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Santiyanont R, Watanawaha P, Satid Saengmee, Jarpakasetr S. Determination of serum total
calcium by meodified o-cresolphthalein complexone method : Evaluation of performance
characteristics. Chula Med J 1988 Sep; 32(9) : 783-792

Determination of serum total calcium by o-cresolphthalein complexone method was
modified and its performance characteristics evaluated. Both intra-and inter assay precision
were good (CV < 3%). Recovery studies revealed good accuracy at low calcium values
(recovery = 102.6%) and the results agreed well with those of the reference method (r = 0.981,
p < 0.001; y = 0.98x + 0.05) with no significant difference (p < 0.05). Linearity of the
color reaction was up to the calcium concentration of 20 mg/dl with a minimal detection
limit of 2.0 g/dl. Developed color was stable for at least 4 hours. Reference range was
7.75-9.65 mg/dl. Hemoglobin (< 0.87 g/dl), bilirubin (< 20.0mg/dl) and magnesium (< 5.0
mg/dl) did not alter serum total calcium level significantly (interference < 2.5%). Ascorbic
acid, salicylate, paracetamol and penicillin G at therapeutic level also did not interfere the
determination. However venous stasis had some positive effects on calcium values (p < 0.05).
Serum separated from clotted blood left at room temperature for 2, 3 and 4 hours gave
comparable calcium values as those of 1 hour. In addition serum could be kept at 4°C and
-3°C for 7 and 14 days respectively without significant change in calcium levels (p > 0.05).
The method is therefore percise, accurate, sensitive, rapid, easy to perform at low cost, with
long shelf-life of reagents.

Reprint request : Santiyanont R, Department of Medical Technology, Faculty of Medicine,
Chulalongkorn University, Bangkok 10500, Thailand.
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ﬁa’qﬁuﬁ’iﬁmaﬁm:ﬁwﬂm‘iw‘luwmam
wWiadsunawis U M37a32dU ionized calcium law
% ion selective electrode®* amamafaszdunaaidon
TwlaeAtls Flame photometer U8z Atomic absorption
spectrophotometer (AAS)(®) FATnSTIuE 1989
fFmsumienramuanidoun® agalsfeanisdman
dhadiu é”laa'l'ﬁqﬂnﬂﬁﬁﬁﬁmuwa %aﬁadﬂﬁﬁamimmm
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1. aini mmmﬁaﬁ‘lﬁﬂwﬁﬁ@ AR grade

O-Cresolphthalein complexone (CPC), 8-hydroxyqui-
noline (8-HQ), dimethylsulfoxide, glycine W8 calcium
carbonate \uxBaRnsns BDH, Poole, Ussinadangu
Sodium hydroxide w8% lanthanum (III) oxide +iu
WEAAMTUed Merck, Darmstadt, Uszinaipasduil
f1%¥U Standard calcium (Junfafmnva9 Sigma

Diagnostics, St. Louis, U3zinagnigaiaim
2. dadamie Raaamduinaladafiequd
vinsladeunend smamalng 41w 100 318 uas
Fuileuanduaszdulnd @‘ilma:qwmﬁmﬂﬁﬁams
Aan 13IneaImaens ol §9uau 40 379
3. @ MUANNUMN 1F Monitrol level I
(3zeiuUnd) uaz level I (3cdURaUN®) Failu quality
control serum 189 Dade, Miami, Uszinaanigaiaim
4. lﬂ?ﬂdﬁﬂ Perkin-Elmer Spectrophotometer
Model 35 8z Atomic Absorption Spectrophotometer :
Perkin Elmer Model 305 (double beam system)
5. IBANIUMS
51 ALEMENETH Inzifeanndusnaladia
&l dnauded v lutuuendsulasldanusa
3,000 TOUGOUT Wiu 10 Wit drdTuAlElUS T
wimuaaBaunioluiuidoafu
5.2 muadunhn 1iasuiuazieda s
nnriiadasiliaroiednannuaadenlasusly 2N
HCI $sdu udadradaminndunae I ass Lm:ﬂﬁzm‘ﬂ
YuR1968 deionized distilled water
Glycine buffer léWamirgianldunu
AMP buffer lavl% glycine 25.5 g usz NaOH 12.0 g
armelu deionized distilled water 950 ml U5y pH
1% 10.75 ¢78 1IN NaOH w32 1 N HCI u§ndw
deionized distilled water Wiasu 1 das
Color reagent 8c8%® CPC 0.05 g T conc.
HCI 5.0 ml \§anau ud3azmelu deionized distilled
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water 800 ml. \@u 8-hydroxyquinoline 1.0 g, dime-
thylsulfoxide 100 ml. u§1&y deionized distilled water
WATL 1 AT NeniidensurIniy glycine buffer u
80378 121 98 pH savhdu 10.0

53 Ismviaunadunluasiy

n. 358 CPC #1/5”1/1/507;71/ Uy e
NN vR9 Connerty et al.() Tagl¥ color reagent 2 ml
wauiu glycine buffer 2 ml lunseafnad inlddsy
Fuffinnurmatu 580 nm ud3niundnEy 0.05 ml
waalidniud swanmgauasldiud wasihludwm
anudindusasuasidenldlasemuman calibration curve
FaueRBasnan standard calcium aadiin 2, 4, 6, 8,
10 WAz 15 mg/dl

. 35 Atomic absorption spectro-
photometry®®) susaaramanudiviuve suaaidoy
lugsule lasdas1sns o3z w9858y lanthanum
a11) oxide Widudasdnlulwmln wandosfiaglugy
iy 9 ludfuazamaduduezaoudarzluaanz i
e ldsuafuur IR TN Fsnus UMz nTuuasigoy
(422.7 nm) ﬁl:ﬁﬂﬁa:maumdwﬁﬁuwﬁmu@ama: ex-
cited state RN YT R TR Ve - AR TR TR P
suvesenudaduresunadonludsy 4adeifiouiue
standard 4§ i iFnumenududusesuaaidsy
fidanisa

5.4 NINATOUANUMUIIVDINATIANAILH
noRauvis CPC fufudsdlval unzs AAS dmdy
Intra assay precision vinlamingsufifunaide sy
Uné dn LLa:qauwmdmﬂaLéﬁ’m&J%wﬁu 25 ave meluin
\#82fu 2w Inter assay precision 3=1% Monitrol level
1 MagaUTuas 2 A ey 10 Tu ﬁwﬁwﬁ"lé’imnms
NAFOUTIRSILULIEUITM T coefficient of varia-
tion (Yo CV)

55 MINATOUANUBIMNIVOANMIAUATIEH
(Accuracy)

7. Recovery study \@38353u619819
AfduasfoursduUndussiasnsudwly dowdu
standard calcium anudiutu 5, 10 waz 15 mg/dl 89
lugsudets audutuiiiaess do 0.5, 1, use 1.5
mg/dl udnilumaasidon laanasasuaszainy
Wt 3 ad (triplicate) §7W2th % recovery ¢
qa3(12)
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USmasiesieindvau
% recovery =

, x 100
USunauaninida

v Mmfieungyayise ey (AAS)
wdsufifeuaadoussdulng ¢ WAZEY 393 40 318
nmmuasdeulasds CPC ﬁﬁﬁ”uﬁialmiua:ﬁﬁ AAS
melwhudeaiu Tasudardseneddiudatednagie
Yoowasnte (duplicate)

56 FnanMENTHveI Il (Li-
nearity) wiminen standard calcium Aenuidadiu 5, 7,
10, 12, 15 WRE 20 mg/dl MWamuasedon winden
MINITERINAMIQaALR Suasanudutu

57 ANUAIRIVEIATIAAIY YnaIiaTe
A 7 580 nm wlInamIiNyjissniafdwis CPC
fusuilgslva Tanld85uuss standard calcium anw
viindueg q swszdy daeaia A# 580 nm na 30
wd w4 $alus

5.8 Ammdumaaiannsons93als 1
standard calcium au3anailuanudududoud 0.5-5.0
mg/dl @ deionized distilled water W&iNIMIAN
wanidonlands CPC Aiusurs vy

5.9 PRANMMIAIIUINIM §1IAEERW Ae
Flulnadu 0830w unnilifoy Aenadutus 7 uae
sissdunnuduiuAldnm 16ur ascorbic acid (0.5
mg/ml), salicylate (0.4 mg/ml), paracetamol (0.05
mg/ml), penicillin G (300 units/ml) L&Jamumima q
waiadl lugsy frenanududuesuandouiyfou
wiaslulesfidasisudvasnssuniutdesnin 2CV (CV
Al @0 eiléan intra assay precision Adnwan
s:ﬁumwwﬁuﬁumamﬂalf’ﬁ’wﬁlné’Lﬁmﬁumsﬂ@aao)
usasnaminlainarunm(9)

510 MIANMINATUNMUMNAILEEART 1
Fuudiethe 10 118 WziiealasliSaun uassauau
NNAU 9 Wi Taenszvindeiiosiu udnirluass
wmanaaouud 15 Student’s t-test AaTizany
wnemmesmuaadonfildnnnmafenlaussanadied
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512 MIANMIANUAIMUVEAAAITUUIND
dudsntiigamgiinarszuznmen 1 idiusaiwo
10 116 waduiese 10 §w miﬁ)"luﬁamﬁnv“{ﬁshﬂ@
duliirommng® do udilu (4-80) uazgaunniug
uwiolugiu (Uszanm -3 99 -4C) dmduE Ui AUl
4-8C whwnmamauasidoamniuauesy 7 u gwm
Fruntudansinnammmuesdeuiafivasy 7, 10
wa 14 Tu Semizdenuuliismvesidle laehen
Wosirudanuuandesmuasidoufinsaleliiin
2CV LtamaiwmaJLLﬂsﬂiauﬁuagJ:'lu"dao‘?’fﬂam”uvleﬁ”
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513 ¥amdnde indiufiligu luwiasda
uaclusglududannendnd 100 318 mimuaNEY
Taedf cPC Avsutsalmal Aanasaatalutuideniy

vz lafia

HWHan1INAao 7

L Anummase Selddsuiitszduuandon
Und én TR dmiienedidn 25 afemelutuden
wazl¥ lyophilized control serum At duuandanng
mIenedduazaasmg Wuam 10 u wudwia
intra assay WS inter assay precision 10unefiadiemizi
agluinoiid da i CV < 3% (ﬂmoﬁ 1)

Table 1 Intra assay and inter assay precision for serum total calcium determination by modified o-cre-
solphthalein complexone (CPC) method and atomic absorption spectrophotometric (AAS) method.

Intra assay precision Inter assay precision”
Method low normal high
(pooled sera) (Monitrol level I)

Modified CPC .

N 25 25 25 20
mean (mg/dl) 6.67 7.88 12.96 8.96

SD (mg/dl) 0.10 0.22 0.27 0.21

CV (%) 1.50 2.79 2.08 2.34
AAS

N 25 25 25 20
mean (mg/dl) 6.18 7.71 12.35 9.45

SD (mg/dl) 0.09 0.14 0.10 0.13

CV (%) 1.46 1.82 0.81 1.38

*Tested at only normal level because of shortage of specimens with abnormal calcium values.

1 9
2. ANUNULY
2.1 MIANEATIeIZANSUAU (Recovery
d e
study) tWBL@ calcium Y3 0.5, 1.0 Waz 1.5 mg/dl
& % recovery 108.0, 101.0 WAL 98.7% euddU

[
Al a

Uuaneg 102.67

£ v ada a

2.2 nmsSeufisuadiesiswiuiss1ed

'3

=

fa 35 AAS (Method comparison study) WUN3IaN

FuRusiud o r = 0.981 (p < 0.001) y = 0.98x +

'
=t

0.05 (FUf 1) uazAuasfondldnnnamasisliuen

i (p > 0.005) Ainmizdiu Iusasiisiliaiiened

fldflenuamaiaion iaRaT NN regression analysis

Y proportional systematic error 2% W8 constant
systematic error 0.05 mg/dl

3. Linear range U0 minimal detection limit
wuhnwnasuwdianuduiduassstatastisany
dinduuesiden 20 mg/dl ussanuidududrnaiiaine
Taldt fi 2.0 mg/di (3U7 2)

[v) 44' ) : A
4. ANUMAIVRIANUNAUM auaardonly

o Ad a &

FFuiujisndminn CPC §filialulianuasdietie
wor 4 Talug Weanaraufiszduanududunasidoudn
Un@ uazgd (U1 9)
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Figure 1 Comparison of serum total calcium concentration determined by modified CPC and atomic

absorption spectrophotometric methods n=40) y = 0.98x + 0.05; r = 0.981 (p < 0.001)

A580

1.0 4

0.8 -

0.6

0.4 1

0.2 4

8 12

™ He-
'S

Total calcium (mg/dl)

Figure 2 Linear range and minimal detection limit of serum total calcium determination using modified

CPC method.
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Figure 3 Stability of color produced in the determination of serum total calcium by modified CPC method.
Tests were done at low, normal and high calcium concentrations.

5. Wavea@suUNIue q Flulaadufinny

vindiv < 0.87 g/d1, DFyDufienadindiu < 20.0 me/dl,

wunfhifeufienuduin < 5 mg/dl lusuniumanie
waaLto (ﬁ_l‘n 4) 8§ ascorbic acid, salicylate, pa-
racetamol {8¢ penicillin G m:mummwwun’lmﬂm
Lifnasunamdanmuaadoy TasdsAdsudysn
fiuiu (gﬂﬁl 5)
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WNoad Mz ed IIRER 1 dYn1IRdd (p < 0.05)
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Bilirubin
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Figure 4 Interference of hemoglobin, bilirubin and magnesium on serum total calcium determination
by modified CPC method.

Interference

%

Figure 5 Effects of salicylate, paracetamol, ascorbic acid and penicillin G on the determination of total

3

AINNNES

/m/m

Salicylate Paracetamol Ascorbic acid Penicillin G

calcium by modified CPC method.
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Table 2 Effect of venous stasis on serum total calcium determination by modified CPC method.

Serum Total calcium®

(mg/dl)
Without venous stasis With venous stasis
9.4 9.4
9.1 9.5
8.8 8.8
9.0 9.6
9.1 9.6
8.5 9.5
9.2 9.5
9.0 9.1
9.7 9.8
9.0 9.5
mean = SD|9.08 + 0.32 9.43 + 0.28

*p < 0.05 (Student’s paired t-test)

Table 3 Total calcium level determined from serum separated from clotted blood which was left at room

temperature for various times.

Hour Total calcium (mg/dl)
No. 1 3* 4"
1 8.7 8.7 8.7 8.7
2 8.2 8.3 8.2 -
3 8.8 8.5 8.5 8.5
4 8.3 8.3 8.1 7.7
5 8.5 8.5 8.5 8.4
6 8.4 8.4 8.5 8.5
7 8.7 8.7 8.6 8.5
8 8.6 8.6 8.4 8.6
9 8.0 8.4 8.4 8.5
10 8.4 8.4 8.5 8.7
11 8.0 8.0 7.9 8.1
12 7.9 7.6 7.9 7.8
mean + SD . 8.38 + 0.30 8.37 + 0.31 8.35 + 0.26 8.36 + 0.34

*No significant difference when compared with values of 1 hour (p > 0.05, Student’s paired t -test)
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MURAL)
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