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Abstract

Background and Aim: Preeclampsia is a potentially serious complication of
pregnancy with increasing significance worldwide. About 2-fold increased ALP in
Preeclampsia groups indicative of placental dysfunction, Serum total alkaline
phosphatase (ALP) and placenta alkaline phosphatase (PALP) measurement can
afford a simple, reliable and economical adjunctive laboratory parameter in
hypertensive disorders of pregnancy. The aim of this study was to determine the
utility of serum and placental ALP as a Predictive marker for preeclampsia among
Sudanese pregnant females.

Materials and Methods: This cross-sectional comparative hospital-based study
conducted in Khartoum state at Omdurman Maternity Hospital form March to June
2022. Hundred Sudanese pregnant women aged between (15-45) years old were
included, of them 50 pregnant women with preeclampsia and 50 apparently healthed
pregnant women as control. The serum TALP and PALP was measured by using
full automation analyser (response® 910). The data obtained was analyzed by using
SPSS version 20 program.

Results: The study showed insignificant difference in mean of total ALP in
preeclamptic group compared to normal pregnant women (P.value > 0.05),
However there was significant increase in means of PALP (MeantSD 151.5+
76.11U/L vs 111.1465.4 IU/L, P.value < 0.05) and the ratio of PALP/TALP (mean
+SD 0.66 +£0.2 IU/L vs 0.52+0.1 IU/L, P.value < 0.05) in preeclamptic group when
compared to normal pregnant women. The Receiver operating characteristics curve
(ROC) showed an optimum cut offs PALP (133 IU/L) and ratio (0.589 IU/L) in

predictor of preeclampsia in pregnancy.

Conclusion: Sudanese women with preeclampsia had elevated serum PALP and
ratio of PALP/TALP. Moreover PALP and ratio of PALP/TALP can be used as

predictive marker of preeclampsia in pregnancy.
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1. Introduction, Rationale and Objectives

1.1 Introduction

Preeclampsia is a potentially serious complication of pregnancy with increasing
significance worldwide. Preeclampsia is the cause of 9%—26% of global maternal
mortality and a significant proportion of preterm delivery, and maternal and
neonatal morbidity (7ewnsend et al.,2016).

Hypertension disorder in pregnancy (HDP) is defined as a systolic blood pressure >
140 or diastolic blood pressure > 90 mmHg or both . HDP comprise a spectrum of
disorders Categorized into Gestational hypertension defined as new hypertension
presenting at or after 20 weeks gestation without proteinuria or other features of
preeclampsia, preeclampsia is hypertension with significant proteinuria, when
preeclampsia develops in women with chronic hypertension, the classification is
chronic hypertension with superimposed preeclampsia and eclampsia, chronic (pre-
existing) hypertension is hypertension that is present before 20 weeks of gestation
or prior to pregnancy (Reeta et al.,2014. Chaparro et al.,2020).

Incidence is increasing in keeping with the increase in obesity, maternal age, and
women with medical comorbidities entering pregnancy. Recent developments in the
understanding of the pathophysiology of preeclampsia have opened new avenues
for prevention, screening, and management of this condition. In addition, it is known
that preeclampsia is a risk factor for cardiovascular disease in both the mother and
the child and presents an opportunity for early preventative measures. New tools for
early detection, prevention, and management of preeclampsia have the potential to
revolutionize practice in the coming years (Townsend et al.,2016).

Preeclampsia is a global health problem of increasing significance. Preeclampsia
complicates 2%—-8% of all pregnancies, contributes to 15% of preterm deliveries. In
the most recent confidential inquiry into maternal mortality in the UK, 22 of 107
direct maternal deaths from 2006 to 2008 were related to preeclampsia and

eclampsia. (Townsend et al.,2016).
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Several biochemical parameters, serum albumin, total protein, iron, iron binding
capacity, hemoglobin, ferritin, uric acid, Magnesium, aminotransferases, total
Alkaline phosphatase (ALP), Placenta Alkaline phosphatase (PALP) and urinary
protein had been cited in the past which find wide use in predicting pregnancy
hypertension. In recent years, however certain novel biochemical substances such
as prostaglandins, Inhibin, Cell Adhesion Molecules have been shown to possess
clinical relevance in monitoring the course and outcome of hypertensive disorders
of pregnancy (Reeta et al.,2014).

Heat stable ALP (PLAP) measurement can afford a simple, reliable and economical
adjunctive laboratory parameter in hypertensive disorders of pregnancy (Reeta et
al.,2014).
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1.2 Rationale

and Preeclampsia is becoming an increasingly common diagnosis in the developed world
remains a high cause of maternal and fetal morbidity and mortality in the
developing world and known that preeclampsia is a risk factor for cardiovascular
disease in both the mother and the child and presents an opportunity for early
preventative measures. New tools for early detection, prevention, and management
of preeclampsia have the potential to revolutionize practice in the coming years, till
date, studies on placental alkaline phosphatase (heat stable fraction) as a marker in
diagnosis of preeclampsia is sparse, so this study conducted to determine the
diagnostic value of ALP and PALP as a reliable, sensitive, specific and economical

biochemical marker for preeclampsia.
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1.3 Objectives

1.3.1 General Objective

To determine the utility of serum total and placental ALP as a Predictive marker for
preeclampsia among Sudanese pregnant women in Khartoum state

1.3.2 Specific Objectives

1.To estimate and compare the level of analytes under study (Total ALP and PALP )

in preeclamptic pregnant women and normal apparent pregnant women .

2.To correlate between study parameters (total ALP, PALP and ratio of
PALP/TALP) and study variables (Age, SBP, DBP, gravida).

3.To determine the sensitivity and specificity of total ALP, PALP and ratio of

PALP/TALP as predictor of preeclampsia in Sudanese pregnant women.
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2.Literature Review

2.1 Preeclampsia

Pre-eclampsia (PE) is defined as the new onset of hypertension and proteinuria or
as the new onset of hypertension and significant end-organ dysfunction with or
without proteinuria after 20 weeks of gestation in a previously normotensive woman.
This hypertensive disorder complicates 3-5% of all pregnancies and is one of the
leading causes of maternal morbidity and mortality. The severity of adverse
outcomes is strongly associated with gestational age at onset. In approximately 90%
of cases, PE onset after 34 weeks of gestation is associated with good health
outcomes, although the mother and newborn are at increased risk of serious
morbidity or mortality when compared to normotensive pregnancies. Early
presentation of PE (i.e., <34 weeks) is associated with poor placentation and
dysfunctional spiral artery remodeling and greater risk of adverse outcome, and it is
associated with moderately preterm, very preterm, or extremely preterm birth. In
addition, long-term, women who developed PE are at increased risk of developing

cardiovascular and renal diseases (Chaparro et al.,2020).

Preeclampsia has been dubbed a disease of theories. Its concept has transformed
throughout the century from a disease specific to the kidney leading to chronic
nephritis to a state of toxemia caused by circulating toxins. Our understanding of
this disorder has significantly advanced since that time: the introduction of
circulating antiangiogenic factors contributing to disease and the emphasis away
from proteinuria to diagnose preeclampsia. What have also been unraveled, more so
in the last decade, are the future cardiovascular and renal implications for women
with a history of preeclampsia, especially those with early, severe subtypes. Thus,
with much better understanding of this disease, we have optimism for diagnosis and

treatment as well as caution for future care of these women (Elizabeth et al.,2016).
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The early identification of women at risk of PE would allow for the development
and evaluation of timely intervention strategies to limit immediate and long-term
adverse outcomes. Multiparametric algorithms for the identification of women at
risk of developing PE have been previously reported; they are based on
combinations of maternal risk factors, uterine artery Doppler pulsatility, and/or
different blood-borne biomarkers (Chaparro et al.,2020).

2.1.1 Epidemiology of Preeclampsia

Hypertensive disorders of pregnancy, including preeclampsia, consist of a broad
spectrum of conditions that are associated with substantial maternal and
fetal/neonatal morbidity and mortality. The incidence of hypertensive disorders in
pregnancy is estimated to range between 3% and 10% among all pregnancies.
Worldwide, preeclampsia and related conditions are among the leading causes of
maternal mortality. While maternal death due to preeclampsia is less common in
developed countries, preeclampsia-related maternal morbidity is high and remains
a major contributor to intensive care unit admissions during pregnancy. Studies have
reported a 7-20% chance of preeclampsia recurrence in a subsequent pregnancy.
This risk is further increased if a woman has had two prior preeclamptic pregnancies
and is also influenced by the gestational age of onset. One-quarter of stillbirths and
neonatal deaths in developing countries are associated with preeclampsia/eclampsia.
Approximately 12-25% of growth-restricted fetuses and small for gestational age
infants as well as 15-20% of all preterm births are attributable to preeclampsia; the
associated complications of prematurity are substantial and include neonatal deaths
and serious long-term neonatal morbidity. One-quarter of stillbirths and neonatal
deaths in developing countries are associated with preeclampsia/eclampsia. Infant
mortality associated with preeclampsia is three times higher in low-resource settings
than in high-income countries, largely due to the lack of neonatal intensive care
facilities. Despite major medical advances, the only known cure for preeclampsia
remains delivery of the fetus and placenta (Jeyabalan A,2013). A systematic review

by the World Health Organization indicates that hypertensive disorders account for
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16% of all maternal deaths in developed countries, 9% of maternal deaths in Africa
and Asia, and as many as 26% of maternal deaths in Latin America and the
Caribbean. Where maternal mortality is high, most of the deaths are attributable to
eclampsia rather than preeclampsia. Based on data from the United States National
Hospital Discharge Survey, the prevalence of preeclampsia during admission for
labor and delivery increased by 25% from 1987 to 2004; during the same period,
the rate of eclampsia decreased by 22%, but this was not statistically significant.
Severe morbidity associated with preeclampsia and eclampsia includes renal failure,
stroke, cardiac dysfunction or arrest, respiratory compromise, coagulopathy, and
liver failure. In a study of hospitals managed by Health Care America Corporation,
preeclampsia was the second leading cause of pregnancy-related intensive care unit
admissions, after obstetric hemorrhage (Jeyabalan A,2013).

2.1.2 Pathophysiology of Preeclampsia

Multiple etiologies have been proposed to play a role in the pathophysiology of PE,
principally related to an abnormal placentation and utero placental ischemia, that in
turn are associated with an increased release of cellular debris from the trophoblast
into the maternal circulation that contributes to systemic inflammation, endothelial
dysfunction, and the clinical manifestation of the disease (Alejandra et al.,2021).
Until now, the only effective treatment of PE is preterm delivery of the fetus, thus
removing the deleterious effects of the placenta on maternal physiology (Brown
D,2020. Alejandra et al.,2021).

The pathophysiologic processes underlying this disorder are described as occurring
in two stages. The first stage is characterized by reduced placental perfusion,
possibly related to abnormal placentation, with impaired trophoblast invasion and
inadequate remodeling of the uterine spiral arteries. The second stage refers to the
maternal systemic manifestations characterized by inflammatory, metabolic, and
thrombotic responses that converge to alter vascular function, which can result in

multiorgan damage (Jeyabalan A,2013).
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One of the most striking physiologic changes is intense systemic vasospasm, which
is responsible for decreased perfusion of virtually all organ systems. Perfusion also
is diminished because of vascular hemoconcentration and third spacing of
intravascular fluids. In addition, preeclampsia is accompanied by an exaggerated
inflammatory response and inappropriate endothelial activation. Activation of the
coagulation cascade and resultant microthrombi formation further compromise
blood flow to organs (Lana K,2004).

In spite of several research, causes for the development of the disease and the
economical best marker for diagnosis of HDP remains vague till date. Several
studies have documented preeclampsia as a disease of placenta and the best mode
to treat is to deliver the placenta (Reeta et al.,2014).

2.1.3 Classification of Hypertension Disorder of Pregnancy

Diagnosis becomes less difficult if physicians understand where preeclampsia
“fits” into the hypertensive disorders of pregnancy. These disorders include
chronic hypertension, preeclampsia-eclampsia, preeclampsia superimposed on
chronic hypertension, and gestational hypertension (Lana K,2004).

2.1.3.1 Chronic hypertension

Is defined by elevated blood pressure that predates the pregnancy, is documented
before 20 weeks of gestation, or is present 12 weeks after delivery (Lana K,2004.
Reeta et al.,2014).

2.1.3.2 Pre-eclampsia

Is defined by elevated blood pressure and proteinuria that occur after 20 weeks of
gestation. Eclampsia, a severe complication of preeclampsia, is the new onset of
seizures in a woman with preeclampsia. Eclamptic seizures are relatively rare and
occur in less than 1 percent of women with preeclampsia (Lana K,2004).

2.1.3.3 Preeclampsia superimposed hypertension

Is characterized by new-onset proteinuria (or by a sudden increase in the protein

level if proteinuria already is present), an acute increase in the level of hypertension
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(assuming proteinuria already exists), or development of the HELLP (hemolysis,
elevated liver enzymes, low platelet count) syndrome (Lana K,2004. Reeta et
al.,2014).

2.1.3.4 Gestational hypertension

Is diagnosed when elevated blood pressure without proteinuria develops after 20
weeks of gestation and blood pressure returns to normal within 12 weeks after
delivery. One fourth of women with gestational hypertension develop proteinuria
and thus progress to preeclampsia (Lana K, 2004. Reeta et al., 2014).

2.1.4 Symptoms and Signs of Preeclampsia

Although the symptoms and signs of preeclampsia occur along a continuum, the
syndrome is often categorized as mild or severe to communicate the severity of
disease and the management approach. Preeclampsia is considered severe when at
least one of the following is present in addition to the defining blood pressure and
proteinuria criteria : 1) systolic blood pressure >160 mmHg or diastolic blood
pressure >110 mmHg; 2) urinary protein excretion of =5 g in a 24-h collection; 3)
neurologic disturbances (visual changes, headache, seizures, coma); 4) pulmonary
edema; 5) hepatic dysfunction (elevated liver transaminases or epigastric pain); 6)
renal compromise (oliguria or elevated serum creatinine concentration;
creatinine >1.2 mg/dL is considered abnormal in women without a history of renal
disease); 7) thrombocytopenia; 8) placental abruption, fetal growth restriction, or
oligohydramnios. Eclampsia refers to seizures in a preeclamptic woman that cannot
be attributed to other causes. The hypertensive disorder referred to as HELLP
syndrome is defined by the presence of hemolysis (H), elevated liver transaminases
(EL), and low platelet counts (LP). This may or may not occur in the presence of
hypertension or proteinuria, but it is considered to be along the spectrum of
preeclampsia (Jeyabalan A,2013).

2.1.5 Diagnosis of Preeclampsia

Diagnostic criteria for preeclampsia includenew onset of elevated blood pressure

and proteinuria weeks of gestation. Features such as edema and blood 20 after
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s baseline no longe’pressure elevation above the patient are diagnostic
criteria.Severe preeclampsia is indicated by more substantial bloodpressure
elevations and a greater degree of ther features of severe preproteinuria. Oeclampsia
include oliguria, cerebral or visual disturbances, and pulmonary edema or cyanosis
(Lana K,2004).

Also pre-eclampsia (PE) was defined as a new-onset persistent blood pressure
(systolic blood pressure > 140 mmHg or diastolic blood pressure > 90 mmHg) and
proteinuria (based on a 24 h urine collection with a total protein excretion > 300 mg
or a urinary spot measurement of protein-to-creatinine ratio > 0.3) or, in the absence
of proteinuria, new onset hypertension with the new onset of any of the following:
thrombocytopenia (platelets < 100 x 109/L), renal insufficiency (serum creatinine >
1.1 mg/dL or doubling creatinine in the absence of other renal disease), impaired
liver function (elevated blood concentrations of liver transaminases to twice normal
concentration), pulmonary edema, and unexplained new-onset headache
unresponsive to medications or visual symptoms after 20 weeks of gestation,
according to the American College of Obstetricians and Gynecologists (ACOG
2018).(Chaparro et al.,2020).

Several biochemical parameters: serum albumin, total protein, iron, iron binding
capacity, hemoglobin, ferritin, uric acid, Magnesium, aminotransferases, total ALP,
PLAP and urinary protein had been cited in the past which find wide use in
predicting pregnancy hypertension. In recent years, however certain novel
biochemical substances such as prostaglandins, Inhibin, Cell Adhesion Molecules
have been shown to possess clinical relevance in monitoring the course and outcome
of hypertensive disorders of pregnancy. There are studies showing a raised serum
uric acid level in HDP compared to normal pregnant women. Increase in uric acid

Is considered as predictor of severity of disease (Reeta et al.,2014).
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2.1.6 Laboratory Evaluation of Preeclampsia

There currently is no single reliable, cost-effective screening test for preeclampsia.
the serum uric acid level once was used as an indicator of preeclampsia but has been
found to lack sensitivity and specificity as a diagnostic tool. However, an elevated
serum uric acid level may be of some use in identifying pregnant women with
chronic hypertension who have an increased likelihood of having superimposed
preeclampsia. A baseline laboratory evaluation should be performed early in
pregnancy in women who are at high risk for preeclampsia. Tests should include a
hepatic enzyme level, a platelet count, a serum creatinine level, and a 12- to 24-hour
urine collection for total protein measurement. Once the diagnosis of preeclampsia
has been made, an expanded set of laboratory tests should be performed. In women
who have preeclampsia with no suspected progression, all laboratory tests should
be conducted weekly. If progression of eclampsia is suspected, the tests should be
repeated more frequently (Lana K,2004).

Elevated activities of hepatic enzymes are indicative of hepatocellular injury in PE
cases. ALP is a membrane associate ubiquitous enzyme involved in the transport of
phosphate and carbohydrate across the trophoblast cell membranes which is
imperative for placental metabolism and later to fetus; raised activity of ALP has
been reported in normal pregnancy than nonpregnant women which attribute to its
placental isozymes. About 2-fold increased ALP in PE groups indicative of
placental dysfunction and may be a warning to impending fetal health (Jigeesha et
al.,2021).

Maternal soluble endoglin (sEng) and soluble fms-like tyrosine kinase-1 (sFlt1)
may be possible. markers in early gestational age for prediction of PE There are also
studies suggesting that MPV was significantlyhigher in preeclamptic women than

in healthy pregnantwomen and thus may be a promising biomarker for the PE
detection and follow up . Systemic immune inflammation indices such as

lymphocyte ratio (NLR)-neutrophil and monocyte-lymphocyte ratio (MLR) are also
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reported to beeffective in clinical assessment, disease severity evaluation, and
prognosis evaluation of PE. Changes of serum traceelements like Ca, Cu, and Mg
are reported to be associatedwith PE, while serum ceruloplasmin and soluble
LIGHTare reported to have predictive value in PE (Duan et al.,2020).
2.1.7 Treatment of Preeclampsia
Delivery remains the ultimate treatment for preeclampsia. Although maternal and
fetal risks must be weighed in determining the timing of delivery, clear indications
for delivery exist. When possible, vaginal delivery is preferable to avoid the added
physiologic stressors of cesarean delivery. If cesarean delivery must be used,
regional anesthesia is preferred because it carries less maternal risk (Lana K,2004).
Since delivery may become necessary rapidly, corticosteroids for fetal lung maturity
should be considered at the diagnosis of severe early onset preeclampsia. Women
meeting the criteria for delivery would normally also merit treatment with
magnesium sulfate. Women who meet the criteria for the diagnosis of severe
preeclampsia or have significant signs and symptoms of impending eclampsia
(severe headache, clonus, neurological impairment) should be considered for
treatment with magnesium sulfate for eclampsia prophylaxis. Magnesium sulfate is
associated with a 50%—67% reduction in the risk of seizures, a reduction in the risk
of maternal death, and may have some benefit to the baby. The standard protocol is
as described in the Collaborative Eclampsia Trial, a 4 g loading dose with a
maintenance infusion of 1 g/h. Treatment with magnesium sulfate requires at least
level 2 care, with close monitoring, observation of urine output, respiratory rate, and
deep tendon reflexes. After 34 weeks, the decision to deliver should be based on the
condition of the mother and baby and any identifiable risk factors for progression
of diseases (Townsend et al.,2016).
Brief communication cites evidence that might suggest a moderately effective
treatment for preeclampsia. The therapy consists of having the gravida with
preeclampsia stay in a room provided with FACE (Free Air Carbon-dioxide

Enrichment). No containment (such as in greenhouses) is required with FACE
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systems. Evidence is cited which suggests that the therapy might reduce the
incidence of preeclampsia by perhaps 10-30% without much harm to the fetus
(Brown D,2020).

2.1.8 Prevention of Preeclampsia

There currently are no well-established measures for preventing preeclampsia. Both
low-dose aspirin therapy and daily calcium supplementation have been studied as
preventive measures but have not been shown to be beneficial in the general
pregnant population and are not recommended for primary prevention of
preeclampsia. Some evidence does support the use of low-dose aspirin therapy and
daily calcium supplementation in certain high-risk women. Calcium
supplementation has been shown to produce modest blood pressure reductions in
pregnant women who are at above-average risk for hypertensive disorders of
pregnancy and in pregnant women with low dietary calcium intake. An optimum
calcium dosage for these women has not been established (Atallah et al.,2018. Lana
K,2004).

Low-dose aspirin therapy (100 mg per day or less) has been shown to reduce the
incidence of preeclampsia in women who were found to have an abnormal uterine
artery on Doppler ultrasound examination performed in the second trimester.
Research on the use of antioxidants in the prevention of preeclampsia is promising.
However, further study is needed, and antioxidant therapy currently is not
recommended. Although preeclampsia is not preventable, many deaths from the
disorder can be prevented. Women who do not receive prenatal care are seven times
more likely to die from complications related to preeclampsia, eclampsia than
women who receive some level of prenatal care. Some studies indicate that
preeclampsia-related fatalities occur three times more often in black women than in
white women. Although the precise reasons for the racial differences remain elusive,
the differences may be indicative of disparities in health status, as well as access to
and quality of prenatal care. To decrease preeclampsia-related mortality, appropriate

prenatal care must be available to all women. Early detection, careful monitoring,
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and treatment of preeclampsia are crucial in preventing mortality related to this
disorder (Mackay et al.,2001. Lana K,2004).

2.2 Enzyme

2.2.1 Alkaline Phosphatase

Alkaline phosphatase (ALP) belongs to a group of enzymes that catalyze the
hydrolysis of various phosphomonoesters at an alkaline PH. Consequently, ALP is
a nonspecific enzyme capable of reacting with many different substrates.
Specifically, ALP functions to liberate inorganic phosphate from an organic
phosphate ester with the concomitant production of an alcohol. The optimal pH for
the reaction is 9.0 to 10.0, but optimal pH varies with the substrate used. The enzyme
requires Mg2 as an activator. (Bishop et al.,2010).

2.2.2 Tissue Source of ALP

ALP activity is present on cell surfaces in most human tissue. The highest
concentrations are found in the intestine, liver, bone, spleen, placenta, and kidney.
In the liver, the enzyme is located on both sinusoidal and bile canalicular
membranes; activity in bone is confined to the osteoblasts, those cells involved in
the production of bone matrix. The specific location of the enzyme within this tissue
accounts for the more predominant elevations in certain disorders. (Bishop et
al.,2010).

Placenta ALP (PALP) is a membrane-bound glycoprotein, expressed by the
maternal microvillous membrane of the syncytiotrophoblast. The concentration of
PLAP in maternal blood increases throughout gestation in normal pregnancy and
has been implicated in regulating fetal/maternal metabolism, the transport of
nutrients, and placental differentiation ( Chaparro et al.,2020).

2.2.3 Diagnosis Significance of ALP

Elevations of ALP are of most diagnostic significance in the evaluation of
hepatobiliary and bone disorders. In hepatobiliary disorders, elevations are more
predominant in obstructive conditions than in hepatocellular disorders; in bone

disorders, elevations are observed when there is involvement of osteoblasts. In
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biliary tract obstruction, ALP levels range from 3 to 10 times ULN. Increases are
primarily a result of increased synthesis of the enzyme induced by cholestasis. In
contrast, hepatocellular disorders, such as hepatitis and cirrhosis, show only slight
increases, usually less than three times ULN. Because of the degree of overlap of
ALP elevations that occurs in the various liver disorders, a single elevated ALP level
is difficult to interpret. It assumes more diagnostic significance when evaluated
along with other tests of hepatic function. Elevated ALP levels may be observed in
various bone disorders. Perhaps the highest elevations of ALP activity occur in
Paget’s disease (osteitis deformans). Other bone disorders include osteomalacia,
rickets, hyperparathyroidism, and osteogenic sarcoma. In addition, increased levels
are observed in healing bone fractures and during periods of physiologic bone
growth. In normal pregnancy, increased ALP activity, averaging approximately 1,5
times ULN, can be detected between weeks 16 and 20. ALP activity increases and
persists until the onset of labor. Activity then returns to normal within 3 to 6 days.
Elevations also may be seen in complications of pregnancy such as hypertension,
preeclampsia, and eclampsia, as well as in threatened abortion. ALP levels are
significantly decreased in the inherited condition of hypophosphatasia. Subnormal
activity is a result of the absence of the bone isoenzyme and results in inadequate
bone calcification. ALP exists as a number of isoenzymes, which have been studied
by a variety of techniques. The major isoenzymes, which are found in the serum and
have been most extensively studied, are those derived from the liver, bone, intestine,
and placenta. Electrophoresis is considered the most useful single technique for
ALP isoenzyme analysis. However, because there may still be some degree of
overlap between the fractions, electrophoresis in combination with another
separation technique may provide the most reliable information. A direct
immunochemical method for the measurement of bone-related ALP is now
available; this has made ALP electrophoresis unnecessary in most cases. The liver
fraction migrates the fastest, followed by bone, placental, and intestinal fractions.

Because of the similarity between liver and bone phosphatases, there often is not a
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clear separation between them. Quantitation with use of a densitometer is sometimes
difficult because of the overlap between the two peaks. The liver isoenzyme can
actually be divided into two fractions—the major liver band and a smaller fraction
called fast liver, or al liver, which migrates anodal to the major band and
corresponds to the al fraction of protein electrophoresis. When total ALP levels are
increased, the major liver fraction is the most frequently elevated. Many
hepatobiliary conditions cause elevations of this fraction, usually early in the course
of the disease. The fast-liver fraction has been reported in metastatic carcinoma of
the liver, as well as in other hepatobiliary diseases. Its presence is regarded as a
valuable indicator of obstructive liver disease. However, it is occasionally present
in the absence of any detectable disease state. The bone isoenzyme increases due to
osteoblastic activity and is normally elevated in children during periods of growth
and in adults older than age 50. In these cases, an elevated ALP level may be
difficult to interpret. The presence of intestinal ALP isoenzyme in serum depends
on the blood group and secretor status of the individual. Individuals who have B or
O blood group and are secretors are more likely to have this fraction. Apparently,
intestinal ALP is bound by erythrocytes of group A. Furthermore, in these
individuals, increases in intestinal ALP occur after consumption of a fatty meal.
Intestinal ALP may increase in several disorders, such as diseases of the digestive
tract and cirrhosis. Increased levels are also found in patients undergoing chronic
hemodialysis (Bishop et al.,2010).

Difference in heat stability is the basis of a second approach used to identify the
iIsoenzyme source of an elevated ALP. Typically, ALP activity is measured before
and after heating the serum at 56°C for 10 minutes. If the residual activity after
heating is less than 20% of the total activity before heating, then the ALP elevation
Is assumed to be a result of bone phosphatase. If greater than 20% of the activity
remains, the elevation is probably a result of liver phosphatase. These results are
based on the finding that placental ALP is the most heat stable of the four major

fractions, followed by intestinal, liver, and bone fractions in decreasing order of heat
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stability. Placental ALP will resist heat denaturation at 65°C for 30 minutes. Heat
inactivation is an imprecise method for differentiation because inactivation depends
on many factors, such as correct temperature control, timing, and analytic methods
sensitive enough to detect small amounts of residual ALP activity. In addition, there
is some degree of overlap between heat inactivation of liver and bone fractions in

both liver and bone diseases (Bishop et al.,2010).

A third approach to identification of ALP isoenzymes is based on selective chemical
inhibition. Phenylalanine is one of several inhibitors that have been used.
Phenylalanine inhibits intestinal and placental ALP to a much greater extent than
liver and bone ALP. With phenylalanine use, however, it is impossible to
differentiate placental from intestinal ALP or liver from bone ALP. In addition to
the four major ALP isoenzyme fractions, certain abnormal fractions are associated
with neoplasms. The most frequently seen are the Regan and Nagao isoenzymes.
They have been referred to as carcinoplacental alkaline phosphatases because of
their similarities to the placental isoenzyme. The frequency of occurrence ranges
from 3% to 15% in cancer patients. The Regan isoenzyme has been characterized
as an example of an ectopic production of an enzyme by malignant tissue. It has
been detected in various carcinomas, such as lung, breast, ovarian, and colon, with
the highest incidences in ovarian and gynecologic cancers. Because of its low
incidence in cancer patients, diagnosis of malignancy is rarely based on its presence.
It is, however, useful in monitoring the effects of therapy because it will disappear
on successful treatment. The Regan isoenzyme migrates to the same position as the
bone fraction and is the most heat stable of all ALP isoenzymes, resisting
denaturation at 65°C for 30 minutes. Its activity is inhibited by phenylalanine. The
Nagao isoenzyme may be considered a variant of the Regan isoenzyme. Its
electrophoretic, heat-stability, and phenylalanine-inhibition properties are identical

to those of the Regan fraction. However, Nagao also can be inhibited by L-leucine.
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Its presence has been detected in metastatic carcinoma of pleural surfaces and in

adenocarcinoma of the pancreas and bile duct (Bishop et al.,2010).
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3. Materials and Methods

3.1 Study Design, Area and Period

This cross sectional comparative hospital based study conducted in Khartoum state
at Omdurman Maternity Hospital from March to June 2022.

3.2 Ethical Consideration

The study protocol was approved by institutional ethic committee of Sudan
university for science and technology , before initiation of study an informed
consent was obtained from each participant before enrolling method (Appendix 1).
3.3 Study Subjects

Sudanese pregnant women diagnosed with preeclampsia were enrolled in this study
as case group and apparently healthy pregnant women were included as control
group.

3.4 Inclusion Criteria

Pregnant women diagnosed with preeclampsia which blood pressure >140/90.

3.5 Exclusions Criteria

Pregnant women with Jaundice, chronic liver disorders, and other pregnancy
associated disorder and complicated pregnancies were excluded.

3.6 Sampling Technique

The study sample selected by haphazard (convenience) samples.

3.7 Data Collections

using structured questionnaire Data collected (Appendix )by direct interview
and data from sera analysis for total ALP and PLAP estimated and recorded in the
same forms.

3.8 Blood Sampling and Process

Five ml of blood sample (from both normal and hypertensive mothers) was collected
in a plain vacutainer. The individual samples were centrifuged at 1200 rpm for 10

minutes and the separated serum was used for the analysis of Alkaline Phosphatase.
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Before analysis of PALP took 0.5 ml of sera samples were added into small thin-
walled glass tubes placed in thermostatically controlled water bath stabilized at 65
°C. the water level was at least 3 cm above the samples exactly following 30 minutes.
The analysis carried out on the same day within four hours so as to minimize the
inactivation of ALP by denaturation. The biochemical assays were carried out using
procedures approved by the International Federation of Clinical Chemistry ( IFCC).
3.9 Estimation of Serum ALP

3.9.1 Principle of Method

p-Nitrophenyl phosphate (colorless) is hydrolyzed to p-nitrophenol (yellow), and
the increase in absorbance at 405 nm, which is directly proportional to ALP activity,
was measured (Bishop et al.,2010).

3.9.2 Reagent Composition, Storage, Procedure

Appendix IIL

3.10 Quality Control

To ensure adequate quality control and to verify the performance of measurement
procedures were monitored by using of biochemistry control serum normal level 1
and control serum abnormal level 2.

3.11 Statistical Study

All data analyzed using statistical package for social science (SPSS), the results
express as mean, +SD. ltes-ndependent Tt  used to compare between mean
concentration of enzymes in patients versus the control group, and Pearson
correlation to correlate between study parameter and study variable, P-value <0.05
consider as significant. Also, Receiver Operator characteristic Curve (ROC)
analysis was used to detect sensitivity, specificity and cutoff of study parameter as

predictor marker of preeclampsia in pregnant women.
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4.Results

The study included 100 Sudanese pregnant women aged between (15-45) years old,
of them 50 pregnant women with preeclampsia and 50 healthed apparently pregnant
women as control, conducted in Omdurman Maternity Hospital form March to June
2022 Khartoum- Sudan.

The result showed study population (Mean+SD) with study variables (Age range
from 15- 45 years old with mean +SD (27.7£6.02) years. Number of gestational
range from 1-10 times with mean £SD (3.04+2.15) times. Gestational Age range
from 6-9 months with meanzSD (8.7+0.74) months. Number of children death
range from 0-5 children with mean +SD (0.53 +£0.90). Number of children alive that
range from 0-9 children with meanzSD (1.46 + 1.8). In (Table 4.1).

The result showed that increase the risk to disease (preeclampsia) among (21-30)
years old pregnant women with percentage of 44% in compared to other age range

among participants (Table 4.2).

Study showed the frequency of Children death and Children a live among case
(36%), (52%) in compared to control group (34%), (62%) respectively. (Figure 4.1).

Also, study showed the frequency of normal delivery and caesarean section delivery
among case (12%), (38%) in compared to control group (36%), (15%) respectively.
(Figure 4.2).

The study found that the percentage of diabetes mellitus among case only (5%)

when compare to control (Figure 4.3).

In compared between preeclamptic pregnant women and normal pregnant women,
Study found that insignificant increase of ALP with (P.value=0.33); but the PALP
and Ratio significant increase with (P.value 0.005 ,0.000) respectively, in (Table
4.3).
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Moreover, in correlation of total alkaline phosphatase (ALP), placenta alkaline
phosphatase (PALP) and ratio with age the result showed insignificant correlation
with them (r= -0.131, -0.168, -0.096. P.value=0.363, 0.456, 0.505), otherwise in
correlated with SBP there was insignificant correlation (r= 0.029, 0.039, 0.042.
P.value= 0.840, 0.788, 0.773), also in correlated with DBP found that insignificant
correlation (r= 0.019, 0.048, 0.087. P.value= 0.898, 0.742, 0.550), finally in
correlated with gravida result showed insignificant correlation (r= 0.065, 0.028, -
0.102. P.value=0.652, 0.844, 0.479) for all parameters respectively. show by (Table
4.4).

In receiver operating characteristics curve (ROC) the PALPshowed an optimum
cut off at 133 with 56% sensitivity and 72% specificity , moreover theALP
showed an optimum cut off at 212 with 56% sensitivity and 60% specificity; while
the ratio showed an optimum cut off at 0.589 with 66% sensitivity and 64%
specificity in patients with preeclampsia (Table 4.5, Figure 4.4).
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Table (4.1): Demographical data of Study group.

Variables N Minimu | Maximu | S_td-_
m m Deviation
Age / year 100 15 45 27.7 6.02
Numb-er of 100 1 10 3.04 2.15
gestational
Gestational age /

Month 100 6 9 8.7 0.74

Number of children 100 0 5 0.53 0.90
death

Number qf children 100 0 9 1.46 1.8
alive
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Table (4.2): Distribution of Age group among participants.

Case Grou Control
Age group N (%) P Group
0 N (%)
less or equal to 20 years 6 (12%) 6 (12%)
21 -30 years 22 (44%) 27 (54%)
31 - 40 years 21 (42%) 16 (32%)
above 40 years 1 (2%) 1 (2%)
Total 50 (100%) 50 (100%)
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Frequancy of Children Death and Children a Live
among study groups
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Figure (4.1): Frequency of Children death and Children a live among study
groups.
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Frequency of normal delivery and
cesarean section delivery among study
groups

40%

30%

20%

10%

0%

| control | | case |

H normal delivary M cesarean section

Figure (4.2): Frequency of normal delivery and cesarean section delivery among
study groups.

42



Frequency of Diabetes mellitus among study
groups
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Figure (4.3): Frequency of Diabetes mellitus among study groups.
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Table (4.3): Comparison of Total and Placental Alkaline Phosphatase in Case and

Control Group.

Case Group Control Group
Parameters P- value
(N=50) (N=50)
ALP IU/L 221.8+76.4 204.06 £ 93.2 0.33
PALP IU/L 151.5+76.1 111.1 + 65.4 0.005 *
Ratio

0.66+0.2 0.52+0.1 0.000 *

PALP/ALP

- Independent sample t-test was used to compare between means.

- P-value considered significant at 0.05.
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Table (4.4): Correlation of Total, Placental Alkaline Phosphatase and Ratio with
Age, Systolic (SBP) and Diastolic (DBP) Blood Pressure and Gravida.

Age SBP DBP Gravida
r -0.131 0.029 0.019 0.065

ALP
P 0.363 0.840 0.898 0.652
r -0.108 0.039 0.048 0.028

PALP
P 0.456 0.788 0.742 0.844
_ r -0.096 0.042 0.087 -0.102

Ratio

PALP/ALP

P 0.505 0.773 0.550 0.479

- Pearson used to correlate between study parameter and study variable.
- P-value considered significant at 0.05.
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Figure (4.4): Receiver operating characteristics curve of total, placental ALP and

ratio.
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Table (4.5): Receiver operating characteristics curve of total, placental ALP and

ratio.
Confidence p- o o Cut
AUC %Sensitivity | %Specificity
Interval value off
ALP 0470~ 56% 60% 212
0.159 % ()
0.694 0.582
PALP 0.552- 0.766 0.659 | 0.006 56% 72% 133
Ratio
0.591-0.800 | 0.695 | 0.001 66% 64% 0.589
PALP/ALP
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Chapter Five
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5. Discussion, conclusion and recommendations

5.1 Discussion

Preeclampsia, one of the most common hypertensive disorders during pregnancy
complicates 2-8% of pregnancies worldwide, characterized by impaired
trophoblastic penetration of decidua, less uteroplacental blood perfusion,
inflammation, apoptosis, structural damage of fetus and increased risks of future
cardiovascular, renal, and neurological complications (Weissgerber and
Mudd,2015. Bokslag et al.,2016).

The study showed insignificant increase in the level of ALP in case compared to
control groups. This finding disagreed with study done by Munazza and his group
which finding that the levels of ALP were significantly higher in hypertensive
preeclampsia cases than in normotensive controls (P-value <0.001) (munazza et
al.,2011). This maybe due to that patient may had mild disease so the ALP may not
elevated enough to be significant related to preeclampsia, or due to different in

genetic makeup.

Also, study showed significant increase in serum PALP in case compared to control
group. This finding agreed with study done by Mishra and his colleagues which
finding that about 2-fold increased ALP in PE groups indicative of placental
dysfunction and may be a warning to impending fetal health (Mishra et al.,2021).
Moreover, study by Hutchinson and his group found that the elevated levels of
serum PALP in hypertensive pregnant women may be attributed to placental
dysfunction, which results in increased serum levels of these enzymes. Shedding of
syncytiotrophoblast into the maternal circulation is a normal part of pregnancy, but
is increased during pre-eclampsia. In pre-eclampsia, this process of syncytio-
trophoblast renewal is overactive and complicated by necrosis and apo necrosis of

the syncytio-trophoblast particles (Hutchinson et al.,2009).
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Also, study showed significant increase in ratio PALP/ALP in case compared to
control group. This finding agree with study done by Rajagambeeram and his
colleagues which found that the ratio of PLAP/ALP was significantly higher in
hypertensive disorders of pregnancy with p-values of <0.001.(Rajagambeeram et
al.,2014).

In this study showed insignificant correlation between ALP and the age, Systolic
blood pressure (SBP), Diastolic blood pressure (DBP), and gravida. Also, study
showed insignificant correlation between PALP with age, Systolic blood pressure
(SBP), Diastolic blood pressure (DBP), and gravida. In addition, this study showed
insignificant correlation between ratio PALP/ALP and the age, Systolic blood
pressure (SBP), Diastolic blood pressure (DBP), and gravida. Those findings
disagree with study by Rajagambeeram and his group which found that there was
significant correlation among ALP and DBP and there is a good positive correlation
between PLAP and blood pressure. (Rajagambeeram et al.,2014). Moreover,
disagree with study by Duan and his team which found that women conceive at
older age are at higher risk of developing PE with significant difference in level
ALP between the control group and mild, sever PE group. (Duan et al,2020). Also
disagree with study by Prashant and his colleagues which found that measurable
levels of ALP appear in maternal serum by the end of first trimester and increases
progressively with gestational age (Prashant et al, 2016). Also disagree with study
by Ferianec and Linhartova which found that extreme elevation of alkaline
phosphatase in the 3rd trimester of gestation may be an important marker of
placental insufficiency. (Ferianec V and Linhartova L, 2011). The different in the
results may be due to change in country that study conducted in it with change in
ethnicity. Also, the most women in study in younger age and in last month of third

trimester so level of enzyme elevated stable.

However, the use of PALP and ratio as prognostic parameter for preeclampsia with

other biochemical test, in small and medium health center provide early detection
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and treatment to preeclampsia pregnant women. these confirmed to study of
Rajagambeeram and his group which showed a better and practical approach
towards the assessment of hypertensive disorders of pregnancy would be to utilize
heat stable ALP isoenzyme (PALP) and PALP/ALP ratio as an adjuvant marker in
the armamentarium of biochemical tests, especially since the same is simple to assay

and reliable as well as economical and sensitive (Rajagambeeram et al.,2014).
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5.2 Conclusion

The study concluded that Sudanese women with preeclampsia had elevated serum
PALP and ratio of PALP/TALP. Moreover, PALP and ratio of PALP/TALP can be
used as predictive marker of preeclampsia in pregnancy.

5.3 Recommendations

1. Periodic estimation of TALP, PALP and their ratio in pregnant women to assess
their diagnostic utility as reliable and economical biochemical markers of pregnancy
induced hypertension.

2. Further studies about ALP and it is isoenzyme in preeclampsia in different state

in Sudan.
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Appendix I: Arabic version of formal consent
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Appendix II

sudan University of Science and Technology
College Of Graduate Studies

Utility of Serum and placental ALP as marker for
preeclampsia among Sudanese females

Questionnaire number (.........)
A. General Information:

o Patient NAmMe ......oviiieee

B. Clinical Information:

o Gestational Age......cccccvervrienieiiienienn,

e Number of Children death..............ccoo.......

e Number of children a live........c...cccoeviennnnn.
e Bloodpressure ............coooviiiiiiiiiiiiia,
e Number of gestation..............cccceveenenn.

o History of Chronic diseases

1\ DM: Yes() No ()
2\ Hypertension:  Yes () No ()
C. Delivery Information:

e Normal delivery ()
e Caesarean section ( )

D. Investigation:

e Total ALP............ U/L
o PALP .................. U/L
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and repeat measuremenl, 3
= Repeatoitty (wilhin run).
Mean Cencenbratizn cY n
81400 =102 rall 165 2
264 UL =407 yalt o7% 2
=~ Reproducilty i ta n);
M enkaion cv n
61 U8 = 4,02 patl 349 2%
HAUL=407 katl, 11% %

= Truorazs: Results oblained wi s reagant id ol show systemaic diforences whor
comaared wih raleranze reagiol, Dplais of comparison experments ra avalabie on
Togquest

— Interferarces: Lipamia (Iiglytsrdes < 19 giL) and bilinbin (< 20 ma'dL) da rat interfers.
Humoglokin (> 25 piL| mizrfere, s dugs and suastanzes may intarfara’.

Thase melrciogical cheaclzrislics havepesn chlained uing an anzlyzer. Resulls may vary if a

difarsntinstrumant or 3 manual proczdez wo used

DIAGNOSTIC CHARACTERISTICS

Albgifio phosphatase cala'yzes the hydrelysis of craniz phaggingty Morgesters ol &aline pH.
Tha eazyme is prasent in practically all "55”_‘3 of the begy, Sierially ot ar i the cal
mambranes, &nd il cccurs at particuary bgh cancentrations i Porania, hnsting enihalum,
kicney lubules, oslachlzsls and fver

The form present in he sera of norma atults orignales miinly in the fivee ard ona,

Elevaled serum ALP s found in palients Wih bone dsease assmiatag wih Irerevsed
asteobiaslic actvily (Pegel's diseasa, primary aad secondary hﬂ&wwmﬁm:n. bane
tumoes, tiexets, osteomalacia, bon fraclures) and aso in pallerts with hé'»'aﬁliw dsexte
fabstructive jaundice, hepalibs, hepatetoxicity caysed by druge, llver canter), Physiahgica)
changes, such 3s bora grawth ang Pregnanty. may causa increases In ALP lavalsts,

Clincal ¢aanssis sheuld nat be made on the findings of a singa tect all

toth clrical and labzrmtery data, = o st resull b shodd flegrae

NOTES
1. Trase reagenls may be used In saveral adt

are availaale or, requast Ve et sneyses. niuctons for mary o
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52 Calculats the difference between Consecullve shasrbances, und the avnrage

differance per minule (AAmin).
CALCULATIONS
The ALP calalytic in the sampée is calcyiated using the Tollawing general lormga:
Vex ol
AAImin ﬂ = UiL
exlxVs

The motar absorbance () of 4-ilrophenct at 405 nm is 18430, the fightpath () s 1 om, he toly
redclian volume (V1) is 1,02, the sample volume (Vs) Is 0.02, and 1 UL are 0.0166 kel The
Toilewing formulas are deduced for the calculation of Ihe calalyts conzenlration:

L

%2784=U1
X 4506 = plall
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