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IN VITRO STUDY TO EXPLAIN THE DECREASE IN ALKALINE PHOSPHATASE (ALP)
ACTIVITY IN HEMOLYSED BLOOD SAMPLES FROM THE CLINICAL POINT OF VIEW.
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ABSTRACT .

Hemolvsis is still the most common reason for rejecting samples, while reoblaining o new sample is an jmportant
problem. The aim of this study was (© explain the decreasc in the activity of Alkaline phosphatase cnzyme after
hemolysis of blood samples and the possible conversion of zinc and Magnesium ions to inhibitors of alkaline
phosphatase activity after they released from red blood cells. Twenty healthy volunteers were enrolled in the study.
Four hemolysis levels were constituted according to hemoglobin concentrations (0.02 ,0.27 ,0.75 and 3.34 g/L). Non -
hemolysed samples were obtained from each volunteer and considered as control. Hemolysis was achieved by
mechanical trauma. Alkaline phosphatase activity and the concentrations of Zinc and Magnesium ions were measured
in the hemolysed and non-hemolysed samples. 10 non-hemolysed serum samples (Hb concentration was < 0.02 g/L)
were divided in to two groups samples (named as Group A and B ) ALP activity was measured in these samples. In
vitro study was camed out through addition of magnesium chloride (68.3 mg/dL) to group A and Zinc chloride (5.1
pgrdL) to group B. ALP activity was measured in the sera of the two groups. The significant decrease (p<0.001) in
ALP activity (132 = 7.2 [U/L) was at moderate and al scvere hemolysis ( 5.5 £ 2.3 1U/L) as compared with that in
non hemolysed samples. In these levels of hemolysis the concentrations of Zn*? ions (5.1 £1.] pg/dL) and Mg ions
{683 % 8.6 me/dL) were significantly increased (p<0.01) compared with their concentrations in non-hemolysed
samples (2.75+0.82 ; 17.66 + 2.3pg/ml) respectively. ALP activily was inversely proportional with the increase in the
hemoglobim concentrations in the hemolysed samples. A significant decrease (p<0.005) in the activity of ALP from
93.7+ 102 to 47.4 £10.7 TU/L was observed after the addition of 68.3.0 mg/dL of magnesium chloride to group. There
was no significant decrease (p>0.1) in activity of ALP in the samples of group B to which 5.1 pe/dL of Zinc chloride

was added.

phosphatase in hemolysed blood samples, other

Hemolysis is the most common preanalytical studies have not found any change in the activity
source of error in clinical laboratories and of ALP in hemolysed blood samples."™'"” ALP is
rcsponsibic for neardy 60% of rejected a metz.lllo-enzy(rlqe that is ac_tivaled by magnesium
samples.!* It may occur both in vivo and in and zinc ions."™ Hemolysis causes a release of
vitro. The ratio of in vive hemolysis is only 3.2% intracellular ions in the serum among lhes?c are
of all the hemolyzed sp;:cimens.m In witro t!u: magnesium and zinc ions \_vhu:h will be
hemolysis occurs more often and it is c:imsed by touncll in Td:rgiuzz?c;;‘dr;“:i?n 5“:0 :‘,3223;;‘:

: : i handling or samples. p :
mmproper _ sample RIS s T the possible inhibitory role of Zn** and Mg ions

 centrifugation,  Especially  hardly collected in .
samplesgmor storcdp and’or transported, have on the activity of ALP in hemolysed blood

INTRODUCTION

increased risks for hemolysis. . samples.
ost of the hemolyzed samples are being EXPERIMENTAL
} -

rejected on pre-analysis stage according to th.e Materials
visual detection of serum intzrfel.-enci_s. cdven_ Jl“ All Reagents, Medical Kits 3 L ares
the requested tests may not be interfered with K
hemoI;sis. Besides, according to (he reports, wers purchased from J_ﬂ\genclesd Med, Lab.
visual assessment of sample hemolysis showed Trading Com. (L.L.C, Amman, Jordan).

little agreement with the actual concentration ol Methods

- . 4 .

hemoglobin interferent. ﬂbtl?onvlfrscly_, cvlen il Preparation of blood samples

the hemolysis is not visible, there is also a

discharge gt' the cell constituents into serum or Twenty healthy male volunteers (23.0 4.0

lasma & So invisible hemolysis is an important years old) were tested for their fitness and health -
zause of false results and has to be detected by measuring their levels of ALP before they are
‘before the investigation procedure. enrolled in the study. Venous blood samples

. phosph at‘ . me has an were collected from those  volunteers.
Alkaline wsphatase €1y Hemoglobin concentration was :
impartant dinggoﬂic value in Jiver diseases and ke sure that the’scr S:ir::ples welr];ca{-‘.::;e(:‘m;:
bone diseases. The effect of hemolysis on the hemolysis ples. -from,
% ALP i s understood. Same studies , ' L A

?g""hy o]f :L l; : :.‘i :l: t::: activity of Alkaline To study the effect of in vitro hemolysis,
A e : procedure of Mehmet ef al. ') was used where
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four snmptcs were dmawn from the heslthy

volunteers through the needles of 5 mi synng;
(LS inch, 21 gauge) speedily for 2, 4. 6 tnd‘d
times respectively to lyse the cells by mechanc
- trauma to obtain shightly, mildly, moderately and
severely hemolysed samples They were ali
- centnituged at 1000 < g for 15 msmudes Sera were
lected.
;.lumimtion of  Hemoglobin  (Hb)
concentration :

Free Hb of all samples were messured
spectrophotometrically (Shimaday © orporaion,
Kyoto, Japan) with Na,CO, sotution (10 mg 100
mL) as a reagent. "™ Absorbances were measied
at 415, 450 and 700 nm for mimuﬂ,ﬂy::
bemolysed. Free hemoglobin in the hemol
samples was laken as indicator of hemolysiy
tevels.™ Total serum hemoglobin was calculated
according 1 the formula of Hb = 1547 &
(A415)- 130.7 * (A430) - 123.9 » (A700) The

ranges from 0 - 0.1 g/L for serum free

Deiumination of Alkaline pho

sphatase (ALP)
activity non-hemolysed and hemolysed
samples ,

- The activity of ALPp was  determined
- according to the procedure of Matsushita and
Komoda ™% spy-

nm. The activity of ALP (TU/L) was calculated
according o the following formu|

a:
(qu/L)=a Abs/min, x 2187
Normal level of ALP = 40-140 fU/L
Dete!minaﬂon of Zinc (

Zn'?* yand Magnesiym
(Mg™ ) ions in non-hemolysed ang hemolyseq
samples

1. Determination of Zn

The determination of Zp* jgs was based on f)ye
procedure of Knoell of g7 (19 Transter 200 1y
standard, sample gnd sample blapk (200 yL.
Sample + 8 1L EDTA) o appropriately labeje)
tubes, Add 80g pL

" fons

working reagont and tap
- tightly to mix, Incuba

€ 30 minutes and read fhe
_absorbance a1 425 nm.

; : The concentration of 74"
in the samples was detenmined from g standard
‘ ' standard concentratjopg
(Zinc standard cyrve § ]
) concentration (pg/dl) =
452444 PR N
: 2,'Det'arminn,tiun_of_Mg" igns S
. Procedure of Whang " wa ysed for (le
 determination ' of Mg jins, Twenty five jL

(27520 82 ML, 1766523 mgdl
s mntmlyely)._- : L SRR B :

{ 20

‘ standard samples were transfirreg 14
ﬂm@v lﬁ::!hﬁﬁlﬂ 'W‘)ﬂ_ "T,ttlhg _
reagent were added and vortexed 1o i Afle
incobmiion for 2 mimutes, they were ;_zm:!«:m-.g fe
cuver and read ol S00nm rlff)'.'}‘) sl FU1A

solutnn were suded, mized well, incubated fiy )

minules and read of 300 nen. . )

lculation

o :r:waun conceriration of the i
caloutated & Absorbmnce of the wTpie
(ADS e ) 30d Absorbamce of M (AbS g b ‘
values of sampile before and afier ﬂ-ﬂnﬁmm of

EDTA at 500nm, Absarbance of big™ j Aby -
) and Absotbmnce of Mg blark ( Abs et e }
are Absorbance values of the standurd ( 1 &)
hﬁnm&nﬂrhdﬂmdﬁnf.\_ﬁ%

&

Concentration of Mg™ (mgefi. ) =
ADS smgr-A

Ah*-Ah.*h

Normal Magnesium 1on cuncentration (agdl, -
1772002

Determination of Alkaliae

which  specific Imoants

WaS carried out including the additon
ol 683 mgrar pr%mmm A
and 5.1 pgrdr of Zinc chionde w group B All
samples were incubated for (0 migtes, ALP
Sctivily was messyred again in the sera of the
WO groups. :

. RESULTS '
As sren jq ahle 1, alkalng phospliatase
wis Ygnificamly  decrrased i
hemaolyseq samples compared with that in non
hemolysey “amples (8332106 MyL). The
S0 lcant decrgse (P<0.001) in the activity was
Observed o Moderate (13 2472 UL, and
neOre hemalysic (55,4 2 3 1L/ ) comparkd with
that in aun hemolysed samples (833 £106
UL, while e activity of ALP m slight
hemolysis (814 5 14 4 TU/LY did nat show: any
HENICAn Yeogreqye (P=0.5), In these Jevel of
hemolysia. the :

Concentrations of Zn't (5.1 2 1.0
 BedL) ang Ma'?

_ M2T (68336 mg/dL) wcr: B
Smlicantly Meremsed (P70.01) compared with.
ir Concentrations in non-hemol ysed samples
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'VTahlt (i) The activity of}Alkaliu.e' phosphatase( ALP),

the concentrations of
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Zn* and Mg and the

Hemoglobin (Hb) concentrations in blood samples hemolysed to diffcccnl levels. Joat _ |
o K Hb Mg (+SD)" [ Zn (45D ) | ALP activity(1U/L) | -
Levels of hemolysis. | conc(er:tLr;ltiDn - (mgdL)y  (ug/dLy (£SD)*
, - g | SRR e .
" No hemolysis 0.012 {17661 (23) 1275 (0.80) (837 (10.6)
“Shight - 0,02 182 " (1.8) 2.8 (031) 814 (18.4)
AGld , 0.27 233 (5.3) 35 (1.2) 78.5 (9.5)
Moderate - _0.75 6831 (8.6 |51 (i) 132 (72)
Scvere | 334 6 (13)  [63 (23) 55 (2.3)
. "Mean £ 8D ;' p<0.01; 1p < 0.01 - '

* The decrease in the activity of “ALP was
- inversely proportional with the- increase in the
~ hemoglobin. concentrations in the hemolysed
samples. (Figure 1). Significam decrease of ALP
activity started at moderate hemolysis where the
 concentrations of Mg™ and Zn'? jons were 68.3
8.6 me/dL and 5.1+1.1 pg/dL respectively,
Slight and mild hemolysis did not affect the ALP
- Table (2): Activi

ty of ALP in non hemolysed serum s

activity where the concentration of Hb was 0.02
and 0,27 respectively (Table 1), A significam
decrease (p<0.005) in the activity of ALP from
93.7£10.2 to 47.4£10.7 IU/L. was recorded afier
the addition of 68.3.0 mg/dL. of magnesium
chloride to group A and the activity of ALP in
group B showed non-significant decrease (85.1 2
8.6 1U/L) versus 77.2 + 12.3 1U/L (Table 2). ,
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‘

amples before and after the addition of MgCl; and
ZnCl, : , ' , i
] Before addition of [ After addition of Mgl After addition of ZnCl,
MsCly; ZnCl, Group A(SD)" - Group B(zSD)"
Group group B '
‘ A(SD)’ | (sSDY o, -
ALP activity (TU/L) 93.7 | 85.1(3.6) 47.4°(10.7) 77.2(123)
| (10.2) - .
MeaniSD;» p'<0.005 _
S T
© 80.000 ~FR Fy [ ST
: . I = 71,600
70.000 . ; l g’ 9 — | ;"*-3
60.000 ; ' ko ] -
* ;. p 1 i
©50.000 | 4= B |
~ 40.000 E } 4 ‘ -
. 30.000 : ; ) ) bl-- .
) .-‘20"“0-0' 17.660 i 18,200 L
10.000 ol 5 NS S - =43
ered L T ' ,'g'l’mt.’-' ont0 5., 1800, 07807 - Hoepef ] T
S - 0.000 T W L--;;m,@_--f : : :

RV . Noﬁgmn_l_?;ﬁis - S!!ght 3
i -i-.' ; :“L'.r e '.A‘ ot v rr s . e ;—-—‘ ,A.'t: T T “‘- L -:'--.-
< oL Blfeet of Hemotyais levels on ALP, Zn"and Mg™. -~ ' -
RS T R e ‘ . 1'_ Ll ™ -.. ' j 5 -
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DISCUSSION

Most studies " ¥ % © ¥ have unanimously

agreed on the effect of hemolysis on the activity
of ALP. Some studies © attributed the
signiticant decrcase in the ALP activity to the
dilution factor as a possible effect where the
leakage of intracellular components into the
surrounding fluid especially in severe hemolysis
may cause decreased ALP activity, Other studies
O auributed this such decrease to the direct
impact of some of the contents of blood cells on
the activity of ALP without specifying the nature
of these contents, As expected in the current
study hemolysis significantly decreased the
activity of ALP and the data suggest a
progressive inhibition of ALP when exposed to
increasing level of hemolysis. This method of
cell lysis was chosen because blood transferring
into a tube by pushing forcely down on the
syninge plunger is analogous to the mechanical
disruption of erythrocytes that frequently occurs
during blood collection. In this method there is
no standardization way of the force applied while
transferring the blood by syringe. Besides every
patient’s fragility of red blood cell is different. as
a result, free Hb concentrations of all samples
were not correlated with the force.

The significant decrease in ALP activity
started  at moderate hemolysis where the
concentrations of Mg'* ions was four times
greater than at normal level. The increase in
concentration of Zn"* jons was twice greater than
the normal at these hemolysis levels. It seemed
that the effect of the increase in the concentration
of Mg"™ jons in the hemolysed samples resulted
in a significant decrease in ALP activity.

In another in vitro  experiment same
concentration of Mg'? ions which was measured
at moderate hemolysis was prepared as Mgel,
and was added to non hemolysed sample as a

- result of this addition there was a significant

decrease in the activity of ALP. However this
result was not observed in the ALP activity in
non-hemolysed sample to which Zncl, was
added. From the data presented in table 2, it is

- very obvious that elevated level of Mg™ ions
- play an inhibitory effect on the ALP activity.

_ This such suggestion seems to be reasonable

since ALP is a metallo-enzyme which depends

on Mg and Zn* ions as cofactors " and as
' - ) N . 2

shown in the current study the increase in Mg

" jons resulted in a feedback inhibition on ALP
. activity.

Hemoglobin  concentration s
recommended to be measured before proceeding

" the measurement of ALP. Slight and mild

)

- of Clinical Chemist

hemolysis as the concentration of Hb m <027 -
o/l would not affect the ALP ag!wu)- as
manifested in the present study. For ALP
measurement, grossly hemolysed samples should
be rejected and new samples t:hogld be
requested, It is recommended to determine free
Hb level in serum or plasma, to detect the degree

of hemolysis.

In conclusion, the current study gave an
explanation for the decrease in the activity of
ALP ufier blood hemolysis where the other
studies failed to do so. Mg™ ion is known as a
cofactor of ALP , released Large concentration
of Mg" due to hemolysis inhibits The activity of
ALP which confirms the feedback inhibition of
Mg"? on ALP activity.
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