216)  (16-40)
0053586 0082696 0167114 095704 075636 0060245 1000 0014918 057232
Creatinine (myid) 0910 0.64 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
P 071 (041 (07-11) (061 (0812 (0812 (0609 (07-12) (061  (0.7-12)
000698 001098 001098 001098 001098 001098 001098 001098 001098
Uricadd(mgd) 500 337 480 4.70 5.10 5.30 4,00 4.70 3.30 4.60
vt Gaby (060 (369 (3165 (3268 (274 (166 (286 (0864 (39
468 0047326 016840 008160 067820 008160 009620 008160 001434 003780
Cacum(mgd) 968 9.72 9.9 9.10 9.00 7.90 10.10 10.00 10.10 9.10
™ graty (81D (O3 (6101 (74109 (6992 (8109 (8108 (61T (851D
0864041 049222 017059 031670 0000183 018743 037433 033643 09600.2
3.79 36 36 32 31 35 35 52 4.00
Phos‘;h\j’;fe (ma/d) (23;1'_2‘?9) (1759) (2552 (26-48) (2345 (2448  (224) (2557) (3196  (297)
449 0028151 032394 024294 075427 039758 043163 049463 000158 0073215
36.9 228 237 271 235 312 222 229 19.3
SESaITU(:O’/';) (1%2_';’5) (17-76)  (1535) (1635  (19-39)  (1539)  (1885)  (12-33)  (1928)  (14-27)
008664 084613 048953 0031204 040544 0239387 086713 086417 001414.2
523 329 300 353 28.4 34.4 24.9 20.2 253
SS\F/’; (U (1%1_'779) (15-84)  (14-84)  (1468)  (16-80)  (1589)  (1680) (1542)  (1565)  (12-60)
006865 066939 045853 0032129 0362104 017785 0155214 04677.8 0373201
ALP(UIL) - 81.4 83.7 928 97.2 88.9 94.0 92.4 1195 86.4
e oty (SIS (42167 (83195  (52179)  (71210)  (47-199)  (44-148)  (23207)  (44-129)
060870 044544 045259 0041109 0197129 043373 023454 0537364 057513
. 6.97 7.00 6.7 8.00 7.8 7.4 72 72 66
Prgtsgl‘lfgﬁi") (57 52_309) (62-75) (6376 (6276) (7288  (1-84)  (5781) (6679 (557.9)  (6-7.4)
979 014235 039731 002673 0030106 00267.9 042123 090804 091604 001287
A/ Ratio 6o 1.99 2,00 21 16 17 14 16 20 1.9
oo Gore (420 (1326 (1528 (1219 (1219 (1219 (1219 (1519 (1319
0022177 006117.8 0003242 053753 094606 0097171 057653 000017.8 0.03112.4
16 (mgid) 18s 1214 1202 106.6 1134 1253 1121 1166 765 94.4
o Goaop  (50249)  (42221)  (44194) (35208 (37199 (4L177)  (40198)  (30-166)  (30-169)
071226 015992 052199 016841 014259 045952 076114 0003353 0.01120.2
CHOLESTEROL 1718 1636 1626 1606 1747 1683 152.4 1501 160.4 1553
(mg/dly (125207) (133-203) (135-201) (113-193) (141-230) (136-209) (119-200) (115-208) (136-211) (128-208)
p value % 013418 015553 008969 051016 051920 0005113 002574 017066 003896
HDL (mg/l) io1 317 417 411 419 420 391 308 36.1 303
P oouy (LSO (@858 (2758 (2863 (2665  (215Y (2745 (2645 (3L50)
0010247 075909 052123 0928047 0961023 019771 011154 0058142 02106.6
DL (mg/d) 1001 1069 945 926 1099 1013 906 948 89.9 89.1
e Gorny (613D (613)  (4129)  (sli67) (7747) (66139  (62132)  (O-144)  (0-14D
0000594 0003134 0000151 087107 005571 0001169 0006131 0166175 0.073183
AMYLASE 650 797 80.2 782 928 902 84.3 87.2 80.3 86.7
(UIL) Goizg (TS (GELS (2112 (1137 (64135 (s4124) (53118 (633D (53-129)
p value % 000672 002766 002089 001480 004650 069818 072515 0543395 0.792093
GLUCOSE . 68.7 90.1 903 508 1016 492 875 446 88.6
(mg/dly Godyy (6138) (83149  (80133) (10105  (90-140) (015 (58407 (30413  (76-106)
p value % 0032312 079307 075305 0018400 037018 0001507 0015123 0000553 0.03211.2
SODIUM s 1451 1439 1460 164.8 164.0 157.4 159.7 1585 1616
(MEgG/L) (3pis (30160 (128150 (136-162) (I54-180) (149-182) (M40-L74) (I4L-178) (152:178) (141:203)
p value % 022325 029617 012332 0000165 0000159 0000112 0001129 0000120 0.01514.2
POTASSIUM 4506 462 44 46 53 53 47 5.0 5.1 54
(MEg/L) Gy (75D (452 @452 (4563 (4758 (4453 (4362 (4464 (4571
b value % 4 0002197 003814 004214 000037.3 0000373 0004218 0.004295 0000321 0.00139.9

but creatinine, uric acid, amylase, glucose and potas-
sum showed sgnificantly instability.

Changesinthe concentration of Glucose, phospho-
rusand cregtinineclinicaly significant withincreasing
storage temperature. Statistically significant changes
fromthe 0.5 h mean were determined using paired ‘t’
test. Thesignificant changelimit wasappliedtofind out
clinically sgnificant changesin measured andytes. Sta-

tistical analysiswith mean, p value of each of all 18
analytes at different temperatures can be noted from
TABLE2.

All commerdd referencemaeridsfor thel8and ytes
werewithin+2 SD of their respective target means
duringtheentireinvestigation.

RESULTS
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Wefound that ureashowed stability upto 15 days
in both storage temperatures (0° C and 4+1° C) and
stable upto 30daysonly at 0o C. Creatininewasfound
highly unstableand showed significant pvaueindl days
in both temperatureswhich was probably duetointer-
ference of pseudo-crestinineswith thekinetic Jaffere-
action.

Uric acid wasstabletill 15 daysin both tempera-
turesmay bedueto decreased uric acid solubility inthe
continuoudly increasingly acidic environment. Calcium

BIOCHEMISTRY  (mm—

and inorganic phosphoruswerestableupto at both tem-
peratures. SGOT was stabletill 15 days but showed
significant changeat 30th day result at both tempera-
tureswhereas SGPT and ALPwerefound that stable
till 30th day result but were not stablein at least one of
thestorage conditions.

Totd protein showed s gnificant unstability after 3rd
day resultsat both temperatures. A/G ratio was stable
till 15 daysthen showed variability in both tempera-
tures.
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Amylaseand glucoseand potassumwerehighly  ousstorage conditions.
unstableinall conditionsinall days. Triglycerideswas Statistical andyseswere performed by IBM SPSS
found that stabletill 15 daysat both temperaturesbut ~ satisticsv20. Beyondthis, itisevenvery useful to check
showed significant changeat 30th day. therdiability of technica andinstrumenta resourcesthat
HDL wasstabletill last day of our study at both  thelaboratory will use during the study because mo-
temperatures. LDL showed sgnificant variability at vari-  lecular alterationsof the analytes dueto variable stor-
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age conditionscan cause mideading results.
CONCLUSION

In conclusion with this study we hopethat there-
sultswe have presented can assist to assesswhich of
the anal ytes may be assayed in serum stored for pro-
longed timesunder commonly available storage condi-
tions(refrigerator) when such prolonged storage oc-
cursin advertently or isunavoidable. But werecom-
mend that samples should be analysed inthelaboratory
within preferably 24 h of collectiontoensurevdidre-
sultswith theturn-around timefrom sampledrawing to
reporting the ana ytical result could be shortened.
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