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Abstract

Background & Obijectives: Assays for neutrophils constitute an important component of
screening tests in clinical immunology. There are no standard protocols for performing many of
these tests and procedures vary from one laboratory to another. In addition, normal ranges for these
assays in healthy Indian population have not been defined. Hence, an attempt is made to evaluate
and present a simple technique for WBC isolation and NBT test.

Methods: The study involved participation of 30 healthy adult volunteers. Ten of blood sample
collected from each subject was subjected to three different procedures for isolation of WBCs -
Ficoll-Hypaque gradient, dextran sedimentation and gelatin sedimentation methods. Cells isolated
from these procedures were then used to perform NBT test. Smears were prepared, stained with
Giemsa and results were expressed as % of stimulated and unstimulated cells.

Results: The mean cell yield from both dextran and gelatin methods was comparable (2921.67cells
vs 2806.67cells/cu mm). The cell yield from Ficoll-Hypaque method was much lower (1408.33
cells/cu mm). In NBT test, the mean readings of stimulated (61%) and unstimulated cells (18%)
were almost similar in all three procedures of cell isolation.

Conclusions: Comparison of procedures show that gelatin and dextran sedimentation methods
yield high amount of relatively purified WBCs. The efficacy of cells isolated from all three
procedures in NBT test was almost similar. The range of stimulated and unstimualted cells in the
subjects were within expected levels. Gelatin sedimentation is economical, easy to perform and
can be adopted to any clinical laboratory for WBC isolation.
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1. Introduction

Neutrophils, the most abundant of granulocytes in the blood are the major players in the host
defense against invading microorganisms, especially bacteria and fungi. The primary function of
neutrophils is phagocytosis and subsequent killing of microbes, which they perform using the
contents of large number of granules present in their cytoplasm. In addition, these cells also
perform a diverse range of cellular functions. Abnormalities in these functions severely
compromise host defenses leading to recurrent bacterial and fungal infections (1). Hence to
identify these specific deficiencies in neutrophil function, a series of assays have been developed
that can be performed in the laboratory.

To perform the neutrophil function tests in the laboratory, isolation of these cells in a relatively
pure form from other blood components is of utmost importance. Most neutrophil isolation
protocols exploit the differences in cell density of various blood cells as the basis for separation.
Some of these methods include use of Ficoll-Hypaque, discontinuous gradient of plasma / percoll
and high molecular weight dextran (1,2). Another method of cell separation that has not been
evaluated properly for neutrophil separation is use of gelatin solution (3). However, not many
attempts have been made to compare the efficacy of these various isolation protocols and their
influence on the results of neutrophil function tests from human blood.

One of the most common screening tests performed to assess the release of reactive oxygen
intermediates that ultimately lead to intracellular killing is nitroblue tetrazolium (NBT) assay (4)
which is technically simple and easy to interpret.

In the present study, an attempt has been made to compare the efficacy of three different neutrophil
isolation protocols - Ficoll-Hypaque, dextran sedimentation and gelatin sedimentation methods
and the performance of isolated cells in NBT assay in healthy individuals. This investigation is
part of the study titled "Phagocytic function tests; establishing guidelines and defining normal
levels in blood and saliva of healthy adult subjects" funded by RGUHS, Bengaluru.

2. Materials and Methods

The present study comprised of 30 healthy adults belonging to both the sexes between the age
range of 25 and 50 years. Subjects who were smokers and/or alcoholics, those suffering from
diabetes mellitus and any other chronic illness were excluded from the study. Complete blood
count was performed on all individuals and only those with normal total and differential white
blood cell count were enrolled for the study. Approval from Institutional Ethics Committee was
sought before initiation of the study. A written informed consent was obtained from each
participant before collection of blood sample.

A volume of 10ml blood was collected from each subject in two vacutainers containing EDTA as
anticoagulant. All samples were processed on the same day of collection. Each blood sample was
subjected to three different methods of cell separation: Ficoll-Hypague method for neutrophil
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separation and Dextran and gelatin sedimentation methods for WBC separation. The total yield of
cells from each procedure was calculated and compared. In addition, NBT test was performed on
cells obtained from each procedure to test their efficacy. The procedures adopted were briefly as
follows.

Each blood sample was diluted with equal quantity of Hank's Balanced Salt Solution (HBSS) and
was used for further processing on WBC/neutrophil separation.

Gelatin Method: Three ml of diluted blood was mixed with 2 volumes of gelatin 0.5% (w/v,
prepared in 0.9% Nacl), mixed properly and incubated at room temperature for 45 minutes. The
cell rich supernatent was then transferred to another tube and centrifuged at 1500 rpm for 5 minutes
to get the cell pellet. This was washed with sterile PBS (pH 7.2) three times to remove traces of
gelatin. The presence of WBCs in the preparation was confirmed by microscopy (5).

Ficoll-Hypaque Method: Three ml of Ficoll-Hypaque was transferred to a 15ml centrifuge tube
and was gently layered with equal volume of diluted blood taking care not to mix the two solutions.
this was centrifuged at 1500 rpm for 30 minutes. The components will then be separated in a series
of layers. The top most portion contains HBSS and plasma and was discarded. This was followed
by a thin ring of opacity which contains lymphocytes and monocytes. The layer beneath this
contains Ficoll-Hypaque which was discarded. All the red cells form a pellet at the bottom over
which there would be a thin ring of granulocytes. this portion was transferred to another tube and
centrifuged to get a pellet and was washed three times with PBS as mentioned earlier.

Dextran Sedimentation: Three ml of diluted blood was mixed with equal volume of 3% dextran
(mol wt 150,000 w/v in 0.9% Nacl). The suspension was mixed and allowed to stand for 30 minutes
at room temperature. The supernatent was removed carefully into another tube and was centrifuged
and washed as mentioned earlier (6).

The total cell yield was calculated from the preparations of all the three procedures mentioned
above by using Neubauer's counting chamber and expressed as cells/cu mm. The total cell count
was then adjusted to a concentration of 1x105 cells in HBSS before proceeding with NBT test.

NBT Test: One hundred ul of WBC suspension was mixed with 100ul of NBT (0.3% w/v in 0.34%
sucrose in dist water), 100ul of endotoxin (prepared from Esch. coli) and 100ul of HBSS medium.
A second tube of unstimulated cells also was set up for each sample where endotoxin was replaced
with additional 100ul of medium. The tubes were incubated for 20 mins at 37c followed by 20
mins at room temperature. The suspensions were then mixed, smears were prepared, fixed with
alcohol and stained with Giemsa stain for 5 minutes. A total of 200 neutrophils were counted and
the number of stimulated and unstimulated cells were noted and expressed as percentage. The
stimulated cells show the presence of bluish black formazan granules in their cytoplasm (Fig 1).
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Figure 1: A. Normal Neutrophil B. Neutrophils with formazan granules
3. Results and Discussions

Cell yield: A mean of total cells recovered from each procedure was calculated (Figure 2). The
mean cell yield from dextran sedimentation was 2921.67cells/cu mm (range 2000 - 3500, SD 443).
This was comparable to the readings shown for gelatin sedimentation which was 2806.67cells/cu
mm (range 1800-3600, SD 585.86). However, the cell yield by Ficoll-Hypaque method was much
lower with a mean of 1408.33 cells/cu mm (range 900 - 2650, SD 346.43). When the results from
individual samples were compared, there was variation in cell yield with different procedures in
some samples (Table 1).

400000+ EE Dextran
—— E3 Gelatin

300000 E= Ficoll hypaque

200000

Cell yield

100000+

Dextran Geliatin Ficoll hlypaque

Figure 2: Showing Total Cell Yield in Dextron, Gelatin and Ficoll hypaque

Table 1: showing the cell yield and NBT results for individual samples for all three methods of
cell separation.

Sample No. Dextrane 3% Getatin 0.5% Ficoll Hypaque
NBT NBT Cell NBT NBT Cell NBT NBT Cell
Control | Test | Yield | Control | Test | Yield | Control | Test | Yield
18% 70% | 220000 16% 65% | 180000 23% 76% | 200000
15% 67% | 270000 14% 62% | 130000 12% 86% | 265000
16% 76% | 240000 18% 78% | 220000 16% 98% | 140000
15% 53% | 300000 12% 65% | 230000 14% 76% | 165000
18% 63% | 230000 18% 58% | 330000 25% 60% | 165000
17% 45% | 200000 17% 54% | 180000 12% 48% | 135000
22% 60% | 200000 18% 46% | 200000 18% 52% | 145000
17% 65% | 310000 19% 63% | 330000 16% 58% | 180000
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9 19% 57% | 275000 16% 58% | 295000 15% 56% | 155000
10 15% 65% | 250000 13% 73% | 275000 14% 58% | 140000
11 17% 68% | 270000 20% 62% | 255000 15% 55% | 120000
12 18% 54% | 250000 17% 65% | 235000 14% 49% | 110000
13 17% 56% | 340000 14% 59% | 255000 16% 53% | 105000
14 16% 88% | 265000 18% 82% | 265000 14% 87% | 90000

15 19% 66% | 325000 20% 69% | 350000 15% 62% | 125000
16 17% 45% | 350000 16% 52% | 340000 20% 59% | 100000
17 20% 56% | 350000 17% 52% | 360000 20% 60% | 110000
18 28% 54% | 350000 26% 48% | 290000 21% 63% | 130000
19 16% 66% | 335000 19% 62% | 300000 19% 68% | 165000
20 18% 61% | 340000 21% 56% | 380000 19% 60% | 150000
21 19% 64% | 315000 17% 67% | 300000 16% 60% | 120000
22 20% 61% | 315000 17% 58% | 300000 20% 54% | 165000
23 16% 68% | 295000 19% 69% | 275000 15% 75% | 130000
24 21% 52% | 300000 17% 54% | 330000 16% 73% | 125000
25 15% 58% | 325000 16% 55% | 325000 15% 57% | 150000
26 19% 55% | 300000 17% 49% | 290000 16% 54% | 160000
27 28% 54% | 330000 26% 54% | 280000 26% 60% | 105000
28 17% 53% | 325000 17% 53% | 350000 18% 58% | 120000
29 22% 61% | 300000 19% 59% | 285000 20% 62% | 135000
30 17% 72% | 290000 19% 75% | 285000 19% 70% | 120000

NBT test: The mean of unstimulated and stimulated cells from all three procedures including
range and standard deviation were almost similar with minor variations (Figure 3). But when the
results of individual samples were compared, there were few notable differences (Table 1). Sample
numbers 1, 5, 12, 16 and 27 showed differences in the values of either stimulated or unstimulated
cells among the three procedures used.

Mean percentile
B
e

BENEDEER

Dextran control
Dextran test
Gelatin control

Gelatin test

Ficoll hypaque control

Ficoll hypaque test

Figure 3: Mean NBT Assay between Test (stimulated) and Control group (unstimulated)
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Discussion: Neutrophil function tests are an integral component of a clinical immunology
laboratory and play a decisive role in the diagnosis of several congenital and acquired phagocyte
function disorders (1). In addition, these tests are also being used in research to study the
immunomodulatory activities of drugs, synthesized compounds and natural products (7-9).

There are several methods that are being applied for the recovery of neutrophils from blood for
their functional studies. Among them, the most popular one is the Ficoll-Hypaque density gradient
method which separates granulocytes from other blood components. But this method is technically
complex and the reagents are expensive. The second method which is based on sedimentation of
RBCs using high molecular weight dextran (mol wt 150,000 - 200,000) is also being used by
researchers either as an individual procedure or in combination with Ficoll-Hypaque method (2).
But dextran sedimentation has the drawback of being capable of stimulation the neutrophils during
isolation procedure thus interfering with their functional assessment (10). Hence there is a need
for an alternate protocol that is inexpensive, simple to perform and reproducible. Gelatin
sedimentation meets with these criteria. Even though described as early as 1971 (11), this method
is being adopted for separation of WBCs only in recent years. This procedure has also been found
useful for separation of haematpoitec progenitors and stem cells from various sources mainly for
their acceptance as a neutral vehicle on the survival and function of cells (12,13).

There are very few studies that have compared various isolation methods to evaluate their effect
on cell yield and functional assessment of neutrophils (14, 15). Here, we have made an attempt to
compare the efficacy of the three methods mentioned earlier in isolation of WBCs and their effect
on the results of NBT assay. We found that the cell yield from both dextran and gelatin
sedimentation were comparable but the quantity of cells obtained from Ficoll-Hypaque was on the
lower side. This appears due to the fact that in Ficoll-Hypaque method, only granulocytes are
separated in a layer where as with other two techniques, all WBCs are separated together. There
was some variation in the total cell yield from different individuals by the three protocols used as
becomes evident from table 1. However, these differences should not matter because the number
of cells isolated from each procedure was sufficient to perform several neutrophil functional
assays.

Even though most investigators have used a concentration of 3% gelatin in their protocols, we
found that some preparations were problematic because of cell aggregation. We then tested
different concentrations of gelatin for their efficacy that included 2.5%, 2%, 1.5%, 1% and 0.5%.
We found that even with 0.5%, there was no alteration in erythrocyte sedimentation rate and the
cell yield was highly satisfactory without any cellular aggregation. This modified protocol was
used for isolation of WBCs from all the samples included in our study.

NBT assay is a test used to assess the respiratory burst in an activated phagocyte. Once the cells
are stimulated by endotoxin, they are known to phagocytose NBT and also consume large amounts
of oxygen for their metabolic activity. During this process, NBT hets converted into insoluble
blackish formazan granules which are easily seen in a stained smear under the microscope. In our
study, the mean readings of stimulated and unstimulated neutrophils were almost similar with cells
isolated from all the three procedures (Figure 3). Even though there were minor variations in few
individual samples, the readings were well within normal range. These variations could be seen in
samples 1, 5, 12 and16, 18 and 27.
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It becomes evident from these results that a normal level of unstimulated cells in our study subjects
is 18% with a range of 12% - 20%. Only in two samples (18 & 27), the levels of unstimulated cells
were higher than expected. This could be due to the presence of a subclinical infection in these
subjects resulting in low level of neutrophil stimulation. The levels of stimulated cells in our study
were found to be 61% mean with a range of 48% -86%. This is an acceptable result because the
minimum number of cells to be stimulated in a NBT assay is around 50% (16).

4. Conclusions and Recommendations

The outcome of our study clearly shows that gelatin method provides high yield of cells with good
purity and viability and the results were reproducible. Considering the lower cost of gelatin method
in comparison to Ficoll-Hypaque and dextran sedimentation, it can be a viable alternative to be
used in a clinical laboratory for isolation of WBCs for performing neutrophil function tests in
health and disease.
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