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Abstract

The activities of total serum acid phosphatase (E.C. 3.1.3.2) and of two of its isoenzymes, tartrate-resistant acid phosphatase ar
erythrocyte-specific acid phosphatase were measured in 109 adult male and female patients presenfiihg pecute malaria
infection, and a normal, healthy control group comprised of 82 subjects. All the three forms of acid phosphatase were found to
be significantly p < 0.05) higher during infection as compared to their activity in the control group. This result suggests that the
measurement of acid phosphatase, particularly the erythrocyte isoenzyme, in serum could be potentially used as a biomarker c
acutefalciparum malaria infectionTo cite thisarticle: 1.H. Garba et al., C. R. Biologies 329 (2006).

0 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
Résumé

Teneurstotales élevées en formes isoenzymes de la phosphatase acide dans le paludisme aigu & Plasmodium falciparum.

Les activités de la phosphatase acide sérique totale (E.C. 3.1.3.2) et deux de ses isoenzymes, la phosphatase acide tartrate-resist
et la phosphatase acide érythrocyte-spécifique, ont été mesurées chez 109 patients adultes, hommes et femmes, souffrant d'une
fection palustre aigué Blasmodium falciparum, et un groupe témoin constitué de 82 sujets sains. Toutes les trois formes de la
phosphatase acide ont été significativemenk(0,05) élevées pendant I'infection, comparées a leurs activités chez les témoins.
Ce résultat suggere que l'activité sérique de la phosphatase acide, particulierement I'isoenzyme érythrocytaire, pourrait étre po
tentiellement utilisée comme biomarqueur du paludisme aiglasmodium falciparum. Pour citer cet article: |.H. Garba et al.,

C. R. Biologies 329 (2006).

0 2005 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

* " Corresponding author. _ Disease states usua_\lly lead to _moderate or extensive
E-mail addresses: ihgarba2002@yahoo.cothH. Garba), tissue damage depending on the time of onset and sever-
gatsingd@yahoo.cofD. Gatsing). ity of the disease. Such conditions are usually associated
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with the release of enzymes specific to the diseased or-parum malaria endemicity is at its highest peak because
gan or tissue into circulation. The consequence is an in- of the highest average rainfall, which occurs during this
crease in activity of such enzymes in body flujitis4]. month.
However, every organ or tissue damage does not lead .
necessarily to a rise in the activity of the organ or tissue- 2-2. Sudy design
specmc.enzyme concgrned. L_um et[al.have re_ported Patient selection and pre-qualification was done by
some disease associated with a decrease in organ or. . S ;
. o o ; simple random sampling of individuals at the Bauchi
tissue-specific enzyme activity in body fluids. Therefore - ; . .

o . . Specialist Hospital Outpatient Department presenting
minimal changes in the concentration of an enzyme can _: . ! - .

. : . : ._with a history of fever and malaise within a period

be reflected in easily measured alterations in enzymatic

. . 2. .~ of 1-8 days, and who were confirmed to be infected
activities. Thus, measurement of enzymatic activity in . : . . . .
with thefalciparum malaria parasite by microscopic ex-

;erum/plasma_and other body fluids ha_s been empIOdeamination of Giemsa stained thin blood slides. Based
in the diagnosis of diseases. Enzymatic methods have . . T :
on the following selection criteria, only 109 patients

proven to be crucial to the diagnosis of acute myocar- o S
dial infarction[6], liver disease$7] and acute pancre- were found to be qualified for participation in the study.
' Among the qualified patients, 67 were males, while the

_atlt!s [8]. Apart from th_e_|r value as generql dlagnostllc females were 42. Both groups of patients fell within the
indicators, enzyme activity measurements in body fluids
age range of 18-45 years.

are providing scientists and clinicians with new insights
into the pathological basis of some diseases. In some in-2 3 patient salection criteria

stances, they are used as predictors of the progress of

diseases, particularly certain types of candé:8,9]. Patients whose case history showed a concomitant
Falciparum malaria is a disease caused by an oblig- presentation with the following conditions: anaemia,
ate intracellular parasite of thielasmodium complex cancer, metabolic bone disease, multiple myeloma and
known asP. falciparum. It is the commonest malaria in-  Gaucher’s disease and Paget's were excluded from this
fection in Africa, particularly south of the Sahdte0]; study. This is because these conditions are known to
falciparum malaria infection is at the root of hyper en- be associated with raised serum acid phosphatase ac-
demic malaria with great regional epidemidd] and tivity [14]. Similarly, patients on self-medication with
fatalities in the region of 1.5-2 million persons annu- any antimalarial drug prior to presentation were also ex-
ally [12,13] cluded from the study.

In this work, we assayed for serum activity of to- For comparative purposes, a control group of 82
tal acid phosphatase and two of its isoforms, tartrate- healthy adults (age range, 18-45 years) were also en-
resistant acid phosphatase (TRAP) and erythrocyte- rolled in the study.
specific acid phosphatase (ESAP), otherwise known as )

Band Three Acid phosphatase in patients with acute 2-4. Serum preparation
falciparum malaria infection. This was with a view to

. . Venous blood (5 ml) was obtained from each of the
assessing the effect of the disease on the levels of these _. : ; .
; : . -~ patients by venepuncture of the antecubital vein using a
enzyme and isoenzymes that might be of importance in

the diagnosis of this pathological condition sterile nee_,\dle and syringe between the hours of 9-11.00
' am local time. The blood samples were then transferred

into clean, sterile centrifuge tubes and allowed to clot.

Each clotted sample was centrifuged at 3900r 10

min to obtain the sera. Enzyme assay was carried out

within 24 h of collection.

2. Materialsand methods
2.1. Sudy locale

The southern and northern limits of Bauchi State 25 Enzyme assays
where the study was conducted are demarcated by lat-
itudes 930 north and 1030 north, respectively. Its Total serum acid phosphatase activity was assayed
western and eastern limits are bounded by longitudes according to the method described in Bergemg¢¥bt.
8°45 east and 110’ east, respectively. Two thirds of  Tartrate-resistant acid phosphatase (TRAP) and erythro-
the land area is in the south of latitude°1%. Mean cyte-specific acid phosphatase (ESAP) activities were
daily temperature in August, the month in which the also assayed according to the method described in
study was conducted is 292 and a humidity range of = Bergemeyef15] in the presence of 0.4 M tartrate (for
68%. August is the month when the incidencdati- TRAP activity) and 0.4 M fluoride (for ESAP activity).
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Enzyme activities are reported in International Units
(1V).

2.6. Satidtical analysis

Data analyses were carried out using the MINITAB-
10 Statistical Software. Comparison of mean total
serum acid phosphatase, tartrate-resistant acid phos
phatase (TRAP) and erythrocyte-specific acid phos-
phatase (ESAP) activities between the control group and
patients were done using one-way analysis of variance
(ANOVA). Where p values are< 0.05, the Duncan’s
Multiple Range Test was used to test the difference be-
tween pair of meang) values< 0.05 were considered
significant.

2.7. Ethics

This work was conducted in accordance with the fol-
lowing ethical declarations:

— World Medical Association’s Declaration of Hel-
sinki [16];

— APA Ethical Principles in the Conduct of Research
With Human Participantgl7];

— World Medical Association’s Declaration of Lisbon
on the Rights of the Patiefi8];

— CIOMS/WHO International Guidelines for the
Conduct of Research Involving Human Subjects
[19].

3. Results

Table 1shows the serum activity of total acid phos-
phatase and its isoforms in normal and infected males
and females. The infected females had the highest
serum activity of acid phosphatase in the range of 235
0.13 IU. This value is roughly two-fold higher than the
activity in normal males (1.48 0.07 IU) and females
(1.30+ 0.04 1U). Total serum acid phosphatase activ-
ity in infected males was found to be 2.250.06 IU.
Acid phosphatase is significantly elevated among both
infected males and females in relation to its activity in

Table 1

7

normal males and femaleg & 0.05). Tartrate-resistant
acid phosphatase (TRAP) activity in serum of infected
males and females was also highly elevated: almost dou-
ble the activity in normal males and femalgs< 0.05).
TRAP activities were 1.22 0.13 U (infected females),
1.08+ 0.06 IU (infected males), 0.72 0.04 IU (nor-

mal females) and 0.8% 0.07 IU (normal males), re-

spectively. Here also, the infected females showed the
highest activity for tartrate-resistant acid phosphatase.
The infected females also had the highest elevation
in the activity of erythrocyte-specific acid phosphatase
(ESAP) with a value of 1.0# 0.05 IU. This activity is
significantly higher than the normal female erythrocyte-
specific acid phosphatase activity of 0450.06 IU.
ESAP activity is also significantly higher in infected
males (0.94+ 0.02 IU) when compared to the normal
male activity of 0.48&t 0.09 IU (p < 0.05). These ele-
vations in erythrocyte-specific acid phosphatase activity
during infection are about two-fold the normal serum
values.

4, Discussion

The only clinical situation in which serum acid phos-
phatase activity assays have proven to be of importance
for more than 60 years is in its application as a marker
in the diagnosis of prostatic carcinoif2a20,21] This is
because cancer-induced damage to the prostate gland, a
rich source of this enzyme causes its leakage in signif-
icant amounts into the victim’s seruf22]. However,
Chambers et al23] have reported a 5-50-fold eleva-
tion in serum acid phosphatase activity in patients with
the adult, non-neuropathic form of Gaucher’s disease,
suggesting its potential in monitoring this inborn error
in lipid metabolism. Also, Gatsing et 1] reported
a significant increase in serum acid phosphatase activ-
ity in patients with laryngeal carcinoma. In this work,
highly significant elevations in both total and tissue-
specific isoenzymes of acid phosphatase in afhiHt
ciparum malaria patients have been found. One of the
important pathophysiological processes that contribute
to the debilitation associated with this infection is the

Serum activity (IU) of acid phosphatase and its isoforms in adult male and female controls and adult male anf@lfgpzelen malaria patients

Enzyme Male control Male patients Female control Female patients
Total serum acid phosphatase .40+ 0.07 225+ 0.06% 1.30+0.04 235+0.132
(n= 38) (n= 67) (n= 44) (n= 42)
Tartrate-resistant acid phosphatase .830:0.07 108+ 0.062 0.794+0.04 1224+0.132
(n=398 (n==67 (n=44% (n=43
Erythrocyte-specific acid phosphatase 484 0.09 094+ 0.02 0.454+0.06 1074 0.05%
(n=39 (n==67 (n=44 (n=41

a8 p <0.05 vs. control.
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destruction of both parasitized and unparasitized ery- [7] G. Castaldo, G. Oriani, L. Cimino, M. Topa, |. Mostarda,
throcytes[24] with its consequent release of parasite- L. Castellano, L. Del Vicchio-Blanco, G. Budillion, F. Salva-
derived toxic waste products during erythrocytic mero- tore, L. Sacchetti, Total discrimination of peritoneal malignant
. . . ascites from cirrhosis and hepatocarcinoma-associated ascites
gony. The h,aem_mytlc process |nvar|ably Iead; to the by assays of ascitic cholesterol and lactate dehydrogenase, Clin.
release of significant amounts of this enzyme into the Chem. 40 (3) (1994) 478-483.
patient’s serum, since red blood cells are also among [8] M. Patenghini, F. Pagani, Diagnostic value of measuring pancre-
some of the rich sources of acid phosphatase. This is atic lipase and the P-3 isoform of the pancreatic amylase isoen-
evident in the fact that the erythrocyte-specific acid zyme in serum of hospitalized hyperamylasemic patients, Clin.
phosphatase activity accounts for about 42% and 46% _ Cnem- 35(3) (1989) 417-421. .
. S D. Gatsing, G.l. Adoga, P. Obekp#®-Glucuronidase,3-ga-
of the total acid phosphatase aCtI.V.Ity in infected males lactosidase and acid phosphatase activities in liposarcoma pa-
and females, respectively. In addition, tartrate-resistant tients before and after surgical intervention, L'Eurobiologiste
acid phosphatase activity represents up to 48% and 52% XXXV (259) (2002) 11-14.
of the total acid phosphatase activity in infected males [10] World Health Organization (WHO), Severe and complicated
and females, respectively. The proportion of the activ- malaria, Trans. R. Soc. Trop. Med. Hyg. 84 (2) (1990) 1-65.
ity of both TRAP and ESAP during infection is about 1V Undayakumar, S. Kariuki, M. Kolczack, M. Girma, J.M.
o o . .. Roberts, A.J. Aloo, B.L. Nahlen, A.A. Lai, Longitudinal study of
90% and 97% of total serum acid phOSphatase activi- natural immune responses to tRksmodium falciparum apical
ties in infected males and females, respectively. How- membrane antigen (AMA-1) in a holoendemic region of malaria
ever, the ratio of total serum acid phosphatase to that of ~ in Western Kenya: Asembo Bay Cohort Project VI, Am. J.
erythrocyte-specific acid phosphatase activity is higher ~ Trop. Med. Hyg. 65 (2) (2001) 100-107. _
in infected males (2.4) relative to their female counter- 121 R- Amador, M.E. Patarroyo, Malaria vaccines, J. Clin. Im-
. - - munol. 16 (4) (1996) 183-189.
parts (2.2). This is a finding of potential mportance be- [13] E.M. Samba, The burden of malaria in Africa, Afr. Health 19 (2)
cause measurement of serum levels of acid phosphatase, (1997) 17-18.
particularly the erythrocyte isoenzyme can be used to [14] D.F. Caloreath, Clinical Chemistry, W.B. Saunders Company,
diagnose this infection. Furthermore, the elevation in Philadelphia, PA, USA, 1992.
tartrate-resistant acid phosphatase activity during this [15] H.U. Bergemeyer, Methods of Enzymatic Analysis, Verlag
infection indicates some degree of damage to other tis- __ Chemie, Weinheim, Germany, 1974.

sues or oraans. which are rich sources of this enz me[16] World Medical Association, Recommendations Guiding Physi-
9 ! y cians in Biomedical Research Involving Human Subjects,

—_

[9

—

pfa_rticu_larly the “_Ver_ anq poss_ibly macrophages. |n_ad' Adopted by the 18th World Medical Assembly, Helsinki, Fin-
dition, it may be indicative of tissue lysosomal function land, June 1964 and amended by the 48th General Assembly,
in malaria infection, since the lysosomes also contain October 1996, Somerset West, 1996.

high amounts of this isoenzynii25]. [17] American Psychological Association (APA), Committee for the

Protection of Human Participants in Research. Ethical Principles
in the Conduct of Research with Human Participants, American
Psychological Association, Washington DC, 1982.

[18] World Medical Association, Declaration on the Rights of the Pa-
tient, Amended by the 43rd General Assembly, Bali, 1995.

[19] Council of International Organization of Medical Sciences/
World Health Organization (CIOMS/WHO), International Eth-
ical Guidelines for Biomedical Research Involving Human Sub-
jects, Geneva, 1993.

[20] R.F. Gittes, Acid phosphatase and prostate carcinoma, N. Engl.
J. Med. 309 (15) (1983) 1001-1104.

[21] I.H. Garba, G. Ubom, D. Gatsing, M. Awwal, Acid phosphatase
activity as a potential prognostic marker in patients with benign
prostate hyperplasia (BPH), The Internet J. Surg. 6 (1) (2005).
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