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Abstract

The Gravitational split-flow thin cell (GrSPLITT) fractionation is a rapid, gentle and continuous
separation technique that should be used to separate spermatogenic cells into three stages: (1) spermatogonia
and spermatocyte (2) round spermatids and (3) elongate spermatids and spermatozoa. The different stages of
the spermatogenic cells display differences in density and size. In this work, two modes of GrSPLITT namely,
full-feed depletion mode (FFD-GrSPLITT) (and transport mode (TS-GrSPLITT) were compared for their
possibility to separate the three stages of spermatogenic cells. Imaging and sizing of the original sample and all
fractions were analyzed to obtain their size distribution using dark field microscopy with analysis software.
The percentage of purity and recovery were calculated and used to objectively compare their separation
efficiencies of the two mods of the FFD mode and the TS mode of GrSPLITT fractionations. All experiments
showed that the TS-GrSPLITT fractionation trends to be the better separation efficiency than the FFD-
GrSPLITT fractionation.
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Introduction

In mammals, spermatogenesis is a complex
biological process of transformation of spermatogonia in
to spermatozoa. The spermatogenesis is simultaneously
process of cellular differentiation between morphology
(various sizes of round shape, head with short tail, and
head with long tail) and biochemistry. Many fields of
researches are interested to relate their differentiation
between their morphology to their biochemistry changes
in biological studies. Therefore, cell separation method is
very important because it is prerequisite method.

Many biochemistry studies which is currently
interesting and require separation method such as
preparing various organ transplants, isolation of rare
cell types for cloning, preparation of pure cells for
transplantation and bioreactor maintenance, removal of
specific cell types responsible for immune rejection
following transplants and treatments for autoimmune
diseases, purification of cell mixtures for diagnostic
tests, umbilical cord blood processing prenatal blood
testing for blood transfusion such as removal of
lymphocytes from the transfusion and separation and
detection of pathogenic microorganisms and parasites in
food, environment and clinical samples (Rungarunlert
et al. 2009, Kumar and Bhardwaj 2008, Alhadlaq and
Mao 2004, Alvarez-Barrientos 2000, Orfao et al. 1996,
and Griffith and Tiwari 1993)

The spermatogenesis is a challenge sample in
biological field because it displays continuous
differentiation of shape, size, and density during cell
development. This process occurs within the
seminiferous tubules of the ratis testis.

Spermatogenesis can be divided into three
principal stages reported by Hess in 1999 and Johnson
et al. in 2000.

First stage is the spermatocytes genesis stages,
where the spermatogonia are produced that also divide
themselves by mitosis into primary spermatocytes (2n).
Their physical properties are big round shape (Franc et al.

1998) in range of 12-18 um diameters (Aslam et al.

1998 and Wykes et al. 2003) and densities are in range
of 1.045-1.051 g.cm® (Meistrich et al. 1994).

Second stage is the meiosis stage, in which there
are two steps of divisions. In meiosis I, the primary
spermatocytes produce two haploid secondary
spermatocytes (n). During meiosis II, secondary
spermatocytes produce two haploid round spermatids.
Their physical properties are small round shape (Franc
et al. 1998) in range of 8-10 wum diameters (Aslam et al.
1998 and Wykes et al. 2003) and densities are in range
of 1.050-1.090 g.cm?® (Meistrich et al. 1994).

Third stage is spermiogenesis stages, round
spermatids change morphology and develop fertilization
and differentiation into spermatozoa (Yu et al. 2003,
Aslam et al. 1998, Quesada 1998, Meistrich et al. 1994,
Bachere et al. 1988). Their physical properties are small
head with short tail and long tail (Franc et al. 1998).
The head diameter in range of 4-6 wm for the short tail
but not found the information of the head of long tail
(Aslam et al. 1998 and Wykes et al. 2003). Densities are
in range of 1.100-1.165 g.cm?® for the short tail and 1.170
for the long tail (Meistrich et al. 1994).

There are three common techniques for
separation of cells based on their settling velocity (U).
The principle of separation based on Stokesi law.

The settling velocity (U) is express by:

_ ApGd”
181

U (1)
where U is settling velocity of the sphere (mm.hr), Ap is
the difference between the densities of the particles P,
and carrier p_(g'cm?), G is the gravitational acceleration
(cm's?), d_is the particle diameter (um), 7 is viscosity
of carrier (kgm™'s™).

First, centrifugal elutriation separates cells by size
and density in physiological media, simultaneously,
(Lam et al. 1988). Second, unit gravity sedimentation
techniques offer several advantages such as inexpensive
equipment, easy to operate and large sample volume.

However, it is time-consuming and expensive if a gradient
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medium is used. (Platz et al. 1975, Wykes et al. 2003,
David 1977, Chilton et al. 1977, and Munteanu et al.
2004). Third, density gradient centrifugation separates
cells though the gradient of solution. The principle of the
separation has been explained in various publications
(Sharp 1988, Munteanu et al. 2004, Finaz et al. 1991,
Brakke et al. 1951, Henkel et al. 2003, and Tucker et al.
2002)

In this work, gravitational split-flow thin cell
(GrSPLITT) fractionation technique was investigated
for separation of spermatogenic rat cells. GrSPLITT is a
rapid, gentle and continuous separation technique based
on differences in settling velocity which depends on the
size, and density of cells as described in Stokesi law
(Fuh et al. 1995, Cantado et al. 1999, Blo et al. 2000,
Cantado et al. 2000, Cantado et al. 1997, Lee et al. 2001,
Springston et al. 1987, Fuh et al. 1992). Cell shape is
also involved as this influences the friction coefficient
reported by Dondi et al. in 1998. The separation efficiency
of two modes of GrSPLITT (full-feed depletion (FFD)
mode and the transport (TS) mode) was compared.
Spermatogenic rat cells were used to test these
techniques. The cells were fractionated at the following
) 13.7 and 9.2 mm.hr!,

cutoff’
Three fractions were obtained; Fraction (B1) U > 13.7

cutoff settling velocity (U

mm.hr!, Fraction (A2) U = 9.2 mm.hr! and Fraction

(B2) U=9.2 - 13.7 mm.hr".

Materials and methods

1. Preparation the spermatogenic cell
suspension of rat testis

The spermatogenic cells from rat testis were

obtained by removing the covering of the testis transfer

seminiferous tubules and rinsing them with phosphate

buffered saline (PBS) followed by Aslam et al. in 1998

and Kotaja et al. in 2004. The tissue was minced using

scissors until a suspension was achieved using a transfer

pipette gently pipette the tissue pieces up and down for

3 min and then gently shaking for 10 min to free

the spermatogenic cells from the seminiferous

tubules. The cell suspension was filtered through 212 um
mesh and the filtrate containing the cell suspension was
centrifuged at the filtered cells suspension at 2000 rpm
for 3-5 min. and the supernatants was discarded.
The spermatogenic cells were fixed with 4%
paraformaldehyde in PBS and stored at 4 °C until
analyzed. The original cell suspension sample was
diluted with PBS 10 times thus obtaining a cell number
concentration of approximate 3.8 x 107 cells.ml, which

was used for analysis.

2. The GrSPLITT apparatus

The GrSPLITT cell was made in our lab which
was validated and compared by Model SF1000 from
Postnova Analytics, Salt Lake City, USA with spherical
silica gel (Thawornsinsurakul, 2006). The cell consists
of a stainless-steel splitter plate sandwiched between
the two plastic spacer plates. They are kept tight
between the two acrylic plates. The GrSPLITT cell
dimensions are the length: L = 10.000 cm, the width of
the stainless steel splitter: » = 1.500 cm and the channel
thickness: w = 0.276 cm (combined thickness of two
spacers plane and a stainless-steel splitter plane).

The GrSPLITT channel used in this work was
constructed in our laboratories. Three pumps were used
to control the two inlet and one outlet flow rates. The
two inlet flowrates was controlled carefully with smoothly
syringe pumps (Kd Scientific Model 200 Series, KD
Scientific Inc. MA, USA). A peristaltic pump (Masterflex
L/S Model 7523-25 230 V 600 rpm) was used to control
the upper outlet flow rate. The lower outlet flow rate
was opened for balance the total flow rate.

GrSPLITT fractionation can be operated for two
different modes: TS mode and FFD mode.

TS mode of GrSPLITT fractionation

The TS-GrSPLITT was set up and followed in
Fig.1. The upper inlet called inlet a” and the lower
inlet calles inlet b". The upper outlet flow rate called
outlet a. In TS-GrSPLITT fractionation, inlet splitting

plane (ISP) is generated by smooth merging between the



28 Journal of Applied Animal Science Vol.5 No.1 January-April 2012

two streams of inlet ¢’ and b’. Outlet splitting plane plane (ISP) and the outlet splitting plane (OSP) can be

(OSP) is generated by separating fluid (lows) stream controlled by varying the ratio between the two inlets
though outlet a and b. The position of the inlet splitting and the two outlets of flow rates, respectively.
Peristaltic pump 3

Syringe pump 1
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Figure 1 The transport mode (TS) of GrSPLITT set-up (a) and imaginary planes of inlet splitting plane (ISP) and outlet
splitting plane (OSP) in side view of the thin channel of GrSPLITT channel (b) .
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FFD mode of GrSPLITT fractionation

The FFD-GrSPLITT fractionation used only
one syringe pump for inlet @” and one upper peristaltic
pump for outlet a. In this mode, no inlet b flow rate

leads to inlet splitting plane (ISP).

3. Set-up flow rates of FFD- and TS-GrSPLITT
The GrSPLITT fractionation were separation
the spermatogenic cells for two separation steps and

two different cutoff settling velocities, (UL_NW) 13.7 and

9.2 mm.hr', respectively. The three fractions (Fraction
B1, B2, and A2) were obtained, respectively. The three
fractions were obtained: Fraction B1, U > 13.7 mm.hr!
(expected spermatogonia and spermatocytes fraction),
Fraction A2, U = 9.2 mm.hr' (expected elongate
spermatids and spermatozoa fraction) and Fraction B2,
U =9.2 - 13.7 mm.hr' (expected round spermatids
fraction). The fractions (B1, B2, and A2) and the
operation flow rates of FFD- and TS-modes of GrSPLITT
showed in Table 1.

Table 1  The operation flowrates of two separation steps for two different cutoff settling velocities (U, ﬂ) :
(1) 13.7 mm.hr! and (2) 9.2 mm.hr.
) Cutoff settling Flow rates (ml. min)
Experimental
velocity (U ) inlet outlet Total
steps i""’ff
.hr
mm.ar a' b' a b
FFD mode:
1% step 13.7 1.00 - 0.65 (A1) 0.35 (B1) 1.00
2M step 9.2 1.00 - 0.75 (A2) 0.25 (B2) 1.00
TS mode:
1% step 13.7 1.00 1.55 1.55 (A1) 1.00 (B1) 2.55
2" step 9.2 0.30 0.35 0.35 (A2) 0.30 (B2) 0.65

4. Experimental design
The fix cells of rat's spermatogenic cells
were fractionated into three fractions. All fractions and

the original sample were imaged and sized to report in

term of cell size distribution curves. The raw data were
calculated in parameters of percentage of purity and

percentage of recovery as showed in Fig. 2.
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Fixed cells of rat’s spermatogenic cells
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Figure 2 Experimental steps for comparing the separation efficiencies between FFD- and TS-modes of GrSPLITT

fractionation of the rat's spermatogenic cells

Optical microscopes were done using a
trinocular microscope (OLYMPUS BH-2, Japan). For
image analysis, the Motic Images Plus 2.0 ML program
was used to analyze the images of the cells and to measure
of their sizes. At least 50 images per fraction were taken
for analysis of cell size distribution to ensure that the

photographs are representative of the fraction.

5. Calculation of percentage of purity
The percentage of purity of all fractions was

calculated by Equation (2)
_ N.
% Purity = 294100 2)
¥

where Nefis the number of spermatogenic cells in the

separated fraction which is in the expected size range

and N, is the total number of cells in the separated

fraction.

6. Calculation of the percentage of recovery
The losses of cells during the GrSPLITT
fractionation process were considered. The percentage of

recovery can be calculated by Equation (3)

Nﬁj'
% Recovery = — x100 (©)

ia
where N, is the number of spermatogenic cells in the
separated fraction which is in the expected size range
and N is the number of spermatogenic cells in the

original sample which is in the expected size range.
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Results and discussion
Three fractions of B1, B2 and A2 were obtained.
All fractions were imaged and sized to plot their size
distributions and to calculate the percentage of purity
and recovery.
1. Image analysis
All fractions of B1, B2 and A2 obtained
from TS mode and FFD mode of GrSPLITT were imaged

atleast fifty microphotographs per fraction, including

the original sample of spermatogenic cell. Some
microphotographs for the three fractions and the original
sample were compared in Fig. 3. The photomicrograph
of original sample presents obviously differentiation of
shape and size of the spermatogenic cells. Round shape
at various sizes from 8-18 wm, short tail and long tail
shapes (head size around 4-6 wm reported by Aslam et al.
in 1998 and Wykes et al. in 2003.

Original of rat
spermatogenic
cells

Fraction B, _
@ W v
early  mid late
! expected

spermatogonia and

Fraction B,

=)
atep

-4 58
: expected

round gpermatids

) Fraction A,

i~ [ |

¢« v o

S-12  13-14 1516 spern
: expected
ebngate spermatids
and spermmtozoa

Figure 3 Comparison photomicrography of spermatogenic cell fractions was obtained by FFD- and TS-modes

of GrSPLITT fractionation. (A) Fraction B1, U > 13.7 mm.hr' (expected spermatogonia and spermatocyte

fraction), Fraction B2, (B) Fraction B2, U = 9.2 - 13.7 mm.hr" (expected round spermatids fraction). (C) Fraction A2,

U < 9.2 mm.hr! (expected elongate spermatids and spermatozoa fraction).
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The FFD-GrSPLITT is no dilution during the
separation process, it causes the image of B1, B2 and
A2 presented the more cell number per image than the
TS-GeSPLITT fractionation. Moreover, the FFD-
GrSPLITT is no ISP to control the beginning level for
settling of each cell in the thin channel, it causes the
contamination of small size or lower settling velocity of
spermatogenic cells in the B fraction, especially in B2
fractions. In B2 image, the short tail shape of the
spermatogenic cells were contaminated in the small
round shape of the spermatogenic cells.

For TS-GrSPLITT fractionation, the
microphotographs presented clearly big round shapes in
B1 fractions and small round shapes in B2 fractions. In

fraction A2, the microphotographs showed the short

Applied Animal Science Vol.5 No.1 January-April 2012

tail and the long tail shapes and a few number of the

small round cells.

2. Size analysis

The size distributions of all fractions (B1,
B2, and A2 fractions) of spermatogenic cells were
obtained using FFD- and TS-modes of GrSPLITT
fractionations (bar plotted) shown in Fig. 4 to compare
with the original sample (line plotted). High resolution
performance of the two GrSPLITT modes of the three
fractions were expected that their cell size distributions
of the B1 fraction should be larger than 11 um, the B2
fraction should be in range of 7-11 um, and the A2
fraction should be smaller than 7 um. The cell size

distribution curves in Fig.4 presented that both of the
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Figure 4 Comparison size distributions of the spermatogenic cells fractions obtained by FFD- and TS-mode of

GrSPLITT fractionations. Fraction B1, U > 13.7 mm.hr' (expected spermatogonia and spermatocytes fraction),

Fraction B2, U = 9.2 - 13.7 mm.hr" (expected round spermati

elongate spermatids and spermatozoa fraction).

ds fraction) and Fraction A2, U = 9.2 mm.hr' (expected
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FFD-mode and the TS-mode of GrSPLITT fractionations
were out of expected size ranges.

Moreover, good recovery of the separation
method should present their peak height equally to the
original sample line. The TS-mode showed the better
trend of resolution and recovery of separation than the
FFD-mode because it presented lower number of cell in
the other expected size range in the three fractions. All
size distribution curves the TS-mode presented the
lower cell number lost during the separation compared
with size distribution of original sample than the FFD-mode
for all fractions (B1, B2, and A2), especially in B2
fraction. It may cause the dilution of buffer solution in
inlet a' of TS-mode reduces the mixing up or intricate of
the short tail cells and/or the long tail cells to form the
larger aggregation and stack in the thin channel which
cause of lose during the separation. So the percent
concentration of cell in solution should be studied in the
future works.

Even if the both of the separation modes
were not perfect separation in this work, but the
operation flow rates of the FFD-mode and TS-mode
can be optimized in the next future work.

Actually, only the size distribution curves
are not enough to consider their separation efficiencies of
the two modes of GrSPLITT fractionation because the
spermatogenesis is continuum physical and chemical
changes. Density which is another major parameter of the
spermatogenic cells mentioned in Stokes law beside the

size parameter may affect to settling-velocity of the cells.

Density distribution of spermatogenesis cells has not been
reported excepted for in the range of density and a few
reported works. In this work the separation is depended
on the difference of settling properties of each cell.
Therefore, it is difficult to completely fractionate the
cell stages only presented on size distribution curve as
presented in Fig.4.

However, to compare the percentage of purity
and recovery between the two modes, the raw data of

size distribution were calculated in section 3.

3. Calculations

3.1 Percentage of purity

Percentage of purity of spermatogenic cells
were separated by FFD- and TS-modes of GrSPLITT
fractionation in range of 35.8£2.8% - 66.0+£3.4%
and 57.4£3.6% - 83.5£6.0%, respectively as shown in
Table 2. From the results, all fractions obtained from
the TS-mode presented the higher percentage of the
purity than the fractions obtained from FFD-mode.
It refers that the percentage of purity in Bl, B2,
and A2 fractions using the TS-mode presented the
higher performance than using the FFD-mode. The
differentiation of percentage of purity was statistically
significant (p < 0.05, One way ANOVA) between
fractions B1, B2, and A2 obtained from both of the
TS-mode and the FFD-mode. The differentiation of
percentage of purity was statistically significant
(p < 0.05, One way ANOVA) between the TS-mode

and the FFD-mode in the same fractions.
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Table 2 Comparison of the percentage of purities in the three fractions (Fraction B1, B2, and A2) between using the
FFD- and TS-modes of the GrSPLITT fractionation for separating the ratis spermatogenic cells.
FFD-GrSPLITT TS-GrSPLITT
Fractions Stages
N, N, % Purity N, N, % Purity
B, Stage 1 (round) 301.048.6  456.0+9.4 66.013.4 374.04£3.5  448.0+6.4 83.5£6.0
B, Stage 2 (round) 175.0£9.3  486.0£10.2  35.8+2.8 275.0£4.4  480.0£3.5 57.4£3.6
Stage 3 (short tail) 97.045.1 242.0£6.2  40.0£3.3 91.044.1 140.0£2.3 65.243.2
A Stage 3 (long tail) 86.0£6.2 142.0£4.0 60.614.1 100.0£3.2  140.0t4.7 71.24£3.0

Stage 1 = spermatogoniaand spermatocyte (spherical)

Stage 2 = round spermatids (spherical)

Stage 3 = elongate spermatids (short tail) and spermatozoa (long tail)

The TS-mode is higher percentage of purity
than FFD-mode in all fractions it may because there is
inlet splitting plane (ISP) which controls the start level in
the same position to settle in the thin channel lead to less
contamination in each fraction when compared with the

FFD-mode of GrSPLITT fractionation.

3.2 Percentage of recovery

Percentages of recovery of spermatogenic cell
after separated by FFD- and TS-modes of GrSPLITT
fractionation were obtained in range of 55.9+3.6% -
69.9+4.4% and 63.31£3.7% - 88.0£5.6%, respectively, as
shown in Table 3. From the results, the percentages
of recovery in fractions of B1 (big round cells) and
B2 (small round cells) by TS-mode (79.0£3.6 and
88.0£5.6 %) that higher than FFD-mode (63.8+6.4 and
55.9 £3.6 %) are significantly different ( p < 0.05). It may
cause the TS-mode has ISP to control the beginning
level before settling down in the thin channel while as
the FFD-mode is no buffer solution from the lower
inlet stream b’ to generate the ISP and to dilute the
concentration of the original sample of the spermatogenic

cells.

Therefore, the long tail cells and the short tail
cells which have lower settling velocity should presented
lower contamination in the B2 fraction for the TS-
mode than the FFD-mode. It can be confirmed by the
microphotographs in Fig.3. The number of the long tail
cells and the short tail cells in the microphotographs
of B2 fractions using TS-mode was lower than using
FFD-mode.

The A2 fractions for the long tail cells using
the TS-mode equaled to 63.3+3.7% that presented the
higher percentage of recovery than using the FFD-mode
equaled to 55.1+7.2% (p < 0.05). It can be explained in
the same reason that FFD-mode is no buffer solution
from the lower inlet stream b’ to generate the ISP and
to dilute the concentration of the original sample of the
spermatogenic cells, so the long tail cells were easy to
obstruct and to cross over in to the B2 fraction. Even if
the percentage of recovery of the A2 fractions for the
short tail cells using the TS-mode equal to 66.0+4.0%
and using the FFD-mode equal to 69.9+4.4% were not
significantly different (p > 0.05).
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Table 3  Comparison of the percentages of recovery of the three fractions (Fraction B1, B2, and A2) using the FFD-
and TS-modes of the GrSPLITT fractionation for separating the ratis spermatogenic cells.
FFD-GrSPLITT TS-GrSPLITT
Fractions Stages
N, N, % Purity N, N, % Purity
B, Stage 1 (round) 301.048.6  473.0£109  63.8£6.4 374.0£3.5  473.0£6.9  79.0£3.6
B, Stage 2 (round) 175.049.3  313.0£10.2  55.943.6 275.0+4.4  313.0+5.2 88.0£5.6
Stage 3 (short tail) 97.0+5.1 139.0+6.9 69.9+4.4 91.0+4.1 139.0+6.9 66.0+4.0
A Stage 3 (long tail) 86.01£6.2 156.0£5.9 55.147.2 100.0£3.2  156.0+5.9 63.3+3.7

Stage 1 = spermatogonia and spermatocyte (spherical)

Stage 2 = round spermatids (spherical)

Stage 3 = elongate spermatids (short tail) and spermatozoa (long tail)

Conclusions

Spermatogenic cell of rat is a challenge sample
that is continuous differentiation in physical and
chemical properties such as size, density, and shape. These
parameters are effect to their settling velocity. Therefore,
it was difficult to present clearly on the separation
efficiency only using the size distribution curve.
Photomicrographs were the good evident to confirm and
to explain the reason of the experiments. In this work,
gravitational split-flow thin cell (GrSPLITT) fractionation
trended to be a high potential technique in both of purity
and recovery to separate the spermatogenic cells. In this
work, the separation potential and efficiency of the
TS-GrSPLITT fractionation presented better than the
FFD-GrSPLITT for separating the ratis spermatogenic
cells which can be evaluated by determining the percent
purities and recoveries of each fraction. The reason was
that the TS-mode has ISP to control the settling level
before separation process with in the thin channel while
as the FFD-mode has not. Moreover, the sample dilution
of TS-mode reduced probability of the long tail cell to
obstruct in to the thin channel. However, the efficiency of
the TS-GrSPLITT system can be improved by increase
the thickness between ISP and OSP by varying the ratios

of inlet and outlet flow rates in the future work.
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