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Abstract 

Goal of the study is the preparation of ghostcells for blood viscosity research. 
Ghostcells are haemoglobin free erytrocytes. A technique has already been developed 
for measuring viscosities of suspensions containing solid spheres in a Couette vis- 
cosity meter. In the apparatus fluorescent microspheres in a suspension, illuminated 
by a laserbeam, were tracked using a camera. The next step in the study is tracking 
ghostcells in a plasma like fluid. 

In order to obtain such a fluid it is nessesary to remove the haemoglobine from 
the erytrocytes yielding a translucent suspension. Much attention is paid to the 'large 
scale' production of ghostcells (up to 25 mi). In order to visualize a flow-profile, a 
few ghostcells have to be labelled using a fluorescent marker. There are two ways for 
making the ghostcells fluorescent: Enclosing a fluorescent dye in the cell or using a 
fluorescent probe in the membrane. Both methods are evaluated. 



0.1 list of Abbreviations 

EDTA 
EGTA 
Fw g/mol 
FITC 
imOsm 

M mol/l 
MCH fmol 
MCHC mM 
MCV fl 
NBD 
Tris 
x nm 

Ethylene Diamine Tetra Acetic acid 
Ethylene Glycol-bis (p aminoethyl ether) N,N,N’ ,N’ -Tetra-Acetic acid 
Molar Weight 
Fluoresceine IsoThioCyanate 
ideal milli Osmolarity 

total of ali concentrations in a solution in mM, 
assuming ideal behavior of salts. 

Molar concentration 
Mean Cell Haemoglobin 
Mean Cell Haemoglobin Concentration 
Mean Cell Volume 
7-NitroBenz-2oxa-l,3 Diazol-6yl 
Tris-(hydroxymeth y1)aminoethane 
Wavelength 
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Chapter 1 

Introduction 

The development of atherosclerosis is believed to be governed by blood flow induced 
wall shear stress and near wall thrombocyte concentration which are both affected 
by local erythrocyte concentrations. Kees van Weert [SI developed a model for a two- 
phase suspension flow describing the erythrocytes in the plasma, and performed exper- 
iments using a rigid spheres suspension in a Couette apparatus. The next step will be to 
use "reai" blood ceiis. In this report a method is uescnbeci to make haemoglobin-free 
erythrocytes that are needed in blood-flow research experiments to verificate rheolog- 
ical models describing the mechanical properties of blood. 

In order to study the flow pattern, red bloodcells or erythrocytes are tracked in 
time in a flow situation. To measure velocity profiles, a Couette apparatus will be used 
(figure: 1.1). In the gap between the rotating cup and a stationary bob, the fluid to 
examine is put. 

To be able to do flow experiments a few requirements have to be met. The fluid 
in the Couette apparatus should be translucent and contain fluorescent particles. The 
fluorescent particles are irradiated by a laser and the emitted light can be seen using a 
normal microscope. In this way particles can be tracked in time. 

A study to make erythrocytes translucent has already been performed by Dodge et 
a1.[3]. They investigated the influence of pH and osmolarity of the used buffer on the 
amount of removed haemoglobin in the cells. The optimum found in this study is used 
in the present study to obtain haemoglobin free cells or ghostcells. The next step is to 
label an amount of ghostcells with a fluorescent dye. Two different ways of labelling 
are investigated. 
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Rotating Cup 

Stationary Bob light to microscope f 

laserbeam 

Figure 1.1 : Couette apparatus with laser beam and microscope 
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Chapter 2 

Blood Composition 

As pointed out in the previous chapter blood is a non-homogeneous fluid. It is actually 
made up from two parts: formed elements or blood cells and plasma- The formed ele- 
ments in the blood are the erythrocytes (red blood cells), the thrombocytes (platelets) 
and leukocytes (white blood cells). This chapter will be confined to a discussion on 
plasma and the erythrocytes only A table containing normal laboratory values for hu- 
mans and swine can be found in appendix A. 

2.1 Plasma 

Blood plasma contains electrolytes, immune factors and coagulating factors. Ca2+ and 
prothrombin (factor 11) are involved in forming the fibrinogen network in the clotting 
cascade. More information and a nice picture on this can be found in Stryer [6]. Blood 
is collected and kept from coagulation by adding anticoagulants (heparin, cytrate, 
EDTH etc.). Heparin activates antithrombin 111. This causes inactivation of throm- 
bin and activated factor X. Cytrate and EDTA have a different working mechanism. 
They remove +2 ions (Ca2') wich disables the clothingcascade. EGTA can also be 
used. This substance is much more (lox) specific on Ca2+ than to other 2+ ions. 

Blood kept from coagulating separates into layers when centrifuged. The sediment 
is called the haematocrit. In the haematocrit the amount of packed erythrocytes can be 
estimated per unit of volume. The normal value is 40-50% in the adult male, 35-45% 
in the adult female, approximately 35% in the child up to the age of 10 and 45 - 60% 
in neonates. A list is given at the end of this chapter containing the values for organic, 
inorganic and cytologic composition of blood in the swine and male and female. The 
haematocrit is higher in venous blood than in arterial blood because of hydration of 
the erythrocytes. Leukocytes represent 1% of the blood volume. Thrombocytes are 
present in a concentration of 0.3%. More about blood composition can be found in the 
book Basic Histology by L.C. Junqueira et al. [4]. 

2.2 Erythrocytes 

Erythrocytes of mammals have no nuclei and in humans they are shaped like biconcave 
disks with a diameter of 7.2 pm. Figure 2.lshows an electron-microscopic image. Ery- 
throcytes wi ha diameter greater than 9 pm are called macrocytes, and those smaller 
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Figure 2.1: Electron microscopic image of erythrocytes obtained from the internet. 
Image made by the Department of Cell Biology, Vanderbilt University Medical Center. 

than 6 ,um are called microcytes. The presence of a high percentage of erythrocytes of 
abnormal variation in size is called anisocytosis. The normal concentration of blood 
cells in men is 5 * 106/,u1 and 4.5 * 106/,ul in women. 

The cell membrane of the erythrocyte is 80 nm thick. It is build up of a phospho- 
lipid bilayer (34 - 40 % by membraneweight) covered with albumin at the outside and 
spectrin at the inside. The spectrin layer has a skeletal function (protein 50 - 60 % by 
membraneweight). Figure 2.2 shows the rod shaped spectrin in geometric structures. 
The average end to end distance of a tetramer is 700 A. 

The interior of the erythrocyte is a saturated solution of haemoglobin (32 % by cell- 
weight) in water, behaving as a Newtonian fluid with adynamic viscosity of 7 = 6 mPa.s [l]. 
Haemoglobin is the protein (FW N 68,000) that is involved with the oxygen and car- 
bondioxide transport. It consists of four haem groups with a Fe2+ ion in the center. 
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Figure 2.2: Spectrin structures, obtained from: McGough and Josephs [5].  
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Chapter 3 

Ghostcell Preparation 

3.1 Introduction 

In order to get a translucent suspension of ghostcells, haemoglobin needs to be re- 
moved from the cells. This is done by creating a difference in osmotic pressure be- 
tween the interior and the outside of the cell membrane. This induces water transport 
into the cell which will finally result, in a smali rupture in the membrane. This process 
is called haemolysis. The haemoglobin is removed by means of washing the cells and 
separating the phases by centrifugation. 

3.2 Buffer preparation 

Before preparing the ghostcells buffer solutions have to be made: One for washing 
and storing the erythrocytes and one for the haemolyses. For washing and storing the 
erythrocytes, Tems-7.5 buffer is needed. This isotonic buffer (310 imOsm) is made 
according to the recipy found in Appendix B on page 19 and needs to have a pH of 7.5 
which is about the normal pH of blood. After putting Tris, EGTA (to remove Ca2+- 
ions), NaCI and MgCl2 together in the appropriate amount of destilled water, the pH 
is much higher than required. Because other Tris products, like TrisHydrochlorid, are 
much more expensive (up to four times as much), Tris-base is used. In appendix B a 
mixing table is given for preparing Tris buffers at several pH values. 

The pH of the solution can be adjusted by titration using HC1 in a 1M solution or 
more. Because fluid is added during titration, less destilled water than required has 
to be used mixing the ingredients. For instance, when 500ml buffer has to be made, 
before adjusting, only 475m1 of water is added to solve the components. Then the pH 
is adjusted. The pH is monitored constantly using a pH meter. When the required 
pH is almost reached, titration has to be performed using a less concentrated HC1 
solution, for instance 100mM. Important is that the osmolarity of the solution does 
not change significantly during this titration. OH- ions are replaced by CI--ions. 
General information about acids and bases can be found in appendix C. 

Another important aspect of making buffers is their dependence of temperature. 
Since experiments are done at room temperature, the pi l  of the buffer has to be the 
same as at body temperature. Looking at the table in appendix B, it is clear that 
the buffer has to be adjusted at pH=7.4 at room temperature. When experiments are 
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Figure 3.1: Haemoglobin content of erythrocyte ghost plotted as function of the con- 
centration of the haemolyzing buffer concentration [ 3 ] .  

performed at 37 "C, the buffer has to be adjusted at pH=8 at room temperature. 
For haemolysis a phosphate buffer is used. Phosphate buffers are normally present 

in all cells of mammalians. This buffer is made by mixing Na2HP04 6.6 mM and 
NaH2P04 10 mM which both correspond to 20 imOsm. This buffer is adjusted at 
pH=8 at 4 "C by adding the NaH2P04 solution to the Na2HP04 solution. The osmo- 
larity does not change significantly during this titration. This method differs slightly 
from that used by Dodge et al. [3]. Because of the low osmolarity, titration with an 
acid or base will affect the buffering capacity. By mixing the buffer directly at the right 
pH value, this is avoided. 

3.3 Haemolysis 

Before haemolysis of the erythrocytes the blood sample needs to be centrifuged at 
5000g for about 15 minutes, in order to remove the plasma and buffy coat. Isotonic 
Tems-7.5 buffer is added and the mixture is centrifuged to wash the cells. This proce- 
dure is repeated one or two times. The supernatant has to be removed every time and 
new Tems buffer has to be added. From this point forward the cells have to stay cooled 
at 4 "C, and no 2+ ions should come into contact with the cells, to keep the membrane 
open. After washing, the cells are haemolysed by adding the 20 imOsm phosphate 
buffer. After 20 minutes the suspension is centrifigated at 17000g. Then the super- 
natant is removed. This procedure is repeated until the supernatant stays transparent. 
Now we can be sure that at the current pH value the maximum amount of haemoglobin 
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is removed. 
Dodge et al. concluded that at pH rates between 7 and 8, at the current buffer 

concentration most haemoglobin is removed. Figure 3.1 shows this effect. 
The ghostcells can be filled with a fluid with we can freely choose as long as it does 

not affect the membrane. The properties (viscosity, etc) of the fluid can be matched 
to the original content of the erythrocyte. The rupture in the membrane is then closed 
by adding a solution which contains 2+ ions in such a concentration that isotonicity is 
reached. After this the cells are washed twice uskg Tem-7.5. 

3.4 Labelling 

For the goal described in the introduction only a small amount of cells need to be 
labelled with a fluorescent marker. Two ways of labelling are studied: one by enclos- 
ing a fluorescent dye in the cellmembranes and another by labelling the membranes 
themselves. In both cases the concentration of fluorescent dye has to be calculated. 

In case the cellmembranes are labelled, there are two considerations to be made. In 
the first place the higher the concentration of the dye, the better the emittance of light. 
Secondly with higher concentrations, the behavior of the membranes will change. A 
NBD - C12 - HPC (Molecular Probes productnumber N-3787) marker is used. This 
probe has an exitation peak at A,, = 

534nm. The concentration is arbitrarely chosen to be 5% based on the molar weight 
of phospholipids in the bi-layer of the membrane. The dye is dissolved in a glass tube 
by adding dimethylsulfoxide, which is immediately afterwards evaporated using N2 
gas. This is done to enlarge the contact surface of the dye. Then the dye is dissolved 
in methanol and added to the cells to be labelled. This way of labelling is very elegant 
but does not meet our requirements. The emmitance is much lower than that of FITC 
labelled cells, which are discribed in the next section. 

When a fluorescent substance is enclosed in the cell it is known from experience 
that the amount of light emitted by fluorescent dyes increases linear until a concen- 
tration of fluorescent groups of 50 pM. This effect was investigated by the Depart- 
ment of Biochemistry at the Medicine faculty of Maastricht. At higher concentrations 
quenching will occur. We used a dextran dye with a molecular weight of 40,000 
with two FITC groups on each molecule. FITC markers have their exitation peak at 
A,, = 495nm and their emission peak at A,, max = 518nm, almost undepended 
on the isomere. We tested three concentrations of FITC : 10, 25 and 50 pM. The 
concentration of 50 pM gave, as expected, the highest emittance. 

= 460nm and it’s emission peak at A,, 
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Chapter 4 

Results and Discussion 

4.1 Blood and ghostcell production 

Instead of human blood, swine blood was used to obtain the results displayed below. 
Although the erythrocytes of humans are slightly larger than those of the swine, results 
are not expected to differ significantly. 

Figure 4.1 shows the result of a viscosity measurement performed on the blood 
sample used together with viscosity data of human blood obtained from [7]. 

There can be concluded that the method described by Dodge et al. [3] works fine 
for producing ghostcells on a large scale. The ghostcells obtained are milk-white with 
a very light red cast. The amount of rest haemoglobin in the cells is so low that this 
should not affect any further experiments. 

4.2 Set-up 

For obtaining images, an Olympus BHS BH-2 series microscope is used together with 
a ULWD CD Plan 40 0.5 160/0-2 objective, a 512nm filter, a Lambert intensifier 
model I187 and a HCS MXR camera. The setup is hown in figure 4.2. The cells are 
put into a little plexiglas cup which is shown in figure 4.3, to examine them under the 
microscope. The hole in the cup has a diamter of 5mm. The laser (A = 488nm) is 
is adjusted horizontally at one side of the cup to irradiate the fluorescent cells. The 
microscope is adjusted to look into the hole of the cup. 

4.3 Labelled cells 

After the production of the normal and fluorescent ghosts, the cells were mixed in 
ratios of 150, 1:100, 1:200, 1:400 and 1900 and then 1:l dilluted with Tems-7.5. 

Looking through the microscope the labelled cells are well visible, but the total 
image has a very low light-intensity. Still the migraton of fluorescent cells in vertical 
direction can be seen as well. 
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Figure 4.1: Viscosity of swine and human blood. 
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Figure 4.2: Microscope with image-intensifier and camera 



Figure 4.3: Cup to examine ghosts under the microscope. 

50 100 150 200 250 300 350 400 450 500 

Figure 4.4: Ghostcells, 1 :200 fluorescent, image contrast stretched. 

4.4 Images 

Figures 4.4,4.5,4.6 and 4.7 show the fluorescent ghostcells in different concentrations. 
An objective of 40 is used on the microscope together with an intensifier and a 512x512 
video camera. The images were made by a framegrabber. The images were later 
processed using a contrast stretch algorithm, to obtain 256 gray-values. 

4.5 Discussion 

The images obtained using this setup are of moderate quality. This is merely caused 
by the low resolution of the camera. The bright spot in the center of the images 4.4 
and 4.6 is caused by the irradiating laser beam. Through the microscope image 4.6 
was the most clear. The difference between the normal vision throug the microscope 
and the digital image is large. The reflected light by the ghostcells themselves causes 
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Figure 4.5: Magnification of image above lines 200-400 x 200-400, contrast stretched 
again. 

Figure 4.6: Ghostcells, 1 :800 fluorescent, image contrast stretched. 
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Figure 4.7: Magnification of image above lines 20MOO x 20M00, contrast stretched 
again. 

distortion in the images. This makes it difficult to do a treshold on the images. Images 
made with lower light intensity of the laser beam should be easier to process. 
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Chapter 5 

Conclusions and 
Recommendations 

5.1 Conclusions 

o Haemolyses: 

- Ghostcell-suspension is translucent. No measurements have been per- 

- Ghostcells have the same shape as the erythrocytes used. 

- Difference in production of swine versus human ghosts is not investigated, 

formed yet to quantify this. 

but no spectacular differences are expected. 

o Fluorescent Labelling 

- Usage of a membrane probe is not sufficient. 

- Labelling with FITC-dextran meets our requirements. The probe is kept in 
the cell. 

o Optical System 

- The microscope with the image intensifier works well. 

- The camera that is used is not sensitive enough. 

- The attachment of the camera to the intensifier causes the operator to de- 

- The available laser is sufficient to irradiate the setup. The beam was not 

fenestrate. 

spread during the experiments which could have given better images. 

5.2 Recommendations 

o The most important is enhancement of the visibility of fluorescent ghosts. An 
option is increasing the refractive index of the fluid in wich the ghostcells are 
observed. 
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o The optical setup needs optimization. Especially the irradiation with the laser. 
There is a big difference between looking through the microscope and the digital 
image. The grabbing of images easier to process, should be investigated. 

o Higher concentrations of FITC should be tested in order to investigate the quench- 
ing limit in these experiments. 
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Appendix A 

Glucose mM 
Urea mM 
Creatinine PM 
Bilirubin PM 
Lipids g/i 

Normal Laboratory Values 

? 4.0-5.5 M 
? 3.0-7.0 M 
? 60-110 50-90 

# < 10 M 
? 

Table A. 1 : Normal laboratory values 

Na+ mM 135-150 
E(+ mM 4.3-6.7 
c1- mM 94-108 

Value unit I Swine 1 Man ] Woman 
Haematology 

137-144 M 
3.4-4.6 M 
98-107 M 

Haemoglobin mM 
Haematocrit % 
Erythrocytes ( * io9 mm) 
MCHC mM 
MCH Pg 

fmol 
MCV fl 
Thrombocytes ( *  io9 1-1) 
Leucocytes io9  1-1 
Monocytes % 
Lymphocytes % 
Neutrophils (bands) % 

Eosinophils % 
Basophils % 

Neutrophils (mature) % 

C L  

Ca2+ mM 

-- 
6.2-8.7 
35-45 

5.0-8.0 

17.0-21.0* 

50.0-68.0* 
320-520 
10.0-18.0 

1-3 
33-36 
1-10 

27-52 
0-7 
0-2 

2.5-3.0 I 2.20-2.60 I M 

Liiemistry 

8.1-10.7 
39-51 

4.4-5.6 
18.5-22.5 

1.6-2.0 
80-96 

120-350 
3.5-11.0 

1-5 
20-30 

1-4 
60-70 

1-4 
0-2 

7.3-9.7 
34-46 

3.7-5.2 
M 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

continued on nextpage 
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Value unit 
Mg2 + mM 
P up to 1 year mM 
P over 1 year mM 
Fe PM 
Fe-bindings PM 

# < 0.2mg/dl 
Values concerning the swine are taken from the table used at the Utrecht Faculty 

for Veterinarian Medicine. Values marked with an * are obtained from Vetarinary 
Medicine by D.C. Blood, J.A. Henderson and O.M. Radostits [2]. Values for man and 
woman are obtained from the Central Clinical Chemical Laboratory at the Academic 
Hospital Nijmegen (march 1st 1991) 

Swine Man Woman 
1.1 -1.5 0.75-1.25 M 

? 1.30- 1.90 M 
2.1-3.0* 0.80-1.30 M 

10-25 M 
45 - 75 M 

18 

tot. prot. gfl 
albumin gr1 

Q2 gd 
P gr1 

Q1 

Y 

45-70 60-80 M 
40-62% 40 - 50 M 
12-25% 1.5-3 M 

? 3-8 M 
16-25% 5-10 M 

< 25 6-14 M 



Appendix B 

Terns buffer 

Tems pH=7,5 
50 M o l  Tris 

Tris(hydroxymethy1)aminoethane 
NH2C(CH2OH)3 

0.2 d o l  EGTA 
Ethylene Glycol-bis (,O aminoethyl ether) 
N,N,N’,N’ -Tetra-Acetic acid 

120 mMol NaC1 

2 mMol MgCl2 

Titration with 1M HCL until desired pH is approximately reached 

Titration with 0.1M HCL for accurate pH adjustment 

Recipy for 5L Tems 

30.3 mg Tris 
35.1 mg NaCI 
2 ml 500 mMol EGTA 
10 ml 1M Mg2+ 
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Table B. 1 : Tris mixing table 

pH at: grams/l 0.05M 

7.55 
7.66 
7.76 
7.89 
7.97 
8.07 
8.18 
8.26 
8.37 
8.48 
8.58 
8.68 
8.78 
8.88 
8.98 
9.09 
9.18 
9.28 
9.36 
9.47 
9.56 
9.67 

7.00 
7.10 
7.20 
7.30 
7.40 
7.50 
7.60 
7.70 
7.80 
7.90 
8.00 
8.10 
8.20 
8.30 
8.40 
8.50 
8.60 
8.70 
8.80 
8.90 
9.00 
9.10 

6.70 
6.80 
6.91 
7.02 
7.12 
7.22 
7.30 
7.40 
7.52 
7.62 
7.71 
7.80 
7.91 
8.01 
8.10 
8.22 
8.31 
8.42 
8.51 
8.62 
8.70 
8.79 

7.28 0.47 
7.13 0.57 
7.02 0.67 
6.85 0.80 
6.61 0.97 
6.35 1.18 
6.06 1.39 
5.72 1.66 
5.32 1.97 
4.88 2.30 
4.44 2.65 
4.02 2.97 
3.54 3.34 
3.07 3.70 
2.64 4.03 
2.21 4.36 
1.83 4.65 
1.50 4.90 
1.23 5.13 
0.96 5.32 
0.76 5.47 
0.69 5.53 
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Appendix C 

Acid-base concepts 

Ionization of water 

Water dissociates into hydronium (HSO+) and hydroxyl (OH-) ions. For siplicity the 
hydronium is denoted as H+. The equilibrium looks like: 

H20 + Hf + OH- 

The equilibrium constant Keq of this dissociation is given by: 

Because the concentration of water (55.5 M) is changed little by dissociation expres- 
sion C.2 can be simplified to give: 

KW = [H+] [OH-] 

KW is the ion product of water wich is at 25 "C 1.0 4 10-14 

Definition of pH and PK 

The pH of a solution is a measure of its concentration of HS. The pH is defined as: 

1 
pH = log - = - log[H+] 

[H+l 
The ionization of a weak acid is given by: 

[HA] e [H+] + [A-] 

The apparent equilibrium constant K of for this ionization is: 

The p K  of an acid is defined as: 
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A closer look at equation C.4 shows that the p K  of an acid is the pH at wich it is half 
dissociated, when [A-] = [HA]. 

The Henderson-Hasselbalch equation 

Rearrangement of equation C.4 gives: 

1 - 1 [A-] 
[H+] - K [HA] 
- -- 

Taking the logarithm on both sides of equation C.6 and substituting C.3 and C.5 into it 
gives: 

This result is commonly known as the Henderson-Hasselbalch equation. When the p K  
of an acid is known, as well as the pH of the solution, the concentration [HA] can be 
calculated. (From the structure formula the concentration [A-] can be obtained). 
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