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ABSTRACT

52 amniotic fluid (AF) of women at
(18-22 weeks) of pregnancy (10-15ml
each were sampled because of ab-
normal ultrasound findings mainly
non-immune hydrops fetalis
(N.LH.F). They were analysed by a
procedure involving AF supernatant
analysis for total glycosaminoglycans
(Total GAG) by formation of complex-
es with Quinacrine reagent and the
pregnancies at increased risk of mu-
copolysaccharidosis (MPs) i.e with in-
creased total GAG (over 100 mg/l)
(12 cases) were enzymatically as-
sayed for a group of enzymes : N-
acetyl-B-glucose aminidase (NAGA),
B-glucuronidase (B-GLA), B-
galactosidase (B-GALS) and Aryl sul-
fatase (ASA) by measuring the fluo-
rescence of the corresponding 4-
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methylumbelliferyl- glycoside to each
one. Eight cases of different types af
MPs were diagnosed. The reported
procedures allowed detection of 4
cases of type VIl MPs, 2 cases of type
VI MPs, 1 case of type Ill B MPs and
1 case of type IVB MPs. 4 cases of
unclassified MPs were found. Be-
cause of the poor prognosis of MPs
fetuses so the need for a reliable
chemical method for estimation of to-
tal GAG in AF is the goal of our study.
We aimed to know if that Quinacrine
method is a potentially valuable ana-
lytical tool in the prenatal diagnosis of
MPs as a primary step, which must be
followed by enzymatic activities assay
of expected defective enzymes in AF
to detect the type of MPs. This study
showed that Quinacrine method is the
best chemical method for total GAG-
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AF determination with subsequent en-
zymatic assay for MPs subtyping
However, enzymatic assay for subtyp-
ing of MPs is an area of research
which must have more attention and
study efforts and this study is a trial to
be one of these efforts.

INTRODUCTION
Mucopolysaccharidosis are genet-
ic diseases resulting from the defi-
ciency of one of the enzymes involved
in the catabolism of glycosaminogly-
cans leading to their accumulation in
lysosomes (Tokiedak et al., 1998).
Ten enzyme deficiencies in six differ-
ent clinical types of MPs are known

(Table ) (Piraud et al., 1993).

The aetiological mechanisms lead-
ing to non-immune fetal hydrops are
complex and their impact are variable
at different stages of gestation
(Jauniaux, 1997).

MPs is suspected before delivary
by fetal ultrasound examination which
shows scalp oedema, cardiomegaly,
hepatomegaly and/or ascites. In addi-
tion clinical symptoms of MPs do not
appear immediately after birth. Differ-
ent types of MPs represent a remark-
able percentage of non-
immunehydrops fetalis after exclusion
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of other causes. Chemical examina-
tion and enzymatic assay of AF ob-
tained by an amniocentesis could be
performed to confirm or rulout this hy-
pothesis. So, prenatal diagnosis is
more specific (Piraud et al., 1996).

Contribution of fetal urine to the
composition of amniotic fluid varies
with gestational age; At 12 weeks of
gestation, the fetal kidney begins to
be functioning. Affected fetuses ex-
crete storage substrates in urine, thus
methods used for screening these
disorders in urine can be used in AF
supernatant allowing the prenatal di-
agnosis of MPs after 16 weeks of am-
enorrhea (Piraud et al., 1996).

The precise prenatal diagnosis of
MPs relies on enzymatic diagnosis
which are often tedious and expen-
sive and must therefore be preceded
by the study of AF total GAGs by a
simple rapid, sensitive and specific
chemical method (Piraud et al. 193)

Thus, the first step in the diagnosis
of MPs relies on total GAG determina-
tion in AF. Old qualitative tests as
spot test and precipitation test as well
as quantitative tests reported high in-
cidence of falsy (Berry, 1987). In addi-
tion electrophoretic separation of



Iman M. El-Shabrawy. et al .... 359

GAG not only is time consuming but,
it also doesn't allow subtypes of MPs
to be distinguished, some abnormal
bands (KS) can not be visualized as it
migrates with other compounds (C.S)
Also the expected electrophoretic pat-
tern can not be obtained in some cas-
es as the electrophoretic pattern may
be variable (Piraud et al., 1993).

The method presented in this
study is based on the formation of
complexes with Quinacrine reagent
which is simple, fairly, specific for
GAG and it added the advantage that
it also measures KS, which could not
be detected by earlier tests (Mitra and
Blau, 1978).

As screening of MPs has prenatal
described presentations more than
postnatal analysis so, the aim of this
work is to predict the base of a scha-
dule for prenatal diagnosis of MPs by
a primaly simple, rapid, sensitive,
specific and unexpensive chemical
method which can be followed by en-
zymatic diagnosis for subtyping in
positive cases.

MATERIAL AND METHODS
In this study 52 AF samples were
obtained by transabdominal amnio-
centesis according to abnormal ultra-

sound findings (scalp oedema, cardi-
omegaly, hepatomegaly and/or asci-
tis) at 18-22 weeks of pregnancy of
females aged between 23-34 years.
Out of them 12 cases of suspected
MPs were detected due to increased
total GAG. A sample of 10-15 ml AF
was obtained from each woman en-
closed in the study from obestatrics
and Gynacology Department of Man-
soura University Hospital. Another 10
AF samples from women at (18-22
weeks) of pregnancy with matched
age referred for amniocentesis for Fe-
tal examination tests were used as
controls. Freshly obtained AF vas
centrifuged at 2000 rpm for 10 min
and the clear supernatant was separ-
ated and stored at -20°C until used.

The selected samples according to
increased AF level of total GAG were
classified as MPs risk group, in addi-
tion to control group so this study in-
cluded 2 groups:

I-Control group: included 10 wom-
en with AF of normal total GAG level.

2-MPS risk group: included 12
women with AF increased total GAG
level.

Samples were analysed for:
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-Total GAG: according to the
method of Mitra and Blau, (1978).

The principle, of this method is
based on the formation of complexes
with quinacrine reagent (Scott, 1973).
The quinacrine reagent chemicals
were supplied by sigma chemical Co,
London and used at conc. of 2.5 g/L
at PH 4.4. The AF samples do not
have to be deproteinized. A reagent
blank of distiled water, carried
through the entire procedure and
chondriotin sulfate standard were
used. Absorbance was measured
spectrophotometrically at 450 nm.

Thel total GAG concentration of
each AF sample was calculated from
the absorbance of test sample A (T),
of the blank A (B) and of the standard
A (s) according to the following rela-
tionship .

Total GAG =AM -A(B) 100 my/L
A((S) - A((B)

AF samples with total GAG around
the control range (7-62mg/l) (40 cas-
es) were not included in enzymatic
assay as the presence of MPs is not
suspected as well as to save the
chemicals for cases with higher rang-
es of total GAG and fairly suspecte 2
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MPs. These cases were directed to
Obestatric and Gynacology Depart-
ment of Mansoura University Hospital
to be under clinical follow up to study
causes of abnormal ultrasound find-
ings, which was previously detected,
other than MPs.

AF samples with increased GAG
concentration (MPs risk group) were
enzymatically assayed according to
the method of Cascola et al., (1979).
The assayed enzymes and the condi-
tion of each enzyme assay are given
in table 2).

Substrates were supplied by koch
light Ltd. In all enzyme assays, diluted
AF samples were incubated at 37°C
with 50 pl of substrates in 0.2 M buffer
for the appropriate length of time after
which 2.0, ml of 0.2 M potassium car-
bonate were added to stop the reac-
tion and to develop the fluorogen.
Blanks were used in this study to con-
trol for non-enzymatic hydrolysis of
substrate which was found to be ne-
gligable. Enzymatic activities were de-
termined by using the corresponding
4-methyl-umbelliferylglycoside. The
fluorescence of released 4- methyl-
umbelliferone was measured by fluo-
rometer at 365 nm excitation and 445
nm emission.
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The result was compared with
fluorescence from standard 4methy-
lumbelliferone. All enzyme activities
are reported as n moles of substrate
transformed /ml of AF under the con-
ditions stated in Table (2).

Statistical analysis was done by
SPSS computer package using stu-
dents t test to compare between the
groups and P value <0.05 was con-
sidered significant.

RESULTS

The results of this study showed
that there is a very highly significant
increase of total GAG levels in AF
samples of (18-22 weeks) pregnancy,
in MPS risk group when compared to
its level in control group as shown in
table (3) and Fig. (1).

AF samples which revealed total
GAG around the control range (7-62
mg/L) but have abnormal ultrasound
findings (40 cases) were throughly
clinically examined for other causes of
congenital abnormalities or other met-
abolic diseases at Obestatrics and
Gynacology Department

Some cases (8 cases) were undi-
agnosed and the other cases were
having variable degrees of congenital

and metabolic diseases. 18 cases un-
dergone abortion, 10 cases under-
gone preterm delivary and the offspri-
ngs were died within a week after
birth. 2 cases had stillbirth after full
term, 6 cases undergone medical ter-
mination of pregnancy and 3 cases
had normal labours with ill off springs
and one healthy offspring.

The mean values of total GAG
were variable in each group. Howev-
er, we noticed that moderate degrees
of total GAG (41.7-61.9 mg/l) more
obvious in (undiagnosed, abortion,
preterm delivary and still births
groups) as shown in table (4) and Fig.

@).

Also this study showed that there
is a considerable difference of enzy-
matic activities in AF samples of (18-
22 weeks) of pregnancy of control
group when compared to MPs risk

group.

According to the type of MPs, it
was found that the deficiency of enzy-
matic activity is obvious in one of the
assayed enzymes. There were 4 cas-
es deficient in B-GALA (type VII), 2
cases deficient in ASA (Type VI), |
case deficient in NAGA (Type Il B),
and | case deficient in B-GALS (type
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IVB). However there were 4 cases of  creased levels of AF total GAG) as
unclassified MPS (suspected by in- hown in table (5) and Fig. (2)

Table (1) : Classification of mucopolysaccharidoses .

MPs Type E nzymatic defect Storage products

I H o-L-Iduronidase Dermatan sulfate (DS) and
S Heparan sulfate (HS)

] Hunter Iduronate sulfatase SD+HS

Il A Heparan N-sulfatase HS
B o-N-acetyl glucosaminidase
¢ Acetyl-CoA a glucosamine N-acetyl transferase
D N-Acetyl glucosamine-6-sulfatase

v A N-Acetyl galactosamine-6-sulfatase Keratan sulfate (KS)
B B-galactosidase KS+ galactosides

Vi Maroteaux | Aryl sulfatase DS

lamy
Vil Sk p-Glucuronidase DS, HS, chondroitin sulfate
(CS) or CS only

Quated and modified from Piraud et al., (1993)
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Table (2) : Conditions of enzyme assay .
Enzyme Concentration Substrate Buffer | PH AF | Incubation
{mM) dilution | time (min)
1) N-Acetyl glucos-aminidase 2.0 4-Mu-2 acetamide-| Acetate | 4.5 1:10 30
2-deoxy-B-D
glucopyranoside
2) -Glucuronidase 5.0 4-MU-B-D Acetate | 4.0 1:5 30
glucuronide
trihydrate
3) - Galactosidase 1.0 4-MU-B-D Acetale | 4.0 1:5 60
galactopyranoside
4) Arylsulfatase 10.0 4-MU-Sulfate | Acetate | 5.8 1:5 30
potassium salt

Table (3) : Total GAG levels (mg/L) of (18-22 weeks) of pregnancy AF
samples in control and MPs risk groups . .

Total GAG

Control group Range 6.7-41.6
(n=10) Mean 18.8

SEM 1.94
MPS risk group Range 102.3-171.2
(n=12) Mean 161.7

SEM 15.9
Student's t 8.09
P <0.001

P<0.001 is considered very highly significant.
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Table (4) : Total GAG levels (mg/L) of (18-22 weeks) of pregnancy AF samples in different groups of prog-
nosis of pregnancy in relation to number of undiagnosed cases .

Group No of Total GAG No of undlagnosed
cases cases

Abortion 18 Range 29.3-57.9 2
Maan 41.9 SEM 2.8

Preterm delivary with death of off springs 10 Range 34.2-61.9 2
Mean 39.5 SEM 3.2

still birth after full term 2 Range 41.7-89.4 1
Mean 45.5 SEM 3.3

Medical termination of pregnancy 6 Range 13.5-24.9 1
Mean 18.9 SEM 1.96

Normal labour with ill off springs 3 Range 9.1-23.6 1
Mean 16.5 SEM 1.8

Normal labour with Healthy off springs 1 92 1

Table (5) : Enzymatic activities levels (nmol/mi) of (18-22 weeks) of pregnancy AF samples in MPs risk and

control groups .
Case no N-Acetyl B- B- Aryl Diagnosis
glucosaminidase | B.Glucuronidase |Glucosaminidase | sulfatase
MaGA) | (L) (3-GALS) (ASA)
1 6.1 10.48 0.82 0.02" MPS VI
2 6.8 0.43" 0.78 0.32 MPS VIl
3 ) 18.9 0.85 0.33 Unclassified MPS
4 6.7 39 0.99 0.29 Unclassified MPS
b 7.2 0.03* 0.73 1.01 MPS Vi
6 66 20.2 0.02° 0.89 MPS IVB
7 59 143 0.55 03 Unciassified MPS
8 . 63 0.35* 0.66 0.35 MPS ViI
9 0.93° 16.3 0.44 0.83 MPS Il B
10 70 0.02* 0.32 12 MPS VI
11 59 32 0.51 0.05* MPS VI
12 64 128 0.77 0.42 Unclassified MPS
Controls Range 5.9-7.2 5.2-120 0.53-1.3 0.29-1.2
n=10 Mean 6.99 21 0.9 0.83
SEM 0.73 3.1 0.19 0.04
* = deficient enzyme (OE) mean DE = 0.20 mean DE = 0.035
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Fig. (1) : Total GAG (mg/L) and mean enzymatic activities (nmol/ml) in AF of (18-
22 weeks) pregnancy samples in control group and different types of

MPs.
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Fig. (2) : Total GAG mean level (mg/l) of (18-22 weeks) of pregnancy AF sam-
ples in different groups of prognosis of pregnancy .

MANSOURA MEDICAL JOURNAL




366 AMNIOTIC FLUID SPECIFIC BIOCHEMICAL PARAMETERS etc...

DISCUSSION

The study of GAG is of interest be-
cause a number of pathological condi-
tions involves defects in GAG meta-
bolism. Among these conditions are
the MPS which are genetically deter-
mined abnormalities in GAG catabo-
lism (Mitra and Blau 1978). Prenatal
diagnosis is the most significant ap-
proach as the clinical symptoms of
MPS appear usually after a variable
delay after birth. In some cases, the
results allow a MPs diagnosis and by
considering the poor prognosis of
these MPs fetuses in utero so, it is a
strong indication for medical abortion
without waiting (Piraud et al., 1996).
This is useful in cases where the na-
ture of the MPs of a previously affect-
ed child was not precisely diagnosed
so that total GAG determination will
help to distinguish affected fetuses in
pregnancies at risk (Mitra and Blau,
1978).

Although methods for prenatal di-
agnosis of several MPs have been
developed which involve specific en-
zyme assays on cultured AF cells,
there is still the need for a reliable
chemical method for the total GAG in
body fluids. The formation of com-
plexes with quinacrine and total GAG
is a specific method for GAG includ-
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ing keratan sulphate and it is also a
simple and rapid method as samples
do not have to be deproteinizied
(Mitra and Blau, 1978).

The resuts of this study showed
that there is a very highly significant
increase in AF of (18-22 weeks) preg-
nancy total GAG in MPs risk group.
This result agree with Mitra and Blau,
1978 who tried Quinacrine method in
routine use for several months. They
reported that they found it a straight
forward consistent reproducible and
reliable method. They also found that
total GAG were not raised above the
normal concentration in pregnancies
involving other congenital malforma-
tions or inherited metabolic diseases .

Fensom and Bengom (1994) and
piraud et al., (1996) used the hexu-
ronic acid method for the determina-
tion of total GAG by using Harmine
which is a structural derivative of car-
bazol reagent initially described by
Dische (1947), but they reported that
a considerable percentage of MPs
cases are missed because hexuronic
acid is not present in KS. Naphthore-
sorcinol is also able to measure hexu-
ronic acids but gives an 18-fold more
intense reaction with iduronic acid
than the glucuronic acid. Thus naph-
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thoresorcinol is more specific for DS
which accounts for the highest con-
tent of iduronic acid among the GAGs
(piraud et al., 1993). So the Quina-
crine medod in our openion can be
considered the chemical method of
choice.

In this study AF samples which re-
vealed total GAG around the control
range 7-62 mglL but have abnormal
ultrasound findings (40 cases) were
followed up clinically and their prog-
nosis were variable i.e. 8 cases were
undiagnosed, cases ended by abor-
tion, preterm delivary with death of off
springs within a week after birth, cas-
es had still births after full term, cases
undergone medical termination of
pregnancy, cases had normal labour
wiith ill off springs and a healthy off
spring. This can be explained by the
detection of other congenital malfor-
mation and other metabolic disease
(Piraud et al., 1993).

However, it was noticed that some
of the worst prognosis had moderate
degrees of total GAG (41.7-61.9 mg/
L) (undiagnosed, abortion, preterm
delivary and still births groups). As re-
gard that total GAG do not increase
above the normal concentration in
pregnancies with other congenital

malformation or inherted metabolic
diseases (Mitra and Blau, 1978). This
can be explained by the possibility of
presence of MPs but total GAG is
moderate because of contribution of
fetal urine in AF did not reach its max-
imum as, it differs with gestational
age (Piraud et al., | 996), or the defec-
tive enzyme is not very low, or may
the decrease in the defective enzyme
is masked by the increase of another
one.

In fact, the moderate degrees of
total GAG increase were better to be
assayed by enzymatic subtyping, but
because of the shortage of chemicals,
we prefered to save it to the most
suspected samples and we hope to
complete this study by another work
focused on moderate degrees of total
GAG AF increase as soon as we can.

In this study the activities of 4 dif-
ferent enzymes which are defective in
different types of MPs were assayed.
To our knowledge, studies on these
enzymes are very scanty and it may
be the first report of them with the ex-
cepsion of B-GLA. Our results con-
cerning B-GLA (type VIl MPS)
showed a considerable decrease in 4
cases (No 2, 5, 8, 10), these results
agree with Van Eyndhoven et al.,
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(1998) and Nelson, (1997) who stated
that chorionic villus sampling was per-
formed in the 11 th week of pregnan-
cy and B-GLA deficiency indicated
that the fetus was affected and after
termination of pregnancy in the 12th
week, signs of early hydrops fetalis
were observed. As well as Molyneux
et al., (1997) and Van Dorpe et al.,
(1996) who confirmed these results
by B-GLA assay of cultured fibroblasts
which showed markedly deficient B-
GLA activity in a more advanced
stage of pregnancy after fetal death.
Kagie et al., (1992) demonstrated AF
deficiency of B-GLA at 25 week of
gestation and in the fibroblasts of the
fetus which were cultured after fetal
death. In addition the results of Piraud
et al. (1996) who examined B-GLA in
the AF of 20-34 weeks of gestation by
electrophoresis which also agree with
our results. By electrophoresis Piraud
et al., Found increased CS Fraction
and abnormal DS and CS bands in
the cases with deficient B-GLA.

As regard NAGA (type Ill B MPs),
our results showed a considerable de-
crease in one case (No. 9) we could
not compare it with other results as
we found only one reference charac-
terized NAGA electrophoretically from
placental extracts from uncomplicated
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term gestations (Huddleston et al.,
1971) and they got two bands (A&B) .

B-GALS (type IV B MPs) was
found decreased in one case (No. 6)
and ASA (type VI MPs) was found de-
creased in 2 cases (No 1 & No 11) .

Four cases (No 3,4,7,12) were not
classified, this may be explained by
the fact that there are six different
clinical types of MPs are known with
ten enzyme deficiences (Piraud et al.,
1993). So, these cases may have de-
fects in enzymes out of the scope of
this study.

In conclusion, the prenatal diagno-
sis of the MPs rests on the prenatal
screening for total GAG. This study
showed that Quinacrine method is the
best chemical method. As soon as in-
creased total GAG is detected, typing
of MPs should be done by assaying
enzyme activities.

Assaying of enzymatic activities
should have much attention in MPs,
as this part is poorly studied and
needs more effort so that pregnancies
at risk could be controlled.
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