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Abstract

This study was designed to evaluate the effect of different conditions
of collection, transport and storage on the quality of blood samples
from normal individuals in terms of the activity of the enzymes ß-
glucuronidase, total hexosaminidase, hexosaminidase A, arylsulfatase
A and ß-galactosidase. The enzyme activities were not affected by the
different materials used for collection (plastic syringes or vacuum
glass tubes). In the evaluation of different heparin concentrations
(10% heparin, 5% heparin, and heparinized syringe) in the syringes, it
was observed that higher doses resulted in an increase of at least 1-fold
in the activities of ß-galactosidase, total hexosaminidase and hex-
osaminidase A in leukocytes, and ß-glucuronidase in plasma. When
the effects of time and means of transportation were studied, samples
that had been kept at room temperature showed higher deterioration
with time (72 and 96 h) before processing, and in this case it was
impossible to isolate leukocytes from most samples. Comparison of
heparin and acid citrate-dextrose (ACD) as anticoagulants revealed
that ß-glucuronidase and hexosaminidase activities in plasma reached
levels near the lower normal limits when ACD was used. In conclu-
sion, we observed that heparin should be used as the preferable
anticoagulant when measuring these lysosomal enzyme activities, and
we recommend that, when transport time is more than 24 h, samples
should be shipped by air in a styrofoam box containing wet ice.
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Introduction

Lysosomal storage diseases are inherited
metabolic disorders caused by the deficiency
of an enzyme activity, protein activator or
transporting protein, leading to the accumu-
lation of specific substrates in the lysosomes,

which secondarily causes clinical symptoms
(1). In most cases, the enzyme assays in
blood samples (plasma or leukocytes) pro-
vide a definitive diagnosis (2).

The diagnosis of lysosomal storage dis-
eases is usually made at reference centers
because of the low individual frequency of
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these disorders and because of the complex-
ity of the laboratory techniques involved.
These centers usually receive samples from
other laboratories and/or hospitals located
far away. As a consequence, some problems
may arise regarding the quality of the samples
and the activity of some lysosomal enzymes
due to their exposure to different conditions
of transport and storage. Some authors sug-
gest, for instance, that isolation of leuko-
cytes and plasma for lysosomal enzyme as-
says should be completed within 18 and 24 h
after blood collection (3,4). This is espe-
cially difficult in large countries like Brazil,
where facilities for transport are poor.

When blood samples are not processed
soon after collection, changes may occur in the
levels of sodium, potassium, lactate, ammo-
nia, glucose and pH, among other parameters.
These changes occur due to the residual meta-
bolic activity of blood cells, to partial degrada-
tion of these cells, and to the imbalance of the
processes which influence the half-life of many
blood components (5-7). On this basis, it is
advisable to identify the optimal time between
blood collection at the original service and its
processing at the reference laboratory, before
alterations of biochemical results occur, as
well as the best conditions for sample collec-
tion and transport.

Since the data available in the literature
on this issue are scarce, we designed this
study to evaluate the influence of different
conditions of collection, transport and stor-
age of blood samples on the activity of ß-
glucuronidase (EC 3.2.1.31), total hex-
osaminidase (EC 3.2.1.50) and hexosamini-
dase A, assayed in plasma, and arylsulfatase
A (EC 3.1.6.1), ß-galactosidase (EC 3.2.1.
23), total hexosaminidase and hexosamini-
dase A, assayed in leukocytes.

Material and Methods

Protocol and sample preparation

Blood samples were obtained from 132

healthy individuals (males and females) aged
18 to 60 years. Informed consent was ob-
tained from each individual before collec-
tion of blood, and the procedures followed
were in accordance with the ethical recom-
mendations of our institution. We designed
the following 5-stage protocol: a) stage 1 -
evaluation of the influence of the material
used for collection: 16 ml of heparinized
blood was collected from five individuals, 8
ml into a vacuum glass tube and 8 ml into a
plastic syringe, and plasma and leukocytes
were isolated 30 min after collection; b)
stage 2 - evaluation of the effect of the
heparin concentration used for collection on
the time until processing after collection: 24
ml of blood was collected from 15 individu-
als, divided into three subgroups (10% hep-
arin, 5% heparin, and heparinized syringe);
each sample was divided into three aliquots
of 8 ml, kept at 4oC and processed at differ-
ent storage times after collection (6 to 8 h, 30
to 32 h, and 54 to 56 h); plasma and leuko-
cyte pellets were isolated after storage; c)
stage 3 - evaluation of the impact of trans-
portation and shipping time to the labora-
tory: samples from 60 subjects were col-
lected in three different cities (Brasília, João
Pessoa and Belém), with distances from our
laboratory ranging from 2000 to 5000 km; in
each city two 8-ml aliquots of heparinized
blood were collected from 20 individuals
into plastic syringes (4 remittances of 5
samples each). One syringe was shipped in a
styrofoam box with ice by air, and the other
in a cardboard box (without ice) by regular
mail. The samples were divided into groups
according to the time elapsed between col-
lection and the initial processing operation
at the laboratory; d) stage 4 - evaluation of
the impact of time between collection and
processing and of different temperatures
during storage: 16 ml of blood was collected
from 40 subjects and divided into two aliquots
of 8 ml. One of them was stored at room
temperature and the other was kept at 4oC.
The samples were divided into four groups
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of 10, according to time between collection
and isolation of plasma and leukocytes which
was 24, 48, 72 and 96 h; e) stage 5 - compari-
son of the effect of two anticoagulants at
different times between collection and pro-
cessing: 32 ml of blood was collected from
10 subjects and divided into two aliquots of
16 ml. Heparin was used for one of them
(heparinized syringe) and 2.8 ml of an acid
citrate-dextrose (ACD) solution was added
to the other at the following concentrations:
85 mM Na citrate, 42 mM citric acid, and
136 mM dextrose.

The samples were kept at 4oC and divided
into two groups (8 ml each), according to time
between collection and isolation of plasma
and leukocytes which was 24 and 72 h.

Leukocytes were isolated by the method
of Skoog and Beck (8) using ACD-dextran-
dextrose for sedimentation. Plasma and leu-
kocytes were kept frozen at -40oC until the
time for enzyme assays. Lysosomal enzymes
were released by 3 cycles of freezing and
thawing. Protein was measured by the method
of Lowry et al. (9).

Enzyme assays

All reagents and substrates were pur-
chased from Sigma. ß-Galactosidase was
assayed by the method of Suzuki (10). Leu-
kocytes were incubated for 1 h at 37oC using
1.33 mM 4-methylumbelliferyl-ß-D-galac-
toside diluted in 0.1 M citrate-phosphate
buffer, pH 4.0, containing 0.2 M NaCl. The
reaction was stopped with 0.5 M glycine-
NaOH buffer, pH 10.3, and fluorescence
was measured.

Hexosaminidases were assayed by the
method of Singer et al. (11). Because hex-
osaminidase A is labile at 50oC, 50 µl of
leukocytes (diluted 1:60) and plasma (di-
luted 1:30) were incubated for 3 h at 50oC in
1 M citrate/0.2 M phosphate buffer, pH 4.45,
containing 0.75% bovine serum albumin.
These samples and duplicates kept at 0oC
were then incubated at 37oC for 1 h with 1

mM 4-methylumbelliferyl-N-acetyl-ß-D-glu-
copyranoside. The reaction was stopped with
0.5 M glycine-NaOH buffer, pH 10.3, and
fluorescence was measured.

ß-Glucuronidase was assayed by the
method of Beaudet et al. (12). Plasma was
incubated for 1 h at 37oC with 2 mM 4-
methylumbelliferyl-ß-D-glucuronide in 0.5 M
sodium acetate buffer, pH 3.0. The reaction
was stopped with 0.5 M glycine-NaOH buffer,
pH 10.3, and fluorescence was measured.

Arylsulfatase A was assayed by the
method of Lee-Vaupel and Conzelmann (13).
Leukocytes were incubated at 0oC with 10
mM p-nitrocatechol sulfate in 0.5 M sodium
acetate buffer, pH 5.0, containing 0.5 mM
sodium pyrophosphate and 10% NaOH. The
reaction was stopped with 1 M NaOH and
absorbance was measured at 515 nm.

The enzyme activities are reported as
nmol substrate hydrolyzed h-1 mg protein-1

(leukocytes) and nmol substrate hydrolyzed
h-1 ml plasma-1. Hexosaminidase A is re-
ported as percentage of total hexosamini-
dase activity. All assays were performed in
duplicate.

The normal reference ranges for each
enzyme are 5-20 nmol h-1 mg protein-1 for
arylsulfatase A, 70-280 nmol h-1 mg protein-1

for ß-galactosidase, 552-1662 nmol h-1 mg
protein-1 for total hexosaminidase, 48-89%
for hexosaminidase A in leukocytes, 30-300
nmol h-1 ml-1 for ß-glucuronidase, 1000-2860
nmol h-1 ml-1 for total hexosaminidase, and
45-72% for hexosaminidase A in plasma.

Statistical analysis

The data obtained for the enzyme activity
measurements in stage 1 were analyzed by
the paired Student t-test, and those obtained
in the other stages by two-way ANOVA and
Duncan�s test, when necessary. Data for
stages 3 and 4 were analyzed by the chi-
square test to determine the proportion of
samples suitable for analysis. A difference
was considered significant when P<0.05.
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Results

Figure 1 shows the influence of the mate-
rial used for collection on the enzyme activi-
ties studied. It can be seen that no significant
difference was observed between blood
samples collected into a vacuum glass tube
and into a plastic syringe for any of the
parameters evaluated.

Next, we evaluated the influence of hep-
arin concentration (10% heparin, 5% hepa-
rin, and heparinized syringe) at different
times (6 to 8 h, 30 to 32 h, and 54 to 56 h)
between collection and processing (Figure
2). The activities of arylsulfatase A in leuko-

cytes and hexosaminidase A in plasma were
not affected by different heparin concentra-
tions at any time of storage. The effect of
heparin concentration was observed mainly
when blood was collected with 10% heparin,
compared to a heparinized syringe. The ß-
galactosidase, total hexosaminidase, hex-
osaminidase A (leukocytes), and ß-glucu-
ronidase (plasma) enzymes exhibited higher
activities with this concentration. In addi-
tion, various enzyme activities (ß-galactosi-
dase, hexosaminidase A in leukocytes, and
ß-glucuronidase and total hexosaminidase
in plasma) exhibited significant differences
according to the period of processing. In
plasma, ß-glucuronidase and total hex-
osaminidase activities diminished, compared
to 6/8 h of storage. In leukocytes the same
effect occurred for hexosaminidase A,
whereas the opposite effect was seen for ß-
galactosidase.

When analyzing the impact of type of
transportation to the laboratory and shipping
time (the time between collection in the dif-
ferent cities and initial processing at our
laboratory), we decided first to divide the 60
samples into 3 groups, i.e., samples pro-
cessed within 24, 48 and 72/96 h after col-
lection. One blood sample was lost during
transportation, and one plasma during pro-
cessing (Table 1). As observed in this table,
leukocytes could not be isolated from 10 of
15 samples sent by regular mail (room tem-
perature) arriving after 72 to 96 h. When
analyzing the number of leukocyte samples

Figure 1 - Comparison of leuko-
cyte (A) and plasma (B) activities
of different lysosomal enzymes
when blood collection was per-
formed with a plastic syringe
(syr) or with a vacuum glass tube
(vac). Values are the mean ±
SEM and are reported as nmol
h-1 mg protein-1 and nmol h-1

ml-1 for leukocytes and plasma,
respectively. asa, Arylsulfatase
A; B-gal, ß-galactosidase; hex (x
0.1), hexosaminidase; %hex A,
hexosaminidase A percentage;
B-glu, ß-glucuronidase.

Table 1 - Distribution of plasma and leukocytes from
60 individuals divided into two aliquots according to
mode of transportation and time of processing.

*P<0.05 compared to 24 h (chi-square test).

Number of samples isolated x
 samples not isolated

(in parentheses)

24 h 48 h 72/96 h

Plasma
Air company 45 (1) 10 (0) 5 (0)
(refrigerated)

Regular mail 35 (0) 10 (0) 15 (1)
(room temperature)

Leukocytes
Air company 45 (1) 10 (0) 5 (0)
(refrigerated)

Regular mail 35 (0) 10 (0) 15 (10)*
(room temperature)
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which could be isolated adequately after
arriving by air company or regular mail, a
significant failure in obtaining leukocytes
was observed for samples shipped by regular
mail after 72/96 h (P<0.05, chi-square test).

Figure 3 shows that there was no signifi-

cant effect of type of transport or time of
processing on the activities of arylsulfatase
A in leukocytes, and of ß-glucuronidase,
total hexosaminidase and hexosaminidase A
in plasma. However, the impact of transport
(temperature of storage) was observed on

Figure 2 - Effect of different
heparin concentrations and stor-
age times on the activity of ly-
sosomal enzymes. Values are
the mean ± SEM and are re-
ported as nmol h-1 mg protein-1

and nmol h-1 ml-1 for leukocytes
and plasma, respectively. Hex-
osaminidase A (Hex A) is re-
ported as % hexosaminidase.
*P<0.05 compared to 6/8 h at
the same heparin concentra-
tion. +P<0.05 compared to the
heparinized syringe group at the
same storage time.
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the activities of ß-galactosidase, total hex-
osaminidase, and hexosaminidase A in leu-
kocytes. Lower total hexosaminidase activ-
ity and hexosaminidase A percentage were
observed at 24 h for samples shipped by
regular mail without refrigeration, when com-

pared to samples shipped by air. In contrast,
we observed that ß-galactosidase exhibited a
higher activity when samples arrived by regu-
lar mail. In addition, total hexosaminidase
analyzed within 48 and 72/96 h and hex-
osaminidase A analyzed within 72/96 h ex-
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Figure 3 - Effect of different
means of transportation and
shipping times on the activity of
lysosomal enzymes. Values are
the mean ± SEM and are re-
ported as nmol h-1 mg protein-1
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and plasma, respectively. Hex-
osaminidase A (Hex A) is re-
ported as % hexosaminidase.
*P<0.05 compared to 24 h con-
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pared to samples shipped by air
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hibited higher activities in samples sent by
regular mail. On the other hand, when study-
ing time of processing, total hexosaminidase
and hexosaminidase A activities in leuko-
cytes were lower at 48 and 72/96 h, and at
72/96 h, respectively, in samples shipped by

air with refrigeration when compared to
samples tested at 24 h.

In another set of experiments, the impact
of time between sample collection and sample
processing in the laboratory was evaluated
(Figure 4). In this stage it was not possible to
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separate leukocytes from any of the 10
samples kept at room temperature for 96 h
before processing (Table 2). When we ana-
lyzed these data by the chi-square test we
found a significant difference (P<0.01) be-
tween room temperature and 4oC after 72 h

and 96 h. These results confirm those ob-
served when samples were sent by regular
mail at 72/96 h (Table 1). It can be seen in
Figure 4 that total hexosaminidase activities
in leukocytes were lower at all storage times
studied for samples kept at room tempera-

Figure 5 - Effect of different an-
ticoagulants for samples pro-
cessed at different times after
collection. Values are means ±
SEM and are reported as nmol
h-1 mg protein-1 and nmol h-1

ml-1 for leukocytes and plasma,
respectively. Hexosaminidase A
(Hex A) is reported as % hex-
osaminidase. *P<0.05 com-
pared to the heparinized group
at the same storage time. ACD,
Acid citrate-dextrose.
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ture compared to samples kept at 4oC. The
same occurred for ß-galactosidase activity
after 72 h of storage. For this enzyme, leuko-
cyte activities decreased when compared to
samples stored for 24 h. Moreover ß-glucu-
ronidase showed higher activity in samples
stored for 96 h at 4oC.

Finally, the comparison between ACD
and heparin as anticoagulants at different
times (24 and 72 h) of sample processing is
shown in Figure 5. First, it can be observed
that there was no effect of different times of
processing on the enzyme activities for ei-
ther anticoagulant. However, when analysis
was performed for ACD compared to hepa-
rin, higher activities of ß-galactosidase in
leukocytes were observed for ACD at both
processing times. In contrast, plasma ß-glu-
curonidase and total hexosaminidase activi-
ties were lower when ACD was used at both
processing times, while the same occurred at
72 h of sample processing for hexosamini-
dase A activity in leukocytes.

Discussion

In the present study, no difference was
observed between blood collected with a
vacuum glass tube and blood collected with
a plastic syringe. This finding is in contrast
to the data reported by Sasakawa and
Tokunaga (6), who demonstrated that blood
stored in plastic bags showed smaller varia-
tions due to the air permeability of the mate-
rial, which preserved better the pH and blood
viscosity when compared to blood stored in
glass bottles.

The choice of anticoagulant for biochemi-
cal analysis is very important and depends
directly on the assay to be performed. EDTA,
for instance, has a chelating effect which
causes loss of activity of some lysosomal
enzymes (14). Some authors refer to heparin
as a powerful inhibitor of leukocytic lysoso-
mal enzymes (15-18) when added directly to
the incubation medium. Although a very low
concentration of heparin may be present dur-

ing assays measuring plasma enzyme activi-
ties, only traces of heparin (if any) are ex-
pected after the leukocyte preparation pro-
cedure. However, there are many biochemi-
cal genetic laboratories which use heparin as
anticoagulant (3,4,19-21), and some refer-
ence centers recommend the collection of
blood with heparin concentrations as high as
10% (Shin Y, personal communication). In
the present study, higher lysosomal enzyme
activities were observed when blood was
collected with 10% heparin. In addition, the
activities seemed to be better preserved dur-
ing different periods of processing when
blood was collected with the higher heparin
concentration. ß-Glucuronidase activity was
affected by heparin and time of processing,
with the highest activity being observed
within 6/8 h with 10% heparin, in agreement
with Triebling et al. (22), who reported that
heparin raised the total activity of ß-glucu-
ronidase.

Furthermore, there was a clear effect of
time of transportation. In many cases samples
are processed more than 48 h after collection
due to the large number of steps involved
between collection and processing at the
reference laboratory, where large distances
are an important factor. Firstly, we observed
a clear deterioration of samples sent by regu-
lar mail. The failure to obtain leukocytes
occurred in samples processed 72 and 96 h
after collection and shipped at room temper-
ature. Leukocyte pellets could not be iso-

Table 2 - Distribution of leukocyte samples ac-
cording to time between collection and process-
ing and storage temperature.

*P<0.05 compared to 24 h (chi-square test). RT,
Room temperature.

Storage Number of samples isolated x
condition samples not isolated (in parentheses)

24 h 48 h 72 h 96 h

RT 10 (0) 8 (2) 4 (6)* 0 (10)*
4oC 10 (0) 10 (0) 10 (0) 10 (0)
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lated from 10 of 15 blood specimens arriving
after 72-96 h. This observation agrees with
the findings of Branum et al. (23), who stud-
ied the effect of heparin and ACD on leuko-
cyte yield and function, and on lysosomal
enzyme activity. According to these authors,
ACD is the best choice of anticoagulant for
those specimens submitted to leukocyte iso-
lation after a time longer than 48 h. ACD is a
good anticoagulant for blood preservation
(24,25), while heparin has been cited only as
an anticoagulant and not as a preservative
(26). Samples which came by regular mail
exhibited higher enzyme activities in most
cases. However, a higher number of unsuc-
cessful leukocyte preparations was observed
under these conditions. Bailey and Bove (5)
demonstrated that routine transportation, pro-
cessing and handling of blood may lead to
alterations in the biochemical characteristics
of the sample.

The results obtained when the effect of
transport was eliminated emphasize the dif-
ficulties for the isolation of leukocytes from
samples kept at room temperature for long
periods of time. When the samples were
collected at our laboratory (stage 4), we also
observed smaller variations in the activity of
the enzymes studied in comparison to the
samples which traveled long distances, indi-
cating that transport itself influences the be-
havior of the enzymes.

Arylsulfatase A activity was highly stable
under all conditions analyzed here, in agree-
ment with Draper et al. (27). The activities of
ß-galactosidase, total hexosaminidase and
hexosaminidase A in leukocytes varied in-
dependently of the processing conditions.
Lombardo et al. (28) consider ß-galactosi-
dase to be the most labile enzyme. They
observed that ß-galactosidase and ß-glucu-
ronidase are released to a great extent from
leukocytes and platelets, leading to an in-

crease in plasma activities during refriger-
ated storage of blood (7). This seems to be
the case for the increase in ß-glucuronidase
activity observed in the present study.

Since the literature (23) indicates the ex-
istence of other anticoagulants such as ACD
which preserves leukocytes better than hep-
arin, we compared the effects of ACD and
heparin. The results indicate that the activi-
ties of ß-glucuronidase and total hexosamini-
dase in plasma reached levels near the lower
normal limits when ACD was used. This
kind of information is important if one de-
sires to maintain consistent normal-range
values for all samples tested, particularly for
the detection of carriers and affected indi-
viduals. On the other hand, our findings are
in agreement with Branum et al. (23) in
terms of arylsulfatase A activity in leuko-
cytes, which did not differ with the use of
one anticoagulant or the other. According to
these results, the use of a heparinized syringe
seems to be preferable to ACD. Heparin,
which is an inexpensive anticoagulant used
worldwide, has been used in our routine for
a long time, and all normal ranges of lysoso-
mal enzyme activities have been well estab-
lished in the laboratory with this anticoagu-
lant.

On the basis of the data obtained, we
propose that 1) blood can be collected either
into a glass tube or into a heparinized plastic
syringe, the latter being preferable for trans-
port since it is an unbreakable material; 2)
the material can be transported in cardboard
boxes by regular mail (without refrigeration)
only when the transportation time does not
exceed 24 h; otherwise, it is advantageous to
ship the sample in a styrofoam box with wet
ice by air or by courier service, and 3) it is
preferable to use heparin instead of ACD as
anticoagulant to analyze lysosomal enzyme
activities in plasma or leukocytes.
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